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a. Abstract 
This project currently has and will continue to have two major components: smolt production and abundance and adult spawning and movement.  Smolts will be monitored in Hamilton Springs with a modified fyke net or trap, Hardy Creek with a floating fyke net, Hardy Creek spawning channel with a D-frame fyke net, and Columbia River with a screw trap and/or fyke net.  Abundance estimates will be calculated by: marking a sub sample of smolts in the caudal fin, calculating trap efficiency, and statistically analyzing the results.  Egg-to-smolt survival will be evaluated by installing redd caps and monitoring swim-up timing.  Also, installing piezometers and monitoring ground water quality will calculate temperature units for egg incubation.


Weirs will be installed in Hamilton Springs, Hardy Creek, and Hardy Creek spawning channel to collect baseline biological data on adult chum salmon.  Adults will be collected in the Columbia River via tangle nets and seines and fitted with radio tags.  Radio receiver arrays will be installed in the various spawning areas to monitor movement.  Spawning ground surveys will be conducted in Hamilton Springs, Hamilton Creek, Hardy Creek, and Hardy Creek spawning channel to evaluate spawning success and peak count.  Piezometers will be installed to monitor upwelling water quality and quantify any differences with ambient water quality.  

b. Technical and/or scientific background
Historically, chum salmon (Oncorhynchus keta) had the widest distribution of all Pacific salmon species, comprising up to 50% of annual biomass of the seven species and may have spawned as far up the Columbia River drainage as the Walla Walla River (Nehlsen et al. 1991).  Though there is no historic run size data for the Columbia River chum, the maximum historical commercial fishery landings were approximately 700,000 fish in 1928 (Columbia Basin Fish and Wildlife Authority (CBFWA) 1991).  By the 1950s, landings declined dramatically to 10,000 fish (CBFWA 1991).  On May 24, 1999 the National Marine Fisheries Service (NMFS) listed Columbia River chum populations as threatened under the Endangered Species Act (NMFS 1998).

Chum salmon are primarily limited to the tributaries downstream of Bonneville Dam and the majority of the fish spawn in Washington tributaries of the Columbia River.  The only known stable, natural chum salmon production occurs in the Grays River (Gorley Creek), Hamilton Creek, and Hardy Creek (CBFWA 1990, Washington Department of Fisheries (WDF) et al. 1993).  Hardy and Hamilton creeks are the farthest upstream populations at river kilometer (rkm) 227 (Bonneville Dam is rkm 232), separated by over 160 rkm from the Grays River.  Chum salmon have spawned in a side channel of the Columbia River located between Hardy and Hamilton creeks, near Ives Island ("Pierce/Ives Island Complex"), but the extent of spawning and production is not known.

The United States Fish and Wildlife Service (USFWS) Columbia River Fisheries Program Office (CRFPO) has monitored adult and juvenile chum populations on Hardy Creek since 1997.  In 1999, Bonneville Power Administration (BPA) funded CRFPO to monitor the chum salmon runs in Hardy and Hamilton creeks as well as the Pierce/Ives Island Complex.  Continued monitoring will provide a better understanding of the life history requirements for Columbia River chum salmon.

c. Rationale and significance to Regional Programs
Specific Benefits to the NPPCs Fish and Wildlife Program

2.2A  Support Native Species in Native Habitat
The Hardy and Hamilton creek chum population has remained viable despite the system-wide crash of the 1950s (ODFW and WDFW 1995).  This stock of fish is one of the few native, naturally reproducing and genetically pure populations of salmon in the Columbia River basin.  The Hardy-Hamilton-Ives Island complex supports greatest number of adults upstream of the Grays River population and are genetically distinct.  Therefore, maintaining this population is critical to chum salmon in the Columbia River.

2.2E  Columbia River Basin Reservoir Operation and Accounting Procedure
The Hardy-Hamilton-Ives Island spawning fish are affected by the operation of Bonneville Dam.  Along with other factors, release of large amounts of water create stagnant and backwater conditions in Hardy Creek.  This impedes spawning activity and can caused siltation and destruction of redds.  Conversely, low flow conditions significantly reduce or eliminate access to all three spawning areas.

3.3  Endangered Species Act Monitoring
Chum salmon are currently proposed for listing as threatened under the Endangered.  Species Act.  Monitoring and evaluation of this population of chum salmon will continue to be the focus of this project.

4.1 Salmon and Steelhead Goal:  Double Salmon and Steelhead Runs without Loss of Biological Diversity
Continued monitoring and evaluation of the Hardy Creek spawning channel will help to assess the feasibility of similar projects for future enhancement goals.

4.3C  Population Monitoring

This stock of chum salmon, being one of a few remaining in the Columbia River, should be the indicator population in the area and should be the focus of more intensive monitoring and enhancement.

7.1A  Evaluation of Carrying Capacity

Completion of the objectives outlined in this project will help facilitate chum salmon recovery and enhancement in other areas as well as the Hardy-Hamilton-Ives complex.

7.1C  Collection of Population Status, Life History, and Other Data on Wild and Naturally Spawning Populations

Baseline biological characteristics of chum salmon adults and smolts along with basic life history requirements are essential to recovery.

7.1D  Wild and Naturally Spawning Policy

This stock of chum salmon is one of the last wild and naturally spawning populations of any salmonid species, not influenced by artificial propagation, in the Columbia River basin.  Therefore, conservation and management of this stock should be given priority.

7.5D  Columbia River Chum Salmon

This project mitigates for chum salmon losses due to hydropower development and will improve management and enhancement of a stock currently affected by hydropower operations.

7.6 Habitat
This project will help to identify critical habitat and conditions associated with spawning, incubation, emergence, and emigration of chum salmon.

d. Relationships to other projects 
 
This project complements ongoing investigations by Oregon Department of Fish and Wildlife, Washington Department of Fish and Wildlife, and USFWS (BPA Project 99-003-01) of chum salmon and fall Chinook spawning, habitat use, and biological characteristics in the main stem Columbia River near Ives Island.

e. Project history (for ongoing projects) 

In 1999, a radio telemetry study was implemented to evaluate distribution and movement of adult chum salmon between three separate spawning areas.  Subsequently, smolt out-migration was monitored to determine spawning success and population abundance.  Nineteen adults were tagged in 1999 and 52 in 2000.  In both years adults moved between all three spawning areas.  The extent to which is not known as the weir in Hardy Creek was washed out in 1999 after only a few days of trapping and there were extremely low flow conditions in 2000, preventing volitional movement.  Hamilton Springs is a much more stable environment therefore, fish readily moved to the Columbia River sites and back.

Adult populations were estimated in Hardy Creek since 1997 and in Hamilton Springs since 1999.  Estimates were calculated by Area-Under-the-Curve methodology (Ames 1982) in both systems, except in 2000.  Mark-recapture methods were used to calculate abundance estimates in the 2000 spawning season.  Hardy Creek population estimates in 1997, 1998, 1999, and 2000 were 177, 729, 418, and 55+/-4, respectively.  Adult population estimates in 1999 and 2000 for Hamilton Springs were 318 and 157+/-5, respectively.  

f. Proposal objectives, tasks and methods
Specific project objectives (numbered) and tasks include the following:

1. Assess movement of adult chum salmon among three spawning areas:  task; capture and radio tag adults in Hardy Creek, Hamilton Springs, main stem Columbia River, and at Bonneville Dam to monitor movement using fixed station arrays and mobile tracking units.

2. Determine abundance and baseline biological characteristics of adult chum salmon: tasks; install and operate weirs in Hardy Creek, Hardy Creek spawning channel, and Hamilton Springs; conduct spawning ground surveys in Hardy Creek, Hardy Creek spawning channel, Hamilton Creek, and Hamilton Springs;  measure sub sample of eggs to determine ratio of female length to number of eggs and egg size.

3. Determine chum smolt production and abundance in Hardy Creek, Hardy Creek spawning channel, Hamilton Springs, and main stem Columbia River near Ives Island:  tasks; install fyke nets in Hamilton Springs, Hardy Creek, and Hardy Creek spawning channel and evaluate abundance using mark-recapture techniques; install screw trap in Columbia River near Ives Island to evaluate smolt abundance using mark-recapture techniques; evaluate homing fidelity by marking smolts in Hardy and Hamilton Springs with a strontium chloride solution.

4. Evaluate habitat parameters associated with chum salmon spawning success:  tasks; monitor intragravel water quality near redds at egg pocket depth using piezometers; install redd caps in Hamilton Springs and Hardy Creek to determine swim-up timing and temperature unit requirements for egg incubation.

Methods
ADULTS

Adult Weir

Adult chum salmon were captured in November and December in Hardy Creek by a resistance-board weir (Tobin 1994, Schroeder 1996) and in Hamilton Springs by a picket weir (Schroeder 1996). Since the weirs only trapped upstream fish, the weirs were only fished three days a week to allow for volitional fish movement.

Captured fish were anaesthetized in a water bath containing a solution of MS-222 (tricaine methanesulfonate).  Fish were bio-sampled, marked with a jaw tag, and secondarily marked with a hole-punch in either operculum.  Hole-punches were rotated on a weekly basis to determine time of marking if other marks were lost or not detectable.  A scale sample was taken for age analysis.  Select adults (i. e. good condition and not "spent" or "spawned out") were fitted with a LOTEK radio transmitter (gastric implant, 7 volt, 30 g, 148-152 Mhz) and were released immediately upstream of their capture site.  

Adult  Movement

All fish tagged in Hardy Creek were captured using a seine, while the fish tagged in Hamilton Springs were captured with the picket weir.  Chum salmon movements were tracked between the three primary spawning grounds using LOTEK telemetry receivers placed at five sites:  near the mouths of Hardy and Hamilton Creeks, near the spawning area of Hardy Creek and Hamilton Springs, and at the Pierce/Ives Island Complex.

Spawning Ground Survey


Spawning ground surveys were performed from November through early-January in 1999 and 2000.  One to three surveyors walked the edge of the stream and visually enumerated the number of live fish, redds, and carcasses.  Carcasses were bio-sampled and scales were taken for aging.  Peak counts were determined by summing the number of live chum and carcasses present in the stream during the spawning ground survey.


Recovered radio and jaw tags from carcasses were used to estimate the stream-life of individual fish.  Stream-life is defined as the time spent in the stream from tagging until carcass recovery and is used along with peak counts in the Area-Under-the-Curve program to produce population estimates (Ames 1982).  Peak counts are plotted to produce a curve.  The program calculates area underneath the curve.  Divide this area by the residence time to produce a population estimate.  So, the shorter the residence time, the larger the population estimate, and the longer the residence time, the lower the population estimate.

JUVENILES


Juvenile salmon were trapped from late February until May or June.  In Hardy Creek, a floating fyke net modified from Davis et al. (1980) was used to capture smolts, while a traditional D-frame fyke net was used in Hamilton Springs.  Out-migrant traps were checked daily, where all captured fish were identified to species, checked for marks, and enumerated.  Hobo Tidbit temperature loggers recorded water temperature every 4 hours.  Daily averages were calculated from these readings.  Discharge was also calculated once per week in both Hamilton Springs and Hardy Creek.


Once per week, fish were anaesthetized, measured for fork length, and individually marked on the caudal fin with a florescent dye using a Photonic tag injector.  A different color dye was used each week and for each trap. A maximum of 200 chum salmon were marked and released upstream at dusk to reduce predation risk (Murphy et al. 1996).  A sub sample of marked fish (20 or 10% of the total number marked if less than 200 fish) was held overnight in a live box to evaluate short-term mark retention and survival (Murphy et al. 1996).  Weekly trap efficiencies were determined for each trap by the percentage of marked fish recaptured within a weekly marking period.  If there was not a significant difference in trap efficiencies between marking periods (Chi-Square p<0.05), they were grouped and mean trap efficiency was used to calculated daily abundance.

g. Facilities and equipment
USFWS staff members will be stationed at the Columbia River Fishery Program Office in Vancouver, WA where there is office space for specific chum personnel.  Parking for GSA and Department of the Interior vehicles are available at the office.  Warehouse and shop space is available in Salmon Creek, WA and on the Pierce National Wildlife Refuge (NWR) to be used for maintaining and storing supplies and equipment.  Personnel from USGS will be stationed at the Columbia River Research Lab in Cook, WA.


Lotek telemetry receivers and antennae will be borrowed from USGS.  Fixed site receivers will be established on the Pierce NWR, Ives Island, at the Hamilton Creek bridge in North Bonneville, and at Hamilton Springs.  Radio tags will be borrowed from University of Idaho and purchased from Lotek in Newmarket, Ontario Canada.


One jet boat will be leased from USFWS and used to tangle net and radio tag adult chum in the main stem Columbia River.  The boat is stored at the Ridgefield National Wildlife Refuge in Ridgefield WA.


A resistance board weir will be constructed and installed in Hardy Creek on Pierce NWR and a picket weir will be constructed and installed in Hamilton Springs.  Seines and fyke nets will be used to capture adults and smolts in Hamilton Springs, Hardy Creek, Hardy Creek spawning channel, and Columbia River.  A screw trap will also be used to capture smolts in the Columbia River.


Piezometers will be purchased from Solinst in Georgetown, Ontario Canada and redd caps will be constructed and installed in Hamilton Springs, Hardy Creek, and Hardy Creek spawning channel.  An underwater video camera with web access will be purchased and installed in Hardy Creek.  Temperature loggers will be purchased and placed in Hamilton Springs, Hardy Creek, and Hardy Creek spawning channel.  A precipitation logger will be purchased and installed at Pierce NWR.


Miscellaneous equipment including GPS units, flow meters, cellular phones, personal computers, laptops, etc. will be stored at the CRFPO.
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THOMAS A. HOFFMAN 

Fisheries Sampling Experience

· Boat, drift-boat, backpack, and bank electro fishers

· Tangle nets, trap nets, fyke nets, seine nets, gill nets, kick nets, screw traps, weirs, and trawls

Fisheries Biologist
United States Fish and Wildlife Service, Vancouver, WA

· Constructing fish weirs for collection, radio tagging, and tracking of adult chum salmon

· Radio tag chum salmon in Columbia River and two tributaries to assess movements between spawning grounds

· Conduct spawning ground surveys to evaluate spawning success and peak chum salmon count

· Install piezometers and redd caps in chum salmon spawning areas to monitor water quality and egg-to-smolt survival

· Trap emigrating chum smolts from spawning areas to assess abundance and residence time

· Analyze adult biological and radio telemetry data and smolt abundance data for incorporation into internal and annual reports and water management

· Conducted habitat surveys and biosampling for larval and adult lamprey in Cedar Creek

· Pit tagged adult lamprey to evaluate movement to spawning grounds
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