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a. Abstract 

Duncan Creek was historically an important spawning area for chum salmon. In 1963, a dam and culvert were placed near the mouth of the creek. Chum returns rapidly declined and by 1969 no chum were found in the basin. 

A three-pronged approach is being used to once again produce a self-sustaining chum salmon population in Duncan Creek. This approach includes modifying the dam, enhancing spawning habitat, and using local brood stock to reintroduce chum into the basin. Dam modification was accomplished in November 2000, stream restoration was completed in November 2001, and brood stock collection was begun in November/December 2001.  

This proposal addresses the continued collection of brood stock and outlines a comprehensive plan for monitoring and evaluating the Duncan Creek chum reintroduction.  To “jump-start” the reintroduction program, eggs are currently being collected from adjacent chum salmon stocks (e.g. Hardy and Hamilton Creeks, and the Ives/Pierce Island complex), incubated at the Washougal Hatchery, and will be liberated into Duncan Creek after hatching.  In future years, incubation may occur in streamside incubators as well.  Developing embryos will have their otoliths thermally marked during incubation. Otolith marks will be utilized to evaluate the fry-to-adult survival rates of the introduced fish.  The occurrence of non-marked adult chum entering the stream will be used to estimate how quickly wild fish are recolonizing the stream.  The physical conditions in the newly renovated stream channels will be monitored as well as the egg-to-fry survival rates of natural spawners. 

The principle objectives of this project are to continue the collection of brood stock for use in the Duncan Creek reintroduction, to monitor and maintain the physical conditions necessary for chum salmon spawning in the newly renovated stream channels, and to evaluate the viability of using this approach to chum salmon recovery as a template for future reintroduction projects.

b. Technical and/or scientific background

In March 1999, the National Marine Fisheries Service (NMFS) listed Lower Columbia River chum salmon as a threatened species under the auspices of the Endangered Species Act (ESA).  Currently, two genetic enclaves of Lower Columbia River chum salmon are recognized - one that returns to the Grays River and a constellation of populations that utilizes Hardy and Hamilton creeks and the Ives/Pierce Island complex (mainstem Columbia) just below Bonneville Dam. A third smaller group has been discovered utilizing two spawning locations just upstream of the I-205 bridge – a near shore, spring-seep area normally accessible on high tides (Rivershore Site), and a deeper water location just upstream (Wood’s Landing site).  Based on allozyme analysis, it was determined the Ives/Pierce Island complex and Wood’s Landing/Rivershore chum are relatively similar to each other and most closely related to the chum populations in Hardy and Hamilton creeks (Anne Marshall, WDFW, personal communication). 

In the early twentieth century, hundreds of thousands of chum salmon utilized numerous Lower Columbia River tributaries and mainstem spawning sites.  Since then, habitat alterations leading to altered flow regimes, riverbed movement and heavy siltation have been largely responsible for the decline in this species in the Columbia. Chum salmon are known to prefer to spawn in areas with low velocities that contain springs, seeps, or upwelling flows.  The few stable spawning areas that are still extant are often in danger of being destroyed by flood events or development.  This is evidenced by the recent loss to flooding of the Gorley Springs spawning channel on the Grays River and the previous flood events in Hamilton Spring, which necessitated habitat restoration/protection efforts there.  In addition, low water years, such as that experienced in 2001, and fluctuating flows may limit access to spawning areas below Bonneville Dam preventing successful spawning and potentially creating overcrowded conditions in available areas.

Duncan Creek, a Washington tributary that enters the Columbia at river mile 140, was historically an important spawning area for chum salmon.  Surveys conducted in 1951 by the Washington Department of Fisheries found over 500 chum salmon utilizing the natural springs in Duncan Creek for spawning. Duncan Creek has a high concentration of natural seeps, is a relatively short watershed, and has a low gradient; all of which make it an ideal spawning location for chum salmon.  Geographically, Duncan Creek is very similar to Hardy and Hamilton creeks.  In 1963, a dam was placed near the mouth of the creek and a culvert was installed for fish passage. However, chum returns rapidly declined and by 1969, no chum were found in the basin. Landowner agreements and dam modifications completed in the fall of 2000 have, once again, made passage for chum salmon to enter this stream. Restoration of four spring channel reaches historically used by chum salmon was completed in November 2001 and brood stock collection for reintroduction of chum into Duncan Creek is currently underway.  The next phase in the Duncan Creek reintroduction project is the implementation of a plan to monitor and evaluate the progress and effects of this reintroduction.

The Lower Columbia River and Columbia River Estuary Subbasin Summary (Subbasin Summary) prepared for the Northwest Power Planning Council (NWPPC) states that chum salmon stocks in the Columbia River basin have declined to less than 1% of historic levels.  The Subbasin Summary provides a synopsis of the Limiting Factors Analysis completed by the Washington State Conservation Commission for the Bonneville Tributaries Subbasin (2000).  Limiting factors addressed by this proposal include:  (1) the limited amount of lower gradient habitat for spawning and rearing of anadromous salmonids within the subbasin, (2) the accumulation of fine sediments in the spring-fed areas of Duncan Creek, and (3) the lack of water quality data within the subbasin.  This proposal also addresses the general information needs identified in the Subbasin Summary for the reintroduction of chum salmon into Duncan Creek.  These needs include an examination of  (1) egg-to-fry survival rates in the renovated stream channels, (2) survival of eggs and fry used in the artificial rearing program, (3) survival and spawning ground distribution of adult chum salmon produced from the renovated habitat areas and from the rearing program, (4) the straying rate of non-project chum into Duncan Creek, and (5) the physical characteristics present in the renovated portions of Duncan Creek.  This information will help to answer questions about possible domestication effects on artificially reared chum, how well chum salmon native to the Columbia River survive in the renovated areas, and whether the habitat created actually resembles what was recommended. 

Water levels in the lower Columbia River in the summer of 2001 were the second lowest on record.  At that time, it was feared that if conditions persisted into November and December returning chum salmon would encounter limited access to spawning areas.  During low water conditions, the chum population below Bonneville is the most at risk, as low water in Hamilton and Hardy Creeks may create a complete barrier to fish passage, while much of the Ives Island spawning area may be too low for successful spawning, if not completely exposed.  The I-205 population may also be threatened if near-shore seep areas are not accessible.  Allowed to fare on their own, these populations may experience overcrowding of remaining available habitat, a significant increase in pre-spawning mortality, or, at worst, the complete loss of a brood.  

In response to the situation, the Bonneville Power Administration (BPA) requested the Washington Department of Fish and Wildlife (WDFW) generate a chum salmon “salvage” plan outlining potential options for emergency intervention.  A plan was developed (Chum Salmon Salvage Plan:  Fall 2001) with the goal of preserving genetic diversity within the population by ensuring adequate numbers of chum salmon survived to spawn successfully, either naturally or artificially.  The plan outlines options for expanding the Duncan Creek reintroduction brood stock collection protocol to encompass other areas determined to be at risk.  The plan was submitted as an addendum to the Duncan Creek reintroduction project and has been incorporated into the work currently underway.

This project proposes to continue the collection of chum salmon brood stock for the Duncan Creek reintroduction project, and to implement a comprehensive monitoring and evaluation plan designed to assess the viability of using this approach for reintroduction of chum into other critical areas.  In addition this project proposes to retain the options outlined in the chum salvage plan for collecting brood stock when low water/flow conditions exist.


c. Rationale and significance to Regional Programs
This project represents just one part of an ongoing effort to re-establish chum in the Duncan Creek basin.  WDFW along with local Skamania landowners have forged a partnership to reopen this watershed.  In the fall of 2000, salmon recovery funds from the State of Washington and the Skamania Landowners Association were used to significantly alter an outlet to a man-made lake that was created by damming Duncan Creek in 1963.  All total, over $500,000 (including $130,000 in cash contribution from the Skamania homeowners) was spent to retrofit the dam with a passage structure.  

The dam modification and stream restoration work completed to date on Duncan Creek has reopened the basin for chum.  This project proposes to evaluate the success of this habitat as a spawning refugia by conducting adult fish counts, determining egg-to-fry survival rates and by monitoring a variety of physical parameters, e.g. intra-gravel and surface water temperatures, vertical hydraulic gradients, coefficients of permeability, intra-gravel DO, gravel composition, flow, water velocity and water depth in the created spawning area.  

Secondarily, the project will examine the utility of “jump-starting” chum salmon recovery efforts by importing eggs obtained from adjacent populations. All chum eggs imported into the system will be thermally marked making it possible to identify these fish at the adult stage. The number of adult chum salmon originating from strays and imported eggs returning to Duncan Creek will be determined making it possible for us to evaluate the relative contribution rates of artificially introduced fish and natural strays returning to the Duncan Creek site. The newly established habitat and our reintroduction effort will both provide clear survival benefits to Lower Columbia chum salmon returning to the Bonneville subbasin.  The enhanced spawning channels may also be used as spawning and rearing areas for steelhead, coho, and cutthroat, which also inhabit the area.  Steelhead are listed as threatened under ESA, while coho and cutthroat stock status are being reviewed for possible listings. 

The creation of protected spawning areas for chum salmon has a long history, with the development of spawning channels in Canada representing the first use of this management tactic.  This project is the third phase in the effort to produce a self-sustaining population of chum salmon in Duncan Creek.  This type of approach is suggested in a number of recent plans that have been developed to recover listed chum salmon populations, and is consistent with the goals of the WDFW Fisheries Management and Evaluation Plan (FMEP) (Rawding et al. 2001).  Recently, the Grays River Hatchery Management Plan (WDFW 1999) and the Hood Canal ESU Summer Chum Conservation Initiative that was jointly developed by WDFW, Point-no-Point Treaty Tribes, USFWS, and reviewed by NMFS (WDFW et al. 2000), propose that chum salmon recovery can be realized by creating natural, protected spawning areas for these fish. Both also advocate that donor brood stock from adjacent populations should be used to re-establish chum populations in streams where they used to exist.  This proposal is also consistent with the Columbia Basin System Planning Salmon and Steelhead Production Plan for chum salmon in the lower Columbia Subbasin (WDF 1990).  Planners recommended that a combination of natural and hatchery production would be the most likely way to produce the most rapid sustainable improvement in chum runs.  Specifically, it was assumed that improving habitat conditions would promote efficient natural production.  It was also assumed the most rapid way to rebuild the run would be to combine releases of an appropriate stock into the improved habitat (WDF, 1990).  

The biological and environmental data collected during the course of this recovery effort will also be used to assess the success of this type of recovery strategy in the Columbia.  WDFW and ODFW staffs are currently surveying the Lower Columbia to ascertain the occurrence and abundance of chum salmon in this part of the river.  Additionally, the habitat attributes of the spawning sites found are being recorded.  These data will be used to examine the possibility of creating additional protected spawning sites for other locally adapted chum salmon populations (e.g. in the Elochoman, Lewis, Washougal and Cowlitz rivers plus Skamokawa, Mill, Germany, Abernathy creeks and elsewhere). Hence, this project is a vanguard effort that can be used to assess the basic idea of using protected spawning locations, habitat restorations, and brood stock collection for “jump-starting” reintroduction as tools for chum salmon recovery in the Columbia River.      

The work outlined in this proposal directly addresses limiting factors outlined in the Subbasin Summary concerning the limited amount of low gradient habitat available in the Bonneville subbasin, the accumulation of fine sediment in Duncan Creek, and the lack of water quality data within the subbasin.  This project also correlates directly to RPA Action 157 of the 2000 NMFS Biological Opinion for the Federal Columbia River Power System (FCRPS), which states “BPA shall fund actions to improve and restore tributary and mainstem habitat for CR chum salmon in the reach between The Dalles Dam and the mouth of the Columbia River”.  The Chum Salvage Plan incorporated into this project relates to RPA Action 15 of the 2000 FCRPS Biological Opinion, which addresses flows supporting chum salmon spawning in the Ives Island area below Bonneville Dam, and to RPA 177, which addresses the implementation of NMFS-approved, safety-net projects.

d. Relationships to other projects 
This proposed project is linked to the BPA funded project titled “Evaluate Spawning of Fall Chinook and Chum Salmon Just Below the Four Lowermost Columbia River Mainstem Dams” (Project #199900301).  The primary goal of that project is to collect data concerning fall chinook and chum spawning just below Columbia River mainstem dams so that the hydrosystem can be managed in a manner to protect and enhance these spawning populations.

In recent years, it has become apparent that fluctuating flows may be negatively impacting this population through redd dewatering and lack of access to prime spawning areas.  The federal agencies that operate or market power from the FCRPS, namely BPA, the U.S. Army Corps of Engineers, and the U.S. Bureau of Reclamation reinitiated consultation to consider the effects of the FCRPS on the six species listed during 1999.  Those species listed under the Endangered Species Act at that time included Columbia River chum salmon.  The objective of this consultation was to determine whether the operation of the FCRPS is likely to jeopardize the continued existence of any newly species or likely to destroy or adversely modify designated critical habitat.

During the consultation, NMFS informed the Action Agencies that currently available information would not be sufficient for determining whether any proposed long-term operation of the FCRPS will ensure the survival and recovery of Columbia River chum. NMFS informed the Action Agencies during consultation that it will be necessary to evaluate the contribution of the Ives Island spawning aggregation to the viability of the Columbia River chum salmon ESU in order to resolve uncertainties. 

NMFS anticipates using six types of information to determine whether the Ives Island spawners constitute an independent population.  That information includes genetic differentiation, environmental and habitat characteristics, life history and morphological traits, correlations in abundances, rate of exchange between spawning aggregations, and geographic distribution.

During consultation, NMFS informed the Action Agencies that this type of information would be critical to determining the appropriate long-term operation of the FCRPS to ensure the survival and recovery of Columbia River chum salmon.  So that the Action Agencies will have sufficient information to satisfy the Section 7 (a) (2) obligations, NMFS has proposed to estimate the numbers of chum salmon spawning in Oregon and Washington tributaries below The Dalles Dam.  

The spawning ground surveys are more intensive in terms of geographic coverage and level of effort than those currently performed.  This information will be required by NMFS to determine the importance of Ives Island spawners to the population structure of the ESU.  In addition, these surveys will provide preliminary information regarding chum salmon spawning habitat quality in lower Columbia River tributaries and opportunities for habitat restoration. 

This project proposal compliments the BPA funded project titled “Evaluate Factors Limiting Columbia River Gorge Chum Salmon Populations” (Project #200001200).  The primary purpose of that project is to evaluate factors limiting chum salmon production, spawning group relationships, population dynamics, and biological and ecological characteristics of chum in tributaries and the mainstem below Bonneville Dam.  That project examines factors limiting chum production in Hamilton and Hardy creeks and the adjacent mainstem Columbia River (including adult and juvenile abundance and egg-to-smolt survival), enhances and restores chum salmon production in Hamilton and Hardy creeks and nearby tributaries and evaluates the relationship between mainstem Columbia River and tributary chum salmon populations.  This proposal will expand the coverage to include Duncan Creek.   

Other brood stock efforts have been used within the Columbia River chum ESU.  Grays River chum have been collected for releases into that system.  In addition, fry have been released into Chinook River.  Historically, Willapa Bay origin chum were released by Sea Resources Hatchery.  Those releases have been replaced by Grays River stock.  The attempt is to eventually develop a self-sustaining Chinook River natural spawning population of Columbia River origin.    

Biological data collected during the Duncan Creek reintroduction project will be incorporated into the StreamNet database.

e. Project history (for ongoing projects) 

This project is a continuation of the BPA funded project entitled “Reintroduction of Lower Columbia Chum Salmon into Duncan Creek” (BPA Project # 2001-053-00), and is the third phase of a program designed to re-establish a self-sustaining chum salmon population in the Duncan Creek basin.  

The first phase consisted of modifying the outlet to a man-made lake created by damming Duncan Creek in 1963.  In the fall of 2000, salmon recovery funds from the State of Washington and the Skamania Landowners Association were used to complete this task.  All total, over $500,000 (including $130,000 in cash contribution from the Skamania homeowners) was spent to retrofit the dam with a passage structure, restoring access to the Duncan Creek basin.

The second phase (reintroduction) was begun in the fall of 2001.  Prior to construction a biological evaluation of the project was completed by WDFW (Manlow et al. 2001).  To date, four historically important spring-fed channels within Duncan Creek have been excavated, supplied with new gravel, and restored to pre-dam conditions.  Collection and spawning of adult chum salmon brood stock has begun.  Eggs that will be used to “jump start” the reintroduction of chum into Duncan Creek are currently being incubated at the Washougal Hatchery.  Water chilling equipment necessary for thermally marking developing chum embryos has been purchased and installed at the Washougal Hatchery.  

In the summer of 2001, an addendum to the Duncan Creek reintroduction program, entitled the “Chum Salmon Salvage Plan:  Fall 2001” (WDFW 2001), was developed to address the low water conditions being experienced within the Bonneville subbasin.  It was feared that low water and flow conditions within the basin would limit access to important chum salmon spawning areas putting the population at risk.  The Chum Salmon Salvage Plan has been incorporated into the Duncan Creek reintroduction project and operates under the same BPA project number (#2001-053-00).  The salvage plan addresses several low water scenarios and outlines plans for expanding brood stock collection to include capturing spawning pairs for areas determined to be at risk (e.g. Hardy and Hamilton creeks, Ives/Pierce Island complex).  The plan gives priority to natural spawning when adequate, stable water conditions persist and advocates intervention only when natural spawning is prevented.  The Washougal Hatchery has been identified as the facility to incubate eggs, and rear fry.  Artificially produced fry will be liberated into the appropriate spawning area with a thermal mark unique to that location.  An HGMP for the salvage plan (WDFW 2001)has been completed and submitted to NMFS.

f. Proposal objectives, tasks and methods

Objectives:

The ultimate goal of the Duncan Creek reintroduction project is to re-establish a self-sustaining population of chum salmon in the Duncan Creek basin. Accomplishments to date have addressed limiting factors outlined in the Subbasin Summary by reopening the basin to chum and other salmonids, renovating the spring-fed reaches of Duncan creek, and increasing the amount of low gradient spawning/rearing habitat available in the basin.  The collection of brood stock has begun, with egg incubation occurring at the Washougal Hatchery.  In addition, a chum salvage plan has been developed to ensure the chum population within the Bonneville subbasin is protected during periods of low and/or fluctuating mainstem flows.    

The main goals of this phase of the project are: 1) to continue the collection of brood stock for the Duncan Creek reintroduction and for the chum salvage operations, and 2) to simultaneously evaluate the effectiveness of natural re-colonization and a “jump start” introduction strategy as recovery strategies for Lower Columbia River chum salmon.  The project also has a number of explicit biological objectives consistent with needs identified in the Subbasin Summary.  They are: 1) to ensure that the effective population size of the fish artificially introduced into Duncan Creek is sufficiently large to limit inbreeding and genetic drift (i.e. > 50).  This will be accomplished by collecting and utilizing eggs from at least 25 and up to 50 females, and by fertilizing these eggs in a factorial fashion with a minimum of 25 and up to 50 males. 2) To achieve a 90% egg-to-fry survival rate in the artificially spawned eggs and, when the spawning area is in operation, to achieve at least a 50% egg-to-fry survival rate in this habitat.  3) To achieve at least a 90% survival rate during the rearing period and to release fed fry after they have reached a 1.0 to 1.6 gram body weight.       

The research question addressed by this work is whether it is necessary to import chum into newly created spawning areas in order for these sites to be quickly recolonized.  The null hypothesis is that colonization of chum salmon spawning areas will occur just as rapidly with or without the use of artificially spawned eggs being imported into these locations.  This hypothesis will be examined by counting the number of adult chum salmon entering Duncan Creek prior to the expected return of any of the introduced fish. This will provide us with several years of data that will indicate the occurrence of natural strays into Duncan Creek.   Beginning in 2004, three-year old chum produced by the     reintroduction effort are expected to return. Otoliths from all the fish returning to the site will be collected and decoded to ascertain how many were produced by the reintroduction program and how many were natural strays, or were produced from the newly created spawning area.  

Once fry are produced from the spawning area, they will be passively marked at emergence.  One method of marking uses solutions containing stable strontium chloride. Strontium is a close chemical analog to calcium and is quickly incorporated into otoliths by simple exposure to marking baths.  These marks can be detected visually or by using Wave Dispersive Mass Spectrometry (Schroder et al. 1995).  Since all the artificially spawned eggs will have thermal marks in their otoliths, and channel fry will possess strontium marks it will be possible to document and compare the survival of fry produced from each environment.

The following products will be created by this project:  (1) a temporary adult collection weir will be constructed,  (2) an artificial incubation and chum salmon fry rearing area with chiller boxes (for thermally marking fry) will be built and maintained at Duncan Creek, (3) fry collection boxes will be constructed, and (4) a series of annual reports describing the results of this work will be produced.

Tasks and Methods:

To complete the work briefly described above the following tasks and methods will be employed. 

Construction/Implementation

Objective 1:  Adult collection weir construction

Task a) Design and construct a temporary adult collection weir at Duncan Creek, so returning adults can be enumerated and either spawned naturally or artificially.

Objective 2:  Develop permanent power, water, and phone source at Duncan Creek plus 

          an alarm and backup systems. 

Task a) Provide a permanent water source with an alarm and backup supply system for the Remote Site Incubators and rearing troughs.

Task b) Provide a power source for the chillers used in marking eggs/fry.

Objective 3:  Purchase equipment for incubation of eggs from artificial spawning.

Task a) Purchase three 55-gallon RSIs, plumbing and alarm system..

Task b) Set up RSIs.  Connect plumbing and alarm system.

Task a) Dismantle system after each incubation session is complete.

Objective 4:  Purchase equipment for rearing of artificially produced fry and setup 
 
          chillers for thermally marking fry.

Task a) Purchase eight fiberglass raceways (3 feet wide, 3 feet deep, and 16 feet long), flex hose, valves, plumbing, etc.

Task b) Install raceways and plumbing.

Task c) Dismantle system after each rearing session is complete.

Task d) Install chiller boxes, chillers, and flex hoses at Duncan Creek to thermally mark fry from artificially spawned adults . 

Task e) Dismantle system after each marking session is complete.

Objective 5:  Purchase equipment to estimate fry production from natural spawning. 

Task a) Purchase five Fyke nets (1/8” knotless nylon webbing with a coating to protect the net from UV damage) and construct five fry collection boxes using marine grade plywood and Styrofoam logs for flotation.

Objective 6:  Install security devices at Duncan Creek.

Task a) Purchase and install steel tube gate at road entrance to RSIs, troughs, and monitoring/capturing weirs.

Task b) Install temporary fencing around the RSIs, troughs and chillers.

Out Year Objectives

Objective 1: For security measures, rent and install temporary fencing around RSIs, etc.

Operation and Maintenance

Objective 1:  Keep the spawning gravel in the renovated stream channels free of 


          excessive amounts of fine sediment.

Task a) If large amounts of fines are found to be entering the site, the gravel will have to be cleaned using portable pumps and/or air/water mixtures.

Objective 2:  Monitor and control possible canary reed grass reinfestation.

Task a) Manipulate water levels during the growing season to inundate reed canary grass with at least 0.3 meters of water.  (Note: This would only be conducted if reinfestation becomes evident).  Plant additional shade producing native shrubs, and cover areas with fabric as necessary.
Out Year Objectives

Objective 1:  Based on results from measuring the physical characteristics in the 


          spawning habitat in FY 2003 and the capturing of the naturally produced 

          fry annually, make necessary adjustments to achieve an egg-to-fry survival 

          rate of 40% or more.

Monitoring and Evaluation

A detailed description of the methods summarized here can be found in the following WDFW documents:  “Monitoring and Evaluation Plan for the Duncan Creek Chum Salmon Reintroduction Program” (Schroder 2001) and the “Chum Salmon Salvage Plan:  Fall 2001 – Addendum to the Duncan Creek Chum Salmon Reintroduction Program”(WDFW 2001). 

Objective 1:  Purchase equipment to measure the physical characteristics in the restored 

          spawning habitat in Duncan Creek.  

Task a) Purchase thirty peizometers (1 X ¾” clear polycarbonate with polyethylene nosepieces placed at 50’ intervals in the channel), fourteen temperature loggers (Onset Tidbit recorders), software for temperature loggers, and D.O. and flow meters.

Objective 2:  Measure physical characteristics in the newly restored spawning habitat in


          Duncan Creek.

Task a) After the spawning area has been created it is imperative that its physical                      conditions be measured.  Temperature loggers will be employed to record intra-gravel and surface water temperatures, and peizometers will be installed in the spawning area to so that vertical hydraulic gradients, coefficients of permeability, and intra-gravel DO levels can be obtained.  In the latter case, a portable DO meter probe will be inserted into the peizometers so that it can register intra-gravel oxygen levels.  In addition, gravel samples will be removed and analyzed to document the gravel composition in the spawning area to, first, see how closely it resembled the desired mixture and, second, to track any significant invasion of fines into this area.  If large amounts of fines are entering this site, the gravel will have to be cleaned using portable pumps and air/water mixtures.  Finally, a flow meter will be used to ascertain water velocities and depths in the created spawning area.  This work is being conducted to monitor the site and allow managers to determine when maintenance or ancillary improvements may be necessary.
Objective 3:  Capturing chum salmon from adjacent stocks for the Duncan Creek  

                      reintroduction and the chum salvage operation.

Task a) The method(s) employed to capture adult chum salmon will depend on water levels, and fish location.  Conditions will most likely vary from shallow water areas in the lower reaches of tributaries to deeper areas in the mainstem Columbia River.  Successful brood stock collection will require some experimentation and a combination of the following collection methods.

1) Adult Trap Collection -- Brood stock may be collected from the newly constructed adult collection weir on Duncan Creek or from existing adult traps on Hamilton and Hardy creeks.  The latter are part of the “Evaluate Factors Limiting Columbia River Gorge Chum Salmon Populations” project.  WDFW will work in cooperation with the USFWS to make sure their study is not compromised by the brood stock collection
2) Beach Seining -  Beach seining can be used in areas of shallow to moderate depth and has proven to be an effective means for capturing adult chum in the Grays River area.  WDFW was able to capture over 200 fish for the Grays River chum program using this method.  

3) Tangle Netting – Tangle nets can be used in areas of moderate to greater depth.  They have been utilized by the U.S. Fish and Wildlife Service (USFWS) to capture fish for radio tagging.  

4) Adjusted flows – An experimental approach to capturing adult chum in the Ives Island area, this method involves raising water levels over the Ives Island spawning grounds by increasing flows from Bonneville Dam for a limited period of time.  Theoretically, this will trigger chum salmon staging below to enter the Ives Island area.  Gradual flow reduction will decrease water levels allowing a beach seining crew to enter and capture fish.

Task b) Upon capture, a single fish will be placed into its own holding tube.  The tubes will be 10" (25.4 cm) by 3 feet (91 cm) long PVC pipe, perforated with 1.5" (4 cm) in diameter holes and equipped with removable end pieces or caps.  After a collection episode has been completed, the tubes will be placed in a tanker truck and transported to Duncan Creek and/or the Washougal Hatchery and held until they are spawned. The tanker truck will be equipped with a 400-gallon water tank and an oxygen supply.   

Task c) As outlined in the Chum Salmon Salvage Plan (WDFW 2001), the number of chum salmon collected for brood stock will depend on water conditions and flow levels during the year of collection.  A minimum of 25 – 30 brood stock pair will be collected for use in the Duncan Creek reintroduction program.  In addition, a minimum of 25 – 30 brood stock pair may be collected for each of the spawning areas (e.g. Hardy and Hamilton creeks, Ives/Pierce Island complex) within the Bonneville subbasin if they are determined to be at risk.  For example, if flow levels in Hardy Creek are determined to be insufficient for successful spawning, brood stock may be collected, eggs incubated at the Washougal Hatchery, and fry liberated into Hardy Creek. 

Objective 4:  Purchase equipment necessary to artificially spawn fish.

Task a) Purchase spawning supplies and portable shelter (10’x 20’Tarp World Shelter), dry ice for genetic samples, neoprene waders, boots, raingear, etc..

Objective 5: Spawning and collection of biological data on the adults used as brood   
              stock.  

Task a) Spawning protocols developed for other ESA chum salmon recovery efforts performed by WDFW will be used; these have been described in the Summer Chum Salmon Conservation Initiative (WDFW et al. 2000).  Briefly, prior to spawning each fish will be checked for maturity, if mature, the fish will be killed with a blow to the head, females will be bled by either severing a gill arch or the caudal peduncle. Body weights to the nearest gram will be obtained by using a portable, top loading electronic balance, and fork lengths to the nearest mm will be recorded. The egg mass of each female will be weighed to the nearest tenth of a gram, and will then be split into equal sized aliquots, usually two or three, depending upon the type of factorial cross employed. These aliquots are held in portable coolers until fertilization occurs. Milt is stripped form the males and factorial crosses are carried out.  For example in a 3 x 3 factorial cross, three males and three females are used.  In this case, each female has had her egg mass divided into thirds, and a different male will fertilize each third.  Twenty seconds after gamete activation, milt from a different male will be added to the aliquots to ensure that a high level of fertilization occurs.  After fertilization the eggs will be held in an iodophore solution for one hour before being placed into an incubator.  In Table 1 the other types of biological samples and information that will be collected from each fish used as brood stock is presented. 

Table 1. Types of biological information that will be collected on chum salmon used as brood stock for the Duncan Creek reintroduction program
	Type of Biological Sample Or Information
	Sex Of Sampled Fish

	
	Female
	Male

	Capture Date and Location 
	X
	X

	Spawning Date
	X
	X

	Age as determined by scale reading
	X
	X

	Length to the nearest mm
	X
	X

	Weight to the nearest gram
	X
	X

	Egg Mass Weight
	X
	-

	Reproductive Effort (Body Wt/Egg Mass Wt)
	X
	-

	Mean Green Egg Wt
	X
	-

	Mean Water-Hardened Egg Wt
	X
	-

	Fecundity Estimate (Egg Mass Wt/Mean Green Egg Wt)
	X
	-

	DNA Samples
	X
	X

	Allozyme Samples (Eye, Liver, Muscle, Heart)
	X
	X

	Pathogen Samples (Ovarian Fluid, Kidney, Spleen)
	X
	X


Objective 6:  Incubation and marking of chum salmon fry.

Task a) Incubating newly fertilized eggs.  Incubation will occur at the Washougal Hatchery and/or in two, 50 gallon Remote Site Incubators (RSIs) with a gravity-fed water supply system and low water alarm at Duncan Creek. These incubation systems (Manuel et al. 1991, Wampler and Manuel 1992) are large plastic barrels equipped with an up-welling water distribution system. A pressure plate made of screening and pea-gravel located just above the water distribution pipes uniformly distributes water throughout each barrel.  An eighteen-inch layer of bio-saddles or bio-rings are placed directly above the pressure plate and screened trays that are used to hold eggs are situated above the bio-saddles.  Each barrel also has a lid to keep out light and an exit pipe.  In most applications, eyed eggs are placed into RSIs and allowed to hatch and finish yolk absorption.  Because of the barrel’s design, fry are able to volitionally leave a barrel when their incubation phase has been completed.  In our situation, green eggs will be placed on the trays and allowed to reach the eyed stage of development.  At that time, the eggs will be shocked and mortalities will be counted and removed.  Our brood stocking efforts may provide up to one hundred and fifty thousand eggs, however, each RSI can accommodate one hundred thousand eggs so two of these incubators will meet the incubation needs of this project.

Objective 7: Thermally mark fry from artificially spawned adults.

Task a) Thermal marking of embryos and alevins. Well-established thermal    marking techniques will be used to induce thermal codes into the otoliths of embryonic chum salmon both before and after hatching (Volk et al. 1990; Schroder et al. 1996; Volk et al. 1999). To quickly summarize, otoliths (ear bones) are the first calcified tissues produced by embryonic salmonids.  They often deposit daily bipartite bands, consisting of a white, mostly calcium carbonate zone and a darker proteinaceous one. When water temperatures are relatively constant these zones are not clearly delineated, exposure to cool water induces an optically dense zone in a developing otolith but when diurnal shifts in temperature occur they are clearly demarcated.  This phenomenon was used by researchers to create visible marks in the micro-structure of otoliths by bathing incubating eggs and alevins in relatively cool water (often 3 to 4O C below ambient) at predetermined times and durations.  Bar code rules (Volk et al. 1994) are employed to create distinctive codes that can be read at any time in the life cycle after the marking period has been completed.  To create a reliable source of cold water at Duncan Creek we will bring in approximately 150 amps of 110 watt power and it will be used to run six, 10,000 BTU portable chillers and two water pumps.  The chillers will be able to produce about ten gallons per minute of chilled water and this stream will be pumped into the RSIs to create the needed codes.  These portable chillers can also be operated at the Washougal Hatchery to thermally mark eggs and alevins being incubated there.  This procedure is used throughout the world, with almost a billion salmon a year being marked  throughout the Northern Pacific Rim.

Task b) Capture  chum fry at emergence and load them into raceways.  Fry emerging from each RSI established at Duncan Creek will be trapped in a net lined holding box and removed daily.  Fry being reared at the Washougal Hatchery can easily be moved from incubation trays into raceways.  Gravimetric counts using a portable electronic balance will be made and the number of fry placed into each raceway will be recorded. The raceways can hold 20,000 fry, once a raceway has reached this loading density, fry will no longer be loaded into that raceway.  

Objective 8:  Rear and release chum fry from artificially spawned adults.

Task a) Earlier work cited by the Summer Chum Salmon Conservation Initiative showed that rearing chum salmon until they reached about 1 to 1.5 grams in size appreciably increased their early post-release survival rates (in one case by over 300%).  Consequently, the recovery programs being implemented on summer chum salmon in Hood Canal and also on Lower Columbia River chum in the Grays and Chinook River drainages all call for the rearing of chum to this size prior to liberation. The same protocol will be utilized on this project.  Fiberglass raceways installed at Duncan Creek will have a gravity water supply, providing each raceway with up to 20 gallons per minute.  Standard rearing densities and feeding protocols will be followed, with the fish being fed by hand eight times per day at 3% of their body weight.  

Task b) Collect voucher samples from thermally marked fry before release.  At the conclusion of the incubation/rearing period, otoliths from up to ten fry from each raceway will be examined to document the appropriate code was produced.
Task c) Liberate fry from artificially spawned adults.  In late March to mid-April, fish reared at Duncan Creek will be removed from their raceways and released into the stream at night on a falling tide. Releases under these conditions will be made in an effort to maximize early survival rates.  
Two options exist for rearing and releasing fry hatched from the Washougal Hatchery.  One is to rear fry to size at the hatchery and then transport them to the appropriate release site for liberation.  The other is to transport unfed or partially fed fry to rearing locations situated in Hardy, Hamilton, and Duncan creeks.  In each of these locations it may be possible to hold and rear juveniles in seep areas.  Duncan Creek , for example will have cross-weirs in place for this purpose as well as portable fiberglass raceways.  Hardy and Hamilton creeks on the other hand, have traps that can be modified to hold juvenile chum in rearing areas.  If this approach is used, bird netting will be stretched over rearing sites to help prevent losses from avian predators.  Prior to fry introduction, the rearing areas will be seined or electroshocked to remove any potential predators.  This option may increase homing fidelity since the fish will have additional time to imprint on their rearing and release waters.  
Objective 9:  Collect biological data and estimate actual egg deposition of natural 


          spawners in the restored Duncan Creek channels.

Task a) Survey channels regularly for spawner mortality.

Task b) Take scale samples and fork lengths from all carcasses collected.

Task c) Take a random sample of up to ten eggs to estimate egg size.

Task d) Estimate number of remaining eggs.

Objective 10:  Collect, enumerate and mark naturally produced fry from Duncan Creek

Task a) Use the capturing/monitoring weir, Fyke nets and collection box to enumerate fry daily.

Task b) Collect biodata from fry, including lengths and weights.

Task c) When fry are produced from the newly created spawning habitat, they will also be marked.  Unlike the fish in the RSIs, simple water temperature manipulations cannot be used to mark them.  Instead the fish will be placed into 1000 ppm solutions of strontium chloride and held for four to six hours.  Since strontium is a chemical analog to calcium, the newly emerged fry will quickly absorb and deposit strontium into their calcified tissues (Schroder et al. 1995).  As mentioned above, these marks can be detected in otoliths by using light microscopy and Wave Dispersive Spectrometry.  This form of strontium marking, developed by WDFW researchers, is currently being used in Canada and Alaska to mark millions of salmonid fry.

Task d) Release the fry.

Objective 11:  Summarize, analyze data and write annual reports.

Task a) Determine if the restored channels in Duncan Creek are functioning properly and suggest possible changes.

Task b) Summarize and analyze data from artificially and naturally spawned fish.  Estimate egg-to fry survival rates for both groups.

Task c) Write reports.

Out Year Objectives

Objective 1:  Collect otoliths from returning adult chum salmon.

Task a) Stream surveys will be conducted throughout the Bonneville subbasin (including Duncan, Hardy and Hamilton Creeks and the mainstem Columbia River) beginning in October, 2004.  Surveyors will collect otoliths from adult chum salmon carcasses.

Objective 2:  Process Otoliths

Task a) Otoliths will be processed  to evaluate the relative contribution rates of artificially and naturally produced fish and natural strays returning to Duncan Creek.

Objective 3:  Summarize data and report results in reports and peer-reviewed literature.

Task a) Data will be analyzed to determine egg-to-fry survival rates in the renovated stream channels, survival rates of eggs and fry used in the artificial rearing program, survival and spawning ground distribution of adult chum salmon produced from the renovated habitat areas and from the rearing program, and the straying rate of non-project chum into Duncan Creek.  The physical characteristics present in the renovated portions of Duncan Creek will be examined to evaluate the habitat created through restoration efforts. The chum salmon recovery strategies of  natural re-colonization  and “jump-start” reintroduction will be evaluated to determine the effectiveness of each.  The question of whether it is necessary to import chum into newly created spawning areas in order for these sites to be quickly re-colonized will be addressed.

g. Facilities and equipment
The Duncan Creek site will be fitted with a Remote Site Incubator location, an electrical outlet system and water chiller array, a portable raceway complex, and three water distribution systems. The water distribution systems will service the water chillers, the RSIs, and the portable raceways.  All of these facilities are temporary and will be removed after a self-sustaining population of chum salmon has been established at Duncan Creek.  Key equipment to carry out this work includes the RSIs, fiberglass raceways, water alarm system (standard WDFW design) Ohaus portable balances to weigh adult fish, eggs, and egg samples, a YSI DO meter and probe to measure dissolved oxygen in the newly created spawning habitat, piezometers, a McNeil gravel sampler, a digital flow meter, and temperature loggers.  A portable shelter, either from tarp world or some other vendor will be used to create a protected location for spawning and also to provide protection for the water chillers. Depending upon security risks, cyclone fencing may be rented or purchased and placed around the incubation, thermal marking, and fish rearing facilities.

At the Washougal Hatchery, there is an asphalt-lined pond that will be used to hold adult chum until spawning.  Spawning will occur under cover, in the incubation room.  All biological data collections, factorial matings, and PVP treatment will take place in the incubation room.  The hatchery is equipped with 1,152 vertical stack incubators, allowing eggs from individual females to be incubated in separate trays.  This approach will allow us to evaluate the survival of offspring produced from each female.  Water chillers and flex hose have just been installed at the hatchery so that it will be possible to thermally mark the fish while they incubate. The hatchery has two concrete shallow troughs, four fiberglass troughs, and 24 concrete raceways.  Twelve of the raceways are 80 feet long by 20 feet wide, and 3.1 feet deep and have a unit volume of 5,000 cu feet.  The other twelve are 135 long, 17.5 feet wide and 3.7 feet deep and hold 8,750 cubic feet of water.  A tanker truck equipped with a holding tank and oxygen is also available.  Additional details about the rearing facilities at the hatchery can be found in the HGMP developed for the coho and chinook programs located at the Washougal Hatchery.  

Boats and beach seines for capturing brood stock are available from the WDFW. 
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Fisheries Research Scientist II
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Bachelor of Fisheries Science, University of Washington: 1969
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Areas of Expertise

Steve Schroder has been a practicing fisheries research scientist for the past thirty years.  His graduate work was centered on the reproductive ecology of chum salmon.  In his role as leader of the Ecological Investigations Unit, he and his staff have invented and refined two methods that can be used to mass-mark embryonic salmonids, thermal marking and marking by immersion in solutions containing stable alkaline-earth elements.  For the past three years he has lead efforts to recover ESA listed chum populations in the Hood Canal ESU and in the Lower Columbia River. Additionally he has lead efforts to recover coho and sockeye populations. These programs have included working with local enhancement groups, tribes, universities, non-profit organizations, and local governments.  All of them have comprehensive evaluation components so that egg-t—adult survival rates be quantitatively assessed.  Moreover, these efforts have been designed so that it will be possible to determine if any inadvertent domestication effects are manifested on the adults produced by each recovery project.  Finally, Steve and other colleagues are also investigating whether exposure to hatchery environments significantly impacts the reproductive competence of hatchery-origin salmonids when they are allowed to reproduce under natural conditions. In summary he possesses expertise in general salmonid ecology, juvenile and reproductive behavior, salmonid recovery planning and evaluation, thermal and strontium marking, salmonid culture including the invention of alternative fish cultural practices, and project administration.
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1986-1988
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Expertise:  The primary area of my expertise is salmon and steelhead biology and management including population dynamics, life history, stream ecology, stock assessment, and harvest management.
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Grays Harbor College, 1980

Summary of Qualifications

Twenty-one years of service for Washington Department of Fish and Wildlife/Pacific States Marine Fisheries Commission on fishery management and research programs.  Eighteen years experience on Columbia River data collection and fisheries management.  Extensive experience in data collection, coordination, summarization, and analysis plus designing and planning research activities.      

Experience 

1981-present:
Pacific States Marine Fisheries Commission.  Originally on the Washington portion of the coded-wire tag recovery program.  Part of current daily duties includes supervising the adult and stranding studies on BPA Project # 199900301, “Evaluate Spawning of Fall Chinook and Chum Just Below the Four Lowermost Mainstem Dams”.  Also, current daily duties include supervising chum brood stock collection on BPA Project # 200053000 “Re-Introduction of Lower Columbia River Chum Salmon into Duncan Creek”.  
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