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Background

Ross Reservoir harbors an important population of Skagit Basin native rainbow trout.  These fish are believed to descend from native summer-run steelhead that at some time in the past were able to ascend natural barriers and colonize the Upper Skagit River Basin (Johnston 1989).  For decades subsequent to the construction of three major hydroelectric dams, this population has supported a unique quality rainbow trout fishery in the region.  

During the last two decades, through Washington Department of Fish and Wildlife (WDFW) study efforts and the most recent Seattle City Light (SCL) hydroelectric project relicensing process, several steps were taken to address declining trends in rainbow trout production in Ross Reservoir.  Management strategies emphasized approaching carrying capacity through harvest regulation change and habitat access enhancement.  In 1989, WDFW concluded that the numbers and life history characteristics of Ross Lake rainbow populations were being adversely impacted by current fish management policies and implemented new seasons, gear restrictions, closed waters, and size and creel limits.  The WDFW also identified adverse impacts to the rainbow trout populations caused by manipulations of the environment.  Activities of the SCL hydroelectric project contributed to fish losses through spill, drawdown impacts on zooplankton and benthos productivities, reduced fish access to spawning habitat, and redd inundation (Johnston 1989).

These concerns led to a multi-faceted mitigation proposal during the most recent relicensing process.  In 1991, final mitigations for rainbow trout in Ross Reservoir were agreed upon that focused on restoring access to spawning habitats.  Mitigations included inspection and removal of transitory barriers to migration in the drawdown zone and formation of the Ross Reservoir Resident Trout Working Group.  The rainbow trout resource in Ross Reservoir continues to be managed for wild production.  Co-managers of the resource under US jurisdiction, WDFW and National Park Service (NPS), operate from the Wild Salmonid Policy (WSP) and from the Northwest Forest Aquatic Conservation Plan (NWFACP), respectively.  These policies as well as NPS management policies, emphasize similar management strategies and require extending principles based on native and wild fish production to include all three reservoirs above the anadromous zone.

However, the management approach implemented in Ross Reservoir could not be used to address under seeding of Diablo Reservoir (910 acres) and Gorge Reservoir (240 acres). Fish losses through the dams, inconsistent recruitment from Ross Reservoir populations, inundated riverine rearing habitat, and limited spawning habitat had all contributed to reduce opportunity to fish for and catch rainbow trout in the lower reservoirs.  Yet habitat access enhancement was not an option for mitigation of Diablo and Gorge Reservoir fishery impacts due to the paucity of available spawning habitat.  In the Diablo system only Thunder Creek was thought to have potential rainbow spawning and in Gorge spawning habitat availability was limited to Stetattle Creek.  Some spawning may also occur in the tailraces of the dams.  Mitigation for these fisheries took the form of a supplementation program entitled “Diablo and Gorge Lake Fisheries”.  Section 7.6.4 of the Skagit Fisheries Settlement Agreement provides the implementation and funding guidelines associated with this program.  In the 1991, $300,000 in Seattle City Light (SCL) relicensing settlement funds were set aside for the enhancement of rainbow trout fisheries through supplementation in Diablo and Gorge reservoirs.  However, few specific program goals were outlined; only that up to 400,000 fingerlings derived from native stock could be planted into Ross, Diablo, and Gorge Reservoirs each year.  Fish would only be reintroduced into Ross to replace fish taken for the broodstock program and Diablo and Gorge would receive annual plantings.

 In June and July of 1999, WDFW conducted a pilot study to evaluate fish collection, spawning, and rearing techniques for the program.  Hatchery personnel collected 35 fish and 4,500 eggs from Roland Creek, an east bank tributary to Ross Reservoir.  Fish were dip netted from the creek and held in a net pen at the tributary mouth until ready to be live-spawned.  Eggs were transferred to the Marblemount Hatchery facility and fry were reared until spring of 2000 when a scouring event on Roland Creek led to the release of the fish back into their originating water.  Since that time no attempt has been made to collect fish from the Ross Lake system.

Objective

The objective of the Diablo and Gorge Reservoir Fishery Enhancement and Ross Lake Rainbow Trout Captive Broodstock Program is to supplement rainbow trout populations in Diablo and Gorge Reservoirs in a manner consistent with the Wild Salmonid Policy, NPS management policies, and with the Northwest Forest Aquatic Conservation Plan.  These policies emphasize conservation of native stocks and require minimizing impacts on wild populations.  Through a combination of wild fish collection and captive rearing of Ross Reservoir rainbow trout broodstock, the WDFW seeks to develop a sustainable, long term program that will support the native populations, minimize impacts of cultured fish to wild populations in the basin, and enhance recreational opportunity.

Rationale and Management Considerations

Mitigation for project impacts and resource enhancements in the Ross Lake drainage has focused primarily on increasing fish access to spawning habitat.  The goal of WDFW’s Ross Reservoir fish management program continues to be expansion of the rainbow trout populations through enhanced utilization of available spawning and rearing habitat.  Mitigation for project impacts and enhancements of fisheries in Diablo and Gorge Reservoirs will take the form of supplementation as outlined in the Skagit River Hydroelectric Project (FERC No. 553) Fisheries Settlement Agreement.  Supplementation in the lower reservoirs has the potential to generate increased and consistent angling opportunity, which may relieve pressure on the populations of Ross Lake as well by creating the possibility for reductions in fishing effort and harvest there.  This is a particularly relevant issue since Endangered Species Act (ESA) protection of bull trout has eliminated harvest of this predator, which is completely dependant on the rainbow trout forage base.

In order to develop a supplementation program consistent with the WSP, NPS management policies and the NWFACP a broodstock with native origins must be developed and maintained that minimizes inbreeding, disease transfer, domestication, and interaction with wild populations.  The overall population structure throughout the system of reservoirs should be examined to determine the extent of reproductive isolation and genetic diversity within and among major spawning tributaries.  Potential donor stocks require sufficient numbers in order to provide genetically diverse parents while remaining robust despite the harvest of gametes.  Sterilization of planted fish should be considered as a valid option where wild populations do exist in waters managed through supplementation (Hindar et al. 1991).  Finally, hatchery influences on the broodstock should be minimized by utilizing fish culture practices that imitate natural growth rates, age class mixing, and density management and by maintaining a genetic linkage to donor stocks.
The current proposal for establishing a supplementation program for Diablo and Gorge reservoirs begins with identifying the Ross Reservoir rainbow trout stock as the obvious candidate for this program.  Several tributaries of Ross Reservoir have historically harbored populations with sufficient numbers so as not to exceed harvesting sex products from more than 10% of the annual spawning population (Table 1).  The largest tributary in the system, the Ruby Creek drainage, has not been surveyed for spawning fish but accounts for as much as 47% of the total fry contribution into the reservoir from US tributaries (Wyman 1975).  

Table 1.  Numbers of spawning rainbow trout in tributaries with average returns exceeding 500 spawners (Johnston 1989).

	Tributary
	1991
	1992
	1993
	1994

	Lightning

Roland
	51

107
	1554

597
	963

1012
	604

1067


While Ross rainbow have historically been regarded as one stock based on an assumption of common ancestry, it is recognized that some adaptation to local tributaries and reproductive isolation has occurred.  Therefore, collection of tissue from live fish from candidate tributaries and microsatellite DNA analysis should be incorporated into the program during its initial phase.  During the first year, 100 fish should be collected for spawning from three candidate streams to be determined based upon numbers of fish enumerated in preseason surveys.  This will minimize potential impacts on donor stocks by requiring fewer fish from a given stream.  Deriving a broodstock from multiple populations is based on the premise that local Ross stocks are robust to the harvest of gametes and that risks of disease transfer via broodstock replacement plantings outweigh these impacts.  Therefore, cultured fish will not be returned to the Ross system.
Current information on the populations of rainbow trout in Diablo and Gorge Reservoirs is limited but suggests that Diablo Reservoir has extremely limited production from its only major, historically fishless tributary, Thunder Creek.  Gorge Reservoir may receive some recruitment from its only major tributary, Stetattle Creek, but past data on fisheries and rapid growth rates of historically stocked rainbow trout in these waters suggests populations are unstable and recruitment is limited.  Supplementation of these fisheries with triploid rainbow trout from Ross populations was proposed to address issues of fishery enhancement, and would minimize potential impacts on wild populations by greatly reducing genetic introgression by cultured fish.  No evidence currently exists to support the existence of native stocks in Diablo or Gorge Reservoirs.  In fact, Thunder Creek was fishless prior to the flooding of the reservoir and may have received initial plantings of non-native rainbow stocks.  At some point, restoring connectivity between reservoir populations may actually be proposed to mitigate project impacts to fragmented populations.  However, partial sterilization of planted fish has been deemed necessary until genetic relationships of major populations among the three reservoirs can be examined.  Stocking rates will also be monitored closely to prevent competitive impacts and depletion of the reservoir forage bases.  
Consultation with WDFW and US Forest Service geneticists has led to the conclusion that a small but frequent infusion of genes will maintain connectivity between populations of wild and hatchery stocks and will help offset selective pressures of the hatchery environment.  Therefore, captive broodstock will receive annual infusion of wild Ross Lake rainbow genes.  Each spring 10 to 50 fish will be collected from the donor stock tributaries and gametes will be transported to the hatchery to be spawned with hatchery stock.

Program Outline

Given the paucity of genetic data and current uncertainty concerning relationships of tributary populations within the Ross, Diablo and Gorge Reservoirs and associated tributaries, collection of tissue samples from major populations should begin this spring and continue until all major populations have been characterized.  Volunteer groups may be available to help WDFW personnel with tissue sample collection.  

Due to the decision not to replace broodstock with fish cultured from the supplementation program, fish will be collected and spawned with individuals from their own and other tributary aggregations until more is known about the genetic variability among populations.  Historic data suggests that no more than 100 fish should be collected from any given population in a given year.  With an average fecundity of 500 eggs/female, and given a 50/50 sex ratio this would yield 25,000 eggs/year.  Each year over the four year period, 1,000 fish will be withheld for captive broodstock.  The remaining fish can be marked and then stocked into Diablo and Gorge Reservoirs as fed fry in August. 

The settlement agreement provides funding for production of up to 400,000 fingerlings to be planted for supplementation into Diablo and Gorge Reservoirs and as broodstock replacement into Ross Reservoir.  However, this number should serve as an upper limit.  Initial planting rates should begin with WDFW-established rates of 100 fish/surface acre.  This would mean initially producing 115,000 fish for Diablo and Gorge Reservoirs, and 1,000 for captive broodstock.  Up to 46,000 eggs will need to be factored in to account for 40% loss from the egg stage to emergence due to triploid-inducing temperature treatment, totaling 162,000 fish/year.  In order to account for losses associated with program development the initial program goal will begin at 175,000 fish/year.  Broodstock losses could be as high as 30% from the fry stage to maturity in wild fish, therefore 1,000 fish would be retained to yield the 700 adults/brood year needed for the program.  These adults would be held at a lower density (density index of 0.2) than highly domesticated broodstocks (density index of 0.3 or 0.4).  Broodstock would be limited in feed based on water temperature to maintain body sizes and fecundities similar to wild fish.  Information on wild Ross rainbow age at maturity suggests that males should be spawned at ages 2 and 3 while females should be spawned at age 3 or 4 (Johnston 1989).  Surplus broodstock would be released into Diablo Reservoir in limited numbers with adipose fin clips.

2002 DNA Sampling, Egg Take, Rearing and Monitoring Schedule

The first step in developing the captive broodstock will be collection of wild spawning fish from Ross Lake tributaries.  Past assessments of rainbow in Ross Reservoir have yielded an average fecundity of about 500 eggs per female.  In order to meet an initial goal of 25,000 eggs, WDFW proposes collection 100 fish from Lightning, Ruby, and Roland Creeks.  The final decision on tributary selection will be contingent upon a pre-spawning season survey of holding fish in early May and may be influenced by logistical considerations during fish collection.  Fish will be collected over the course of the run in May, June and July with dip nets, fyke nets, and seines and held in net pens at Ross Reservoir until ready to spawn.  Biological data, including scales, lengths, fecundity, and DNA samples will be collected.  Fish will be live-spawned on site and returned to the lake.  One hundred percent sampling of fluids and 150 fry per year will be used to screen for disease in this low-risk system unless the co-managers require the more standard and stringent disease protocol of sacrificing 60 fish for kidney and spleen analysis.  Fertilized eggs will be transported to Marblemount and incubated in vertical trays.  Emergent fry will be moved to shallow troughs and reared inside the facility on pathogen-free water until the following March at which time they will be moved to a raceway supplied with pathogen-free well water.

In addition to aiding in the collection and culture of the fish, the hatchery specialist hired for this project should begin collection of baseline information on the current status of Diablo and Gorge Reservoir fish populations and associated fisheries.  Creel surveys throughout the summer and fall and fish sampling will be scheduled two days a week.  Effort, catch composition, and retention will be assessed.  Biological data, including DNA samples lengths, weights, and scales will be collected to assess growth condition and age class distribution.
Facility Requirements

WDFW Science Division personnel are currently developing specific protocols for matings and holding of the broodstock.  Two raceways have been identified at the WDFW Marblemount Hatchery for holding four age classes of captive broodstock (1,000 fish per brood year) and production numbers of as many as 300,00 fingerlings.  One raceway will be dedicated at the Marblemount facility to the four year classes of broodstock separated by screens, and another raceway will be dedicated from March through May for yearling production. Both raceways receive sufficient well water (318 gpm) throughout the year to prevent the exposure of the broodstock or production fingerlings to diseases carried in surface waters.  Indoor facilities for incubation, hatching and early rearing on pathogen-free water are more than sufficient according to WDFW hatchery staff.  Rainbow will be isolated from other species and stocks through accommodation in reserved vertical stack trays, shallow troughs, and ponds.

Disposition of Fish

Assuming 15% loss from egg to yearling, 21,250 fish will be available for program needs after each of the first, second and third years.  Assuming 30% loss from age one to three and a program goal of 175,000 eggs, 1,000 fish will be set aside for future captive brood stock and 20,250 fish will be marked and planted into Diablo and Gorge Reservoirs.  The program will maintain this schedule for the first three to four years as needed after which time the first captive brood production will begin.  In the third year 350 three-year-old females will be spawned to produce 175,000 eggs.  After setting aside 1,000 eggs for broodstock, those remaining will be raised for one year and adipose clipped.  Allowing for 14% loss, 91,000 fish will be planted into Diablo, 24,000 will be planted in Gorge in June and July, and 700 will be held for broodstock. 

Genetic Sampling Study Design

Population structure of the resident rainbow trout populations is critical to implementation of the program and proper management of these populations.  Several distinct aggregations of spawning rainbow trout are known to exist in tributaries in Ross Reservoir.  Major populations are likely to include those spawning in Lightning, Roland, Ruby, Canyon, Granite Creeks and the Skagit River.  Numerous lesser tributaries also support spawning activity but the reproductive isolation and viability of these spawning aggregations as unique populations is unlikely.  In characterizing the Ross rainbow trout populations it would not be necessary to sample every spawning aggregation (Table 2).

Initial sampling of rainbow trout aggregations in the reservoirs should include the Thunder Creek and Stetattle populations to rule these populations out as potential donor stocks and to address concerns about potential impacts of stocking cultured Ross Reservoir rainbow trout.  Ruby, Rolland and Lightning Creeks should also be included initially since these represent the largest and most likely donor populations.  Skagit River populations make a major contribution to the total population of the reservoir and should, therefore, also be included in DNA analysis.  

Budget

The budget for the first year of operation would include start up costs such as nets, net pens, and DNA analysis (Table 3).  The budget for the following two years will include fish collection and rearing costs, marking costs, monitoring and DNA analysis costs to be distributed over two years (Table 4).

Funds needed to bring a captive Ross Lake rainbow trout broodstock program into production will total $126,900.  Operating costs in subsequent years would include costs for power, fish feed, maintenance costs, and program monitoring not to exceed $20,700 annually (Table 5).  The annual operating cost is expressed as 2002 dollars and shall be adjusted annually using the CPI adjustment method found in the Skagit Fisheries Settlement Agreement.  Development of annual supplemental wild broodstock collection plans are included in the operating budget with fish stocking and fishery assessment programs.  However, long-term implementation at this rate of spending may require additional resources.  Additional funds would have to be approved by the NCC.

Table 2.  Lineal stream miles of accessible spawning areas for Ross Reservoir fish and priority for genetic sampling (from Johnston 1989).

	Stream
	Spawning Sites
	Priority for Sampling
	Cost

	International Cr

Hozomeen Cr.

Silver

Artic

No Name

Little Beaver

Skymo

Lightning

Dry

Pierce

Roland

Ruby

Canyon

NF Canyon

Slate

Mill

Panther

Granite

May

Devils

Big Beaver

Upper Skagit
	Mouth

Mouth and lower 0.50 mi

Mouth and lower 0.49 mi

Mouth

Mouth

Mouth and lower 0.09 mi

Mouth

Mouth and lower 0.23 mi

Mouth and lower 0.48 mi

Mouth and lower 0.08 mi

Mouth and lower 0.31 mi

Mouth and lower 3.60 mi

16.10 mi

0.62 mi

0.47 mi

1.23 mi

0.41 mi

16.45 mi

mouth

mouth and lower 0.08 mi

mouth and lower 6.94 mi
	Low

Low
Low
Low

Low

Low

Low

100 samples

Low
Low

100 samples

100 samples 

Low

Low

Low

Low

Low

Low

Low

Low

Low

100 samples
	5,000
5,000

5,000

5,000

	Thunder Creek

Stetattle Creek
	
	50 samples

50 samples
	2,500

2,500

	Totals
	500 samples
	25,000


Table 3.  2002 budget for the Ross Reservoir captive rainbow trout broodstock program.

	Item
	Cost

	Collection Equipment

     Fyke nets

     Seine

     Dip nets, misc

     Net pens (10x10)

Hatchery Specialist I

    One FTE (7 mo)

Incubation and rearing

     Power

     Fish Feed

DNA analysis

Overhead @20%
	1,000

1,000

500

4,000

17,500

6,000

1,500

10,000 

8,000

	Total
	49,500


Table 4.  2003 and 2004 proposed annual budget for the Ross Reservoir captive rainbow trout broodstock program.

	Item
	Cost

	Hatchery Specialist I

    One FTE (7 mo)

Incubation and rearing

     Power

     Fish Feed

DNA analysis

Overhead@ 20%
	17,500

6,000

1,500

7,500

6,200

	Total
	38,700


Table 5.  Long-term operational budget
	Item
	Cost

	Hatchery Specialist I

    One FTE (4 mo)

Incubation and rearing

     Power

     Fish Feed

Overhead @ 20%
	10,000

6,000

1,500
3,200

	Total
	20,700
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