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a. Abstract 
We will investigate two hatchery methodologies that can potentially assist with recovery of naturally spawning populations of steelhead (Oncorhynchus mykiss) and coho salmon (O. kisutch) in the Columbia River (NMFS RPA Action #184).  These two methodologies are (1) development of native broodstocks of steelhead via captive rearing of natural-origin (NOR) juveniles (age 0+ parr) to sexual maturity, and (2) overwintering (6-7mos.) of NOR, pre-smolt coho salmon in hatchery raceways to (a) increase freshwater survival prior to smoltification and outmigration and (b) evaluate this strategy as a potential source of fish for reintroduction programs.  The long-term goal of this work is to assess the natural reproductive success of returning, hatchery-origin (HOR) adults relative to NOR adults in a test stream, Abernathy Creek (NMFS RPA Action #182), and evaluate new hatchery strategies for potentially assisting with recovery of natural populations.   Two adjacent streams, Germany and Mill Creeks, will serve as natural population “controls” for evaluating demographic responses in Abernathy Creek.  Rotary smolt traps will be used to estimate the overall natural productivity of steelhead, coho, and other anadromous salmonids in each of the three streams.   Upstream migrating adults will be trapped and monitored in Abernathy Creek via a permanent weir at the Abernathy Fish Technology Center (AFTC) and secondarily at a fishway located 0.5 miles upstream of the weir.  We further request that Abernathy, Germany, and Mill creeks be designated a Tier3 Monitoring and Evaluation Site (NMFS RPA Action #183) for salmon and steelhead ESUs in the Columbia Estuary Province (Lower Columbia and S.W. Washington ESUs).   This proposal is part of a long-term goal to use Abernathy Creek as an experimental test stream and the AFTC as a research hatchery and science center for (a) investigating new artificial propagation strategies associated with long-term conservation goals (i.e. hatchery reform) and (b) genetic/ecological interactions between hatchery and natural-origin fish.  

b. Technical and/or scientific background

Previously submitted proposal

An earlier version of this proposal was submitted for BPA funding in FY2001 under the “innovative” category (assigned Project ID 22031).  The ISRP concluded that “the project deserves ‘high priority’ support”, but through a venue other than the “innovative” category.  The text from the ISRP’s report is duplicated below.  

_____________________________________________________________________

ProjectID: 22031

Evaluation of Two Captive Rearing Methods for Assisting with Recovery of Naturally Spawning Populations of Steelhead and Coho Salmon.

Sponsor: U. S. Fish & Wildlife Service, U.S. Department of the Interior

Total Request: $264,064

Target Species: Steelhead and coho salmon

Short Description: (1) Develop a native broodstock of steelhead via captive rearing to sexual maturity of natural-origin, age 0+ juveniles and (2) short-term rearing of pre-smolt, natural-origin coho salmon to increase survival and provide fish for reintroduction programs.

Rank: Not innovative, but a good proposal.

Comments: 
This proposal is not recommended for support through the innovative review process because it does not meet the innovative criteria.  It relies on standard practices even though it addresses a long-standing critical uncertainty.  It is a well written and well designed proposal that would be of value to the region. Consequently, the project deserves "high priority" support through other venues, particularly for its application to upriver (ID) listed steelhead stocks.  The proposal is technically sound, and the PI competent and meticulous.  The proposal is particularly attractive because it proposes to rigorously examine the effects of hatchery rearing on fitness - a continuing, plaguing uncertainty in the basin’s artificial production programs.

_____________________________________________________________________________

Motivation


Development of the hydropower system in the Columbia River Basin included federal legislation (e.g. Mitchell Act, Lower Snake River Compensation Plan) requiring that fishery losses associated with those hydropower facilities be mitigated or compensated by hatcheries and artificial propagation  (NWPPC 1999).  At the present time, nearly 100 hatcheries and satellite facilities exist in the Columbia River Basin.   More than 85% of all adult salmon and steelhead  returning to the Columbia River Basin are of hatchery origin, and these hatchery-origin fish contribute significantly to commercial, sport and tribal fisheries.  However, recent ESA listings throughout the Columbia River Basin have forced fishery biologists and managers to reexamine the mandates and priorities of hatcheries with an increasing emphasis on potentially using hatcheries as conservation tools to help restore and recover naturally spawning populations as opposed to simply providing fish for harvest.  

The work proposed here will investigate two hatchery methodologies that can potentially assist with recovery of naturally spawning populations: (1) development of native broodstocks of steelhead via captive rearing of natural-origin (NOR) juveniles (age 0+ fish) and (2) short-term (6-7mos.) rearing of pre-smolt, NOR coho salmon in hatchery raceways prior to release at smoltification to increase overwinter survival and total smolt production.  This latter approach is one possible strategy for collecting NOR juveniles for reintroduction programs in the Columbia River Basin.  Adult returns will be monitored, and the natural reproductive success of NOR and hatchery-origin (HOR) fish in Abernathy Creek will be assessed via DNA markers.

Steelhead
Hatchery programs for steelhead have been managed primarily to support sport and tribal fisheries, purposes for which those programs have been quite successful.   Many existing hatchery programs use non-native hatchery stocks to provide fishery opportunities.  For example, the Washington Department of Fish and Wildlife has widely propagated and outplanted one stock of winter-run steelhead (Chambers Creek stock) throughout western Washington.   Biologists and managers now recognize the potential negative effects that can occur when non-native hatchery fish interact biologically with native populations (Hindar et al. 1991; Waples 1991; Campton 1995).  Not only do non-native stocks pose genetic and ecological risks to naturally spawning populations in the target watersheds, but non-native fish stray as returning adults at a much higher rate than do native fish (Quinn 1993).  Biologists and managers also recognize the need to maintain the genetic resources associated with naturally spawning populations, and to recover or restore those populations wherever possible.   As a consequence, the U.S. Fish & Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS) have been recommending a general policy that discourages the use of non-native hatchery stocks and encourages native broodstocks.  There are two primary motivations for these recommendations: (1) reduce or minimize potential negative biological effects resulting from genetic or ecological interactions between hatchery-origin and naturally-produced fish and (2) potentially use native broodstocks as genetic repositories to enhance or recover naturally spawning populations when necessary or desired.   Recently, NMFS has declared, in a  1998 Biological Opinion on Artificial Propagation in the Columbia River Basin , that non-native hatchery steelhead jeopardize the continued existence of listed, naturally spawning populations in watersheds where the two groups of fish may interbreed or interact ecologically.  As a consequence, NMFS is requiring, as a reasonable and prudent alternative (RPA), that federal and state agencies phase out non-native broodstocks of steelhead and replace them with native broodstocks.


The development of native broodstocks of hatchery steelhead is currently hampered by the threatened or depressed status of naturally spawning populations where new broodstocks are desired.   The traditional method of initiating broodstocks by trapping adults may not be biologically acceptable because such activities may pose significant risks (i.e. via broodstock mining) to naturally spawning populations that are already depressed or listed under the ESA.  In addition, trapping adult steelhead may be logistically unfeasible in many subbasins because of high water flows in the spring when steelhead spawn.  As a result, alternative methods for collecting and developing native broodstocks may be necessary.


One alternative for developing native broodstocks, particularly when the collection of adults is unfeasible or biologically unacceptable, is the captive rearing to sexual maturity of natural-origin juveniles.   The concept is relatively simple: collect pre-smolt juveniles from the streams or watershed for which a native broodstock is desired and then raise those juveniles to sexual maturity in the hatchery to initiate the hatchery program .  Hatchery-reared adults then become the broodstock source for gametes and initial progeny releases.  Such a captive rearing program for developing native broodstocks has many potential advantages over traditional programs initiated by trapping sexually-maturing adults.   (1) Large numbers of juveniles can be collected from the wild with only minimal impacts to naturally spawning populations because juvenile (age 0+parr)-to-adult survivals are typically very small (<1%) under natural conditions.  (2) The genetic base of the broodstock (i.e. genetic effective population size) can be substantially larger for juveniles than adults because juveniles can theoretically represent the offspring of all adults that spawned successfully within a stream or watershed, as opposed to trapping only a small portion of returning adults for broodstock.    As a result, (3) collecting juveniles for broodstock can substantially reduce the risk of genetically “swamping” naturally spawning populations with hatchery-origin fish as occurs when hatchery-released fish represent the progeny of a relatively small number of trapped adults (Ryman and Laikre 1991; Ryman et al. 1995).  On the other hand,  initiating broodstocks from captively-reared juveniles, compared to trapping adults, has the following disadvantages: (1) two to three years of captive rearing are necessary to obtain sexually mature adults;  (2) major uncertainties exist regarding the survival of juvenile steelhead to sexual maturity in captivity; (3) the biological effects of captive rearing on sexual maturation, fertilization success, and subsequent progeny development are largely unknown for steelhead; and (4) domestication selection effects in captivity can be significant if overall survival to adulthood is low (e.g. <20%).  Consequently, captive-rearing methods for steelhead should be field-tested if they are to be used as a low-risk method for developing new, native broodstocks in the Columbia River Basin.

Coho salmon

Naturally spawning populations of coho salmon throughout the Columbia River Basin are severely depressed.  Native populations are considered extinct in the Snake River and in the Columbia River upstream from Bonneville Dam, except in the Hood River (Nehlsen et al. 1991; Johnson et al. 1991).   Populations throughout the lower Columbia River (LCR) below Bonneville Dam were severely impacted by logging practices and were overfished to near extirpation after the development of an extensive hatchery program in the 1960’s (Flagg et al. 1995).   Indeed, a biological review team for  NMFS concluded that they could not find evidence for any remaining native populations of coho salmon in the LCR except in the Clackamas River (Johnson et al. 1991).   NMFS concluded that native populations may be largely extinct because of severe overfishing and extensive straying and natural spawning  by transplanted (or outplanted) hatchery-origin fish.  However, NMFS is currently reevaluating the status of coho salmon in the lower Columbia River in response to a petition submitted by Oregon Trout and  the Native Fish Society to list them under the ESA.   Much of the critical freshwater habitat for coho salmon in the LCR has not fully recovered since old-growth forests were logged and  splash dams were used to transport felled trees.  Coho salmon juveniles are highly dependent on deep pool areas and large woody debris in small streams for refuge and feeding (Cedarholm et al. 1997), and these types of freshwater habitats may require many decades to recover fully to their historical levels of natural productivity.  Indeed, recent surveys of tributaries in the lower Columbia River have noted significant shortages of large woody debris (Technical Advisory Group, Lower Columbia River Recovery Board, pers. comm.).


Salmon managers are currently testing various hatchery strategies to reintroduce and enhance naturally spawning populations of coho salmon throughout the Columbia River Basin.  These methods include outplanting of eggs, fry, and smolts from existing hatchery populations.  However, those attempted methods at reintroducing or restoring naturally spawning populations of coho salmon may be severely inhibited by (a) the ancestry of the outplanted fish, which may include several continuous generations of hatchery propagation without any natural reproduction,  and (b) the compromised state of the freshwater habitats on which coho salmon juveniles are highly dependent.  For example, attempts to enhance naturally spawning populations of coho salmon in the lower Columbia River with large outplants of hatchery-origin pre-smolts, smolts, and adults appear to have been unsuccessful; most of those populations appeared to go extinct in the late 1980’s (Johnson et al. 1991; Chilcote 2000).   Nevertheless, remnant populations of juvenile coho salmon still exist in lower Columbia River tributaries, although the parental source (hatchery or wild) of those natural-origin fish is unknown (see “Monitoring and Evaluation” section below).  Regardless of their ancestry, natural-origin juveniles in lower Columbia River streams would clearly represent the product of successful spawning and natural selection in a stream environment and, thus, could serve as a potential source of fish for restoration and recovery of naturally spawning populations.   One approach would be to collect subyearling, natural-origin coho salmon (age 0+)   from streams during their first summer, maintain those fish in hatchery raceways during the autumn and winter, and then release those fish as smolts in the same streams or other target streams the following spring.  This strategy may increase overall fry-to-smolt survival in streams susceptible to high-velocity “flashing” following winter storms.  This strategy could also provide a potential source of NOR smolts for restocking streams in which natural populations have been extirpated.  To our knowledge, this potential strategy to help restore or enhance naturally spawning populations of coho salmon has not yet been tested or evaluated.

Chinook salmon

Chinook salmon are categorized in the Subbasin Summary as a “tier 2 priority” species in Abernathy, Germany, and Mill Creeks.   However, trapping studies conducted by the Washington Department of Fisheries in the early 1950’s indicate that chinook salmon were not native to Abernathy Creek.   The work proposed here will be conducted primarily in Abernathy Creek (treatment stream) and secondarily in Germany and Mill creeks (control streams).   At the present time, significant numbers of chinook salmon do spawn in Abernathy Creek, but we believe these fish largely represent adult returns from past releases of tule fall chinook from the Abernathy Fish Technology Center (see below).   The Spring Creek National Fish Hatchery was the original source of these fish.  The degree to which these hatchery-origin fish have established a naturally reproducing, and potentially self-sustaining, population in Abernathy Creek is unknown.   A relatively large number of adults were observed spawning throughout Abernathy Creek in September and October of 2001, presumably representing returns from the 1997 and 1998 brood years (1998 and 1999 hatchery releases, respectively), but data from carcass and spawning surveys are not yet available from the Washington Department of Fish & Wildlife.   Establishing Abernathy, Mill, and Germany creeks as a Tier 3 monitoring and evaluation site (see below) would allow us to potentially assess the natural reproductive success of fall chinook salmon in Abernathy Creek and the degree to which a naturalized population may have become established from past hatchery releases.   The hatchery program for fall chinook salmon on Abernathy Creek was terminated after the 1999 releases (BY1998).   A principal question is: Will fall chinook salmon eventually disappear from Abernathy Creek in the absence of hatchery releases?

Supplementation

The ability of hatchery-origin adults to reproduce successfully and contribute genetically, via supplementation, to the rebuilding or recovery of naturally spawning populations is a major uncertainty confronting salmon comanagers in the Pacific Northwest.   This question has been debated intensively throughout the Columbia River Basin for over 10 years but remains unresolved.   Indeed, a major symposium was conducted in June, 2000 to specifically address these uncertainties and identify future research and comanager needs (IMST 2000).   

Much of the uncertainty associated with supplementation is due to the absence of detailed studies on small, experimental scales.  Virtually all evaluations to date have either been at large watershed levels (i.e. on a production scale) or have failed to incorporate appropriate control populations to which the supplemented populations could be directly compared (IMST 2000).   Determining the relative reproductive success of individual hatchery- and natural-origin adults, coupled with monitoring demographic changes in population abundance with appropriate natural population controls, are critical to (a) determining whether supplementation is successful and (b) understanding how and/or why supplementation succeeded or failed.  To achieve these latter objectives, nearly all upstream-migrating adults need to be genotyped with a battery of DNA markers (e.g. at 10-15 microsatellite nuclear DNA loci), and then samples of their naturally-produced offspring (e.g. parr or smolts) similarly genotyped to identify, via maximum likelihood and assignment probabilities, the specific male and female parents of each juvenile fish.  Appropriate streams for these types of experimental studies are extremely difficult to locate.  A basin-wide need exists to identify such experimental streams where the parents of naturally-produced progeny can by identified genetically and supplementation evaluated in a controlled, scientific manner.  Performing such assessments in the lower Columbia River below Bonneville Dam offers the added advantage of maximizing adult return rates and, thus, the power of detecting true differences between hatchery-origin and natural-origin fish.

Abernathy Fish Technology Center and Abernathy Creek


The  U.S. Fish & Wildlife Service’s Abernathy Fish Technology Center (AFTC) offers a unique opportunity to investigate new hatchery methodologies and associated supplementation questions for potentially assisting with recovery of naturally spawning populations.  The AFTC is located at stream mile 3.4 on Abernathy Creek, a tributary to the lower Columbia River approximately 10 miles west of Longview, Washington.  The AFTC  was originally built as a “mitigation” hatchery in the 1950's, and from 1961 through 1997, non-native tule fall chinook salmon were propagated and released as part of the Mitchell Act mitigation in the Columbia River.  However, this propagation program and associated mitigation responsibilities have been terminated.  The AFTC has been refocusing into a research hatchery and science center to investigate new propagation strategies and technologies that can contribute to the recovery of anadromous fishes in the Columbia River Basin.   The AFTC is equipped with all the components necessary for a self-sufficient salmon/steelhead hatchery, including an electric weir and holding pond for trapping and enumerating upstream-migrating adults.  The existence of such a facility devoted strictly to research is unique among hatcheries in the Pacific Northwest. 

Abernathy Creek is an ideal location to address new recovery strategies for anadromous salmonid fishes. Abernathy Creek is a small, 3rd order stream with a drainage area of approximately 110 km2 that is particularly amenable to intensive, scientific study of salmonid fishes.  Like most streams in the lower Columbia River, Abernathy Creek historically supported abundant runs of steelhead and coho salmon.  Other native species include coastal cutthroat trout (O. clarki clarki) and chum salmon (O. keta).  The Washington Department of Fish and Wildlife (WDFW) now considers the steelhead population in Abernathy Creek to be “depressed” with an estimate of only 100-150 adult spawners per year based on expanded redd counts (Dan Rawding, WDFW, pers comm.).  The status of coho salmon is largely unknown, although we have found significant numbers of subyearling coho juveniles during electrofishing activities during the past three years (see below).  In addition, two neighboring streams of approximately the same drainage area (91-110 km2, Germany and Mill Creeks, enter the Columbia River immediately upstream (approx. two miles) and downstream (approx. one mile), respectively, from the mouth of Abernathy Creek, and those other two streams can serve as “controls” for research activities on Abernathy Creek.   Lastly, Abernathy Creek and the two adjacent streams are located approximately 160 km downstream from Bonneville Dam in a rural area of Cowlitz County.  The opportunity of the AFTC to test new culture and recovery strategies in a natural stream without the constraints imposed by dams, mitigation responsibilities, and urban impacts is unique among artificial propagation facilities in the Pacific Northwest.

Monitoring and evaluation

M & E activities for anadromous salmonid fishes have previously been conducted in Abernathy Creek, but only sporadically.  The Washington Department of Fish & Wildlife (WDFW) has intermittently conducted spawning surveys for steelhead and coho salmon.   In addition, the existing electric weir at the AFTC, intended primarily to divert upstream-migrating fall chinook salmon during low flows in the early fall, has occasionally been left on throughout the fall and winter to trap and count upstream-migrating coho and steelhead.

During the spring of 2001, WDFW initiated smolt monitoring on Abernathy, Germany, and Mill creeks.  These three streams were chosen because of their close proximity to each other, their similarity in size, and the potential for long-term monitoring of anadromous salmonid fishes in a “semi-replicated” experimental design.   Trapping began in early April and continued through mid-June, coinciding with the normal timing of out-migrating smolts.  Traps were located as near the mouth as logistically feasible.   Fence panel traps were installed on Germany and Mill Creeks (RM 0.3 and 0.2, respectively), and a rotary screw trap was installed on Abernathy Creek (RM 0.3).   The total number (Mill and Germany creeks) or estimated number (Abernathy Creek) of smolts trapped in each stream were the following.   Mill Creek:  6,324 coho, 1,710 steelhead, and 522 cutthroat trout smolts.  Germany Creek: 8,157 coho, 7,600 steelhead, and 353 cutthroat  trout smolts.  Abernathy Creek (est.): 7,000 coho, 11,000 steelhead, and 750 cutthroat trout smolts.

The electric weir and holding pond at the AFTC (mile 3.4 on Abernathy Creek) provide an excellent opportunity to monitor all upstream-migrating adult salmonids at that point in the watershed.   The vast majority of the suitable spawning habitat for steelhead and coho salmon exists upstream from this location.  However, we believe the effectiveness of this weir is substantially reduced at high water flows when coho salmon and steelhead are migrating upstream.  Engineers from the U.S. Fish & Wildlife Service have inspected the site and have recommended that we replace the weir with a Smith-Root, Inc. patented electric fish barrier system.   These systems are 100% effective at diverting upstream-migrating adults over a wide range of streams flows because the field strength increases as water levels and flows increase.  Moreover, these systems impose little or no injury to the diverted fish or their gametes (Hilgert et al. 1992).  Indeed, the one injury observed in the preceding study was from physical handling of a “control” fish and not from exposure of a “treatment” fish to the electric field.   Such a system has been operating for nearly 10 years at the Quilcene National Fish Hatchery, and similar systems are scheduled to be installed at the Quinault and Eagle Creek National Fish Hatcheries.    We seek funds from BPA for a similar system at the AFTC to monitor and evaluate all upstream-migrating adults at mile 3.4 on Abernathy Creek.    A new electric fish barrier system would allow us to conduct supplementation studies and evaluate natural spawning success of all adults passed upstream of the AFTC in Abernathy Creek.

As part of the proposal described here, we request that Abernathy, Germany and Mill Creeks be designated collectively as a Tier 3 Monitoring and Evaluation Site (NMFS RPA No. 183) for Lower Columbia and Southwest Washington ESUs of steelhead, coho salmon, chinook salmon, and coastal cutthroat trout.  We believe the unique opportunities to conduct experimental studies with control and treatment streams - along with the existing facilities and previous commitments by the USFWS and WDFW - warrant serious consideration by NMFS, the Northwest Power Planning Council, and the Bonneville Power Administration.  If funding can be secured for this long-term commitment, then we envision the opportunity for many additional studies with other collaborators (CRITFC, USGS-BRD, universities, etc.), not just the two very specific studies explicitly proposed here.   Although WDFW has initiated smolt monitoring studies and intends to continue those studies in the spring of 2002, state funding for those activities is currently tenuous.  Funding from BPA would ensure continued smolt monitoring and additional monitoring of upstream migrating adults.

Proposed research

(1) Steelhead.  We propose to develop an experimental hatchery broodstock of steelhead at the Abernathy Fish Technology Center (AFTC) by trapping wild or natural–origin (NOR) juveniles from Abernathy Creek and raising those fish in situ to sexual maturity (Phase I). Specifically, we will assess the captive-rearing of juveniles to sexual maturity as an alternative to trapping sexually mature adults for developing native or endemic broodstocks.  In future years (Phase II), we will spawn those captively-reared adults, release their progeny as smolts, monitor the return of their progeny as adults, and then evaluate - through DNA markers – the ability of those returning adults to reproduce successfully and contribute genetically (via supplementation) to the naturally spawning population of steelhead in Abernathy Creek.   Our long-term goal is to assess supplementation spawning in Abernathy Creek of hatchery-origin steelhead representing a “native” broodstock and compare demographic changes in abundance over time to control populations in Germany and Mill creeks.  

We initiated Phase I of this project in September 1999 and are currently rearing NOR steelhead from Abernathy Creek of the 1999, 2000, 2001 brood years (300-400 fish/BY).  Initial survivals and preliminary results have been very promising (>80% survival per year for each brood year collected to date).  We were able to spawn approximately 25% of the BY1999 fish during the spring of 2001 and currently have approximately 5,000 BY2001 subyearlings for potential release as smolts.   We are using these latter fish primarily to assess survival, growth, and protocols.  We anticipate additional spawning of sexually mature fish in the spring of 2002.   However, at the present time, we have no funding for this project and will not be able to continue unless funding is obtained.

(2)  Coho salmon.  We propose to collect subyearling coho salmon from Abernathy Creek during the early fall (beginning in 2002) and maintain those fish in an outdoor raceway at the AFTC prior to release as smolts the following spring.  The goal of this latter project is to assess this strategy as (a) a potential method to increase overwinter survival of pre-smolt juveniles and increase overall smolt production in the source stream and (b) as a method of potentially collecting NOR fish for restoring severely depressed or extirpated populations.   Our proposed work includes trapping outmigrating smolts in Abernathy Creek with a rotary screw trap approximately 3 kms downstream from the AFTC and them comparing physiological indices of smolt quality between tagged (AFTC-released) and untagged (NOR-released) fish.

(3) Monitoring and evaluation.  The work proposed above requires continued smolt trapping in Abernathy, Germany and Mill Creeks.    We also wish to initiate trapping of adults in the three streams to determine the origin of adults (hatchery or wild) responsible for natural smolt production.   Adult monitoring would be performed with a permanent weir on Abernathy Creek and temporary weirs on Germany and Mill Creeks.   Monitoring and evaluation data collected while studies #1 and #2 above were conducted would provide a baseline for assessing natural reproductive success of returning hatchery-released fish.

c. Rationale and significance to Regional Programs

The rationale for our proposed work is largely described in the preceding section.    Our proposed work specifically addresses RPA Action No’.s 182, 183, and 184 from the 2000 FCRPS Biological Opinion of the National Marine Fisheries Service.    

This proposed work also addresses the following goals and objectives of the 1994 Fish and Wildlife Program of the Northwest Power Planning Council:

2.2A 
Support Native Species in Native Habitat.

2.2H 
The Need to Learn from Implementation.

4.2       Salmon and Steelhead Research and Evaluation.

7.1B
Conserve Genetic Diversity.

7.1H
Reprogramming of Existing Hatchery Stocks and Facilities.

7.2D
Improve Propagation at Existing Facilities.

7.4A
Identify, Evaluate, and Implement New Production Initiatives.

7.4D
Captive Brood Stocks.

7.5C
Lower Columbia River Coho Salmon.

As noted previously, the long-term goal of this project is assess new artificial propagation strategies that can potentially assist with recovery of naturally spawning populations.  This long term goal includes assessments of natural reproductive success of hatchery-origin and natural-origin adult fish.  Although similar studies have been proposed or are being conducted elsewhere (see below), none of those studies – to our knowledge – includes comparable control streams to which demographic changes in abundance in the treatment stream(s) can be compared.   Those other studies are simply focusing on the relative reproductive success of hatchery and natural-origin adults and not necessarily on proactive strategies to help recover naturally spawning populations.   For example, do new conservation hatchery strategies, such as the two proposed here for steelhead and coho salmon, result in a significant increase in adult returns relative to control streams?   Are those returning adults capable of spawning naturally?   Does supplementation spawning by those hatchery-origin fish increase or decrease total smolt production relative to control streams?    These are critical questions that the AFTC and its location on Abernathy Creek, with Germany and Mill creeks serving as control streams, can uniquely address experimentally.

d. Relationships to other projects 

Our proposed work with steelhead will complement ongoing captive broodstock work currently conducted with sockeye and chinook salmon by the National Marine Fisheries Service and comanaging state agencies (Conrad Mahnken, NMFS, Manchester, WA).    Those programs by NMFS are primarily emergency captive broodstock programs to help protect endangered populations from extinction in the Snake River and elsewhere in the CRB.   In contrast, our proposed work with steelhead will investigate the potential use of  NOR juveniles for developing native broodstocks that can be used both for conservation and mitigation (i.e. harvest augmentation) purposes.   The ability to collect NOR juveniles from Abernathy Creek, raise them to sexual maturity on creek water at the AFTC (see methods below), and then evaluate the natural spawning success of their progeny in future years are major strengths of our proposed work.   We (USFWS) have genetic concerns regarding the desire of state agencies to develop native broodstocks of steelhead by trapping adults from ESA-listed or depressed populations, and our proposed work  would investigate a low-risk alternative to traditional methods of broodstock development. 

The work proposed here for steelhead would also complement ongoing work by the Washington State Department of Fish & Wildlife (WDFW) in the Kalama River.   WDFW has been investigating genetic interactions between hatchery and natural-origin steelhead in the Kalama River since the mid-1970’s.   Until recently, those studies have focused on introduced hatchery steelhead from two non-native stocks:  Skamania summer-run steelhead and Beaver Creek (Elochoman R., Chambers Creek)  winter-run steelhead.   Research with those two introduced stocks is now complete, and WDFW is now developing a native hatchery broodstock on the Kalama River by trapping wild or NOR adults (Pat Hulett, WDFW, pers. comm.).  WDFW will, in future years, assess the natural spawning success of hatchery-produced progeny of  NOR parents in the Kalama River by current DNA methodologies.   Our future goals with steelhead are similar to those of WDFW, but we want to first investigate the feasibility of developing native broodstocks by captively rearing NOR juveniles to sexual maturity.   We believe the opportunities for capturing large amounts of genetic diversity in hatchery broodstocks is much greater with juveniles than with adults.   This opportunity is particularly true for depressed, or listed, natural populations that preclude trapping sufficient numbers of adults for achieving desired effective breeding numbers or population sizes.   We believe also that Abernathy Creek, and the two adjacent control streams (Germany and Mill Creeks), offer excellent experimental control conditions for future evaluations of supplementation success and hatchery-wild fish interactions. 

Several studies have been initiated recently where the principal goal is to assess the natural reproductive success of hatchery-origin adults relative natural-origin adults.   These studies include (a) steelhead in Little Sheep Creek, Imnaha River, northeast Oregon (Paul Moran, NMFS, co-P.I., pers. comm.), (b) coho salmon in Minter Creek, south Puget Sound (Mike Ford, NMFS, co-P.I., pers. comm.), and (c) steelhead in Forks Creek, Willapa River, WA (Mackey et al. 2001; Tom Quinn, co-P.I., University of Washington, pers. comm.).  Our future studies of natural reproductive success of coho salmon and steelhead in Abernathy Creek would use the same basic protocols and DNA markers currently used by NMFS for those two species, respectively.  Similar studies are also being conducted, or are proposed, by Oregon Department of Fish & Wildlife for steelhead and/or coho in the Hood River, Big Creek, and Gnat Creek in the Columbia River (Bill Bakke, Native Trout Society,  pers. comm.).   Those other studies would focus on established hatchery broodstocks, as opposed to investigating alternative hatchery strategies designed to potentially assist with recovery as proposed here.

The work proposed here is a companion project to BPA-funded work recently initiated on Abernathy Creek at the AFTC by one of the P.I.’s here , Dr. Gayle Zydlewski (BPA Innovative Project No. 200101200:  Evaluate new methodologies for montoring Pacific slamon and steelhead).

e. Project history (for ongoing projects) 


This is a new project.  However, we have already initiated Objective 1 (see below) by collecting 400-500 age 0+ steelhead from Abernathy Creek during September and October of the past three years (1999, 2000, 2001). 

f. Proposal objectives, tasks and methods
Objective 1.   Develop a hatchery broodstock of steelhead by captively rearing, to sexual maturity, natural-origin juveniles from Abernathy Creek and evaluate this methodology as a potential alternative to trapping natural-origin adults for developing “native”  or “endemic” broodstocks.

Task 1a:  Collect, via stratified sampling, 500 age 0+ steelhead from a seven mile  section of Abernathy Creek in September 2002, 2003, and 2004.   We have identified five sample site locations in Abernathy Creek for collecting age 0+ steelhead over a seven mile stretch of stream immediately upstream from the AFTC (stream miles 3.4 to 10.0).   These five stream sections are approximately 1 mile apart.   Previously, during the last week of September and the first week of October in 1999, 2000, and 2001, we used a backpack electroshocker to collect 75-125 age 0+ steelhead from each of those five stream areas for a total of 400-500 age 0+ fish of each brood year.   These fish were transferred to a holding tank supplied with oxygen in the back of a pick-up truck where they are maintained for up to four hours prior to transfer to the AFTC (see below).  Our sampling has been stratified by sample site to maximize the number of parents potentially contributing to the fish we have collected.    Mortalities associated with these collections have been extremely low; we have observed less than 10 dead fish during the first 24 hours after collection during the past two years.   If funded, we will continue this collection of age 0+ steelhead in the fall of 2002, 2003, and 2004.   This will yield a total of six year classes of captively-reared steelhead for broodstock.

Task 1b:  Transfer 400-500 age 0+ steelhead of each brood year to a separate raceway supplied with covers and Abernathy Creek water at the AFTC.    Age 0+ steelhead will be transferred to 8’x 80’ raceways at the AFTC within four hours after capture from Abernathy Creek.  We have constructed low-hanging covers that are approximately two to three feet above the raceways to provide shade and partial refuge.  These raceways are supplied with Abernathy Creek water and automatic belt feeders.

Task 1c:  Stimulate natural-origin steelhead juveniles to feed on artificial hatchery diets.    Fish will initially be fed starter diets coated with krill hydrolysate to stimulate initial feeding on salmonid feeds.    We had some initial difficulties getting BY1999 age 0+ steelhead to start feeding on artificial feeds when those fish were first captured in September, 1999.  We were able to stimulate their conversion to artificial feeds by coating the feed pellets with a krill hydrolysate.   These oils exude into the water, stimulating olfactory and feeding responses of the fish.   A commercial diet will be used to maintain the fish during their residence in the hatchery.   Feeding levels will be modulated with water temperatures to maintain natural growth patterns.    Approximately four to six months prior to spawning, fish will receive a broodstock diet (e.g. Bio-OregonTM  BioDiet Brood) to stimulate sexual maturation and proper gamete development.
Task 1d:  Estimate the mean and variance in growth, and determine overall survival of captively-reared steelhead every six months.   Fish will be crowded in a raceway, removed by dip net, and anesthetized with MS-222.   All fish will be counted to determine overall survival during the preceding six months.  A subsample of 50 fish will be measured and weighed to estimate the mean size and variance among all fish in each raceway. 

Task 1e:  Maximize survival and mean growth rate, and minimize the variance in growth rate, of  captively-reared steelhead.     Fish will be fed by automatic feeders and supplemented by hand as necessary to ensure optimum growth.   If necessary, fish will be graded and raceways subdivided in half to minimize the variance in growth and size among fish of a given brood year.  The goal here is not to raise “wild fish” per se, but rather to optimize growth and survival to sexual maturity to maximize the total number of adults available for spawning 2.5-years after collection (i.e. as three-year old spawners).  Ideally, at least 200 fish of each brood year would survive to sexually maturity and thus be available for fulfilling objective 2.
Task 1f:  Estimate allele frequencies at 10-20 nuclear DNA microsatellite loci for NOR steelhead from Abernathy Creek.   We will collect fin clips from 100 fish of each brood year for subsequent DNA genotyping.   These clips will be placed in small vials with 100% ethanol for DNA extraction.  We will obtain microsatellite nuclear DNA allele frequencies for Abernathy Creek steelhead in order to compare the genetic background of this population to the Beaver Creek and Cowlitz River hatchery populations, and other steelhead populations in the Columbia River Basin.   This work will be conducted in collaboration with Paul Moran, National Marine Fisheries Service, Seattle, with the same suite of microsatellite loci that NMFS employs for steelhead in the Columbia River basin.  The NMFS lab in Seattle has recently performed similar work for the USFWS on steelhead from the Eagle Creek National Fish Hatchery.

Task 1g: Repeat tasks 1a-1f for five consecutive years beginning with BY2000 fish collected from Abernathy Creek.

Task 1h:  Assess the effects of captive rearing on overall survival, body morphology, physiology, sexual maturation, and gamete quality.

Objective 2:  Release progeny of captively-reared steelhead into Abernathy Creek.

Task 2a: Spawn captively-reared, natural-origin adults.   Sexually mature males and females of different brood (collection) years will be crossed and spawned.  For example, we anticipate crossing age 2 males with age 3 females, and vice-versa if two-year old females are sexually mature. Our goal is to spawn 100 male-female pairs each year.  Fin clips from each spawned adult will be retained for DNA genotype determination (see Task 1f) and subsequent pedigree identification of progeny.


Task 2b:  Rear progeny of captively-reared parents to the smolt stage.   Fertilized eggs from pairwise matings will be incubated and hatched in Heath trays on pathogen-free well water (53o F) at the AFTC.  Swim-up fry will be transferred to outside raceways or 6-8’ circular tanks supplied with ambient water from Abernathy Creek.  Fish will be raised to the smolt stage on standard rations and diets for steelhead.  An important question is:  Will the majority of these progeny steelhead smolt at one year of age or two years of age?

Task 2c: Mark/tag all pre-smolts prior to release.   All fish will be given a blank wire tag for future identification with an electronic, metal-detecting wand.   Different experimental groups (future studies to be determined) would be tagged at different body locations.  All fish would also be given a left or right ventral fin clip.

Task 2d: Release steelhead smolts into Abernathy Creek.  All progeny will be released initially into Abernathy Creek directly from the AFTC.  To the extent possible, volitional releases will be followed.  If necessary, an acclimation and release tank could be set up a few miles upstream from AFTC for future evaluations of natural spawning success by returning adults.

Task 2e: Estimate natural production of steelhead smolts in Abernathy Creek.   A rotary screw trap will be set up in Abernathy Creek approximately 0.3 miles upstream from its confluence with the Columbia River.  The total number of naturally-produced smolts will be estimated from the ratio of unmarked to marked smolts.   A subsample of trapped smolts will be marked with a dye tattoo and released upstream of the trap to calibrate catch efficiency.  
Task 2f:  Produce a handbook and protocol manual for developing native broodstocks of steelhead by captively rearing natural-origin juveniles to sexual maturity.   We will document successes and failures with the goal of producing a protocol manual and general guidelines for captively rearing NOR steelhead juveniles to sexual maturity. 

Objective 3.   Evaluate the overwinter survival of natural-origin, subyearling coho salmon in hatchery raceways as a potential conservation strategy, and assess the growth, smolt quality, and outmigration timing of hatchery-overwintered smolts relative to stream-overwintered smolts in Abernathy Creek 

Task 3a.  Collect 2,000 subyearling coho salmon from Abernathy Creek in September, 2002, 2003, and 2004.   We will use a backpack electroshocker to collect 2,000 subyearling coho salmon from the same sample site areas that we collect age 0+ steelhead.  These fish will be maintained as described above for steelhead under Tasks 1a-1d.
Task 3b.  Mark/tag all coho juveniles, and estimate mean and variance in size, and estimate overall survival of natural-origin coho salmon during the preceding 6 months of captivity at the AFTC (March 2003, 2004, and 2005).   All fish will be given a ventral fin clip and coded-wire tag (CWT) prior to release.  A subsample of 500 fish will also be given a PIT tag.   If the is funded, then we will use the new long-range PIT tags so that within-stream movements can be monitored by remote antennas. companion proposal by Gayle Zydlewski
Task 3c.  Estimate gill Na+ K+ ATPase activity, seawater tolerance, plasma cortisol, prolactin, and thyroid hormone levels for a random sample of 30 coho immediately prior to release.   The developmental process of smolting is measurable via seasonal examination of physiological condition.  Predictable physiological changes associated with smolting include increases in gill Na+ K+ ATPase activity, plasma cortisol, thyroid hormone, and decreases in prolactin levels (Zaugg 1981; Dickhoff et al. 1982; Prunet and Boeuf 1985).   These physiological parameters will be measured on a sample of 30 coho salmon immediately prior to release.   ATPase activity, plasma cortisol, thyroid hormone, and prolactin will be measured by the methods of McCormick (1993), Carey and McCormick (1998), Dickoff et al. (1982), and Prunet and Boeuf (1985), respectively.  

Task 3d.  Release marked/tagged coho smolts into Abernathy Creek from the AFTC (April-May 2003, 2004, 2005).   We will open up the downstream trap of our raceway by April 1 and allow coho salmon to exit volitionally into Abernathy Creek.  Any fish remaining after June 1 will be flushed into Abernathy Creek.  
Task 3e.  Estimate the total natural  production of coho smolts in Abernathy Creek. Downstream migrating smolts will be enumerated with a rotary screw trap and released (see also Task 2e).  The total smolt production will be estimated by the ratio of marked to unmarked fish.  A subsample of smolts will be marked with a dye tattoo and released upstream of the trap to calibrate catch efficiency. 

Task 3f:  Retain 30 tagged and 30 non-tagged coho smolts for physiological assays as described under Task 3c.   Test the null hypotheses that mean size and smolt quality are equal for stream-reared (untagged) and hatchery-reared (tagged) coho salmon.   Physiological assays comparing stream-reared versus hatchery-reared smolts will follow the methods outlined under objective 5 above.   An additional 15 fish of each group will be retained for saltwater challenge experiments to test the null hypothesis that survival and osmoregulatory ability are equal between stream-reared and hatchery-reared smolts.
Task 3g:  Repeat Tasks 3a-3f for three consecutive years beginning with BY2001 fish collected from Abernathy Creek in 2002. 
Objective 4.  Monitor smolt outmigration in Abernathy, Germany and Mill creeks, and estimate total natural production of coho, steelhead, and cutthroat trout smolts in each stream.   All smolt monitoring will be conducted by subcontract to the Washington Department of Fish & Wildlife (Dave Seiler, Associate Investigator, WDFW).


Task 4a:  Set up rotary screw traps in all three streams approximately 0.3 miles upstream from confluences of Columbia River during first week of April, 2003-2007.   Fence panel traps were set up in Germany and Mill creeks during the spring of 2001.   These traps were nearly flushed out during spring freshets, although 2001 was considered to be a “low” flow year with overall rainfalls approximately 60% of normal.  Consequently, in future years, rotary screw traps will be used in all three streams.


Task 4b:  Estimate total number of outmigrating smolts of each species in each stream, April-June, 2003-2007.  A portion of the coho and steelhead smolts trapped each day will be marked and released upstream to generate a simple Peterson estimate of the total smolt outmigration in each stream.

Objective 5:  Replace existing adult weir at the AFTC with a Smith Root, Inc. patented electric fish barrier system.    Replacement of the existing weir (over 40 years old) will be by subcontract to Smith Root, Inc., of Vancouver, WA.  Work to be completed by  September, 2004.   Smith-Root has provided us with a preliminary estimate of the anticipated cost of design, permitting, and construction.  Those estimates are reported in Part 1 of this proposal.


Task 5a: Survey field site, perform hydrology study, and develop preliminary design concept (FY2003).


Task 5b: Engineering design and development of construction plans for stream corridor improvements (FY2003).


Task 5c: Reconstruct stream banks and construct concrete walls along stream banks to contain channel and operational stream flows over the proposed site of the fish barrier system (FY2004).


Task 5d:  Construct electric fish barrier system and associated equipment and facilities (FY2004).
Future objectives.  Note:  Detailed lists of tasks are not provided for the following objectives (No. 6-9) because these latter objectives depend on funding and partial fulfillment of Objectives 1-5.

Objective 6:  Monitor adult returns of all anadromous salmonids to Abernathy, Germany and Mill Creeks, beginning in the fall, 2004.    All upstream-migrating adults in Abernathy Creek will be trapped and enumerated at the AFTC.  Return rates of fish released under Objectives 2 and 3 will be estimated and evaluated.  Adults will also be trapped at a fishway approximately 0.5 miles upstream of the AFTC.  This latter facility will allow us to determine the efficiency of the electric weir or electric fish barrier system at the AFTC.  Returning adults will also be monitored, marked, and biosampled at resistance board weirs placed in the lower, tidal reaches of each stream.   Fin clips would be obtained from subsamples of adults trapped in each stream for subsequent DNA genetic analyses.

Objective 7:  Assess the natural reproductive success of hatchery-origin and natural-origin coho and steelhead passed upstream of the AFTC in Abernathy Creek.

Objective 8:  Evaluate demographic changes in abundance of coho salmon and steelhead in Abernathy Creek relative to natural-origin adults.

Objective 9:  Prepare final reports and manuscripts for publication.   
g. Facilities and equipment
Existing facilities and equipment

The Abernathy Fish Technology Center is a complete salmonid hatchery with approximately 1200 Heath incubator trays, 95 4-ft. circular tanks inside the hatchery building for performing controlled, experimental trials (e.g. nutrition and physiology studies), and 12, 8’ x 80’ concrete raceways supplied with both Abernathy Creek water and well water. For the work described here, all fish will be maintained on creek water after transfer to the raceways, although raceways holding steelhead may have to be supplemented with well water during the late summer if drought conditions develop before fall freshets.   A new well with a pump capacity of 2,500 gpm is available.   A diesel-powered, back-up generator provides electrical power to all pumps and electronic monitoring devices in the advent of a power outage.   A fish pathologist, Dr. Pete Taylor, works on site and monitors fish health for the AFTC.  


The AFTC is located immediately adjacent to Abernathy Creek with an electric weir and holding pond for diverting and enumerating upstream-migrating fish.   This weir is scheduled to be replaced with a new, variable-field  weir during the summer of 2001, and this updated design will ensure 100% diversion of upstream-migrating fish.   A weir of identical design was recently installed at the USFWS’ Quilcene National Fish Hatchery (Little Quilcene River, Hood Canal, Washington) with outstanding results (Larry Telles, Quilcene NFH, pers. comm.). 

The AFTC is also equipped with a fish feed extruder for developing new test diets, and we are developing a physiology laboratory for performing the smoltification assays described above.   We have all the laboratory equipment necessary for performing the physiological assays described above.  As noted above, one of our long-term goals is to develop the AFTC into a complete research hatchery with support laboratories in nutrition, physiology, pathology, and genetics.   All four principal investigators are permanent employees of the U.S Fish & Wildlife Service.  We all have pentium-level personal computers with all the necessary software (e.g. SAS, SYSTAT, MS-Excel, etc.) necessary for maintaining and analyzing the data to be collected for the project.

The Washington Department of Fish and Wildlife will supply three rotary screw traps, one each for Abernathy, Mill, and Germany Creeks, for conducting the smolt monitoring.    These traps and associated field equipment are provided as cost share ($25,000 each or $75,000 total).

Requested equipment

We are requesting FY2001 funds from BPA to purchase the major equipment described below.


Backpack electroshocker.   We are requesting $5,000 to purchase a Smith-Root, Inc. (Vancouver, WA)  backpack electroshocker (Model 12-B P.O.W. 24V) and accessories.   This shocker will be used to collect subyearling coho salmon and steelhead from Abernathy Creek.


New permanent weir for the Abernathy Fish Technology Center.  We are requesting funds to replace our existing electric weir, which was installed in the late 1950’s to trap upstream-migrating chinook salmon during low flows in September and October, with a Smith-Root, Inc. patented electric fish barrier system.  The pre-design, estimated cost of engineering and construction is $345,000-$470,000 (Letter dated December 6, 2001 from Smith-Root).  This weir will allow us to trap all upstream-migrating adults during variable and high water flows, and thus allow us to assess – via nuclear DNA microsatellite markers – the reproductive success of all hatchery and wild fish passed upstream to spawn naturally.
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Section 10 of 10. Key personnel

Principal investigators:

Donald E. Campton, Fish Geneticist

Email:  Don_Campton@fws.gov

Address:

U.S. Fish & Wildlife Service

Abernathy Fish Technology Center

1440 Abernathy Creek Road

Longview, WA.  98632

TEL:  360-425-6072

FAX:  360-636-1855

Responsibilities (0.15 FTE):  Will serve as Project Manager and co-P.I., and will assume primary responsibility for this project, including preparation of progress and annual reports.  Will supervise the GS-9/11 Fishery Biologist (to be funded by this project) and will delegate field and hatchery responsibilities to that person.

Gayle Zydlewski, Behavioral Physiologist

Email:  Gail_Barbin@fws.gov

Address:

U.S. Fish & Wildlife Service

Abernathy Fish Technology Center

1440 Abernathy Creek Road

Longview, WA.  98632

TEL:  360-425-6072

FAX:  360-636-1855

Responsibilities (0.1 FTE):   Will serve as co-P.I. and be responsible for performing the physiological analyses described in this proposal. 

Ann Gannam, Fish Nutritionist

Email:  Ann_Gannam@fws.gov
Address:

U.S. Fish & Wildlife Service

Abernathy Fish Technology Center

1440 Abernathy Creek Road

Longview, WA.  98632

TEL:  360-425-6072

FAX:  360-636-1855

Responsibilities (0.05 FTE):  Will serve as co-P.I. and will be responsible for evaluating feed and diet needs of all fish, and preparing or modifying specific feeds to ensure optimum and growth and survival of all fish raised at the AFTC.

Personell to be hired with BPA funds:

GS-9/11 Fishery Biologist (1.0 FTE)
This person will be hired with the BPA funds requested here and will be responsible for performing all field, hatchery, and data collection activities associated with collection, transfer, care, and maintenance of the fish studied for this project.   This person will supervise the two positions described below.

GS-5/7 Fishery Biologist (1.0 FTE)
This person will assist the GS-9/11 Fishery Biologist will all aspects of the field and hatchery work, including data collecting, including associated duties assigned by the GS-9/11 Fishery Biologist.

GS-5 Biological Technician (1.0 FTE)

This person will assist the GS-9/11 Fishery Biologist will all aspects of the field and hatchery work, including data collecting, including associated duties assigned by the GS-9/11 Fishery Biologist.

 SEQ CHAPTER \h \r 1DONALD E. CAMPTON
E-mail: Don_Campton@fws.gov

Position:  Fish Geneticist, U.S. Fish & Wildlife Service, Longview, WA

Education:

Ph.D., Genetics, University of California, Davis, 1986.


M.S., Fisheries, University of Washington, Seattle, 1981.


B.S., Genetics, University of California, Berkeley, 1974.

Recent employment:
1997-present:
Regional Geneticist, U.S. Fish & Wildlife Service, Region 1, Longview, Washington.

1986-1997: Assistant/Associate Professor, Department of Fisheries and Aquatic Sciences, University of Florida, Gainesville, Florida.


Expertise:
 SEQ CHAPTER \h \r 1Population and quantitative genetics of fish with applications to fisheries management, conservation, and artificial propagation; use of molecular genetic markers for studying population structures and relationships.

Relevant publications:

Campton, D.E. and F.M. Utter.  1985.  Natural hybridization between steelhead trout (Salmo gairdneri) and coastal cutthroat trout (Salmo clarki clarki) in two Puget Sound streams.  Can. J. Fish. Aquat. Sci. 42:110-119.

Campton, D.E. and J.M. Johnston.  1985.  Electrophoretic evidence for a genetic admixture of native and nonnative rainbow trout in the Yakima River, Washington.  Trans. Am. Fish. Soc. 114:782-793.

Campton, D.E. and F.M. Utter.  1987.  Genetic structure of anadromous cutthroat trout (Salmo clarki clarki) populations in the Puget Sound area: evidence for restricted gene flow.  Can. J. Fish. Aquat. Sci. 44:573-582.

Campton, D.E.  1987.  Natural hybridization and introgression in fishes: methods of detection and genetic interpretations, p.161-192.  IN: N. Ryman and F. Utter (eds.), Population Genetics and Fishery Management.  Washington Sea Grant College Program and University of Washington Press, Seattle, Washington.

Campton, D.E., F.W. Allendorf, R.J. Behnke, and F.M. Utter; M.W. Chilcote, S.A. Leider, and J.J. Loch.  1991.  Reproductive success of hatchery and wild steelhead.  Trans. Am. Fish. Soc. 120: 816-827.

Campton, D.E.  1995.  Genetic effects of hatchery fish on wild populations of Pacific salmon and steelhead: What do we really know?, p. 337-353.  IN: H.L. Schramm, Jr., and R.G. Piper (eds), Uses and Effects of Cultured Fishes in Aquatic Ecosystems,  American Fisheries Society Symposium 15, American Fisheries Society, Bethesda, Maryland.

Burger, C.V., K.T. Scribner, W.J. Spearman, C.O. Swanton, and D.E. Campton.   2000.   Genetic contribution of three introduced life history forms of sockeye salmon to colonization of Frazer Lake, Alaska.  Can. J. Fish. Aquat. Sci.  57: in press.

Gayle Barbin Zydlewski, Behavioral Physiologist

Experience

1999-Present:  Research Fisheries Biologist, USFWS, Abernathy Fish Technology Center, Longview, WA

Current Responsibilities:  To develop innovative fish culture methods in support of restoration and recovery initiatives; investigate relationships between juvenile rearing strategies and adult return rates at Regional fish hatcheries; determine the effects of modifications and enhancements to hatchery rearing environments on fish growth, behavior, and survival; develop new approaches to investigate the extent of interactions between hatchery-reared and wild fish; and evaluate restoration and recovery strategies for certain populations in decline.  These duties revolve around the use of behavioral (assessment of downstream movements of smolts) and physiological (biochemical and endocrine) techniques to assess the above listed strategies.

1997-1999:  Postdoctoral Research Associate, USGS/BRD, Conte Anadromous Fish 

Research Center, Turners Falls, MA
Responsibilities:  I conducted research to determine whether environmental factors which control the physiology of smolting also affect downstream migratory behavior of Atlantic salmon smolts. I also worked to determine the influence of endocrine changes (exogenous thyroid hormones, cortisol, growth hormone, prolactin) throughout smolting and the initiation of downstream migration.  This research involved maintenance of Atlantic salmon parr and smolts for experimental studies, technical training in fish physiology (nonlethal gill biopsies, Na+-K+ ATPase activity assays, radioimmunoassays, ion analysis) and development of passive integrative transponder (PIT) systems for quantifying behavior in the laboratory and field. 

Education:     



School           




Degree and Date Received
 
Southeastern Massachusetts University 


B.S., 1990
 
University of Rhode Island




M.S., 1992


University of Maine





Ph.D., 1996

Expertise:
Examining behavior and physiology of migration.  This includes design of behavioral monitoring systems and analysis of data collected with these systems.  Experience in integrating physiological and behavioral aspects of migration of diadromous fishes as detailed above.

Recent Publications:

Zydlewski, G.B., A.J. Haro, K.G. Whalen, & S.D. McCormick.  2001.  Performance of stationary and portable Passive Transponder detection systems for monitoring of fish movements.  Journal of Fish Biology. 58(5):  1471-1475.

Zydlewski, G.B., S. Foott, K. Nichols, S. Hamelberg, J. Zydlewski, B. Th. Björnsson.  In Review.  Enhanced smolt characteristics of steelhead trout exposed to alternative hatchery conditions during the final month of rearing.  Aquaculture.

Zydlewski, G.B., J. R. Johnson.  Accepted.  Response of bull trout fry to four water diversion screen types.  North American Journal of Fisheries Management.

Zydlewski, G.B., S.D. McCormick, & A.J. Haro. In Review. The role of temperature in downstream migratory behavior of Atlantic salmon smolts.

Barbin, G.P., S.J. Parker, & J.D. McCleave. 1998. Olfactory clues play a critical role in the estuarine migration of silver-phase American eels. Environmental Biology of Fishes 53: 283-291.

Ann L. Gannam

Fish Nutritionist
Abernathy Fish Technology Center

Longview, WA   98632

Education

1988
Ph.D. in Fish Nutrition /Aquaculture, Auburn University, Auburn, Alabama.  

1980
Masters of Science in Biology, University of Southern Mississippi, Hattiesburg, 



Mississippi.  

1976
Bachelor of Science in Zoology, University of Georgia, Athens, Georgia.

Related Experience
1992-present
Nutritionist, USFWS, Abernathy Salmon Culture Technology Center.  Responsibilities include developing new diets, conducting feeding trials and working on feed problems at the federal hatcheries in Region 1.  Am also responsible for feed mill inspections (fish feed quality control) to insure compliance with specifications for feeds made for the federal government in Region 1.

1989-1992
Assistant Professor, Fisheries, University of Arkansas Pine Bluff, Department of Agriculture.  Was an adjunct assistant professor at the University of Arkansas Fayetteville. Responsibilities included teaching fisheries courses as well as conducting fish nutrition research.  Conducted nutrition studies addressing alternative protein options for channel catfish, lipid concerns in hybrid striped bass, cost effective feed for golden shiners and the effects of temperature on growth in tilapia.

9/1988-2/1989
Research Associate in fish nutrition at the University of Arkansas Pine Bluff.  Responsibilities included equipping and maintaining the nutrition laboratory.  Did preliminary studies to determine the feasibility of using sunflower seed meal as a substitute for soybean meal in catfish diets.  Consulted with catfish and baitfish farmers about problems concerning fish feeding and nutrition.

Selected Publications

Webster, C. D., L. G. Tui, A. M. Morgan and A. Gannam.  2000.  Differences in growth in blue catfish Ictalurus furcatus and channel catfish I. punctatus fed low-protein diets with and without supplemental methionine and/or lysine.  Journal of the World Aquaculture Society 31: 195-205.
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ITEMIZED BUDGET:  FY2003

Personnel

Campton, D.E. (P.I., 0.15 FTE, GS-12-8) . . . . . . . . . . . . . . . . . . . . . . . .
$      10,048

Zydlewski, G. (Co-P.I., 0.1 FTE, GS-12-2) . . . . . . . . . . . . . . . . . . . . . . .          5,794

Gannam, A.L. (Co-P.I., 0.05 FTE, GS-12-6) . . . . . . . . . . . . . . . . . . . . . .
          3,259

Fishery Biologist (GS-9/11, 1.0 FTE) . . . . . . . . . . . .. . . . . . . . . . . . . . . .
        45,319

Fishery Biologist (GS-5, 1.0 FTE)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
        30,620

Biological Technician  (GS-5, 1.0 FTE)  . . . . . . . . . . . . . . . . . . . . . . . . . .
   24,720

Subtotal salaries  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
      119,760

Fringe benefits (35%)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
        41,916


























   ------------

Total, personnel   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
      161,676

Major equipment

Backpack electroshocker + accessories . . . . . . . . . . . . . . . . . . . . . . . . . . 
     5,000

Subcontract to Washington Dept. of Fish & Wildlife


Smolt trapping M&E on Abernathy, Germany, and Mill creeks . . . . . . . . .
   68,464

Design/Planning (subcontract to Smith-Root, Inc.)

Preliminary survey, hydrology study for replacing weir 



at the Abernathy Fish Technology Center (Task 5a) . . . . . . . . . . . . . . .
   10,000


Engineering design and development of a construction plan



for replacing the weir at the AFTC (Task 5b) . . . . . . . . . . . . . . . . . . . . 
   35,000


U.S. Fish & Wildlife Service Engineering (17% of subcontract). .. . . . . . . .
     7,650

Expendable supplies
Laboratory chemicals/supplies for physiological assays . . . . . . . . . . . . . . . . .   3,000

Nuclear DNA genotypic assays (300 fish @ $60/fish) . . . . . . . . .  . . . . . . . . . 18,000

PIT tags (3,500 @ $2.25 each) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 7,875

Other
Fish food, electricity, misc. hatchery costs ($1,000/mo x 12 mos.) . . . . . .
    12,000

Labor, PIT-tagging fish (3,500 fish @ $1.25/fish) . . . . . . . . . . . . . . . . . 
           3,750

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
   332,415

Indirect costs (34.2 %) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   113,686

Total requested funds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 $446,101
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