A. Abstract and statement of innovation 
The desire to harvest healthy populations of hatchery fish while conserving weak populations has produced the concept of live capture selective harvest, a form of selective fishing where modified harvest gears enable bycatch to survive and reproduce at high rates. One such gear, the tangle net, previously emerged as a means to conserve weak wild populations while harvesting abundant hatchery populations of spring Chinook. The tangle net is not ideal because it may adversely impact steelhead, which return at the same time as spring Chinook. Further, an ideal selective fishery gear would enable released fish to survive with higher survival rates (greater than 90%). Consequently, we propose to evaluate “new” selective fishing gears and evaluate them using the following metrics: catch per unit effort, pinniped effects, physiologic condition, survival, and cost. 

We will focus on historic Columbia River fishing gears, the beach seine and the pound net. In addition, we will perform a feasibility analysis to evaluate the use of fishwheels for the Cowlitz River. For current day challenges, these historic gears provide an innovative solution because they allow fish to be captured live with high survival rates and without negative bycatch impacts. 
Adult Chinook and coho salmon will be the focal species. We will evaluate the ability of the gears to harvest as well as to conserve fish. In addition to being innovative, this study addresses the Lower Columbia sub-basin plan, all three Biological Opinion harvest strategies, and relates to the Colville Confederated Tribes’ selective fishing research, also funded by Bonneville Power Administration. 

Fieldwork for this project will occur predominantly in the lower Columbia and Cowlitz rivers. A team that includes researchers from the Washington Department of Fish and Wildlife, the Oregon Department of Fish and Wildlife, the University of Washington, and Oregon State University will do the research and analysis. Steve Smith (affiliation) will assist with coordination and policy management with entities that include fishers, tribes, state and federal agencies. Experienced fishers will construct and deploy the gears. 

B. Technical and/or scientific background

The management and recovery of salmonids in the Columbia Basin is hugely complicated by the loss of population productivity, reliance on hatcheries, and the ongoing needs for harvest. Despite recent attempts to use adaptive management strategies as a way to navigate this complexity, severe harvest restrictions continue and are not meeting the goals of salmonid survival and population recovery. For example, many hatcheries produce Chinook and coho salmon specifically for harvest opportunity; yet the presence of weak populations mingling with the abundant populations restricts the harvest of all of the fish. The result is that thousands to tens of thousands of hatchery fish return to hatcheries or spawn naturally. As noted in ISAB (2005), “hatchery production was initially used to avoid imposition of regulatory restrictions on land-use and fishing practices.” When that goal is not met, local fishing communities suffer unnecessary economic loss, hatcheries receive many more fish than can be used and bear the burden of handling and disposing of them, and the continuation and re-building of wild fish populations as well as their genetic conservation is placed at risk when they must compete on the spawning grounds, are genetically swamped by, and cross breed with these “extra” fish (HSRG). 
Further, the presence of large numbers of otherwise harvestable fish fosters considerable pressure by fishers to allow greater harvest rates, and this typically causes maximum allowable impacts on listed fish to be exceeded when traditional methods are used, thereby interfering with or neutralizing efforts to recovery natural populations.

One seemingly straightforward solution to this problem is to cease producing hatchery fish. However, because these fish are produced as harvest mitigation, tribal and state agreements are in place, the public desires salmon at the dinner table, and there are large sport selective fisheries that support local economies, this approach is untenable. The sport selective fisheries are dependent on commercial fisheries to “mop up” the hatchery fish they cannot capture. In addition, the importance of getting hatchery fish off the spawning grounds cannot be overstated. These problems signal a need for change in the management and social structure of fisheries.  
Further considerations include that the big mixed commercial fisheries of the past are unlikely to ever be reopened, both because of the value of returning natural adult fish to spawning grounds (estimated to be in the tens of thousands of dollars per fish) and the highly variable numbers of harvestable adult fish returning in a given year. Fisheries professionals recognize that the current day large market systems (such as Walmart grocery chains) demand a consistent supply that gives farm produced salmon a more competitive edge. Despite this, the increasing demand for natural salmon (as compared to farmed salmon) provides the opportunity for new markets and could potentially augment or even economically supercede the historic markets. For example, similar to the successful Copper River and Alaska Wild salmon market programs, fish captured in a selective fishery could be advertised as “sustainable wild” fish.


To provide further focus on the problem, we address coho harvest in the Lower Columbia River. Harvest rates on coho in combined ocean and mainstem Columbia River fisheries were very high in the 1970s and 1980s, averaging about 92% and 78%, respectively. Harvest rates have been significantly reduced in recent years, averaging 35% during the 1990s and 29% from 2000-2006 (Figure 1).  Harvest rates on coho in Columbia River fisheries averaged 49% during the 1970s and 1980s and dropped to 23% during the 1990s and 2000s.  


[image: image1.emf]0.000


0.100


0.200


0.300


0.400


0.500


0.600


0.700


0.800


0.900


1.000


Year




0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

Year


Figure 1. Ocean and mainstem harvest rates for the Columbia River. 

Recent Columbia River fisheries have been conducted with conservation measures in place to protect lower Columbia River natural/wild coho, consistent with Oregon’s state listing of coho.  Beginning in 1999, the states managed the in-river commercial fishery with constraints on time and area to protect Oregon wild coho destined for the Clackamas and Sandy rivers. Those efforts included a stepped geographic approach to managing coho target fisheries. During mid to late September, fisheries were only open in areas downstream of the Longview Bridge. Each week, as migration of wild coho advanced, the fishery would move further upstream with boundaries at the mouth of the Kalama River or Bachelor Island. This approach was intended to provide an additional sanctuary for the Sandy River fish migrating to the tributary during this time frame. Additionally, commercial coho fisheries were curtailed by late October to protect late-timed Clackamas wild coho. Although Washington late-run coho were not listed at this time, Washington managers assumed a similar benefit for Washington late-timed wild populations that migrate through the Columbia River after October.

The harvest rate on wild coho has declined dramatically from 1994 to present when compared to historical levels. The effects of a conservative management approach in the ocean and Columbia River fisheries can be seen for the Clackamas population (Figure 2).
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Figure 2. Clackamas River wild origin coho harvest rate, 1955 to 2003 (Mark Chilcote, personal communication, cited in NMFS 2003). 

As commercial harvest opportunities on coho salmon decreases, tribal ceremonial and subsistence fishery opportunity also decreases. Recreational fisheries become more constrained in time frame and less predictable, with the result that interest in recreational fishing can wane, and industries and local economies associated with recreational fisheries are adversely affected.  The undesirable outcome is lost commercial, tribal, and non-tribal harvest opportunity resulting in associated communities suffering economic hardship.

Coho salmon derived from the Cowlitz River system are an exceptionally good example of the scenario described above.  During the 2006-07 coho run, over 35,000 adult hatchery-origin coho have returned to the Cowlitz salmon hatchery – in excess of broodstock needs.  The total number of natural-origin and hatchery-origin coho salmon returning to Cowlitz Salmon hatchery during the1999-2000 to 2005-2006 runs has ranged from about 32 to 69 thousand– with an average of 41, 543 adult salmon (Figure 3).  This situation is creating a social, institutional and fishery dilemma – abundant hatchery salmon, with too little opportunity to harvest this valuable resource.
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Figure 3. Number of natural-origin (unmarked) and hatchery-origin (marked) coho returning to Cowlitz Salmon hatchery 1996-97 run through 2005-06 run, and released above Cowlitz Falls Dam. 

A reasonable solution to this dilemma is almost certain to include live capture selective harvest methods and gears. More simply referred to as “selective fishing”, this approach seems the best chance for sustainable fisheries with limited impacts to listed species and stocks. The sport fishing industry at best captures about 10% of harvestable fish (Tim Flint, WDFW Fish Management, personal communication) and is already practicing selective fishing techniques (e.g. barbless hooks and the release of unmarked salmon). Because the commercial industry can harvest 90% of the fish, innovative changes to commercial fisheries can provide a golden opportunity to have a real impact on the harvest of hatchery fish while conserving the wild fish.  

Important advances have been made in salmonid selective fishing within the past 10 years. The adipose fin clip that has been implemented on most hatchery produced salmon in Oregon and Washington provides fishermen with a visual means of distinguishing harvestable hatchery fish from weak wild stocks was first used with steelhead in the 1980’s. Recent language in the Interior Appropriations bill (108th Congress, House Report 2791, section 129) requires that
 “The U.S. Fish and Wildlife Service shall, in carrying out its responsibilities to protect threatened and endangered species of salmon, implement a system of mass marking of salmonid stocks, intended for harvest, that are released from Federally operated or Federally financed hatcheries including but not limited to fish releases of coho, chinook, and steelhead species.

This bill brings the potential to revolutionize harvest in a world where dwindling stocks must be conserved. Currently, nearly all healthy stocks of coho and spring Chinook are mass marked and both Washington and Oregon are implementing the marking of all Mitchell Act production of fall Chinook. The next crucial step is to provide appropriate fishing gears and develop methods that capture the mass marked fish while ensuring that the bycatch survives at high rates.

Spring Chinook stocks were adipose clipped beginning in the late 1990’s and selective fishery research with these populations began in the late 1990’s and early 2000’s. During this time, the success of suitable selective fishing gears was based on whether the released fish survived at higher post-release rates than fish captured in the standard gears. Pioneering work by Vander Haegen et al. (2004) was funded through a BPA Innovative Grant, and showed that spring Chinook captured using tangle nets combined with careful handling techniques, shorter nets, shorter soak times, and revival boxes survive significantly better than spring Chinook captured by gill nets and these same techniques. Additional funding from BPA allowed researchers to develop survival estimates to apply to wild spring Chinook with tight confidence intervals (Ashbrook and Skalski, in prep). As a result of this work, spring Chinook tangle net fisheries have been held since 2002 in the lower Columbia River. These fisheries are successful in large part because although relatively few fish are captured, the high market value of spring Chinook affords fishing communities good return on their investment.

Recently, Beamsderfer et al. (2005) demonstrated the potential effect of selective fisheries under various assumptions on conservation and harvest objectives. They demonstrated that the benefits from selective fishing gears increases with greater catch efficiency, greater mark rates of the target fish in the fishery, and decreases in the mortality of fish to be released. Conservation and harvest benefits, as measured by “fish retained per fish killed”, increase exponentially with low mortality and a high composition of marked fish in the fishery. For example, a selective fishery with 75% marked hatchery fish that uses a gear with 15% mortality results in the harvest of 20 fish per mortality. However, if the selective gear inflicts 2% mortality, 150 fish can be harvested per mortality. Alternatively, for a fishery that is managed on a quota basis, applying the lower catch per release mortality can greatly increase the escapement of ESA-listed unmarked fish.  If a fishery is managed to non-selectively harvest 10% of a mixed run of 50,000 salmon with a 75% mark rate, then 5,000 salmon are harvested of which 1,250 are listed (10% mortality to listed fish).  If however, selective gear is used with a 2% catch/release mortality, then the same 5,000 salmon can be harvested with only a loss of 33 listed fish for a mortality rate of 0.26%.  This would represent a 97.4% reduction in harvest impacts to the listed species in the hypothetical fishery.  

Incorporating selective fishing as a harvest method requires gears and methods that provide economic benefit to the fisher and also provide conservation benefit to the fish. Previous research on spring Chinook using tangle nets shows that the mortality rate of released spring Chinook is 18.5% (Ashbrook and Skalski, in prep), with expected but unknown effects to steelhead bycatch. To provide greater conservation benefit, the next goal in selective fishery research is to develop gears and methods that enable salmonid bycatch to survive at rates of 90% or better. Meeting this goal requires that we develop suitable gears in cooperation with the fishermen, and change fish management policies and laws. Another problem that is already being solved is enforcement methods to ensure that fish are protected. 
The success of the first two requirements hinge on commercial fishermen; they are the best people to develop innovative fishing gears that allow fish to be released with little harm because they are the ones who developed fishing gears in the first place. Fisherman behavior can be variable and unpredictable (Grafton et al., 2006). For instance, many studies have pointed out the benefit of producing high quality and therefore higher market value salmon through selective fishing. However actualizing this requires fishermen or the processors to whom they sell fish to develop new markets that focus on higher quality fish. Yet in Alaska, Canada, and Washington, this has not occurred. As a further example of the need for cooperation from fishermen, a coho fishery in the Willapa River during 2005 required tangle nets and revival boxes so that Chinook could be protected. This harvest opportunity was not taken because the fishing community was unwilling to adopt the new gear and fishing requirements. In contrast, in the lower Columbia River, the adoption of tangle nets and revival boxes for the commercial spring Chinook fishery has been successful. Reasons for the difference could include that spring Chinook have a high market value, making changes more reasonable to fishers. But a less obvious difference may be that Columbia River gillnet fishers were unable to fish for spring Chinook for 20 years, and so they were more willing to modify how they fished. 

As demonstrated, many issues involved in successful fisheries are not technical. However our belief is that as gears that fulfill the live capture selective harvest requirements are evaluated, perfected, and adopted, fisheries can evolve. This evolution could include management strategies such as larger quotas and longer seasons for fishers that adopt gears that decrease mortality rates as well as assistance for fishermen to develop new markets for high quality fish. The fishing gears we propose to test would almost certainly require cooperative fisheries, a concept that could run counter to the individualism of gill net fishers. Recognizing the myriad socio-economic issues of fisheries that must change, we are dedicated to cooperating with the harvest industry and fish managers as gears with clear advantages are developed.

Therefore, we propose that there are two aspects of selective harvest that must be addressed; gear development and socio-economic transformation. Gear development will require testing and then implementing appropriate gears while socio-economic change will include cultural, management, and regulatory aspects. These aspects will be addressed through the following steps: assessing feasibility; conducting test fisheries to learn what gears work; and working with an advisory group comprised of commercial fishermen.  
The feasibility step includes finding suitable gears and this step is nearly complete. Local gillnet fishermen suggested that we test the beach seine and pound net while the use of a fishwheel in the Cowlitz River was developed by a group of managers, concerned citizens, and researchers. We propose that these “new” gears, the beach seine, pound net, and fishwheel, can be revitalized to meet current fishery goals, making what was old new again. All three gears are traditional but no longer legal, in part because they were so successful at capturing fish. In addition to gear choice, testing methods and locations have been identified. The final portion of this step is to have a fishwheel expert visit the Cowlitz River locations, verify that a fishwheel is a reasonable gear to use, and estimate the cost to install and test this gear. 
The second step, testing the gear, can be done for the beach seine and pound net as part of this study. Evaluation will include catch per unit effort, cost per fish, bycatch, capture condition, and survival. We will apply visual tags to released fall Chinook to learn which hatcheries and rivers the fish return to and if an appropriate number return for a reproductive success study. Provided funding is available, we will apply PIT tags to learn about post-release survival as the fish migrate upriver and evaluate salmonid physiology to learn about stress and reproductive fitness. This proposal is designed so that the gears may be funded individually or together. Cost efficiency will occur if all are evaluated together. Further, the proposal is designed so that costs may be reduced further by not evaluating post-release mortality and physiology. 
Just because gears catch fish does not mean they will be successful and consequently, the third step, working with an advisory group, is crucial. The Lower Columbia River Commercial Advisory Group was developed in 2003 and regularly provides guidance to fish managers in the lower Columbia River. We will work with this group to address how the new gears can be incorporated into creating selective fisheries that are successful socially and economically. 
C. Rationale and significance to the Council’s Fish and Wildlife Program
The Lower Columbia Subbasin Plan recommends that selective fishing be developed for fall fisheries. Fish captured in the mainstem lower Columbia River are additionally related to all subbasin plans because these are mixed-stock fisheries. Consequently, this project relates to the location the fish will be intercepted, the Lower Columbia Subbasin, as well as all subbasins where captured fish will migrate following their interception.  
The 2004 Biological Opinion on Operations of the Federal Columbia River Power System (FCRPS) includes three harvest strategies:

1. Reduce harvest to increase spawning escapements, thereby reducing near-term risks of extinction.  Opportunities include providing benefits to commercial harvesters to reduce their catch rates on ESA-listed fish.

2. Create terminal fisheries to provide more known-stock harvest alternatives to mixed-stock fisheries, thereby reducing mortality to ESA-listed species.

3. Increase use of live-catch, selective fishing gears to reduce mortality to ESA-listed species.

The proposed project addresses these strategies as well as the Updated Proposed Action in the following ways:

1. Through using selective gears such as these, survival of released bycatch can be increased, thereby increasing spawning escapement and reducing extinction risk. 

2. Success with these new gears would result in terminal fisheries that would allow fishers to focus on known-stock (adipose clipped) fisheries.

3. These live capture selective harvest gears would reduce mortality to the ESA-listed species, since those non-clipped fish would be released with a low probability of mortality.

Further, there is often excessive escapement of hatchery-origin fall Chinook and coho in many subbasins. The use of selective fishing gears could reduce the introgression of hatchery-origin fish in naturally spawning populations. If this project is successful in developing live capture selective harvest gears, added benefits of these gears would include experimentation with new, terminal-type pilot fisheries to increase known-stock harvests or reduce excessive numbers of hatchery-origin fish in naturally spawning populations of ESA-listed fish.  These gears could also be used to experiment with new, pilot fisheries on potentially harmful non-indigenous fish, such as shad.

Relevant work done thus far on this issue is as follows with the project leader or collaborator’s name in parentheses when appropriate:

· From 2001 to 2003, BPA funded a study to evaluate spring Chinook survival following their capture by experimental tangle nets and conventional gill nets. This study showed that Chinook released from tangle nets survived at a higher rate than those released from gill nets. (Ashbrook)

· A net that acts as a tangle net for Chinook may act as a gill net for steelhead; and this concern led to further studies (2003 and 2005) to evaluate how steelhead survived following their capture in Chinook tangle nets. These studies to evaluate steelhead bycatch have not been conclusive because too few trout were captured. (Ashbrook)

· A three year study in Willapa Bay using tangle nets and gill nets to harvest hatchery coho while releasing natural coho and ESA listed Chinook showed that the immediate survival of Chinook could be increased if a tangle net were used in place of a gill net. (Ashbrook)

· Both Columbia River and Willapa River studies noted that reproductive success may be affected as a result of the stress of capture in harvest gears. (Ashbrook)

· Both Columbia River and Willapa River studies noted that pinniped predation has been a problem. (Ashbrook)

· The greater survival of spring Chinook released from tangle nets allowed a lower Columbia River net fishery to occur that had been closed for 20 years, providing an economic boost to local economies.

· Survival estimators have been developed that allow immediate, post-release, and total survival estimates with standard errors for fish captured in selective fishing gears. (Skalski, Ashbrook)

· In 2005 two additional selective fishing gears were identified, pound nets and beach seines. Locations in the lower Columbia River were identified where these gears could be implemented and evaluated. (Smith, Ashbrook)

· Physiologic stress tests are available that enable researchers to evaluate stress that salmon caught in various gears may experience. (Schreck)

· Fluorescein dye tests are available and could be used to evaluate condition of salmon following their capture in various gears. 

· Behavioral analysis of fish at capture holds promise for providing a mortality index of fish that are released. We will work with Dr. Michael Davis of NOAA Fisheries, who has been researching the topic of mortality indices for discard fish. 

· A reproductive success study for coho captured in the Willapa River and recovered at the Forks Creek Hatchery indicated a 5% survival difference from eyed egg to fry for control and tangle net captured fish versus gill net captured fish. This was significant at the 0.01 level, even though no difference in adult survival was observed. (Ashbrook)

· In 2005, discussions were held about evaluating reproductive success. (Ashbrook, Noakes, Schroder, Schreck) 

D. Relationships to other projects

This project relates to two other BPA projects and between the studies, we expect the benefits and risks of live-capture, selective fisheries in nearly all conditions and potential applications within the Columbia Basin will be addressed. Central to the use of these gears is the habitat in which they are fished, the species they target, and the non-target species they need to release alive. Gears that are successful in one location for target and bycatch species may not be suitable in another location or for another target and bycatch species. 

Research (#200302300) is currently occurring in the Okanogan River, a tributary to the Upper Columbia River, to evaluate tangle nets, and beach seines for broodstock collection for the planned Chief Joseph Hatchery and for the selective harvest of fall Chinook. The Colville Confederated Tribes have also been funded by BPA (#200724900) to evaluate a fishwheel and a weir in the Okanogan River. This proposal does not duplicate these research projects because the habitat is different, the gears, although within the same general category, have different dimensions to accommodate the different habitat, and the species concerns, species morphology, and physiologic transformation stage are different. 

The Okanogan River is much smaller than the mainstem lower Columbia River, not as deep, and not tidally influenced. As a result, the pound net for the study we propose must fish differently. The net built by Mr. Peterson is based on blueprints of a trap that successfully fished in the lower Columbia in the 1930’s. The beach seine used for the lower Columbia River may be a similar mesh size, but the dimensions of the seine and method of deployment and retrieval will be very different because of the size and configuration of the Columbia River. Our project will fish from sandbars while in the Okanogan the substrate is cobble, the depth is much shallower, and the location is on spawning grounds. This proposal uses gears that will fish in tidally influenced water that is deeper, that contains salmon predators such as harbor seals and California sea lions, and on many more populations of Chinook. Further, the bycatch species composition will include sturgeon, coho, and steelhead, among others. Although the target species are fall Chinook for both projects, fall Chinook from numerous populations will be captured in the lower Columbia just after the fish have experienced physiologic transformation from seawater to freshwater. In contrast, the Colville Tribes study will encounter the fish when they are further along in their maturation cycle.
Another crucial difference is that the commercial fishery in the lower Columbia is not tribal, making the socio-economic factors different. This project and the Colville Confederated Tribes’ recent proposal fit together well because they will reveal differences and similarities in fishing success (technical, biologic, and socio-economic) for a similar time period.
E. Proposal objectives, work elements, methods, and monitoring and evaluation
1.1 Study Goal

Increase the harvest of hatchery-origin healthy stocks in mixed-stock, Lower Columbia Basin fisheries. Stabilize fishing opportunity by developing and comparing fishing gears for mixed-stock fisheries constrained by ESA limitations. Increase the conservation of wild fish returning to spawning grounds. Work with an advisory group to incorporate social-economic aspects of this new harvest approach. Work elements will include evaluating catch per unit effort, the ratio of adipose clipped to non-adipose clipped salmon by species, the ratio of target species versus bycatch species captured by gear type, gear cost, physiologic condition, and immediate survival. As possible, post-release survival will be compared between the gear types and physiology tests to assist with reproductive fitness will be performed. This project has a high likelihood of success because of the proposed team members’ experience, the historic success of these gears, the available physiology tests, the fishermen’s avid interest in testing the gears, the current coordination between federal, state, and tribal entities in the Lower Columbia, and the opportunity to share results of this study and coordinate the findings with a currently operating commercial fisherman advisory group.

1.1.1 Objective 1:  Improve harvest of anadromous fish by deploying and evaluating live capture selective harvest fishing gears. This will increase the harvest of healthy stocks in mixed stock, Columbia Basin fisheries and stabilize fishing opportunity by developing fishing gears for mixed-stock fisheries constrained by ESA limitations.

Tribal and non-treaty commercial fisheries have been restricted in the Columbia Basin to protect weak stocks, particularly those listed under the ESA. Harvest rates in fisheries from Zones 1-5 and further upriver have been significantly reduced in order to recover listed species. However, despite these restrictions, harvest is still recognized as one of the mortality factors adversely affecting the survival and recovery of depressed stocks. In its review of harvest management in the Columbia Basin, the Independent Science Advisory Board (ISAB 2005) recognized that an effective harvest management system must have “the capacity to constrain total fishing mortality on a population to a level that proves sustainable after accounting for all sources of mortality throughout the population’s life cycle.” The ISAB also expressed concern about the amount of uncertainty underlying harvest management in the Columbia River. 
Fall fisheries provide great opportunity for implementation of new selective fisheries and exploring their potential is recommended in the Lower Columbia Subbasin Plan. Chinook and coho salmon adults returning to the lower Columbia River are prime candidates for selective harvest because they typically return in large numbers each year, the hatchery reared portion of the runs are mass marked, and excesses of hatchery fish are problematic for both the hatcheries where the fish return and for their potential to negatively impact wild salmon on the spawning grounds. 

During 2005, Smith and Ashbrook worked with fishing gear experts and members of the fishing industry to explore new selective fishing gears that could be used for harvest in the Lower Columbia River. Potential gears included, in alphabetical order, the beach seine, fishwheel, pound net, purse seine, and reef net. As a result of this exploration, the most promising gears are the beach seine and the pound net. More recently, the use of a fishwheel in the Cowlitz River was included. These gears were historically successful fishing gears in the lower Columbia River, are recommended by industry members active in Lower Columbia commercial fisheries, and for the beach seine and pound net, fishing methods and locations for their use have been extensively developed, all of which contribute to their potential for success. 

Beach seines were first used on the Columbia by Native Americans and their use was continued by Caucasians (Craig and Hacker, 1938; Smith, 1979). Pound nets were considered by early observers to be a modification of the pole and brush weirs used by Native Americans (Craig and Hacker, 1938). The first two traps constructed by Caucasians occurred in 1853 by Hodgkins and Sanders (Craig and Hacker, 1938). In 1935, these gears were prohibited for use in the state of Washington as a means to reduce fishery impacts. 

Arguably, gill net fishing continued for political reasons; there existed thousands of gill net fishers, a few hundred fish trappers, and less than 50 seiners (Smith, 1979). In contrast, of these gears, from roughly 1892-1934, beach seines caught the most fish, followed by traps, and lastly gill nets (Smith, 1979). In the present day, gill nets are the standard gear in the Columbia River for fall Chinook and coho. There is some evidence that Native Americans first used this gear in the Columbia River although no definite information is available (Craig and Hacker, 1938.) The Caucasians Hodgkins and Sanders first fished in the Columbia River with gill nets in 1853 and from 1927-1934 this gear took an average of 20% of the total salmon and steelhead catch (Craig and Hacker, 1938). 

With respect to the other gears we considered, the reef net shows promise. We opted not to test this gear because local Columbia industry members have not indicated interest and we are not aware that this gear has ever been tried in the Columbia River. The purse seine is another gear that could be successful but there are concerns about the vessel size, likelihood of snagging the large and expensive seine on river debris, and lack of industry interest. Based on expert opinion, we do not recommend the fishwheel for use in the mainstem Columbia River (Smith and Nass, 2005).  

An Astoria fisherman and fish processor, Mr. Steve Fick, would like to reintroduce historic beach seines but rather than horses, use updated hydraulic mechanisms to retrieve the heavy net. Another gill net fisherman, Mr. Blair Peterson, has developed a pound net to fish in the lower Columbia based on 1930’s designs he found at the Cathlamet County Courthouse. Both men have specific areas for evaluating these gears that are based on generations of knowledge and experience. The fishwheel is an historic gear that should be suitable for the Cowlitz River, a lower Columbia River tributary. 
The beach seine will be built by Fick and the pound net will be built by Peterson; mesh sizes for both of these gears will be about 4”. The feasibility of a fishwheel for the Cowlitz will be assessed by an expert in this field, Jason Smith of LGL, Ltd. Smith visited the lower Columbia River previously to assess bringing fishwheels back to the mainstem Columbia and has performed similar analyses in Alaska and Canada.

Beach seines were historically used in the lower Columbia River and are one of the oldest harvest gears used in the Columbia River (Craig and Hacker, 1940). They were prohibited in Washington and Oregon in 1934 and 1948, respectively. Historically, the most effective seining grounds were low sandy spits and islands in the lower, tidal portion of the river channel (Craig and Hacker, 1938). These areas are inundated at high tide but are excellent for seining because salmon are numerous in these locations and their sloping sandy beaches make them ideal for hauling out seines (Craig and Hacker, 1938). The potential of the beach seine has not been overlooked by current day gill netters. At least two prominent commercial fishers and business owners in the lower Columbia advocate testing this gear again; Mr. Steve Fick and Ms. Irene Martin. During discussions in Astoria, Oregon, in 2005, beach seines were discussed as potentially the best way to modify the gillnet fishery for selective fishing. This gear was previously evaluated for spring Chinook and the authors concluded that different gear dimensions and fishing locations would be necessary (Neill, 2000). Historically, the most effective seining grounds were low sandy spits and islands in the lower, tidal portion of the river channel (Craig and Hacker, 1938). These areas are inundated at high tide but are excellent for seining because salmon are numerous in these locations and their sloping sandy beaches make them ideal for hauling out seines (Craig and Hacker, 1938). Based on this information and recommendations from Steve Fick, a gillnet fisher and fish processing plant owner from Oregon, the seines will be tested near the Astoria Bridge at sandbars. The seine constructed to fit the habitat will be built by Fick and local fishers will operate the gear. Modern day conveniences will be used to decrease stress to fish (e.g. a hydraulic winch) and impart little or no harm to the habitat (e.g. Fishers will deploy the net with a skiff and retrieve the net using a gillnet boat).  

Pound nets (defined as a stationary net trap) first appeared on the Columbia River in 1879 and were very effective in early fisheries. These nets were prohibited in Washington and Oregon states in 1934 and 1948, respectively. The pound net will be constructed with a design and fished in locations where it was used previously when this gear was legal. Mr. Blair Peterson, a gillnet fisherman from Cathlamet, Washington, has researched these historical nets during the past 7 years and has constructed a scale model (Figures 1 and 2), built a usable net, and identified historic fishing locations that can be fished in the present day. Basically, the gear has been developed to the point where all that remains is to deploy and evaluate it. 

A permit obtained from the Army Corps of Engineers will enable temporary pilings to be placed between January and March. The pound net will be operated by Peterson in intertidal areas where the historic pound nets fished yet will not impinge on channel traffic. The fishing areas are based on historic fishing areas and are near the town of Cathlamet, Washington and at the mouth of the Cowlitz River.  From mid August through October the Cathlamet channel is expected to be a good area to catch fall Chinook while the Cowlitz mouth is expected to capture coho. 
Fishwheels were popular traditional gears in the lower mainstem Columbia River. Although they are no longer considered suitable there, they are expected to work quite well in the Cowlitz River. This is because the river is turbid (the Toutle River contributes much of the sediment and resulting turbidity to the lower section of the river), has large runs of Chinook and coho, contains narrow channels suitable for this type of gear, and the presence of 3 dams in the upper watershed will limit the potential for large woody debris to damage the fishwheel. Cleve Steward, a fisheries consultant and Executive Director of the Sustainable Fisheries Foundation, has a longtime association and familiarity with the Cowlitz and Toutle river systems and recommended this gear. Should this study occur, Steward will facilitate meetings about this study with organizations such as the Cowlitz Tribe and the Friends of the Cowlitz.
We do not expect these gears to damage habitat. The beach seine will be fished along sand bars and other potentially suitable areas along the banks of the Columbia River. We will use methods that reduce the potential for habitat damage. For instance, we will use a hydraulic winch on a barge or will use a gillnet boat to deploy and retrieve the beach seine so that there is minimal impact to the beach habitat. The pound net will be deployed mainly in areas where there are existing structures. Should additional pilings be used, they will be smaller than the existing structures so that they may be removed easier and they will be untreated. Mr. Blair Peterson has discussed the project with the Army Corps of Engineers and verified that permits may be obtained for temporary structures. As part of the feasibility assessment, LGL, Ltd. will consider the potential of the fishwheel to damage habitat. Finally, we will work with local area habitat biologists and university professors (e.g. Dr. Simenstad of the UW) to increase our awareness of potential damage that may occur as a result of using these gears. 


Findings from this objective will be shared with the advisory group and a section in the final report will address how these gears may be incorporated into a modern day commercial fishery. Should these gears have the low mortality we expect, additional benefits could include using them for other research needs, such as species ratio studies and marked to unmarked adipose studies.
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Figure 4. Diagram of the pound net that will be used to capture salmonids selectively.
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Figure 5. Model of pound trap that will be used as a selective harvest gear.

1.1.2 Objective 2:  Conserve anadromous fish species by developing, evaluating and deploying live capture selective harvest gears. This will limit harvest related mortality to non-target species and stocks while minimizing adverse genetic introgression of hatchery fish in naturally spawning populations. 

As important as providing harvest opportunity, selective fishing must provide high survival for released fish. Implementing these gears must be reconsidered given our current need for gears that enable excellent survival for bycatch. For fall fisheries, these gears should allow high survival of fish and non fish species. Tangle nets are not expected to be the answer because high water temperatures are expected to result in higher mortality. (In contrast, the tangle nets are more suitable for spring Chinook because of the cooler water temperatures during the spring fisheries.) The potential bycatch of fish species could include natural summer Chinook, natural fall Chinook, natural coho, steelhead, sturgeon, cutthroat, shad, northern pikeminnow, and bass, among others. 

For fall non-treaty commercial fisheries, catch and release mortality on steelhead from large mesh gill nets is estimated at 59% (Beamesderfer 2005). This is too high for an economically viable fishery as well as for impacts to released stocks. As ESU status and de-listing levels become more prominent, closing the survival gap between current ESU status and de-listing levels will be extremely difficult to achieve without substantial and innovative increases in fish survival. As a result, in this study coho salmon and steelhead trout bycatch will be evaluated with the same detail as the target species. 

From a genetic standpoint, the harvest of hatchery reared fish cannot be overstated. A growing body of scientific evidence is demonstrating that many hatchery programs can depress population recovery. Introgression of less fit hatchery fish can depress the productivity of natural spawning populations. Moran and Waples (2004) summarized the basic concern as “The high proportion of hatchery fish in some natural spawning aggregates, combined with uncertainty regarding the reproductive success of these fish, is a cause for significant concern among co-managers and Federal agencies.” 

Based on previous research with these types of gears and in the proposed locations, it is unlikely that they will capture non-fish species but if this occurs potential species could include Caspian terns, sea gulls, and blue herons. Pinnipeds are more likely and could include Steller sea lions, California sea lions, and harbor seals. Any capture of non-fish species will be documented and visible injuries noted. Pinnipeds will be deterred using bombs and other allowable methods.

Selective fishing gears for Columbia River fisheries must take into account the current-day challenge of pinniped predation. We are concerned about the impacts that harbor seals (Phoca vitulina Richardsi) and California sea lions (Zalophus californianus) may have on salmon because fishing gears can make salmon more vulnerable to predation. During the gill net and tangle net research in the Lower Columbia from 2000 to 2003, we observed an increase in the presence of these marine mammals from about 20% to 80% of the fishing sets. This type of “drop out” mortality is difficult to measure and is of particular concern for endangered salmon. All gears in this study will consequently be evaluated for their ability to capture and release fish in the presence of pinnipeds. Data will be collected on the capture and release condition of species of concern, such as sturgeon and trout. Based on previous research with tangle nets, we think it unlikely that the pound net and beach seine will impact sturgeon. For the spring Chinook test fishery, conducted 2001-2003, the tangle nets and gill nets captured sturgeon but these fish were always released in excellent condition. The pound net and beach seine are expected to impart an even lower stress and therefore higher survival on these species.

1.1.3 Objective 3:  Evaluate post-release survival and physiology. Develop a reproductive success study based on where tagged fish return. This must be done to ensure that the release of live fish from selective gears confers a conservation benefit. In addition, fish managers need survival values, preferably with tight confidence intervals, to apply to selective fisheries. Compare the survival of PIT tagged fish with behavioral reflex response and physiologic results of fish at capture, with the goal of developing a mortality index based on immediate capture information of fish. 

Accomplishing this objective in conjunction with objectives 1 and 2 will require little additional funding. As noted by ISAB (2005), critical uncertainties that would benefit from additional research include the variability and magnitude of release mortality rates in relation to the gear employed and fleet behavior as well as biases that could be introduced by multiple encounters (fish being re-captured).

Previous research with spring Chinook captured in tangle nets showed that PIT tags can enable a mark-recapture study with tight confidence levels, thereby decreasing the uncertainty of mortality rates (Ashbrook and Skalski, in prep.). Similarly, for this study PIT tags would be applied to released salmon, enabling long-term mortality assessment by species and gear type. Sample size have been made based on these previous research results and statistical methods to evaluate survival are shown in the Appendix A. Another component of mortality is recapture rates. By applying jaw tags with unique numbers to released fish, recaptures may be quickly observed visually and a comparison made with the survival of fish that were captured once versus multiple times. 

Stress indices that will be used include visual observation of physical condition and reflex responses. In previous tangle net studies, condition at capture was evaluated using a scale of 1 to 5 where fish at level 1 were vigorous and not bleeding and fish at a scale of 5 showed no visible signs of movement. The use of revival boxes has been shown to re-energize fish captured in condition 5 to condition 1, although fish captured in condition 5 have not survived as well in the long-term (Vander Haegen et al, 2004; Ashbrook et al, 2004). As part of this study, the previously used condition index will be compared with physiologic blood hormone levels and behavioral response reflexes, with the goal of obtaining a mortality index for fish at capture. If successful, this mortality index will further reduce the cost of studies that evaluate survival. Further, mortality of released fish may include a suite of environmental and biological factors that interact with capture stressors to increase temperature and mortality (e.g. water temperature) (Davis, 2002).  
There is good reason to expect that behavior impairment (response reflexes) can be correlated with delayed mortality because this has been documented in other fish (Davis, 2005). An index of behavior impairment may also indicate the vulnerability of a fish to a predator. By doing both physiologic and long term survival analyses, answering the questions of “why fish die after being discarded and how to measure this endpoint under a wide range of realistic fishing conditions” becomes possible. Davis (2002) expresses that stress factors (plasma cortisol, lactate, glucose, potassium, sodium) cannot be used to predict mortality because stress causes a shift from anabolic to catabolic processes. As a result, he recommends measuring factors that control growth such as insulin-like growth factor and growth hormone to assess discard fitness and mortality. 

In addition, stress could inhibit the fish’s immune system directly through the endocrine system or through providing less energy towards egg and sperm development.  Although data exists for only one year, the results of a reproductive success study in the Willapa River for coho salmon progeny following the capture of their parents in tangle nets and gill nets showed what could be an example of energy shunting, where less energy goes toward eggs and sperm following stress. In this study, a one way ANOVA showed that the progeny of tangle net captured fish survived at a significantly higher rate from eyed egg to fry as compared to the progeny of gill net captured fish. This result was especially interesting given that no difference in long term survival was detected between tangle net and gill net captured coho (Ashbrook et al., in prep). 
The Cowlitz Hatchery should provide an excellent location for evaluating reproductive success of coho, which are difficult to find and therefore evaluate in the wild. To address reproductive success and learn the origins of the salmon we capture, released fish will be given a visual tag so that their final location may be known when they are captured in successive fisheries, on spawning grounds, and at hatcheries. We will not expect to recover jaw tagged coho through spawning ground surveys but do expect that many tagged coho will return to the Cowlitz Hatchery. Methods developed for a previous study for Willapa River coho (Ashbrook et al, in press) will be used.
F. Facilities and equipment 

Ashbrook will oversee the field work, data collection and analysis, and report. Skalski will oversee the statistical analysis portion of the study while Schreck will oversee the physiologic analyses. In addition, Schroder and Noakes will provide guidance with developing a behavioral and reproductive evaluation. Peterson will oversee the fish trap operation and Fick will provide guidance for the beach seine. Vigg and Smith will work with the commercial advisory group and fish managers to incorporate the gears into current fisheries.

A beach seine will be built by Fick and he will provide guidance on its operation. Peterson will oversee the fish trap operation. He has designed and constructed this gear for testing in the lower Columbia River based on historic fishing locations and a recent survey by members of the research team (Peterson, Smith and Ashbrook). When not in use, the mesh leads would be lifted from the river to allow free passage of fish. The necessary permits to place temporary pilings for use of this net will be obtained from the Corps of Engineers.  Fishwheel evaluation will occur through a subcontract with LGL, Ltd.

Suitable office space exists at WDFW, UW, and laboratory space at OSU. Vehicles and computers are available for lease. Data, meta data, and reports will be stored on the StreamNet Independent Data Sets page at http://www.streamnet.org/online-data/ids.cfm. In addition, reports will be available at the WFW selective fishing website, http://wdfw.wa.gov/fish/commercial/selective/ .
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Selective fishing research lead

Washington State Department of Fish and Wildlife

600 Capitol Way N.
Olympia, WA  98501

360-902-2672

Email: ashbrcea@dfw.wa.gov

Education:

Masters Degree Candidate. University of Washington School of Aquatic and Fisheries Science. Estimating salmonid survival from selective fishing gears. Expected completion: 2007
B.S. and B.A. The Evergreen State College. Completion: 1993

Employer: Washington Department of Fish and Wildlife, 15 years

Current responsibilities: Selective fishing research lead: harvest and broodstock collection; lead for gillnet drop out studies.

Expertise: Research involving selective fishing, hatchery related issues, hatchery and wild interactions, coded wire tag data analysis, radio telemetry, and passive integrated transponder tags. 
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Schreck, Carl

Leader and Professor

Oregon Cooperative Fish and Wildlife Research Unit

Oregon State University

Corvallis, Oregon 97331-3803

Phone: 541-737-1961

E-Mail:     MACROBUTTON HtmlResAnchor carl.schreck@oregonstate.edu

Dr. Carl Schreck has been researching the biology of fishes for nearly 30 years.  He graduated from the University of California, Berkeley, in 1966 with an A.B. in Zoology.  Following a year’s study at Humboldt State University he attended Colorado State University where he received his M.S. in 1969 in Fisheries Science and his Ph.D. in 1972 in Physiology and Biophysics and Fisheries Science.

After receipt of his Ph.D. he was an Assistant Professor at Virginia Polytechnic Institute and State University.  In 1975 he became the Assistant Leader of the Oregon Cooperative Fish and Wildlife Research Unit through the U.S. Fish and Wildlife Service and an Assistant Professor at Oregon State University.  Two years later he became the Leader of that Unit and still serves in that capacity for the Biological Resources Division, U.S. Geological Survey.  He now is also a Full Professor in the Department of Fisheries and Wildlife at OSU.  His research has focused primarily on salmonids.  He applies environmental physiology to address environmentally relevant questions; this research has lead to over 200 published papers.

Professional recognition includes: 

Meritorious Service Award, Secretary of the Interior (2003); Educator of the Year Award, American Fisheries Society (2000); Earle Price Award for Excellence in Research, Oregon State University (1991);  Directors Award for Research Excellence, U.S. Fish and Wildlife Service (1991); Directors Award for Unit Management Award, U.S.G.S (2001); Twice winner of the Willaim F. Thompson Award, American Institute of Fishery Research Biologists (1980 and 1989); Governor’s (Oregon) Coastal Salmon Science Team.  Independent Multidisciplinary Science Team for the State of Oregon;  Fishery Worker of the Year, Oregon American Fisheries Society (2004). Others with students and colleagues.

Approx 70 M.S. and Ph.D. theses supervised to date.

Appointed Senior Scientist by the U.S. Department of Interior

Dr. Schreck is a member of several scientific and management teams, organizations and committees.  He is currently serving a second four-year term as President of the International Federation of Fish Endocrinologists.  He has served on the editorial boards of The Transactions of the American Fisheries Society, Copeia, and General and Comparative Endocrinology.  He currently serves on the editorial boards of Aquaculture and  Comparative Biochemistry and Physiology and acts as Editor for “The Environment” for the journal Diseases of Aquatic Organisms.
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Peterson, Jon Blair

Pound net expert

35 Cochran Drive

Cathlamet, WA  98612

360-795-2131

Mr. Peterson has gill net fished for about 40 years gill net fishing and has been designing and researching the use of the pound net for about 7 years. He also works for the Merchant Marine. In lieu of a CV, he provided a letter, provided in Appendix B.
Skalski, John R.
Professor of Biological Statistics

School of Aquatic and Fishery Sciences

University of Washington

1325 Fourth Avenue, Suite 1820

Seattle, WA  98101-2509

Phone (206) 616-4851

E-mail:  jrs@cbr.washington.edu

Education

	B.S.
	Wildlife Management/Biology, University of Wisconsin, Stevens Point
	1974

	M.S.
	Wildlife Science, Oregon State University
	1976

	M.S.
	Biometry, Cornell University
	1978

	Ph.D.
	Biometry, Cornell University
	1985


Employment History

	1978-1985
	Research Scientist, Battelle Pacific Northwest Laboratory, Richland, WA

	1985-1987
	Senior Research Scientist, Battelle Marine Research Laboratory, Sequim, WA

	1987-1995
	Associate Professor, University of Washington, Center for Quantitative Science, School of Fisheries, Seattle, WA

	1992-1995
	Interim Director, Center for Quantitative Science in Forestry, Fisheries, and Wildlife, University of Washington

	1994-1995
	Chair, Interdisciplinary Graduate Program in Quantitative Ecology and Resource Management, University of Washington

	1995-Present
	Professor, University of Washington,  School of Aquatic and Fishery Sciences, Seattle, WA


Experience

Dr. Skalski has over 25 years of experience as a fish and wildlife statistician.  He has written two book and approximately 80 papers on environmental, fish, and wildlife statistics.  His areas of expertise are design and analysis of mark-recapture studies and effects assessment on mobile species.  He teaches graduate-level classes in sampling theory, parameter estimation, generalized linear models, and population assessment.

Selected Publications
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Skalski, J. R., and D. S. Robson.  1992.  Techniques for wildlife investigations:  Design and analysis of capture data.  Academic Press, San Diego, CA.  237 pp.
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Smith, Steve 

President

Stephen H. Smith Fisheries Consulting Inc.

Canby, Oregon

 503-263-1253

Email: huntersmith@canby.org

Education:

B.S. Wildlife & Fisheries Biology; University of California – Davis, 1974; Graduated with highest honors
Employer: Stephen H. Smith Fisheries Consulting Inc.

Current responsibilities: 
2000 - present


Prepared Hatchery & Genetic Management Plans for Okanogan River summer/fall Chinook and spring Chinook.

Coordinator, Snake River Safety-Net Artificial Propagation Program.

Policy and technical advice to the Northwest Power and Conservation Council’s Artificial Production Review and Evaluation.

Policy and technical advice to the Bonneville Power Administration and NOAA Fisheries on Reasonable and Prudent Alternatives addressing artificial production in the 2000 FCRPS Biological Opinion.

Policy and technical advice to the Bureau of Reclamation on artificial production programs in the Methow River subbasin.

Expertise:  

1995 – 2000:


Chief, Hatcheries and Inland Fisheries Branch; National Marine Fisheries Service; Portland, Oregon 

Developed and administered policy and procedures on application of the Endangered Species Act (ESA) to artificial propagation of salmon and steelhead, and to recreational fisheries throughout the Pacific Northwest.

Directed activities to integrate implementation of Federal government’s ESA, tribal treaty/trust, and sustainable fisheries responsibilities throughout the Pacific Northwest.

Supervised the development of Hatchery & Genetic Management Plans (HGMP’s), Fishery Management & Evaluation Plans (FMEP’s), and ESA 4(d) Rules for salmon propagation and harvest.

Administered a branch of 11 professional and clerical employees located in three states.

1992 – 1995:

Senior Policy Analyst; Division of Fish & Wildlife, Bonneville Power Administration

Provided policy and technical analyses on ocean and in-river salmonid fisheries.

Served as project manager for research & development of Columbia River terminal fisheries, gillnet harvest “lease-back”, and fishing license buyouts.

Managed BPA’s response to salmon recovery recommendations.

1983 – 1992:

Chief, Fisheries Integration Branch; Division of Fish & Wildlife, Bonneville Power Administration

Provided policy and technical recommendations for adult & juvenile fish passage improvements on the Columbia River hydrosystem; supervised research and monitoring on mainstem fish passage.

Developed BPA positions and testimony on Federal and state legislation affecting BPA’s fish & wildlife responsibilities and expenditures.

Supervised BPA’s development of salmon life-cycle and hydrosystem modeling systems; PIT-tag technology and research protocols.

Administered branch of 17 professional, technical, and clerical employees; and annual budget of $18 million for contracts and grants.

1975 – 1983:

Fisheries Biologist; National Marine Fisheries Service; Portland, Oregon

Prepared anadromous fish impact analyses for over 40 multi-purpose water resource projects throughout the Pacific Northwest.

Developed and directed multi-agency research on instream flows and riparian habitat.

Coordinated, managed, and developed fishery agency and tribal recommendations on anadromous fish for the Northwest Power Planning Council’s initial Fish & Wildlife Program.

Served as NMFS’ technical and policy representative on the Columbia Basin Fish & Wildlife Council’s Artificial & Natural Production Committee.

1972 – 1974:

Fisheries Biologist; U.S. Fish & Wildlife Service; Portland, Oregon & Red Bluff, California

Prepared fish and wildlife assessments on proposed water resource developments.

Conducted technical duties at a salmon artificial spawning channel.
Steward, Cleveland R., III

Principal and Fisheries Scientist

Steward and Associates 

120 Avenue A, Suite D

Snohomish, WA  98290

360-862-1255

csteward@stewardandassociates.com

Cleve Steward is a fisheries scientist and consultant with over twenty-five years of experience and education in salmon and trout ecology and management, both as a government employee and as a consultant. Cleve has extensive experience in the fisheries management field and has undertaken numerous projects for federal and state agencies, Indian tribes, universities, private firms, and environmental groups from throughout the region. He is a recognized authority on the habitat and migratory requirements of juvenile salmonids and has broad expertise in freshwater ecology and fisheries management. He is frequently solicited to provide expert opinion and help resolve conflicts involving fisheries and aquatic resources, including surface water management, watershed impacts, salmon hatchery impacts, salmon smolt passage survival and behavior, and monitoring and evaluation techniques.
Education: 

Master of Science, Summa cum laude, 1983
University of Washington, Seattle, WA
Degree Emphasis: Fishery Science, 

Bachelor of Science, Summa cum laude, 1978
University of Montana, Missoula, 
Degree Emphasis: Wildlife, Aquatic Option

Current responsibilities: 1992 to present:
Owner and lead consultant in a 10-person environmental consulting firm that specializes in fisheries management, ESA recovery and compliance planning, biological assessments, research design and implementation, Columbia River and Puget Sound fisheries issues, dam-related impacts and re-licensing, dispute resolution, and programmatic review for public agencies, Indian tribes, and non-profit conservation groups. Clients include the Bonneville Power Administration, National Marine Fisheries Service, U.S. Fish and Wildlife Service, U.S. Geological Survey, Northwest Power Planning Council, various Indian tribes (Nez Perce, Yakama, Cowlitz, Quileute, and Skokomish) Seattle Aquarium, Seattle Public Utilities, University of Washington, Boeing, Save Our Wild Salmon, Trout Unlimited, American Rivers, URS, various law and engineering firms, and others.  Responsible for several contracts; author of key publications. 
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Washington Department of Fish & Wildlife

2108 Grand Avenue

Vancouver, Washington  98501-1091

(360) 906-6710 

e-mail: viggscv@dfw.wa.gov 

Education:

1968‑70
A.A. in Biology, Palomar Jr. College, San Marcos, CA

1971‑73
B.S. in Fisheries, Humboldt State Univ., Arcata, CA (GPA= 3.42)
1974‑75
M.S. in Natural Resources, Humboldt State Univ., Arcata, CA (GPA= 3.88)
1976
Two week course in Hydroacoustic Fish Stock Assessment at the University of Washington, Seattle, WA

1981
One week workshop in Water Quality Management at the University of Nevada, Las Vegas, NV

1979‑84
Post-Graduate level Biology courses; University of Nevada, Reno, NV (82 Semester Units - GPA= 3.57)

1986
Ph.D. program coursework in fisheries and quantitative science; University of Washington, Seattle, WA (52 Quarter Units - GPA= 3.71)

Employer: Washington Department of Fish and Wildlife

Current responsibilities: 02/2006 to present:
Region 5 Fish Management Harvest Manager, Fish Program –Vancouver, Washington:

This position has full responsibility to manage and implement the Fish Management staff and activities in Region 5 (Southwest Washington and Lower Columbia River).  These activities include managing the fish resources in the lakes and streams within the region to ensure healthy and diverse populations while maximizing sport and commercial fishing opportunities.  This position manages a staff of 36 full time and 102 career seasonal and temporary employees with an annual operating budget of $4 million.  Key responsibilities for this position are: stock status assessment, harvest management, Salmon Recovery, and coordinating with state and federal agencies, tribal, and volunteer groups.

Duties include:


· Manage and direct the fisheries assessment and management activities within Region 5.

· Ensure staff compliance and consistent recover efforts associated with federal and state programs.

· Lead cross program coordination between other Divisions and Programs within the Region.

· Manage Regional Fish Management Budget.

Relevant publications and projects:

Steve has authored over 100 research, management, and planning documents and has delivered numerous presentations at scientific symposiums.  Steve received the American Fisheries Society citation for most significant paper of the year, TAFS 1991.  A complete Vita is available upon request.  The following selected publications are listed by category.

ECOLOGY AND LIMNOLOGY:

Vigg, S., and D.L. Koch. 1980. Upper lethal temperature range of Lahontan cutthroat trout in waters of different ionic concentration. Trans. Am. Fish. Soc. 109:336-339.

Galat, D.L., E.L. Lider, S. Vigg, and S.R. Robertson. 1981. Limnology of a large, deep, North American terminal lake, Pyramid Lake, Nevada, U.S.A. Hydrobiologia. 82:281-317.

Estep, M.L.F., and S. Vigg. 1985. Stable carbon and nitrogen isotope tracers of trophic dynamics in natural populations and fisheries of the Lahontan Lake System, Nevada. Can. J. Fish. Aquat. Sci. 42:1712-1719.

French, R.H., J.J. Cooper, and S. Vigg. 1988. Use of in situ microcosms for evaluating reservoir water management options. Water Resour. Bull. 24:1007-1015.

Sigler, W.F., S. Vigg, and M. Bres. 1985. Life history of the cui-ui, Chasmistes cujus Cope, in Pyramid Lake, Nevada: a review. Great Basin Nat. 45(4):571-603.

FISH HARVEST:

Vigg, S. 1992. Changes in harvest management of Columbia River Basin salmon with respect to the Endangered Species Act. Pacific Fishery Biologists, 54th Annual Meeting. March 23-25, 1991. Blaine, Washington.

Cramer, S.P. and S. Vigg. 1996. Quantification of the probable effects of alternative in-river harvest regulations on recovery of Snake River fall chinook salmon. Prepared for Bonneville Power Administration, Portland, Oregon. DOE/BP-99654-14.

Vigg, S., C.F. Willis, and S.P. Cramer. 1998. Feasibility of implementing a system of tradeable harvest rights for anadromous salmonid fishes produced in the Central Valley of California. Prepared for the U.S. Fish & Wildlife Service, Sacramento, California. DOE/BP-99654-14.
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Immediate Survival
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Post-Release survival (comparing pound net and beach seine fish)
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The MLEs are:
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This model assumes that fish from both types of nets go to the same locations after release, are recovered there at the same rate (p), and have the same handling mortality (
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H
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-

).  Also, it is assumed that the fate of each fish is independent of all others, and that all fish in a given treatment group have common probabilities of survival and recovery.
Relative long-term survival


[image: image52.wmf]T

R

= long-term survival of beach seine fish, relative to long-term survival of pound net fish:



[image: image53.wmf]ˆˆˆ

,

TIP

RRR

=


with variance 



[image: image54.wmf](

)

(

)

(

)

(

)

(

)

22

ˆˆˆˆˆˆˆ

VarVarVarVarVar

TIPPIIP

RRRRRRR

=×+×+×


and estimated variance
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(Seber 1982).
Alternatively, the joint likelihood based on the product of models (1) and (4) can be used to calculate a profile likelihood confidence interval (Fisher 1956, Box and Cox 1964, Kalbfleisch and Sprott 1970, Hudson 1971) using Program USER http://www.cbr.washington.edu/paramest/user/.

Appendix B

I am writing in regards to my knowledge and my attempts to gain permission to construct and install a 1920’s version of a Columbia River pound trap.  For excess of thirty years the pound net was used as the main means of harvesting salmon on the river, and is still being used extensively to this day in places such as Egypt, the Nile River, the Amazon River South America, the Congo in Africa, and the Tigress and Euphrates Rivers in Iraq.  The reason I know this is I have personally watched, examined, asked questions and have even helped assist in these places in the operation of these pound nets.  Each pound net in each river and country has its own special features, but basically all pound nets are on the same principle and design. For the past six years I have done more research and put more effort in learning about the art of trapping fish over the entire world, and I mean literally, the entire world.  

I’ve fished as a commercial fisherman my entire life, starting in 1968 at the age of 15 years old in Alaska in the village of Egegik as a set netter and as a deckhand on the old Columbia River Bow pickers the same year.  In 1970, while still in high school, I purchased my own Columbia River gillnet boat.  Through the entire 1970’s I fished Bristol Bay and Kodiak, Alaska and seined every single bay and cape on and around the Island of Kodiak.  In 1979 the one and only year that seining was allowed for herring in Norton Sound (which is located near the town of Nome) we caught and harvested in excess of 700 metric tons.  The state of Alaska Fish and Game actually put the boat I was working on a charter to try several small test fisheries from Nome clear to Kotzabue, which is located in the Artic Circle.  Very few men can lay claim to have fished the Artic Circle.

From 1981 to 1985 I fished Bristol Bay and was also a skiff man in Togiak, Alaska for five years seining herring.  In 1986 I bought my own herring boat for the Nome fishery, but still participated in Security Cove, Good News Bay, Nelson Island, Nunivak, and Cape Romansanof herring fisheries.  I fished Cook Inlet for Kenai Packers, who was then owned by Harold Dopenspeck.

If I may point out, 1986 was the high-water mark financially for the commercial fishing industry from the northwest coast to Alaska beginning with the decline of the Japanese Yen and their economy to the intervention of the federal government in certain rulings pertaining to endangered species and protected salmon runs.

It was the year 2000 that I was given the opportunity by the Oregon Department of Fish and Game to test fish a new idea and theory called a tangle net with the assistance of a recovery box.  It was while working on this project and working with a biologist that I learned both Oregon and Washington were open to ideas on selective fishing methods.  A gill net is a great means of harvesting salmon, but extremely limited on handling and maintaining the lifeline of the fish.  That is where the number one selling point of the pound net comes into play.  Behind this is the same reasoning why the pound net in its day produced the highest quality of salmon freshness pertaining to its oil content and texture firmness, unmatched to this very day.  The pound nets down fall was not with in itself, but of the management policies in which it practiced.  It ran 24 hours a day in excess of 240 days out of the year.  There were more pound nets located from Altoona to Eagle Cliff, WA, (which is less than 19 miles apart) than the total combined Washington and Oregon gillnet licenses combined.  The total number of pound nets exceeded 900 on the full length of the Columbia River.  There were over 30 canneries operating on the river which were mainly supplied by the pound nets.  Beach seining and gill nets caught a much smaller amount.

Back to the pound nets effectiveness and well being of the product.  Never has there been a fishing device that maintains and keeps the fish alive and healthier, while still keeping the fish enclosed and entrapped.  The fish remains mooring the entire time and never really comes in contact with anything until actual release or harvest.  That’s where the word “selective” comes into effect.  Imagine being able to have an amount of fish ranging from ten to 200 and being able to observe their origin, from Silvers, Chinooks, Dogs, Steelhead and Sockeye, and being able to take or release at will.  Your choice, without causing any harm to anything, or having 100% survival rate and 0% mortality. You may think these numbers are far fetched, but THEY ARE NOT.

I’m sure by now you are under the impression that I am striving to legalize pound nets.  NO, I am not.  My goal is to prove to both states that there are better ways of gathering information on trying to manage a resource that pertains to sports fishing, to state operated salmon hatcheries, to North American Indian tribes, to charter boats to gillnet boats, all the way to over the counter consumers.  Not to mention places like the Snake River or Bonneville Power or dam counts.

I just have a hard time comprehending our main means of measuring and monitoring run size or knowing what is swimming in common, on certain dates, in certain places in what numbers.  As of now we gather information from a small amount of sport boats or having a handful of gillnet boats fish the wrong size mesh nets, in the wrong place at the wrong time in 30 minute intervals.  In my eyes, that is poor management.  A prime example was and is the 2005 winter and 2006 spring sport and commercial salmon seasons.  I watched in total amazement when both states allowed the sport fishing to continue when never before in the recording of history had the counts been so few.  Yet fishing continued.  Management was running on blind faith and nothing else.  The run did materialize, but the states didn’t have any hard evidence or means of monitoring 24 hours a day, 7 days a week of what was actually moving or entering the river system.  

Once again the pound net is the tool which can assist the states with information they have never before had.  If you run a pound net for a full 4 or 5 year cycle of life span of an adult mature Chinook salmon, watch the wealth of information you will obtain.  You can watch and record around the clock on the movement of everything from size to what is swimming and moving at all times, while the same time causing no harm or handling of the fish.

I must go back in my writings and verify my experience with pound nets around the world.  I said I depended on fishing for my sole means of income up to the year 2000.  That was the year I could no longer afford to fish.  You will also recall when I said that 1986 was the high water mark financially.  In 2001, because of my years of fishing, I was hired as a merchant mariner aboard the cargo vessel “Strong American”.  We took several loads of bulk food to Africa.  There, I witnessed the pound nets in the Congo and other small rivers in Africa.  We contracted with Parker Oil, an exploratory drilling Comapny, and sailed 2100 miles up the Amazon, all the way to the town of Iquitos.  There I watched more pound nets at work.

We have been under contract with M.S.C., which is Military Sealift Command, for the last three years.  That is where moving military goods from Europe and the Mediterranean put me in contact with the Nile and Suez Canal, in such places as Alexandria Egypt and the final destination put me in places such as Kuwait, Dubai, Bahrain, Qatar, Tigris and Euphrates Rivers in Iraq.  The pound nets are widely used in the Persian Gulf.  I’ve taken many pictures and drawn several diagrams of their pound nets.  I have taken them back to my home town of Cathamet, WA where I’ve spent countless hours researching the archives that are recorded and located at the county Courthouse.  I have compared pound net designs of all makes and sizes.  I have had help obtaining information from the Cathlamet Historical Society.  You must understand the traps were outlawed and banned in the 1930’s.  Most pound net owners ranged in their mid 50’s.  For me to speak with one would be impossible as they would be 120 to 130 years old.  You can see where obtaining first hand information is impossible.

I have built models of pound nets, watched videos, read every piece of information pertaining to the pound nets.  I have constructed full scale pound nets and have had people of interest actually enter and walk inside while I try to narrate and explain the fish movement while being inside of the pound net.  In all honesty I truly believe there is nothing more I can do now to prove to both states that this is and would be the most valuable research tool that they could use to assist in their management practices, policies and procedures.  

It has been over six years now that I have tried in vain to get support and acknowledgement of this theory.  I have jumped through every hoop, driven to every meeting, and made extensive phone calls.  I have given oral testimony, set up the pound net countless times for viewing, gone on boat rides to show locations.  I have met with the Army Corp of engineers, talked in person with Dave Martin.  I’ve met and dealt with Pat Frazier countless times on this subject, while he was with the Oregon Fish and Game and now with Washington.  I have also worked and talked with John North and Jeff Whistler, Steve Smith with BPA.  Charmane Ashbrook is the last person who is trying to help me now.  The list does go on.

I can not promise over night 100% success if granted permission.  It will be trial and error for a time to obtain maximum efficiency.

I feel that I have done all that I can say or do to persuade you to understand my reasoning behind this. There is much, much more.  Feel free to contact any and every name that I have mentioned in this writing for verification of the time and effort I have put into this project.

While I write this, I am on anchor between Sasebo and Iwakuni, Japan looking at Japanese salmon farm net pens.  Amazing how times have changed.

Sincerely,

Jon Blair Peterson
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		Table 4.		Total ocean and freshwater run size of Columbia River early and late stock adult coho, 1970-2006 (in thousands of fish).

										Coastal		OPI Ocean		Total Run Size = Returns/(1-OPI HR.)														Combined

				Columbia River Returns						Public		Harvest		Columbia River						Coastal		Combined + H		Table 1				Ocn/riv

		Year		Early		Late		Total		Hatchery		Rate		Early		Late		Combined		Hatchery						Col R HR		ER

		1970		712.745		182.6		895.3		66.8		0.652		2048.1		524.6		2572.7		192.1		2764.8		3003.4		0.2839844121		0.936

		1971		403.4		141.1		544.5		45.6		0.825		2305.4		806.1		3111.5		260.5		3372.0		3949.3		0.0989816954		0.924

		1972		202.3		75.6		277.9		24.3		0.843		1288.5		481.4		1769.9		154.7		1924.6		2177.7		0.0863112404		0.929

		1973		229.3		62.0		291.2		37.0		0.819		1266.7		342.3		1609.1		204.5		1813.6		2157.4		0.1116398474		0.931

		1974		282.5		178.3		460.8		44.9		0.835		1712.4		1080.4		2792.9		272.1		3064.9		3297.4		0.0920592161		0.927

		1975		202.1		90.4		292.5		14.6		0.814		1086.7		485.8		1572.5		78.5		1651.0		1906.2		0.1013014608		0.915

		1976		185.3		151.7		337.0		55.9		0.899		1834.2		1502.0		3336.2		553.0		3889.2		4347.6		0.0552732346		0.954

		1977		53.9		39.7		93.6		16.8		0.888		481.1		354.2		835.3		149.8		985.1		1220.4		0.053037132		0.941

		1978		198.5		109.1		307.5		11.1		0.825		1134.0		623.1		1757.2		63.7		1820.8		1977.4		0.0794557957		0.904

		1979		186.2		90.3		276.5		27.0		0.794		903.9		438.2		1342.1		131.1		1473.2		1789.5		0.0954515852		0.889

		1980		160.3		141.3		301.6		28.2		0.731		595.9		525.2		1121.1		104.7		1225.8		1436.4		0.2432015817		0.974

		1981		100.3		70.1		170.3		30.6		0.811		530.5		370.8		901.3		161.7		1063.0		1555.0		0.0677398139		0.879

		1982		229.4		223.7		453.1		33.6		0.616		597.5		582.5		1180.0		87.5		1267.6		1763.4		0.2076592529		0.824

		1983		51.1		58.6		109.7		16.7		0.787		239.8		275.0		514.8		78.4		593.2		1070.0		0.0387768208		0.826

		1984		247.9		176.8		424.7		44.9		0.319		364.1		259.6		623.6		66.0		689.6		881.5		0.2699675135		0.589

		1985		228.4		137.8		366.2		40.4		0.432		402.0		242.6		644.6		71.1		715.8		1373.4		0.2227966539		0.655

		1986		749.9		798.3		1548.2		71.8		0.335		1127.7		1200.4		2328.1		108.0		2436.1		3026.7		0.3974942986		0.732

		1987		193.4		122.9		316.3		42.5		0.595		477.6		303.4		781.0		104.9		885.9		1377.9		0.1942106012		0.789

		1988		337.8		332.8		670.7		57.4		0.564		774.8		763.4		1538.2		131.7		1669.9		1989.2		0.2026616127		0.767

		1989		271.7		440.1		711.8		55.7		0.553		607.8		984.6		1592.4		124.7		1717.1		1871.2		0.2267630497		0.780

		1990		108.8		87.4		196.1		26.4		0.689		349.7		280.9		630.6		85.0		715.6		1128.5		0.0754780316		0.764

		1991		518.4		415.9		934.3		69.5		0.454		949.5		761.8		1711.2		127.3		1838.5		1823.2		0.1911504027		0.645

		1992		113.6		102.3		215.9		49.0		0.509		231.4		208.3		439.7		99.8		539.5		610.0		0.0869861813		0.596

		1993		72.4		41.5		113.9		36.8		0.423		125.4		72.0		197.4		63.8		261.1		342.1		0.1046493283		0.528

		1994		138.1		30.8		168.9		28.6		0.023		141.4		31.5		172.9		29.2		202.1		250.5		0.0349009135		0.058

		1995		57.5		16.6		74.1		39.1		0.226		74.3		21.4		95.8		50.5		146.2		215.9		0.0025061723		0.229

		1996		82.2		30.8		113.0		47.2		0.146		96.3		36.1		132.3		55.3		187.6		297.3		0.0437134817		0.190

		1997		104.6		43.6		148.3		27.4		0.124		119.4		49.8		169.3		31.3		200.6		204.6		0.0163234217		0.140

		1998		120.9		47.8		168.7		29.8		0.063		129.0		51.0		180.0		31.8		211.8		265.2		0.0015166307		0.065

		1999		159.9		114.2		274.1		21.3		0.119		181.5		129.6		311.1		24.1		335.2		414.0		0.1847458202		0.304

		2000		325.5		222.1		547.6		33.9		0.1310		374.6		255.6		630.2		39.1		669.2		901.0		0.1748095573		0.306

		2001		692.2		416.1		1108.3		82.9		0.1580		822.1		494.2		1316.3		98.5		1414.7		1438.6		0.1661417756		0.324

		2002		295.7		204.0		499.7		55.1		0.1400		343.8		237.2		581.0		64.1		645.1		990.5		0.1632948212		0.303

		2003		496.4		180.8		677.2		45.8		0.2280		643.1		234.2		877.2		59.4		936.6		1183.6		0.1639127098		0.392

		2004		293.8		148.7		442.6		39.4		0.2463		389.9		197.3		587.2		52.2		639.4		826.8		0.1134658552		0.360

		2005		246.2		95.7		341.8		43.0		0.1205		279.9		108.8		388.7		48.9		437.5		592.1		0.0779177432		0.198

		2006		236.9		147.2		384.1		31.0		0.058		251.4		156.3		407.7		32.9		440.6		557.1		0.0695920466		0.127

																										1970s		0.925

																				438.4						1980s		0.781

														557.1												1990s		0.352

										ColR + Coastal H		440.605														2000s		0.287

										River-Lakes		116.400														94-2006		0.230

										Step		0.100

												557.105



ehlkerde:
Traditional OPI harvest rate calculation does not work with selective fisheries.  Must iteratively solve for HR



T4a

		

		17-May-07		10:10 AM

		Table 4a.  Columbia River early stock adult coho returns in thousands, 1970-2006.

				Hatchery		Dam		Sport		Commercial

		Year		Escapement		Counts		Catch		Catch		Total

		1970		226.2		71.7		18.4		396.5		712.7

		1971		158.6		65.1		13.5		166.2		403.4

		1972		81.3		42.6		8.1		70.3		202.3

		1973		49.8		30.2		5.0		144.3		229.3

		1974		123.8		27.7		11.0		120.1		282.5

		1975		69.0		36.5		7.5		89.1		202.1

		1976		71.5		35.6		7.0		71.2		185.3

		1977		23.5		8.8		4.4		17.2		53.9

		1978		98.7		30.3		7.0		62.4		198.5

		1979		78.7		29.4		8.9		69.2		186.2

		1980		76.4		8.8		6.3		68.8		160.3

		1981		50.4		23.4		4.4		22.0		100.3

		1982		108.4		54.9		23.6		42.6		229.4

		1983		29.5		12.0		4.8		4.7		51.1

		1984		54.8		24.2		53.8		115.1		247.9

		1985		57.3		41.7		23.5		105.8		228.4

		1986		158.6		124.6		110.1		356.6		749.9

		1987		32.6		27.0		33.4		100.5		193.4

		1988		47.3		34.8		69.0		186.7		337.8

		1989		104.0		27.7		61.9		78.2		271.7

		1990		40.8		10.4		19.2		38.3		108.8

		1991		108.9		47.5		158.8		203.2		518.4

		1992		46.1		14.3		33.8		19.4		113.6

		1993		22.9		8.7		19.9		20.8		72.4

		1994		59.6		15.8		4.4		58.3		138.1

		1995		20.4		9.3		6.7		21.2		57.5

		1996		44.3		9.5		6.3		22.1		82.2

		1997		39.2		21.2		26.6		17.6		104.6

		1998		55.3		35.5		7.3		22.8		120.9

		1999		60.0		33.8		19.8		46.2		159.9

		2000		137.2		63.8		46.0		78.5		325.5

		2001		200.9		231.7		157.5		102.2		692.2

		2002		101.1		53.7		24.7		116.2		295.7

		2003		141.3		104.6		65.8		184.8		496.4

		2004		109.7		90.6		23.9		69.7		293.8

		2005		88.2		66.5		13.6		77.8		246.2

		2006		98.7		73.7		13.2		51.3		236.9
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T4b

		17-May-07		10:10 AM

		Table 4b.  Columbia River late stock adult coho returns in thousands, 1970-2006.												mstem

				Hatchery		Dam		Sport				Total		comm

		Year		Escapement		Counts		Catch		Commercial		Late Stock		HR

		1970		49.3		3.3		5.6		124.3		182.6		68.09%

		1971		29.0		10.0		3.9		98.1		141.1		69.55%

		1972		10.0		2.6		2.0		61.0		75.6		80.70%

		1973		18.4		1.5		2.7		39.4		62.0		63.59%

		1974		29.0		6.3		2.1		140.9		178.3		79.03%

		1975		16.4		3.3		3.1		67.5		90.4		74.74%

		1976		45.8		4.6		4.1		97.2		151.7		64.07%

		1977		13.6		2.4		1.8		21.8		39.7		55.03%

		1978		33.1		2.9		2.7		70.3		109.1		64.50%

		1979		23.9		4.6		3.4		58.4		90.3		64.70%

		1980		45.8		9.3		5.0		81.3		141.3		57.51%

		1981		27.5		1.3		3.3		37.9		70.1		54.10%

		1982		45.7		5.9		12.9		159.1		223.7		71.13%

		1983		45.2		6.9		4.1		2.4		58.6		4.12%

		1984		46.8		7.3		36.3		86.4		176.8		48.88%

		1985		36.9		4.4		12.3		84.2		137.8		61.08%

		1986		125.5		13.2		35.1		624.4		798.3		78.22%

		1987		33.4		3.9		20.8		64.7		122.9		52.69%

		1988		66.3		5.0		86.7		174.8		332.8		52.53%

		1989		85.3		10.4		35.3		309.1		440.1		70.23%

		1990		46.9		3.2		9.3		27.9		87.4		31.88%

		1991		114.4		16.9		80.3		204.3		415.9		49.12%

		1992		40.7		8.6		18.3		34.7		102.3		33.88%

		1993		16.1		2.7		7.9		14.8		41.5		35.55%

		1994		18.1		8.6		1.7		2.4		30.8		7.79%

		1995		11.1		4.1		1.2		0.2		16.6		1.45%

		1996		17.9		6.8		2.0		4.0		30.8		13.15%

		1997		30.7		5.8		5.4		1.8		43.6		4.10%

		1998		32.6		12.4		2.6		0.2		47.8		0.49%

		1999		64.5		7.8		9.1		32.8		114.2		28.69%

		2000		91.5		27.6		13.2		89.9		222.1		40.48%

		2001		176.4		36.3		52.5		150.9		416.1		36.27%

		2002		110.0		38.5		8.6		46.8		204.0		22.92%

		2003		64.1		32.3		11.9		72.5		180.8		40.13%

		2004		63.8		30.1		4.9		50.0		148.7		33.61%

		2005		55.1		20.0		3.6		16.9		95.7		16.67%

		2006		89.0		37.9		7.5		12.8		147.2		8.71%

												1970s		68.40%

												1980s		55.05%

												1990s		20.61%

												2000s		28.40%





T4c

		17-May-07		10:10 AM

		Table 4c.  Commercial harvest of early and late stock adult coho in the Columbia 1970-2006 (in thousands of fish)

				Zones 1-5  a/						Select Area Fisheries						Commercial Total

		Year		Early		Late		Total		Early  b/		Late		Total		Early		Late		Total

		1970		396.5		124.3		520.8		0.0		0.0		0.0		396.5		124.3		520.8

		1971		166.2		98.1		264.3		0.0		0.0		0.0		166.2		98.1		264.3

		1972		70.3		61.0		131.3		0.0		0.0		0.0		70.3		61.0		131.3

		1973		137.5		39.4		176.9		6.8		0.0		6.8		144.3		39.4		183.7

		1974		111.0		140.9		251.9		9.1		0.0		9.1		120.1		140.9		261.0

		1975		87.0		67.5		154.5		2.1		0.0		2.1		89.1		67.5		156.6

		1976		66.0		97.2		163.2		5.2		0.0		5.2		71.2		97.2		168.4

		1977		15.6		21.8		37.4		1.6		0.0		1.6		17.2		21.8		39.0

		1978		59.0		70.3		129.4		3.4		0.0		3.4		62.4		70.3		132.7

		1979		46.6		58.4		105.0		22.5		0.0		22.5		69.2		58.4		127.6

		1980		56.3		81.3		137.6		12.5		0.0		12.5		68.8		81.3		150.1

		1981		13.9		37.9		51.8		8.1		0.0		8.1		22.0		37.9		59.9

		1982		30.3		159.1		189.5		12.3		0.0		12.3		42.6		159.1		201.7

		1983		1.2		2.4		3.6		3.6		0.0		3.6		4.7		2.4		7.1

		1984		74.5		86.4		160.9		40.6		0.0		40.6		115.1		86.4		201.5

		1985		54.6		84.2		138.8		51.2		0.0		51.2		105.8		84.2		190.0

		1986		301.0		624.4		925.4		55.6		0.0		55.6		356.6		624.4		981.0

		1987		86.9		64.7		151.7		13.5		0.0		13.5		100.5		64.7		165.2

		1988		136.9		174.8		311.7		49.8		0.0		49.8		186.7		174.8		361.5

		1989		52.0		309.1		361.1		26.2		0.0		26.2		78.2		309.1		387.3

		1990		19.7		27.9		47.6		18.6		0.0		18.6		38.3		27.9		66.2

		1991		122.8		204.3		327.1		80.4		0.0		80.4		203.2		204.3		407.5

		1992		3.6		34.7		38.2		15.8		0.0		15.8		19.4		34.7		54.1

		1993		5.9		14.8		20.7		15.0		0.0		15.0		20.8		14.8		35.6

		1994 c/		3.6		2.4		6.0		54.6		0.0		54.6		58.3		2.4		60.7

		1995		0.0		0.2		0.2		21.2		0.0		21.2		21.2		0.2		21.4

		1996		1.7		4.0		5.8		20.4		0.0		20.4		22.1		4.0		26.2

		1997		1.0		1.8		2.8		16.7		0.0		16.7		17.6		1.8		19.4

		1998		0.0		0.2		0.3		22.8		0.0		22.8		22.8		0.2		23.0

		1999		24.7		32.8		57.5		21.5		0.0		21.5		46.2		32.8		79.0

		2000		20.2		89.9		110.2		58.2		0.0		58.2		78.5		89.9		168.4

		2001		67.8		150.9		218.7		34.4		0.0		34.4		102.2		150.9		253.1

		2002		48.1		46.8		94.9		68.1		0.0		68.1		116.2		46.8		163.0

		2003		71.2		72.5		143.8		113.5		0.0		113.5		184.8		72.5		257.3

		2004		16.6		50.0		66.6		53.0		0.0		53.0		69.7		50.0		119.6

		2005		14.3		15.9		30.3		63.5		1.0		64.5		77.8		16.9		94.8

		2006		15.6		12.8		28.4		35.8		0.0		35.8		51.3		12.8		64.1

		a/  Early stock includes 100% of harvest from August through week ending prior to September 20    and 50% of harvest thereafter through week ending nearest October 10.

		Late stock estimated as 50% of harvest for week ending nearest September 20 through October 10 and all coho thereafter. Early and late stock split delayed one week in 1986.

		b/  Select Area fishery totals were reduced to reflect jack catches (Table 2b),  Youngs Bay (1987-to present) and additional areas (1996-to present).

		c/  Stock composition of the 1994 Zone 1-5 catch was determined from CWT analysis.  This proceedure was used because of the short season and the time frame involved.



Ehlke, Robin D:
actual = 58, 683

Ehlke, Robin D:
actual =22,718



T4d

		17-May-07		10:10 AM

		Table 4d.  Receational harvest of Columbia River early and late stock adult coho in thousands, 1970-2006

										Megler to				Total				Tributary  Sport  Catch														Trib Sport

				Estuary a/						Bonneville b/				Mainstem				Washington  c/								Oregon d/						Combined				Total Sport Catch

		Year		Early		Late				Early		Late		Early		Late		Early		Late		Total				Early		Late		Total		Early		Late		Early		Late		Total

		1970		0.0						1.7		0.5		1.7		0.5		14.7		4.7		19.4		e/		1.9		0.4		2.3		16.6		5.1		18.4		5.6		24.0

		1971		0.0						1.1		0.3		1.1		0.3		10.3		2.8		13.1		e/		2.1		0.8		2.9		12.4		3.6		13.5		3.9		17.4

		1972		0.0						0.7		0.2		0.7		0.2		5.3		1.0		6.3		e/		2.1		0.8		2.9		7.4		1.8		8.1		2.0		10.1

		1973		0.0						0.2		0.1		0.2		0.1		2.3		1.8		4.1				2.5		0.8		3.3		4.8		2.6		5.0		2.7		7.6

		1974		0.0						0.4		0.1		0.4		0.1		9.4		1.8		11.2				1.2		0.2		1.4		10.6		2.0		11.0		2.1		13.0

		1975		0.0						0.4		0.2		0.4		0.2		4.8		2.5		7.3				2.3		0.4		2.7		7.1		2.9		7.5		3.1		10.6

		1976		0.0						0.2		0.1		0.2		0.1		3.3		3.0		6.3				3.5		1.0		4.5		6.8		4.0		7.0		4.1		11.1

		1977		0.0						0.4		0.1		0.4		0.1		2.0		1.3		3.3				2.0		0.4		2.4		4.0		1.7		4.4		1.8		6.2

		1978		0.0						0.8		0.2		0.8		0.2		3.0		2.0		5.0				3.2		0.5		3.7		6.2		2.5		7.0		2.7		9.7

		1979		0.0						0.2		0.0		0.2		0.0		6.3		2.5		8.8				2.5		0.9		3.3		8.8		3.4		8.9		3.4		12.3

		1980		0.0						0.1		0.0		0.1		0.0		3.4		4.0		7.4				2.8		1.0		3.7		6.2		5.0		6.3		5.0		11.2

		1981		0.0						0.1		0.0		0.1		0.0		1.9		2.3		4.2				2.4		1.0		3.4		4.3		3.3		4.4		3.3		7.7

		1982		11.9		7.0		f/		0.1		0.0		12.0		7.0		6.7		4.0		10.7				4.9		2.0		6.9		11.6		6.0		23.6		12.9		36.5

		1983		2.3		1.3		f/		0.1		0.0		2.4		1.3		1.0		2.2		3.2				1.4		0.5		1.9		2.4		2.7		4.8		4.1		8.8

		1984		46.3		28.0		g/		0.5		0.2		46.8		28.2		2.2		8.0		10.2				4.7		0.0		4.7		6.9		8.0		53.8		36.3		90.0

		1985		16.5		8.9		g/		0.8		0.3		17.3		9.2		2.2		3.0		5.2				4.1		0.1		4.2		6.3		3.1		23.5		12.3		35.9

		1986		97.7		22.8		g/		3.0		1.1		100.6		23.8		2.3		10.9		13.2				7.2		0.4		7.5		9.5		11.3		110.1		35.1		145.2

		1987		28.4		18.8		g/		0.7		0.2		29.1		19.0		0.8		1.8		2.6				3.4		0.0		3.5		4.2		1.8		33.4		20.8		54.2

		1988		61.7		81.7		g/		0.3		0.2		62.0		81.9		3.6		4.7		8.3				3.4		0.1		3.5		7.0		4.8		69.0		86.7		155.7

		1989		54.7		27.2		g/		0.2		0.0		54.8		27.3		3.0		7.9		11.0				4.0		0.2		4.2		7.0		8.1		61.9		35.3		97.2

		1990		12.6		5.842		g/		0.3		0.0		13.0		5.9		3.4		3.4		6.8				2.9		0.1		3.0		6.3		3.5		19.2		9.3		28.5

		1991		142.9		65.7		g/		0.8		0.3		143.7		66.0		7.9		14.1		22.1				7.2		0.1		7.3		15.1		14.3		158.8		80.3		239.1

		1992		29.1		14.0		g/		0.5		0.0		29.6		14.0		1.8		4.3		6.1				2.3		0.0		2.4		4.1		4.3		33.8		18.3		52.1

		1993		16.5		4.4		g/		0.5		0.1		17.0		4.5		2.3		3.4		5.6				0.7		0.0		0.7		2.9		3.4		19.9		7.9		27.8

		1994		1.4		0.4		g/		0.8		0.1		2.3		0.5		0.4		1.2		1.6				1.7		0.0		1.7		2.2		1.2		4.4		1.7		6.1

		1995		4.9		0.2		g/		0.2		0.0		5.1		0.2		1.0		1.1		2.1				0.6		0.0		0.6		1.6		1.1		6.7		1.2		7.9

		1996		3.9		0.6		g/		0.2		0.0		4.2		0.6		1.7		1.4		3.2				0.4		0.0		0.4		2.1		1.4		6.3		2.0		8.3

		1997		19.3		1.0		g/		0.8		0.0		20.1		1.0		6.2		4.4		10.6				0.2		0.0		0.2		6.4		4.4		26.6		5.4		32.0

		1998		3.0		0.2				3.6		0.2		6.6		0.3		0.6		2.3		2.9				0.1		0.0		0.1		0.7		2.3		7.3		2.6		9.9

		1999		7.8		1.2				0.9		0.4		8.7		1.5		7.9		7.5		15.4				3.2		0.0		3.2		11.1		7.5		19.8		9.1		28.9

		2000		18.7		2.8				1.0		0.6		19.7		3.4		18.0		9.8		27.7				8.4		0.0		8.4		26.4		9.8		46.0		13.2		59.2

		2001		114.9		17.2				2.6		0.5		117.4		17.7		28.8		34.8		63.6				11.3		0.0		11.3		40.1		34.8		157.5		52.5		210.0

		2002		5.4		0.8				1.1		2.0		6.5		2.8		11.2		5.9		17.1				7.1		0.0		7.1		18.3		5.9		24.7		8.6		33.4

		2003		47.4		7.1				0.8		0.4		48.1		7.5		10.2		4.4		14.6				7.5		0.0		7.5		17.6		4.4		65.8		11.9		77.6

		2004		13.2		2.0				0.8		0.5		14.0		2.4		6.5		2.4		9.0				3.4		0.0		3.4		9.9		2.4		23.9		4.9		28.8

		2005		6.0		0.9				0.3		0.3		6.3		1.2		4.4		2.4		6.8				2.9		0.0		2.9		7.3		2.4		13.6		3.6		17.2

		2006		3.2		0.5				0.6		0.6		3.8		1.1		5.6		6.4		12.0				3.8		0.0		3.8		9.4		6.4		13.2		7.5		20.7

		a/  The origin of all coho harvested at Buoy 10 is considered Columbia River.

		b/  Early stock estimated as 75% of total through 1987.  Since 1988 early/late split based on creel data.

		c/  From punch card returns where fish harvested in the Toutle system were considered to be early stock and in the Cowlitz system as

		late stock.  For other tributaries, early stock harvest was estimated as sum of August, September and one-half of October catches

		and late stock as the remaining October through January catch, through 1987.  Since 1988 early/late split based on creel data.

		d/  From punch card returns of coho >24" where all the catches were considered early stock except for the Clackamas where one-half of

		the harvest was termed late stock, 1970-85.  Since 1986 Dec-Mar catch considered late stock.

		e/  Estimated using average of the sport catch/escapement for 1973-75 and applied to the hatchery escapements in 1970-72.

		f/  Based on 1984 stock composition proportions.

		g/  Based on CWT stock composition anlysis.



Ehlke, Robin D:
actual = 52,541. Must include Chinook Hammond #'s

Ehlke, Robin D:
should include the Chinook-Hammond footnote from T1E here as well since these #'s do include them

Ehlke, Robin D:
actual = 1510

Ehlke, Robin D:
should include the Chinook-Hammond footnote from T1E here as well since these #'s do include them

Ehlke, Robin D:
should include the Chinook-Hammond footnote from T1E here as well since these #'s do include them

Ehlke, Robin D:
actual = 52,541. Must include Chinook Hammond #'s

Ehlke, Robin D:
actual = 52,541. Must include Chinook Hammond #'s

Ehlke, Robin D:
actual is 7000

Ehlke, Robin D:
actual is 1300



T4e

		17-May-07		10:10 AM

		Table 4e.  Dam counts of early and late stock adult coho returning to the Columbia River, 1970-2006

				Bonneville Dam a/										Will. Falls						Marmot		NF Clackamas Dam  b/						Total Dam Counts				Grand

		Year		Early				Late		Total				Early						Early		Early		Late		Total		Early		Late		Total

		1970		53.1				1.8		54.9				17.9								0.7		1.5		2.2		71.7		3.3		75.0

		1971		46.4				7.4		53.8				17.4								1.3		2.6		3.9		65.1		10.0		75.1

		1972		32.2				2.0		34.2				10.0								0.4		0.6		1.0		42.6		2.6		45.2

		1973		24.7				1.1		25.8				5.2								0.3		0.4		0.6		30.2		1.5		31.7

		1974		26.1				5.5		31.6				1.5								0.1		0.8		0.9		27.7		6.3		34.0

		1975		30.2				2.6		32.8				5.9								0.4		0.7		1.1		36.5		3.3		39.8

		1976		33.1				3.6		36.7				2.3								0.2		1.0		1.2		35.6		4.6		40.2

		1977		7.7				1.6		9.3				1.0								0.1		0.8		0.9		8.8		2.4		11.2

		1978		27.9				2.4		30.3				1.7						0.4		0.3		0.5		0.8		30.3		2.9		33.2

		1979		26.3				3.3		29.6				1.8						0.7		0.6		1.3		2.0		29.4		4.6		34.1

		1980		6.8				6.2		13.0				1.3						0.6		0.1		3.1		3.2		8.8		9.3		18.1

		1981		21.0				0.9		21.9				1.0						0.6		0.8		0.4		1.2		23.4		1.3		24.8

		1982		51.0				4.8		55.8				1.7						0.7		1.4		1.1		2.5		54.9		5.9		60.8

		1983		10.4				5.4		15.7		c/		1.6		d/		d/		0.0		0.1		1.5		1.6		12.0		6.9		18.9

		1984		20.4				6.9		27.3		c/		2.7						0.8		0.3		0.4		0.7		24.2		7.3		31.5

		1985		35.1				3.4		38.6				2.8						1.4		2.3		1.0		3.3		41.7		4.4		46.1

		1986		118.8				10.3		129.0		c/		2.9						1.5		1.4		3.0		4.4		124.6		13.2		137.9

		1987		23.6				3.0		26.6		c/		1.6						1.2		0.6		0.9		1.4		27.0		3.9		30.8

		1988		28.5				4.4		32.9		c/		3.7						1.5		1.1		0.6		1.7		34.8		5.0		39.8

		1989		22.2				9.0		31.2		c/		2.4		d/				2.2		0.9		1.4		2.3		27.7		10.4		38.1

		1990		8.7				2.9		11.6				0.9						0.4		0.4		0.3		0.7		10.4		3.2		13.6

		1991		43.2				15.6		58.9				0.9						1.5		1.9		1.3		3.1		47.5		16.9		64.4

		1992		11.0				6.8		17.8		c/		0.9						0.8		1.6		1.8		3.5		14.3		8.6		23.0

		1993		8.0				2.7		10.6				0.4						0.2		0.1		0.1		0.2		8.7		2.7		11.4

		1994		12.5				7.7		20.3				0.7						0.6		2.0		0.9		2.9		15.8		8.6		24.4

		1995		6.9				3.5		10.4				0.6						0.7		1.0		0.6		1.7		9.3		4.1		13.3

		1996		8.9				6.8		15.7				0.3						0.2		0.1		0.0		0.1		9.5		6.8		16.3

		1997		18.4		d/		5.7		24.2				1.4						0.1		1.3		0.0		1.3		21.2		5.8		27.0

		1998		34.5				12.1		46.6				0.4						0.2		0.4		0.3		0.7		35.5		12.4		47.9

		1999		32.9				7.8		40.7				0.6						0.2		0.2		0.1		0.2		33.8		7.8		41.7

		2000		58.9				26.9		85.8				2.2						0.7		2.0		0.6		2.6		63.8		27.6		91.4

		2001		225.4				34.4		259.8				1.7						1.4		3.2		1.9		5.1		231.7		36.3		268.0

		2002		50.4				38.2		88.6				2.3						0.3		0.6		0.4		1.0		53.7		38.5		92.2

		2003		93.8				31.9		125.7				7.9						1.2		1.7		0.4		2.1		104.6		32.3		136.9

		2004		85.6				29.5		115.0				2.8						1.0		1.1		0.6		1.8		90.6		30.1		120.7

		2005		63.6				19.7		83.3				1.3						0.7		0.9		0.3		1.2		66.5		20.0		86.6

		2006		65.4				36.7		102.1				6.2						0.8		1.3		1.2		2.5		73.7		37.9		111.6

		a/  Coho counted prior to October 1 except for a one week delay in 1986 are considered early stock.

		b/  Coho counted after Oct. 31 are considered late stock, except 1971 and 1979 used average passage proportion (33%) for

		Aug. through Oct. counts as reported in Howell et al (1984, Stock Assessment Report).

		c/  Adjustments were made to include small adults counted as jacks.  Actual counts were 4,506 early and 3,845 late stocks in 1983,

		13,031 early and 3,636 late stocks in 1984, 99,700 early and 8,949 late stocks in 1986, 16,425 early and 1,497 late stocks in 1987,

		22,935 early and 4,119 late stocks in 1988, 19,569 early and 7,849 late stocks in 1989, and 8,382 early and 6,016 late stocks in 1992.

		d/  Adjustments were made to include small adults counted as jacks.  Actual counts were 949 in 1983, 1,946 in 1989 and

		18,155 in 1997.
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		Table 4f.  Columbia River hatchery escapements in thousands of adults of both early and late coho stocks, 1970-2006.

				Washington a/						OR & Fed		Combined Agency Escapement

		Year		Early		Late		Total		Early		Early		Late		Total

		1970		148.3		49.3		197.6		77.9		226.2		49.3		275.5

		1971		99.3		29.0		128.3		59.3		158.6		29.0		187.6

		1972		55.1		10.0		65.1		26.2		81.3		10.0		91.3

		1973		29.5		18.4		47.9		20.3		49.8		18.4		68.2

		1974		70.3		29.0		99.3		53.5		123.8		29.0		152.8

		1975		45.8		16.4		62.2		23.2		69.0		16.4		85.4

		1976		27.6		45.8		73.4		43.9		71.5		45.8		117.3

		1977		12.5		13.6		26.1		11.0		23.5		13.6		37.1

		1978		38.0		33.1		71.1		60.7		98.7		33.1		131.8

		1979		32.9		23.9		56.8		45.8		78.7		23.9		102.6

		1980		24.9		45.8		70.7		51.5		76.4		45.8		122.2

		1981		29.0		27.5		56.5		21.4		50.4		27.5		77.9

		1982		46.4		45.7		92.1		62.0		108.4		45.7		154.1

		1983		10.2		45.2		55.4		19.4		29.5		45.2		74.8

		1984		15.5		46.8		62.3		39.3		54.8		46.8		101.6

		1985		7.7		36.9		44.6		49.6		57.3		36.9		94.2

		1986		27.4		125.5		153.0		131.2		158.6		125.5		284.1

		1987		4.8		33.4		38.2		27.9		32.6		33.4		66.1

		1988		18.4		66.3		84.7		28.9		47.3		66.3		113.6

		1989		19.1		85.3		104.4		84.8		104.0		85.3		189.2

		1990		14.3		46.9		61.2		26.5		40.8		46.9		87.8

		1991		56.3		114.4		170.7		52.6		108.9		114.4		223.3

		1992		6.4		40.7		47.0		39.7		46.1		40.7		86.7

		1993		11.5		16.1		27.7		11.4		22.9		16.1		39.1

		1994		14.6		18.1		32.7		45.0		59.6		18.1		77.7

		1995		5.8		11.1		16.8		14.7		20.4		11.1		31.5

		1996		23.4		17.9		41.3		20.9		44.3		17.9		62.2

		1997		16.7		30.7		47.3		22.6		39.2		30.7		69.9

		1998		28.3		32.6		60.9		27.0		55.3		32.6		87.9

		1999		40.6		64.5		105.1		19.4		60.0		64.5		124.5

		2000		69.0		91.5		160.5		68.1		137.2		91.5		228.6

		2001		91.7		176.4		268.1		109.1		200.9		176.4		377.3

		2002		52.3		110.0		162.3		48.8		101.1		110.0		211.1

		2003		81.2		64.1		145.3		60.1		141.3		64.1		205.4

		2004		56.6		63.8		120.4		53.1		109.7		63.8		173.5

		2005		37.1		55.1		92.2		51.1		88.2		55.1		143.3

		2006		31.8		89.0		120.8		66.9		98.7		89.0		187.7

		a/  Division between early and late stocks (1970 - 1981) subjective.  Divisions based on

		weekly handling reports, generally those fish disposed of after the first week of November

		considered late stock (Revision of Howell et al. 1984, Stock Assessment Report).

		From 1982 to present stock differentiation based on calls by hatchery personnel.





T4g
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		Table 4g.  Washington early stock hatchery adult coho escapement to Columbia

		River hatcheries below Bonneville Dam, 1982-2006.

												Kalama				Lewis

		Year		Grays		Elokomin		Toutle				Complex				Complex				Washougal		Totals

		1982		4.069		11.909		0.000				0.767				12.709				16.956		46.410

		1983		0.178		0.000		0.000				1.147				4.365				4.483		10.173

		1984		2.684		0.000		0.000				0.185				5.324				7.341		15.534

		1985		0.828		0.000		0.000				1.401				1.016		a/		4.489		7.734

		1986		1.883		0.000		0.000				5.616				2.914				16.999		27.412

		1987		0.376		0.000		0.000				0.444				3.388				0.551		4.759

		1988		3.035		3.754		0.000				6.020				4.997		b/		0.580		18.386

		1989		3.739		0.000		0.000				2.019				13.357				0.000		19.115

		1990		1.594		0.000		2.745				5.237		a/		4.733		b/		0.000		14.309

		1991		3.403		7.313		13.374		c/		4.450				27.752		b/d/		0.000		56.292

		1992		0.217		0.160		1.328		b/		0.309				4.369		b/		0.000		6.383

		1993		0.102		1.102		7.075				1.513				1.713		e/		0.000		11.505

		1994		0.169		2.914		6.106				1.520				3.916				0.000		14.625

		1995		0.054		1.086		2.137				1.351				1.141				0.000		5.769

		1996 f/		1.240		1.253		15.023				1.055				4.784				0.000		23.355

		1997		0.659		0.601		8.399				1.068				5.943				0.000		16.670

		1998		0.072		0.094		14.641				4.274				7.142				2.051		28.274

		1999		0.710		2.132		12.508				6.726				17.962				0.539		40.577

		2000		12.842		6.880		27.780				4.285				17.031				0.220		69.038

		2001		7.130		11.799		15.697				15.693				38.263				3.134		91.716

		2002		0.590		7.856		22.020				4.670				17.102				0.027		52.265

		2003		0.683		7.738		30.207				4.697				37.904				0.000		81.229

		2004		2.221		5.124		25.366				2.035				21.853				0.000		56.60

		2005		4.838		2.784		8.055				1.694				19.686				0.000		37.06

		2006		0.835		2.652		6.523				3.354				18.451				0.000		31.82

		a/ Adjustments for the effect of scale age correction.

		b/ Adjustments for recycled adults.

		c/ Count adjusted for fish counted upstream.

		d/ Adjustment for adults upstream (13,128; Lewis,1991)

		e/ Includes 159 trapped at Merwin Dam.

		f/  New length demarcation to split adults and jacks was initiated in 1996.



Ehlke, Robin D:
count adjusted to reflect sm adults counted as jx. This is indicated in Tbl 1H, but not here.
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		Table 4h.  Washington late stock hatchery adult coho escapement to Columbia

		River hatcheries below Bonneville Dam, 1982-2006.

												Kalama				Lewis

		Year		Elokomin				Cowlitz				Complex				Complex				Washougal		Total

		1982		1.850				22.528				5.640				10.803				4.917		45.7

		1983		0.495				24.493		a/		2.745				13.410				4.105		45.2

		1984		3.094				26.149		a/		1.480				9.712				6.375		46.8

		1985		5.563				18.610		a/		0.713				9.236		a/		2.743		36.9

		1986		5.458				54.685		a/		6.961				48.001				10.443		125.5

		1987		1.267				18.716		a/		1.225				9.036				3.196		33.4

		1988		2.766				30.888		a/		1.922				27.765		b/		3.000		66.3

		1989		6.203				35.417		a/		3.073				34.998				5.567		85.3

		1990		7.963				13.009		a/		2.634		a/		21.286		b/		2.042		46.9

		1991		9.700				46.303		a/		2.868				46.220		b/c/		9.316		114.4

		1992		1.560		a/		14.780		a/		0.705				17.368		b/		6.252		40.7

		1993		1.100				5.641		a/		0.072				8.719		d/		0.616		16.1

		1994		0.829				6.922		a/		0.572				8.513				1.241		18.1

		1995		0.939				7.637		a/		0.665				1.299				0.515		11.1

		1996 e/		0.000				11.352				0.233				5.230				1.085		17.900

		1997		0.000				15.694				0.278				12.571				2.111		30.654

		1998		0.583				18.713				0.426				10.817				2.071		32.610

		1999		2.693				40.411				1.095				17.724				2.582		64.505

		2000		4.536				49.138				6.540				23.084				8.152		91.450

		2001		7.349				73.577				16.741				60.280				18.460		176.407

		2002		4.071				75.627				5.012				6.071				19.254		110.035

		2003		2.800				31.165				3.198				20.803				6.085		64.051

		2004		1.024				44.626				3.254				10.768				4.110		63.782

		2005		0.753				33.685				1.233				16.169				3.277		55.117

		2006		0.324				54.283				5.339				18.071				11.016		89.033

		a/  Adjustments for the effect of scale age correction.

		b/  Adustments for recycled adults.

		c/  Adjustment for adults upstream (21,335; Lewis,1991).

		d/  Includes 1,937 adults trapped at Merwin Dam.

		e/  New length demarcation to split adults and jacks was initiated in 1996.
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