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A. Abstract and statement of innovation  
We propose to use a novel technique, the Distell 692 Fish Fatmeter (Distell Inc, West Lothian, Scotland, U.K.), to non-lethally measure pre- migratory, post-migratory, and post-spawning somatic lipid levels in two generations of newly reintroduced coho returning to the Wenatchee River.  This non-lethal method will allow us to take repeat measurements on individual fish at various points along the migratory route.  While the Fish Fatmeter (Distell Inc.) was developed and marketed for the restaurant industry,  this proposal does not represent the first use of a the Fatmeter in fisheries research applications  (Crossin and Hinch 2005);  The Fish Fatmeter has been tested and used in energetic studies in the Frasier River.  The proposed study represents the first application of this technique in the Columbia Basin and the first application of this technique to measure rates of change in energy storage, energy use, and reproductive investment in a reintroduced population facing strong selective pressures from a significant increase migratory difficulty (distance and elevation gain).  We are proposing to use the Fish Fatmeter to measure changes in energy storage and allocation and its effects on reproductive investment in three treatment groups: 1) re-programmed lower Columbia River coho returning to the Wenatchee River, 2) progeny of successful returns to the Wenatchee River (1st generation mid-Columbia coho), and 3) a control group, hatchery coho returning to Bonneville Fish Hatchery.   The control group will be used to gauge differences in lipid levels between years due to differing environmental conditions.     

Data from reprogrammed lower Columbia River Coho along with the control group was collected by Collins (2006).  The progeny of the brood year he investigated will be returning as adults in 2008.  Data from coho returning to the Wenatchee River in 2008 along with additional data from the control group is needed to complete this innovate research.  
B. Technical and/or scientific background
Background

Indigenous coho salmon Oncorhynchus kisutch no longer occupy tributaries of the upper- and mid-Columbia River.  Columbia River coho salmon populations were decimated in the early 1900s.  For several reasons, including the construction and operation of mainstem Columbia River hydropower projects, habitat degradation, release locations, harvest management, and hatchery practices and genetic guidelines, self-sustaining coho populations were not re- established in mid-Columbia basins.  
Studies investigating the feasibility of reintroducing coho to the Wenatchee River Basin began in 1999 and demonstrate that the vision of an optimistic future held by Yakama Nation (YN) and Washington Department of Fish and Wildlife (WDFW)is possible.  

This recent reintroduction/restoration effort is based upon the concept of broodstock development.  The broodstock development process is designed to eliminate transfers of lower Columbia River stocks and then encourage continued adaptation of the stock so that the returning coho can reach key habitats.  Once broodstock development goals are met, the program proposes to focus on decreasing domestication selection and increasing fitness in the natural environment. 
The overarching principles of the strategy emphasize adherence to genetic, evolutionary and ecological principles, which will result in greater selection pressures from the natural environment than from the hatchery environment (Proportion of natural influence > 0.50) (Mobrand Biometrics).  These selective pressures include a substantial increase in migration distance and elevation gain. Sufficient energy reserves must be available at the end of the migration to successfully spawn.  Further, we believe that early in the broodstock development process (the first few generations), selective pressures for increased stamina, run-timing, and spawn timing may be greatest.   
Adapting to New Environments

The rate of adaptation and the resulting change in phenotypic traits between generations is unknown.  Assuming the transplanted population possesses sufficient phenotypic plasticity and genetic variability, it may be possible to observe a divergence from the founding stock facilitated by reproductive isolation and a constant mechanism for selection that allows the developing population to meet the new environmental challenges (Taylor 1991; Hendry and Kinnison 1999).  Although this population will theoretically continue to evolve well into the future, the initial degree and rate at which they adapt may be quite “rapid”.  In terms of rate, these adaptations can eventually occur on contemporary time scales (Stockwell et al.  2003).

Hendry and Stearns (2004) presented two cases of adaptive divergence in Pacific salmon that illustrate potential rates and patterns of contemporary evolution which may be useful in predicting trait variations as they occur in the Wenatchee River coho population. The first case involves sockeye salmon Oncorhynchus nerka that were introduced into Lake Washington, Washington State, between 1937 and 1947.  Initially, this population flourished in the Cedar River, the lake’s main tributary.  Ten years later, a small sub-population of these fish was observed spawning along a lake beach 7 km north of the river mouth.  Researchers found that the beach and river spawning populations had diverged to form two genetically distinct breeding populations within the same watershed in approximately 13 generations (Hendry et al.  2000). The remarkable rate at which this divergence occurred was attributed mainly to reproductive isolation, and was facilitated by morphological traits specifically tailored to either beach or river spawning sites.  Body depth had become significantly greater in beach spawning males than those from the river spawning population, and may have experienced less selection by predation or hydrodynamic constraints.  In contrast, females in the river spawning population were larger than beach spawning females presumably because size provided an added advantage to digging deeper nests in rivers thus avoiding the scouring effects of flooding. Although straying (returning to non natal streams) did occur between these two populations, there were fitness consequences.  Evidence suggests that the survival rates of immigrants to either site were reduced when compared with those of the established populations (Hendry et al.  1996; Hendry et al.  2000).

A similar case involves Chinook salmon Oncorhynchus tshawytscha transplanted from the Sacramento River, California to New Zealand in the early 1900’s.  Released from a single location, chinook successfully spread to several rivers that vary in migratory distance, elevation gain, and rearing conditions and established several populations.  Only a century later, examination of these various populations revealed localized, genetically heritable adaptations to specific river conditions.  Chinook with longer, more difficult migrations had adapted alternative energetic strategies that optimized the use of fixed reserves.  Greater energy investment in egg production in females and mate competition in males were evidence of compensatory shifts in allocation geared towards fitness related traits (Kinnison et al.  1998; Kinnison et al.  2001; Kinnison et al.  2003).

The introduction of salmon into new or previously occupied environments can intensify the forces of natural selection (Quinn 2005).  The above examples of contemporary evolution have demonstrated the nature and possibility of significant phenotypic and genetic divergences from founding populations under altered environmental conditions (Hendry et al.  1996; Kinnison et al.  1998; Hendry et al.  2000; Kinnison et al.  2001; Kinnison et al.  2003).  The developing Wenatchee River coho population may represent yet another example of rapid evolution in its earliest stages.  With less than 1 % of Wenatchee River coho smolt returning as adults, an effective mechanism for change is present;  An increased migration distance may be selecting for adult migrants capable of bestowing upon their progeny a host of adaptive variations that increase their net reproduction (Hendry and Stearns  2004; Murdoch et al.  2004).

The question then becomes, how will coho salmon reintroduced into mid- and upper Columbia River tributaries change from the parent stock in order to overcome the greatly increased migration distance they are forced to make?  To address this question, we consider three life history traits that are most likely to undergo selection: energetics, body shape, and reproduction.  In the following sections, review of the relevant literature and research pertaining to each of these traits, provides a structured logic path leading to the specific objectives of the proposed study.

Energetics

Spawning migrations of Pacific salmon are energetically demanding and can result in a 90% reduction of somatic lipid-based energy (Idler and Clemens 1959; Brett 1995).  The exhaustive nature of the spawning migration is exacerbated by the fact that salmon cease feeding at or near entry to freshwater.  Thus, energy stores used to fuel migration are finite.  Since Pacific salmon are semelparous (mating only once per lifetime) and will not have another chance to spawn, efficient use of available energy is vital to overall reproductive fitness.  Energetically, they must balance the rigors of up-river travel, reproductive development and spawning behavior in order to successfully reproduce (Brett  1965).  The allocation of energy to one of these processes must result in a trade-off that reduces the amount of energy allocated to another (Stearns 1992).  Since salmon are generally sympatric migrants, returning to natal streams with little deviation, life history theory suggests that individual populations encounter different environmental hurdles along their respective migration paths that select for traits and behaviors best suited for survival in those particular conditions (Bernatchez and Dodson 1987; Crossin 2003; Hendry and Berg 1999; Hinch and Rand  1998; Hinch and Rand  2000; Hendry and Stearns  2004).  Therefore, a unique suite of adaptations passed from generation to generation should reflect the rigors of each population’s migration (Gilhousen 1980; Moore 1996; Kinnison et al.  2001; Crossin 2003).  A dramatic increase in migration distance in addition to elevation gain should elicit a shift in energy allocation to the various components of reproduction more appropriate for those conditions (Crossin 2003). Energy storage and use in a new population, such as those from the Wenatchee River, could conceivably require generations to reach an optimal level and relative equilibrium (Hendry and Stearns 2004).

Obtaining sufficient somatic energy prior to the spawning migration is especially crucial for salmon traveling long distances.  Typically these populations tend to exhibit higher pre-migratory somatic energy stores than intra-specific populations traveling shorter distances (Idler and Clemens 1959; Brett 1995; Hendry and Berg 1999; Crossin 2003).  Hendry and Berg (1999) observed this when they compared short-migrating Alaskan sockeye salmon traveling 98 km to long-migrating Fraser River sockeye traveling 347 to 1171 km.  Using a migratory difficulty index that combined the effects of distance and elevation, Crossin (2003) showed that the percentages of pre-migratory lipid levels in sockeye traveling less than 200 km (at sea level) were about half of the levels in sockeye traveling more than 1,000 km (approx. 700 meters in elevation).  Between species, relative amounts of energy storage may differ for populations traveling similar distances.  In swim efficiency experiments, Fraser River pink salmon Oncorhynchus gorbuscha tended to have proportionally less somatic energy at the onset of migration than sockeye traveling the same distance (Crossin et al. 2003).  Although pink salmon may have demonstrated more efficient swimming tactics, significantly less energy was ultimately diverted to reproductive output.  This differential use of energy between species suggests that pre-migratory energy storage and use in coho salmon may not fit the patterns of other species and warrants further investigation.

A recent investigation of Columbia River coho energetics by Weitkamp (NMFS, unpublished data) showed that mean lipid content and energy levels in post-spawned Wenatchee River coho were significantly less than those of post-spawned coho from lower Columbia River hatcheries.  Carcasses of Wenatchee River coho found in Sand Hollow Creek (a small irrigation diversion merging with the Columbia River at RK 674, downstream of the Wenatchee River) may have approached an energetic threshold with energy stores below survivable levels.  Although speculative, it suggests that these fish were not able to use available energy stores efficiently, or that they simply did not possess adequate stores.  No research has been conducted that examines energy stores in Wenatchee River and lower Columbia River coho prior to migration or at comparable migration distances.  With life histories more closely resembling those of sockeye than pink salmon, the literature suggests that Wenatchee River coho with proportionally higher energy levels at the start of their migrations may eventually prevail.

Body Morphology

Body shape and size are inherently connected to the theme of efficient energy use during upstream travel. Bernatchez and Dodson (1987) proposed that more difficult, lengthy migrations favor larger fish capable of swimming at or near optimal speeds with precise orientation.  This assertion is based on observations of iteroparous species, Atlantic salmon Salmon salar and American shad Alosa sapidissima, which are required to return to the sea after spawning;  Size may have contributed to more energy reserves in these species.  By comparison, in semelparous species such as coho salmon, entire stores of energy are depleted in a single effort to reproduce.  In these species, the efficient use of energy during a lengthy migration may be facilitated by shorter, less-deep body types with reduced median fins (Taylor and McPhail 1985; Moore 1996; Crossin 2003).  There is probably a balance to be struck in terms of the overall size of migrating adults (Hinch and Rand 1998).  Optimal swim speeds through reaches with more turbulent flows may require sufficient thrust generating ability, a quality that may be compromised in substantially smaller fish (Hinch and Rand 1998).  Regardless of size, other aspects of morphology associated with sexual maturation may be tied to both efficient travel and energy allocation.

Secondary sexual characteristics in Pacific salmon begin to develop enroute to the spawning grounds.  Expression of these traits represents another process drawing from fixed energy reserves that may also create hydrodynamic drag during upstream travel (Hinch and Rand 1998).  Exaggerated expression of dorsal humps and kype, both considered to be advantageous in mate competition among males, can result from increased competition within a population (Fleming and Gross 1994; Quinn and Foote 1994).  The selective forces of migration arduousness and spawning ground competition may confound one another.  Moore (1996) and Crossin (2003) found that within and among age-classes of sockeye in the Fraser River, secondary sexual characteristics were negatively correlated with migration distance.  Similar conclusions have been drawn from comparisons between coastal sockeye and those headed for distant upstream locations (Hendry and Berg 1999).  Kinnison et al. (2003) also observed reduced secondary sexual traits in New Zealand chinook after conducting experiments where migration distance was increased.

These studies help demonstrate that sexual selection, which favors larger dorsal humps and longer kypes in short-distance males, may compete directly with selective pressures associated with environmental conditions (Kinnison et al.  2003).  The expression of these traits depends on the amount of energy required for travel as well as the degree of competition at the spawning grounds.  Artificially spawned hatchery fish such as those used in coho reintroduction to the Wenatchee River are not subject to sexual selection because the current program maintains a mode of artificial selection similar to the original parent stock.  Therefore the effects of increased migration on the development of dorsal humps and snouts should be quite discernable.

Reproduction

Variation in ovary mass, egg weights and fecundity (egg number) among Pacific salmon can also result from different environmental conditions (Fleming and Gross 1990; Beacham and Murray 1993; Quinn et al.  1995).  Life history theory suggests that there are reproductive trade-offs resulting from a costly migration (Stearns 1992; Kinnison et al. 1998; Kinnison et al.  2001; Hendry and Stearns 2004).  In the event of an extended migration, such as the distance encountered by lower Columbia River coho re-programmed to the Wenatchee River, patterns of energy allocation in ovarian development should fall in line with this reasoning.  That is, the need to invest additional energy in travel should exact a cost to ovarian development (Kinnison et al.  2001).  Linley (1993) provided evidence for this and showed that egg number and ovary mass in Fraser River sockeye were negatively correlated with migration distance.  In a review of over one hundred populations of five North American Pacific salmon species, Beacham and Murray (1993) also found that longer migrating populations had smaller eggs.  In common garden experiments (reciprocal transplants) using fish with different migration distances, Kinnison et al. (2001) found reductions in both ovary mass and egg size of long migrating chinook, while egg number remained the same or slightly increased, suggesting that egg number may have been favored over egg size when migration difficulty was increased.  This is offered as evidence for the genetic and environmental basis for variations in ovarian mass, egg-size, and fecundity occurring among salmon populations.  Although not clearly understood, it has been suggested that traits closely tied to reproductive fitness may in fact respond to changes in the environment at slower rates than other less influential fitness traits such as body morphology (Hendry and Stearns 2004).  None the less, the phenotypic expression of these traits has proven to be somewhat ‘plastic’, with significant variations occurring within and among populations (Linley 1993; Hendry and Berg 1999; Crossin 2003; Kinnison et al.  2001).  Such evidence prompts a similar question to be asked of Wenatchee River coho:  At such an early period in stock development, what changes in the phenotypic expression of ovarian traits have occurred?
Rationale for Innovative Research

It has been speculated that some fish attempting to return to the Wenatchee River do not possess adequate energy stores, primarily in the form of lipids, and consequently do not reach their destination (L. Weitkamp, NMFS, unpublished data).  Successful migrants may represent fish selected for their tendency to; (a) store more energy prior to a longer migration; (b) use available energy stores more efficiently; or (c) combine these strategies.  This hypothesis stems from evidence that pre-migratory energy stores are positively correlated with migration difficulty and efficient use of available energy.  We predict that upriver coho will have higher lipid levels than their lower river ancestors at a common location and subsequently use a higher percentage of lipids to reach their final destination.

Given that wild populations traveling long distances are often smaller in size and stature than down river populations and possess proportionally reduced secondary sexual traits and median fins, selection presumably favors fish with the proper combination of size and shape, forming hydrodynamic qualities that optimize energy use during upriver migration.  With a strong mechanism for selection and reproductive isolation, the initial rate at which the Wenatchee River population develops may be quite rapid and the presence of altered morphological traits may reveal how the population as a whole is responding to the rigors of migration.  We predict that the developing Wenatchee River coho population will exhibit diminished morphological traits, particularly secondary sexual traits, when compared to their original parent stock.

Faced with an arduous migration, less energy may be allocated to total ovarian development resulting in decreased ovary masses, egg weights and fecundities.  These traits are closely tied to the fitness of Wenatchee River coho and the rate at which they will evolve is not clear.  In light of experiments that positively demonstrated that migration comes at a cost to reproductive development, we predict that total ovary mass, egg weight and fecundity will be diminished as a result of the extended migration.

We believe that the extended migration is imposing strong selective pressures on adult coho salmon returning to the Wenatchee River and is likely driving local adaptation.  Further, these selective pressures are likely greatest during the first generation of selection.  By comparing the energetics, body morphology and reproductive traits of the developing Wenatchee River coho population, their parent population, and one of the founding stocks at Bonneville Fish Hatchery, we seek to measure the rate of change that may continue to occur in Wenatchee River coho as a result of an increase in migration difficulty (synchronic study design, Hendry and Kinnison 1999).  Considering the brief history of the new population and the range of phenotypic plasticity common in Pacific salmon, we do not assume that differences between the study populations would constitute adaptation as defined by Taylor (1991).  Such distinctions require a study design to incorporate a genetic component that is likely not warranted at such an early stage.  Rather, this study focuses on the mechanistic role of a difficult migration initiating specific trait changes that allow Wenatchee River coho to succeed in their new environment.  Such selection has been shown to have the greatest influence in altering fitness related traits in the early generations of a new population.  Therefore, this investigation is meant to be a “snapshot in time” perspective that helps to illustrate the rate in which change can occur as a result of strong selective pressures. 
C. Rationale and significance to the Council’s Fish and Wildlife Program
While there is an increasing body of literature surrounding the genetic risks of supplementation programs (Busak and Currens 1995; Miller and Kapuscinski 2003; Ford et al. unpublished manuscript), we have found very little research documenting naturalization or local adaptation of a domesticated hatchery stock.  
Coho restoration in the Yakima, Wenatchee, and Methow Rivers has long been a part of the Council’s Fish and Wildlife Program.  The lack of locally adapted populations in all three basins is the biggest challenge to coho reintroduction.  The Wenatchee Subbasin Plan “Guiding Principle 11” states that reintroduction or supplementation programs should select an appropriate stock or locally adapt a donor stock where a local stock no longer exists (NPCC 2004a).  The proposed project is designed to measure the rate of adaptation through the phenotypic expression of energy allocation.  This information will provide an indicator if the broodstock development process is working.  
Expanding the knowledge of Pacific salmon energetics has broad research and management implications for recovery of listed species, and as such, could directly benefit many aspects of the Council’s Fish and Wildlife Program.  In guiding hatchery management actions, models such as the All H’s Analyzer (AHA; Mobrand Biometrics) can be used to project the results of hatchery management scenarios.  Results of these scenarios are in part based upon assumptions regarding the rate of adaptation resulting from changing influence from either the natural or hatchery environment.  Our proposal presents a study which could provide researchers the opportunity to closely examine the rate of adaptation and learn how much change in the phenotypic expression of traits can occur in one generation.  
We understand that future funding of the Mid-Columbia Coho reintroduction program (BPA 1996-040-00) is uncertain.  However this proposal does not rely on the continuation of the coho reintroduction program and would be successfully completed with or without continuation of project #1996-040-00.

D. Relationships to other projects
D.1  Wy-Kan-Ush-Mi Wa-Kish-Wit: Spirit of the Salmon Tribal Recovery Plan 

This plan (CRITFC 1995) was developed by the four Columbia River Treaty Tribes (Nez Perce, Umatilla, Warm Springs, and Yakama).  It is a comprehensive plan put forward by the Tribes to restore anadromous fishes to rivers and streams that support the historical cultural and economic practices of the tribes.  Wy-Kan-Ush-Mi Wa-Kish-Wit provides the basic goal to restore the Columbia River salmon, which is, simply: put the fish back into the rivers.  The proposed study will answer aid in management decisions and actions required to meet the goals and objectives of the tribal restoration plan for coho and ESA listed species. 

D.2  Wenatchee and Methow Subbasin Plans The proposed study supports research which is consistent with the vision and goals of both the Wenatchee and Methow subbasin plans.  The vision for the Wenatchee Subbasin includes restoring extirpated fish and wildlife, and natural habitats that perpetuate native fish wildlife and fish populations into the foreseeable future.  The vision for the Methow subbasin is to support self-sustaining, harvestable, and diverse populations of fish and wildlife.  

Restoring extirpated fish and wildlife is a specific goal and priority to advance the vision of the Wenatchee Subbasin Plan, and is also a specific goal of the Methow Subbasin Plan: “The goal for coho salmon includes re-establishment of run sizes that provide for species recovery, mitigation of hydro-system losses, and harvestable surpluses” (NPCC 2004b).  The proposed study will provide a insight into the premise of adaptation inherent in the concept of broodstock development.  
In both the Wenatchee and Methow subbasin plans, coho salmon are listed as a focal species.  Many of the prioritized habitat restoration actions in the subbasin plans are aimed at supporting continued restoration of coho populations.  Coho salmon prefer and occupy different habitat types than the other focal species, selecting slower velocities and greater depths.  Habitat complexity and off-channel habitats such as backwater pools, beaver ponds, and side channels are important for juvenile rearing, making coho salmon a good biological indicator for habitat recovery prioritized in the subbasin plans.  

D.3  Yakima River Coho Restoration The Yakima Coho restoration project is a component of the Yakima/Klickitat Fisheries Project (YKFP), and a part of the Council’s Fish and Wildlife Program.  The Yakama Nation is the lead agency in both Mid-Columbia and Yakima restoration projects.  Both are high-priority NPCC projects, are in the Tribal Recovery Plan, are legally binding under U.S. v. Oregon, and have similar overall goals.  The proposed study has inter-basin application which would benefit the Yakima River coho restoration plan.
D.4 Clearwater Basin Coho Restoration The coho re-introduction project for the Clearwater Basin in Idaho is being implemented by the Nez Perce Tribe (NPT) and is funded by PCSRF.  The NPT is a member of the Mid-Columbia Coho Technical Work Group (TWG).  Similar to the Yakima coho reintroduction efforts, Clearwater Basin coho restoration will benefit from this study. The uncertainties of whether or not transplanted LCR coho can adapt to substantially increased migration distances are common to all of these projects. Therefore, any energetic investigations that subsequently benefit a single project clearly have the potential to affect other related projects.
E. Proposal objectives, work elements, methods, and monitoring and evaluation

We believe that the increased migration difficulty (distance and elevation) is imposing strong selective pressures on adult coho salmon returning to the Wenatchee River and is a driving force in local adaptation.  These selective pressures may be greatest during the first generation of selection.  How much change in the phenotypic expression of traits that support an extended migration that can occur in one generation is unknown.  We intent to answer this question by comparing pre-and post-migratory somatic lipid levels,  morphology, and reproductive traits of the developing Wenatchee River coho population to data collected from the previous generation of reprogrammed lower Columbia River coho and the founding population, coho returning to Bonneville Fish Hatchery. 

E.1 Objectives

The overarching objective of this study is to use a non-lethal sampling method (Fish Fatmeter, Distell Inc) to allow for repeated measurements of lipid storage on individual fish so that we can:

(1) Understand how the extended migration has affected the developing upriver population of coho salmon in respect to energy storage prior to migration and the use of that energy during an extended migration.  
2) Determine whether morphology of the developing upriver coho population is changing in response to the extended migration.
3) Elucidate the effects of a constrained energy budget on ovary mass, individual egg weights and fecundity (egg number) in Wenatchee River coho

All three objectives will be tested evaluated in the context of differing expressions of energy allocation between adult returns of re-programmed lower Columbia River coho, 1st generation mid-Columbia coho (progeny of successful returns of reprogrammed lower Columbia River coho), and the founding stock, coho returning to Bonneville Hatchery. 
E.2 Work Elements
Work Elements which apply to the proposed study can be found in Table 1. 
Table 1.  Work element titles and descriptions. 
	Work Element Title
	Work Element Description

	Manage and Administer Projects 
	Manage on the ground data collection and research efforts.  Also covers programmatic requirement such as metric and financial reporting.  

	Collect/Generate/Validate Field and Lab Data
	Both field and lab data will be collected during this study.  Field data include pre-and post- migratory somatic lipid levels, body morphology and reproductive traits.  Lab data will include proximal analysis of whole individuals to calibrate collection somatic lipid levels and energy allocation data collected it the field. 

	Analyze and interpret data
	Apply analytical tools to render meaning from the field and lab data.  Will involve tests of statistical significance.   

	Produce Pisces Status Report
	The reporting of status and milestones and deliverables the contract that would be generated should this study be funded. 

	Produce/Submit Scientific Findings Report
	We intend to submit a manuscript for publication in a peer reviewed journal. 


E.3 Methods 

E.3.1 Study Area
The Columbia River watershed drains approximately 668,216 km² of the Northwestern United States and Southern British Columbia.  From its headwaters in the Canadian Rocky Mountains, it flows 1,953 km to its mouth near Astoria, Oregon.  The middle region of the Columbia River has five tributaries that join it at various points.  The Wenatchee River meets the Columbia River at Rkm 754, and extends 87 km to the northwest to its source at Lake Wenatchee. 
The Bonneville Dam, located 234 km upstream from the mouth of the Columbia River, is the first of seven dams encountered by coho salmon returning to the Wenatchee River, providing the first opportunity along the migratory route to sample returning fish (Figure 1).  For this study, it is important to note that Rkm 234 marks the end of the migration for Lower Columbia River stocks returning to Bonneville Fish Hatchery, a founding stock for the mid-Columbia coho reintroduction program and the control group for this proposal.  Coho returning to the Wenatchee River will continue another 548 Rkm to the mouth of the Wenatchee River and up to an additional 110 Rkm to their spawning destination. 
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Figure 1. Map of the Columbia River with sampling sites and hydroelectric dams indicated. 

E.3.2 Treatment Groups 
This study presents a unique opportunity to measure the rate of change from one generation to the next in terms of energetics and reproductive investment.  We propose to compare the somatic lipid levels, body morphology and reproductive traits between adult returns of re-programmed lower Columbia River coho and the 1st generation mid-Columbia river coho produced by this brood year.  Base line data from the parental generation (reprogrammed lower Columbia River coho) was collected in 2005.  To control for changing conditions between years, these traits will also be measured in adult coho returning to Bonneville Hatchery adjacent to Bonneville Dam.  Treatment and reference groups are defined in Table 2.  Treatment 1 (Table 2) represents baseline data collected in 2005.  Treatment 2 (Table 2) are progeny of the coho from which the baseline data was collected.   
Table 2.  Treatment and control groups. 
	Treatment

Group
	Treatment Description
	Control Group

	Data Collection Year

	1
	Adult returns of re-programmed lower Columbia River Coho to the Wenatchee River
	Adult Returns to Bonneville Hatchery
	2005

	2
	First generation Mid-Columbia River coho. 
	Adult Returns to Bonneville Hatchery
	2008


We plan to sample coho returning to the Wenatchee River three times during the adult migration: 1) at the Bonneville Dam’s Adult Fish Facility (AFF), 2) at recapture in the Wenatchee Basin (Dryden Dam) and 3,) and at spawning. The same individuals will be sampled at each location.  The control group, coho from the Bonneville Hatchery, will be sampled twice during their migration, 1) at arrival to the Bonneville Hatchery at RK 234, and 2) and at spawning. The Bonneville Dam’s AFF and the Bonneville Hatchery are adjacent to each other at RK 234.  Measurements of somatic lipid levels and body morphology at these sampling sites will provide comparisons between populations after they had traveled equal distances and elevations.  Differences in these metrics within the control group will be used to gauge changes in the treatments between years.  Differences in metrics between years could be the result of varying environmental conditions such as ocean productivity, water temperatures, or migratory conditions.  

E 3.3 Sampling Techniques
Coho returning the Wenatchee River will be identified at the AFF by unique PIT tags and/or the presence of a blank CWT in the adipose fin.  All study fish will be anesthetized with a solution of MS-222 or Clove oil prior to handling.  At Bonneville Dam’s AFF, the fish will be sedated in a 1000 liter aluminum tank.  At Bonneville Fish Hatchery and Dryden Dam, a 150 liter portable ice chest will be used as an anesthetic tank.  Water used in either scenario will be oxygenated and kept at a constant temperature.  The water will be replaced every hour during sampling or after ten fish have been sampled.

E.3.3.1 Body Morphology
After each fish is adequately sedate, it will be kept in the anesthetic solution while body morphology measurements are taken.  A suite of body measurements will be taken from each fish that include post orbital-to-hypural length (Lpoh), body depth (vertical cross section from anterior insertion of the dorsal fin to belly), and body width (horizontal cross section at the lateral line directly below the anterior insertion of dorsal fin).  Hump height (vertical measurement from lateral line to anterior insertion of the dorsal fin) and kype length (tip of snout to anterior orbital edge) were also taken from both sexes. 
Each fish will be marked with a unique floy tag to help facilitate identification at upstream sample sites.  Additionally, study fish identified by the blank CWT in the adipose fin (unique to coho returning to the Wenatchee Basin) may be marked with a PIT tag so that their upstream progress can be tracked through the hydrosystem.   
After marking, fish will be removed from the water for approximately two minutes so that weight and fat content can be measured.  Weight measurements will be taken with a portable balance to the nearest 0.1 pounds and later converted to kilograms.  All other measurements were taken with calipers to the nearest 1.0 millimeter.  A conscious effort will be made to provide fish with a wet, padded surface during this period in order to minimize any deleterious effects of handling.

E.3.3.2 Fat Content Measurements
The percentage of somatic fat content in each fish will be measured non-lethally using a field portable fish fatmeter (Distell Fish Fatmeter model 692, Distell Inc, West Lothian, Scotland, U.K.; Colt and Shearer, 2001; Cooke et al., 2005; Crossin and Hinch, 2005; Hendry and Beal, 2004).  Based on the strong proportional relationships between water, lipids and energy in migratory salmon (Gilhousen 1980; Idler and Clemens, 1959), the hand held device uses a low powered microwave sensor to measure water content in somatic cells, which it then converts to an estimate of the percentage of fat (lipids) found only in the muscle tissue.  This device has been used in energetic studies of Fraser River salmon populations (Crossin and Hinch, 2005) and provides a reliable method for rapid invivo sampling of large numbers of fish. Laboratory analyses of post spawned fish from each population will provide actual lipid and energy levels.

Prior to this study, the Fatmeter will be calibrated for use by the manufacturer.  During the field season, a daily field-check to verify calibration will be performed prior to use.  Fat content will be measure from four positions on each side of the fish.  The mean fat content from the four measurements will be used as the final field estimate.  

E.3.3.3 Proximal Analysis
In order to establish the relationship between fatmeter readings and whole-body lipid and protein levels as well as examine the relationship between whole-body energy, ovarian traits and secondary sexual traits a sample 30 of post-spawned males and 30 females will be analyzed with proximal analysis.  

E.3.3.4 Reproductive Traits

Total ovarian mass, fecundity, and individual egg-weights will be recorded for all females at time of spawning.  The total mass of intact ovaries from individual females will be drained of their fluid and weighed to the nearest 0.1 g.  Individual egg weights will be estimated by weighing a subsample of 50 eggs from each female to the nearest 0.1 g and dividing by 50.  Individual egg weights will then be divided into the total ovarian mass to determine the fecundity of the corresponding female.  Using methods described by Kinnison et al. (2001), the total weight of ovaries will be subtracted from the total weight of a fish to estimate the somatic mass of females.  Somatic mass will be used in further analyses, because it does not confuse body mass with contributions from ovarian mass (Kinnison et al.  2001).
E.3.4 Statistical Analysis and sample sizes
For this study we will use the methods prescribed by Colt and Shearer (2001) to derive values of somatic lipid storage and use in the two treatments and the control groups.  Somatic lipid levels in both treatment groups will be compared at Bonneville Dam, Dryden Dam, and at spawning, using a Repeated Measure ANOVA.  These data will be analyzed with, and presented in the context of any changes in somatic lipid levels expressed by the control group. 
General Linear Model (GLM) will be used to determine and compare the relationships between an individual female’s whole-body energy at the time of spawning to ovary traits.  Similarly, GLM will be used to determine the relationship of an individual male’s whole-body energy, hump size, and snout length.  We will then test for difference in slopes between populations  
E.3.4.1 Expected Sample Sizes

In 2007, the Yakama Nation released approximately 30,000 PIT tagged coho smolts from the Wenatchee Basin.  In addition to the PIT tagged fish, approximately 500,000 coho smolts were released with blank CWTs placed in the adipose fin.  Of these fish we expect between 5300 and 10,600 to arrive at Bonneville Dam as three-year-old adults in 2008.  The AFF is located on one of three fish-ways.  At the AFF it is unlikely that we will encounter more than 15% of the total returning adults.  We believe that we could potentially intercept between 795 and 1590 adult coho returning to the Wenatchee Basin.Our target sample size is 500 individuals randomly selected from throughout the run.   Of these 500 individuals we would expect to re-encounter 133-178 individuals at Dryden Dam for post-migratory lipid measurements.   For our control group, we will sample 150 fish at Bonneville Fish Hatchery, upon arrival to the facility and at spawning.   
F. Facilities and equipment 
We propose to implement the proposed study plan at existing facilities and within existing trapping efforts.  No additional operation of traps on the Columbia or Wenatchee rivers will be required for the successful implantation of this study.  Fish capture and sampling facilities include:

 1) Bonneville Dam Adult Fish Facility, Bonneville Dam, WA: AFF coho trapping will occur concurrently with University of Idaho trapping operations at Bonneville Dam.

2) Bonneville Fish Hatchery, Cascade Locks, OR. 
3) Dryden Dam Fish Bypass, Dryden, WA: Dryden Dam coho trapping will occur con-currently with WDFW steelhead broodstock collection.

4) Enitat National Fish Hatchery, Entiat WA.
5) Northwest Fisheries Science Center, Seattle WA.
Equipment currently owned by the YN which will be used for the study include:

1) computers and software for data storage and analysis
2) hand-held PIT tag detectors

3) hand-held CWT wands
4) fish handling and sampling equipment
5) vehicles for travel to and from sampling sites
Equipment and materials needed to complete the study include:

1) Distell 692 Fish Fatmeter 
2) Floy Tags
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H. Key personnel
H. 1 Study Team Experience

The Yakama Nation’s Fisheries Resource Management has a long history of successful implementation of research and project management activities.  The YN has assembled a project team that is uniquely qualified for this project which will provide a sound study design and high quality field work, comprehensive analyses, and timely reporting.  Descriptions of Key Personnel, followed by complete CVs are presented below.  

Keely G. Murdoch, Yakama Nation’s senior mid-Columbia monitoring and evaluation biologist, will be the Project Leader.  She is currently responsible for implementing and evaluating the mid-Columbia coho reintroduction feasibility study.  Ms. Murdoch has contributed to study design, data analysis, and reporting and management recommendations for coho reintroduction in the Wenatchee and Methow rivers.  These studies have included collecting and analyzing project performance indices, species interactions, and evaluating adaptability of a reintroduced stock to local conditions.  Project performance indices include smolt survival estimates (release to McNary Dam), smolt-to-adult survival rates, estimating spawning escapement through spawning ground surveys, and juvenile natural production estimates.  Species interaction evaluations have included direct predation evaluations for hatchery releases and naturally produced coho on ESA listed spring Chinook and sockeye salmon fry, and micro-habitat use and competition for space and food by juvenile spring Chinook salmon, coho salmon, and steelhead trout.  

Laurie A. Weitkamp, will serve as a technical advisor for this study.  Dr. Weitkamp currently works as a research fisheries biologist for NOAA Fisheries and as affiliate faculty in the Dept. Fish and Wildlife, at Oregon State University.  Dr. Weitkamp has been an active member of the mid-Columbia coho technical work group since its inception in 1998, has been intimately involved in the development of energetics studies and data collection of newly reintroduced coho salmon.  Dr. Weitkamp also serves on the Oregon/Northern California Coast Coho Technical Recovery Team, and the Pacific Salmon Commission’s Coho Salmon Technical Workgroup. 
Matthew B. Collins, is currently employed by the Yakama Nation.  Mr. Collins has extensive knowledge of energetics and adaptation and has used a Fish Fatmeter in collection of the baseline and treatment 1 data for the proposed study.  This data was collected in collaboration with Dr. Weitkamp and Ms. Murdoch for his Masters Thesis (Collins 2006).  Mr. Collins has also played a key role in coho salmon migration studies and subbasin planning.  
H.2 Curriculum Vitae for Key Personnel

H.2.1 Curriculum Vitae for Keely Murdoch

Keely G. Murdoch

Yakama Nation Fisheries Resource Management

Mid-Columbia Field Station

7051 Highway 97

Peshastin WA 98847

509.548.2206

Education:
M.S. Biology, August 1996

Central Washington University, Ellensburg, Washington

Coursework included Fisheries Management, advanced statistical analysis, research and study design. 

B.S. Biology, June 1994

Western Washington University, Bellingham, Washington

Professional Experience:

Feb 2000-
Fisheries Biologist

Present

Yakama Nation, Fisheries Resource Management

Peshastin, Washington

Responsible for implementing the mid-Columbia coho reintroduction feasibility study monitoring and evaluation plan. Design and implement biological studies to assess ecological interactions between coho salmon, spring chinook, summer steelhead, and sockeye salmon.  Studies include use of radio-telemetry to identify stray and drop-out rates of reintroduced coho salmon, redd surveys, hydro-acoustic surveys, direct predation evaluations, and micro-habitat use and competition evaluations. Techniques used include smolt-trap operation, underwater observation, electro-fishing, and tow-netting.  Coordinate research activities with the USFWS, USFS, WDFW, CCPUD, DCPUD, GCPUD, private landowners and consultants. Contribute to the design, construction and implementation of coho acclimation sites in the Wenatchee River Basin.  Designed and implemented adult coho trapping program. Responsible for spawning up to 1400 coho salmon and early egg incubation.  Participate in technical work group meetings. Prepare annual reports and presentations. Supervise five biologists and up to nine fisheries technicians.

Mar 1997-  Dec 1999 
Fisheries Biologist, Chelan County Public Utility District, Wenatchee WA

Jan 1999 -  Dec 1999 
Instructor - Statistical Analysis, Wenatchee Valley College, Wenatchee WA


June 1996- Mar 1997    
   Fisheries Biologist, U.S. Fish and Wildlife Service, Leavenworth WA.
April 1995- Aug 1995
Hydroacoustic Research Technician, Hydroacoustic Technology, Inc., Seattle, Washington

Select Publications

Murdoch, K.G., C.M. Kamphaus, and S. A. Prevatte. 2005. Feasibility and Risks of coho reintroduction in mid-Columbia tributaries: 2003 Annual Monitoring and Evaluation Report. Prepared for Bonneville Power Administration, Portland OR. 

Murdoch, K.G. and C.M. Kamphaus.  2004. Mid-Columbia coho reintroduction feasibility project: 2001 annual broodstock development report.  Prepared for: Bonneville Power Administration, Portland OR. Project Number 1996-040-000.

Mosey, T. R., and K.G. Murdoch.  2000.  Spring and summer chinook spawning ground surveys on the Wenatchee River Basin, 1999.  Chelan County Public Utility District, Wenatchee Washington. 

Titus, K.  1997.  Stream Survey Report, Chumstick Creek, Washington. U.S. Fish and Wildlife Service, Mid-Columbia River Fisheries Resource Office, Leavenworth WA. 

H.2.2 Curriculum Vitae for Laurie Weitkamp
Laurie A. Weitkamp

Conservation Biology Division

Northwest Fisheries Science Center

National Marine Fisheries Service

2032 SE O.S.U. Dr.

Newport, OR 97365

EDUCATION

B.S.  1985
University of Washington, Seattle (Zoology)

M.S. 1991
University of Washington, Seattle (Fisheries)

Ph.D. 2004 
University of Washington, Seattle (Aquatic and Fishery Science)

PROFESSIONAL EXPERIENCE

Affiliate Faculty, Dept. Fish and Wildlife, Oregon State University, 2005-present

Research Fisheries Biologist, NOAA/NMFS, 1992-Present

Fisheries Biologist, University of Washington Wetlands Ecosystem Team. 1991-92

Research Assistant, University of Washington Wetlands Ecosystem Team, 1989-91

On-site Director, Animal Behavior Research Unit, Mikumi National Park, Tanzania, 1985-87

AWARDS

1997
U.S. Dep. Commerce Gold Medal

1996
U.S. Dep. Commerce Bronze Medal 

TECHNICAL COMMITTEES AND WORKGROUPS

Mid Columbia Coho Salmon Reintroduction Workgroup (1998-present)

Oregon/Northern California Coast Coho Salmon Technical Recovery Team, Oregon Coast Workgroup (2004-present)

Pacific Salmon Commission, Coho Salmon Technical Workgroup (2003-present)

GRADUATE STUDENT COMMITTEE MEMBERSHIP

Shannon McCluskey, M.S. Student, University of Washington, School of Aquatic and Fishery Sciences.  (Expected graduation spring 2006)

SELECT PUBLICATIONS
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Weitkamp, L. A.  1999.  Status of Pacific salmon in Washington and Oregon.  In Simon Fraser University's Speaking for the Salmon workshop record; Pacific salmon: Status of stocks and habitat, June 1999, p. 26-29.

Roni, P., L. Weitkamp, and J. Scordino.  1999.  Identification of essential fish habitat for salmon in the Pacific Northwest: Initial efforts, information needs, and future directions.  Am. Fish. Soc. Symp. 22:93-107.

Weitkamp, L., P. Busby and K. Neely.  1997.  Geographical variation in life histories of salmonids.  In R. L. Emmett and M. H. Schiewe (eds.), Estuarine and ocean survival of Northeastern Pacific salmon: Proceeding of the workshop, p. 27-34.  U.S. Dep. Commer., NOAA Tech. Memo. NMFS-NWFSC-29, 313 p.
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H.2.3  Curriculum Vitae for Matthew Collins
Matthew B. Collins

Yakama Nation Fisheries Resources Management

Mid-Columbia Field Station

7051 Hwy 97

Peshastin, WA 98847

EDUCATION

B.S. 1992   Northland College, Ashland, WI (Biology)

M.S. 2006  Central Washington University, Ellensburg, WA (Natural Resource Management)

PROFESSIONAL EXPERIENCE

Fisheries Technician III, Yakama Nation Fisheries, 2006 - present

Research Assistant, Central Washington University, 2005 – 2006

Fisheries Biologist I, Yakama Nation Fisheries, 2004

Technical Coordinator, Yakama Nation Fisheries, 2003 – 2004

Technical Writer, Chelan County Natural Resource Dept., 2001

Fisheries Technician II, U.S. Fish and Wildlife Service, 2000 - 2002

Hatchery Specialist II, Washington Dept. of Fish and Wildlife, 1999

Fisheries Technician II, Prince William Sound Aquaculture Corp., 1993 - 1995

RESEARCH / PROJECTS / FIELD STUDY

· Collins, M.B. 2006. Energetics, Morphology, and Reproduction in a Reintroduced Population of Coho Salmon (Oncorhynchus kisutch) in the Wenatchee River, Master’s Thesis, WA., Central Washington University, Ellensburg, WA, 70 p.

· Coho Salmon Spawning Migration Study, Yakama Nation Fisheries, 2004 – 2004

· Wenatchee Subbasin Plan, Yakama Nation Fisheries, 2003 – 2004

· Wenatchee Subbasin Summary, Chelan County Natural Resources, 2001

· Bulltrout Seasonal Migration Study, U.S. Fish and Wildlife Service, 2000 – 2002

· Sockeye Salmon Population Enhancement, Washington Dept. of Fish and Wildlife, 1999

· Galapagos Islands Biology Field Study, Northland College, 1992

