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A. Abstract 
Rufus Woods Reservoir exists between Grand Coulee Dam and Chief Joseph Dam on the Columbia River.  These are the two largest hydropower producers on the Columbia River system. A controlled riverine environment, Rufus Woods Reservoir displays entirely different characteristics than Lake Roosevelt because:

1. Reservoir levels and flows fluctuate due to power needs. Drawdown at Lake Roosevelt can be as much as 82 feet while in Rufus Woods drawdowns are rarely more than 10 feet.

2. Current velocities are much greater in Rufus Woods due to a much smaller cross sectional area than Lake Roosevelt.

3. Water retention time is much shorter in Rufus Woods (2-4 Days) than Lake Roosevelt (45 days or more).

4. Water temperatures tend to be significantly cooler in summer and significantly warmer in winter than Lake Roosevelt.  

5. In Rufus Woods there is little temperature gradient and no thermocline develops as occurs in Lake Roosevelt.

6. Species viability in Rufus Woods is very different than in Lake Roosevelt with some species only present due to entrainment through Grand Coulee Dam. 

7. Rufus Woods supports two commercial fish farms with an annual production of more than 5 million pounds of salmonids. 

All of Lake Rufus Woods is adjacent to the Colville Reservation and as such these underutilized boundary waters are of primary concern for subsistence, mitigation and cultural opportunities for tribal members.  Recreational interest continues to grow due to the Colville Tribes efforts of purchasing and stocking triploid rainbow trout using tribal dollars.  The last two state record rainbow trout have come Rufus Woods.  Interest continues to grow for increased recreational opportunities.

While operations at the two dams control the physical and limnological status of Rufus Woods, there is much that can be done to understand and manage the aquatic resources.  With sufficient baseline information fisheries and power production can coexist.  An example is dissolved gas abatement plans.

While there have been a few studies of Rufus Woods.  These are outdated, limited or were never completed.  Work to be preformed includes management of fisheries studies within the reservoir, coordination of regional work groups and other research activities.  Stock assessment studies on focal species and resident fish including rainbow trout, kokanee, walleye, bass, sturgeon, and burbot.  Stock assessment will be accomplished through, electrofishing, gill net surveys, beach seining, longline, pot fishing, creel and other methods.  Predation studies will be completed along with the Fall Walleye Index survey (FWIN).  DNA sampling will occur on native rainbow trout with analysis to be contracted.  Macro invertebrate sampling and analysis will be conducted, and periphyton and phytoplankton studies will be initiated with sample analysis to be contracted. Water chemistry studies will include temperature at depth studies.

All work will benefit the understanding of how this reservoir functions.  Management of species for tribal and recreational needs is mandated.

B. Technical and/or scientific background

General Location
Rufus Woods Reservoir is a 51-mile long Columbia River mainstem impoundment located in

north central Washington. Rufus Woods is bounded by Chief Joseph Dam at river

mile (RM) 545.1 at its lower end, and Grand Coulee Dam at RM 596.6 at its upper end.

The Colville Indian Reservation borders the entire north shoreline of the reservoir in

Okanogan County and the southern portion of the Subbasin is located in Douglas County.

The Nespelem River is the major tributary and enters Rufus Woods at RM 582. 

Several lakes and small tributary streams also provide fish habitat, most of

which are located on the Colville Indian Reservation.

Drainage Area

The Lake Rufus Woods Subbasin encompasses approximately 915 square miles of

Douglas and Okanogan counties. The watershed for the Nespelem River consists of 224

square miles and exists entirely on the Colville Confederated Tribes Reservation.

A natural waterfall located at RM 1.5 historically blocked anadromous fish and continues

to block adfluvial resident species from the majority of the Nespelem watershed. Coyote

Creek is the only other watershed that could have sustained anadromous fish, but access

was blocked to fish with the completion of Chief Joseph Dam (Figure 1).
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Figure 1.RufusWoodsSubbasin

Major Land Uses

The region north of the Columbia River is situated within the Colville Indian

Reservation, while south of the Columbia River is mostly comprised of private or public

lands.  Land uses include ranching, farming, and timber harvest. Private and Tribal lands atlower elevation are used to graze cattle mainly in the winter months. Agriculture (mostly hay fields) is common within the broad floodplains of the Nespelem River Valley. Timber harvest is limited to the forested headwaters and tributary reaches. Human development in this area and along the Little Nespelem River has resulted in a highly altered river with considerable artificial confinement and water withdrawals. The United States Army Corps of Engineers (USACE) has several land holdings along Rufus Woods and has developed recreation sites mostly on the western end of the reservoir near

Chief Joseph Dam. An improved boat ramp is available at Seton’s Grove located 4 miles

downstream of Grand Coulee Dam and two other unimproved boat ramps are located

downstream of the Nespelem River mouth on the Colville Indian Reservation. Camping

and boat lunch facilities maintained by the USACE are located 3 miles upstream of Chief Joseph Dam. Several shore fishing access sites are provided by the CCT along the northern shoreline but no public access is available along the southern shore of Rufus

Woods. With the development of a destination fishery at Rufus Woods, managing

people and access has become a larger issue recently and efforts to increase access and

reduce impacts will be important to consider.  There are two commercial aquaculture ventures annually producing more than 5 million pounds of salmonids.  This production is expected to increase substantially. 
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Figure 2.  Rufus Woods Subbasin Streams.

Chief Joseph and Grand Coulee dams have severely altered the landscape of the 

Rufus Woods Subbasin. Before construction of Grand Coulee Dam, the Columbia River

flowed through the present day Rufus Woods Reservoir in a near natural state. The

construction of Grand Coulee Dam has altered the quantity and timing of the Columbia

River throughout much of the mainstem Columbia River, including the present day area

of Rufus Woods. In addition, the construction of Chief Joseph Dam changed much

of the former large riverine system into the present day reservoir (Lake Rufus Woods).

Both Grand Coulee and Chief Joseph dams and their lack of fish passage facilities have

completely eliminated all anadromous fishes that once migrated from the Pacific

Ocean into the mainstem and tributaries of the Columbia River above the present day site

of Chief Joseph Dam. The complete lack of passage has also impacted resident fish,

especially adfluvial life history forms and wildlife that historically traveled along the

Columbia River corridor.

The large amount of energy produced by Grand Coulee and Chief Joseph Dams, along

with increased irrigation capabilities, has helped promote development of the

landscape into a heavily managed area. Agriculture, orchards, logging, and aquaculture

operations all currently reside in the Rufus Woods Subbasin (Jeff Korth, District

Fish Biologist, WDFW, personal communication, 2003).

Road density in the Subbasin range from low to high, with much of the area in the

moderate category. Road densities are highest on the Colville Reservation within the Smith Creek, Kincaid Creek, Coyote Creek, and upper Nespelem River watersheds, all having road densities greater than 3 miles/square mile.

Rufus Woods Reservoir

Entrainment through Grand Coulee Dam from Lake Roosevelt has likely influenced

the fish assemblage currently present in Rufus Woods. Results of a 42-month

entrainment study at Grand Coulee Dam confirmed that entrainment of fish from

Lake Roosevelt significantly influences fish populations in both Lake Roosevelt

and Rufus Woods (LeCaire 1999). Between 1996 and 1999 the average

entrainment through Grand Coulee Dam was estimated using single-beam

hydroacoustics at nearly 403,000 fish annually, totaling over 1.6 million fish

throughout the study. Catch composition of fish observed in Rufus Woods

(Council 2000) are listed as “known.” Many of the fish were not intentionally 

introduced into Rufus Woods, but established populations after being 

entrained from Lake Roosevelt.

Focal Species Selection

Five focal species were selected in the Rufus Woods Subbasin. These species

include chinook salmon, kokanee salmon, brook trout, rainbow trout, and white

sturgeon. The rationale for selection, historic and current status, and current

management for each focal species is provided in Sections 46.3, 46.4, 46.5, and 46.6 

of the Intermountain Province, Rufus Woods subbasin summary report.

Three other species, pacific lamprey, burbot, and walleye were chosen as species of

interest. Species of interest were chosen due to their historic, current, or the future

possibility of being an important ecological, subsistence, or recreational fish species

within the Rufus Woods Subbasin. Although these species were not chosen by

the technical team as focal species, strategies and objectives derived by the 

Rufus Woods work team included these species.

The initial phase of this proposal will focus on species within Rufus Woods Reservoir, kokanee salmon, rainbow trout and walleye with interest in white sturgeon, burbot and other species which interact with focal species.  Starting in year 4 of this study, streams will be added to the study plan and additional focal species will be included.

Focal Species – Kokanee Salmon

Kokanee were selected as a focal species for this Subbasin because of their

subsistence value, their recreational value as a sport fish, and their ecological

significance among the aquatic habitat within the Subbasin.

The salmon Oncorhynchus nerka occurs in two forms: the anadromous sockeye

salmon, and the nonanadromous or resident kokanee salmon. Kokanee are distributed

from the Columbia River system in the South to northern Alaska (Meehan and Bjornn

1991). Kokanee are usually smaller than sockeye salmon, since adult rearing takes

place in less productive lake environments rather than the productive Pacific Ocean.

Kokanee are fall spawners and spawn in either tributaries to nursery lakes or within

suitable habitat along the shores of lakes. Substrate composition, cover, water quality,

and water quantity are important habitat elements for spawning kokanee salmon

(Meehan and Bjornn 1991). Planktonic crustaceans are the primary food source for

juvenile and adult kokanee salmon (Meehan and Bjornn 1991).

Kokanee are a very popular game fish because of their excellent tasting flesh. Native

stocks of kokanee salmon within the Columbia River system may be important for the

conservation and the possible future reintroduction of sockeye salmon, since stocks of

kokanee salmon may contain genetic material from stocks of extirpated sockeye

salmon.

Focal Species – Rainbow Trout

Rainbow trout were selected as a focal species due to their recreational importance as

a sport fish, their subsistence value to Upper Columbia United Tribes, and their

ecological significance within the watershed. Rainbow trout were historically distributed from northern Mexico to southeastern Alaska and inland in rivers that are free of natural obstructions from the Pacific Ocean (Behnke 1992). Rainbow trout exhibit both anadromous and non-anadromous life history strategies, with the anadromous form being referred to as steelhead. Three life history strategies are displayed by non-anadromous rainbow trout. Fluvial fish rear as adults in larger rivers and migrate to tributary streams to spawn, adfluvial fish rear as adults in lakes or reservoirs and migrate to tributaries to spawn, and resident fish spend their entire life cycle in tributary streams. The present distribution of rainbow trout and steelhead has been affected by both indiscriminate stocking practices and habitat alterations (Wydoski and Whitney 2003).

Rainbow trout are a cold-water salmonid that prefer water with temperatures below

21o C and high amounts of dissolved oxygen (Wydoski and Whitney 2003). Rainbow

trout typically mature between age 1 and age 5, depending on their growth rates

(Wydoski and Whitney 2003). Rainbow trout spawn in the spring usually between

February and June, depending on the temperature and location. Substrate

composition, cover, water quality, and water quantity are important habitat elements

for spawning rainbow trout (Bjornn and Reiser 1991). Juvenile rainbow trout

typically prey on drifting organisms while residing in lotic systems and prey on a

variety of planktonic, terrestrial, and bethic organisms when in lentic habitats. Adult

rainbow trout are ominivorous and often feed on the most abundant prey resource at

any given time. As rainbow trout grow in size, a proportion of their diet may be

comprised of fish.

Rainbow trout have been transplanted to many temperate-zone waters in both the

northern and southern hemispheres and have self-sustaining populations in many

areas (Bjornn and Reiser 1991). Two subspecies of rainbow trout exist in the State of

Washington, the coastal rainbow trout (O. mykiss mykiss) and the redband trout (O.
mykiss gairdneri). Redband rainbow trout are native to the IMP and currently at risk

in many areas due to introgression from transplanted coastal rainbow trout stocks.

The extirpated steelhead runs within the IMP were of the redband subspecies (Behnke

1992), therefore conservation of current redband populations may have benefits for

recovering steelhead runs within the IMP in the future with the possibility of fish

passage at Chief Joseph and Grand Coulee dams.

Coastal rainbow trout stocks have been widely propagated and planted

indiscriminately throughout the North American continent. Today hatchery

production of coastal stocks of rainbow trout continues. However, a few facilities are

beginning to experiment with triploiding technology that makes these fish sterile, thus

reducing genetic impacts on local native stocks. Triploid rainbow trout have increased

growth rates once they reach maturity and often obtain larger sizes. Although there is

a movement for native redband conservation in Washington state and Tribal waters,

local redband brood stocks will take many years to develop and are unlikely to

replace coastal stocks in the near future. The Colville Tribal hatchery has made a major effort to move from utilizing diploid coastal rainbow trout stocks to triploid rainbow trout, and is moving into stocking native redbands. In 2007 most, if not all, of rainbow trout stocked by the Colville Tribal Hatchery will be of native redband origin.  This is in compliance with subbasin objectives (2A3 and 2A4) to transform from reliance on coastal stocks to locally adapted native stocks. 

A destination fishery is developing for triploid rainbow trout at Rufus Woods Reservoir due to the efforts of the CCT in conjunction with the private aquaculture. The CCT has purchased triploid rainbow trout ranging to 8 pounds from aquaculture operations for release into Rufus Woods. The results have attracted the attention of many anglers due to stories of rainbow trout in excess of 20 pounds. Rufus Woods Reservoir has produced the last two state record rainbow trout at 26+ and 29+ pounds.

Current Management

Regulations for Colville Tribal members are set by the CCT Fish and Wildlife 

Department and provide for daily and possession limits for trout in all waters of the 

Rufus Woods Subbasin located on the Colville Indian Reservation. Non-Tribal 

members are allowed only 2 trout per day in Rufus Woods Reservoir by both the CCT and State of Washington with a possession limit of two times the daily bag limit. The Nespelem River and all Rufus Woods tributary streams located on the Colville Reservation are currently closed to non-Tribal member anglers.

Focal Species – White Sturgeon

White sturgeon were once abundant in the Rufus Woods Subbasin and provided

subsistence and recreational opportunities. The white sturgeon was selected as a focal

species for the Subbasin because of their cultural importance to the Upper Columbia

United Tribes, and their potential ecological significance within the reservoir habitat.

Information regarding this stock is limited, and potential impacts that passage at Chief

Joseph Dam would have on white sturgeon are unknown. Since dams on both the

upstream and downstream ends of the reservoir confine this population, it is highly

unlikely that a self-sustaining population can persist. Limited scientific knowledge about

this population makes specific actions difficult to address.

White sturgeon are the largest fish found in the freshwaters of North America, with

specimens being reported to reach length of 20 ft and weights of 1, 800 pounds (Wydoski

and Whitney 2003). Reproduction occurs at between 9 and 16 years of age and only a

small percentage of adults may spawn in any given year. White sturgeon migrate great

distances in unimpounded rivers and display both anadromous and resident life history

forms.

White sturgeon in the Columbia River declined in numbers due numerous factors,

including obstruction of migration by dams, altered stream flows, altered temperature

regimes, reduced spawning habitats, and over-harvest (Wydoski and Whitney 2003).

Relative abundance compared to other aquatic species is unknown but presumed to be

low. Numbers of adult white sturgeon within the Rufus Woods Subbasin are

presumed to be minimal (Anders and Powell 1999). Recruitment is also presumed low or

non-existent.

Theoretically, white sturgeon entrained through Grand Coulee Dam may represent gene

flow to the population within the impounded Lake Rufus Woods. However, a recent

genetic survey indicated white sturgeon from Lake Rufus Woods had only a single

observed maternal lineage as compared to the significantly more variable Upper

Columbia River (Anders and Powell 1999). With only seven fish sampled within the

reservoir, genetic diversity remains largely unknown (Anders and Powell 1999). Any

anadromous component to the life history of white sturgeon within the Rufus

Woods Subbasin was lost with construction of Chief Joseph and Grand Coulee dams

without fish passage.

Current Management
White sturgeon are closed to harvest for all anglers in all portions of the Columbia River

upstream of Chief Joseph Dam (WDFW 2003) (CCT 2004). At this time a sufficient
carrying capacity and productivity of white sturgeon to support a sport fishery in 

Rufus Woods Reservoir is unknown and research is still needed to address these uncertainties.

White sturgeon have not been introduced or stocked and no captive breeding programs

currently exist in the Rufus Woods Subbasin.
Species of Interest – Burbot

Burbot were selected as a species of interest for their ecological significance, their native

species status, and their potential recreational importance as a sport fish. Although burbot

are not as sought after by recreational anglers as the salmonids and walleye in the region,

they are excellent table fare. More research needs to be conducted to truly understand the
status of burbot in this Subbasin. Although data on the general population characteristics and distribution is not well understood, burbot are perceived as an important species in the 

Subbasin and warrant research to further understand how they interact with their environment.

Current Management

Currently burbot have a daily catch limit of five per day. This was increased from

previous regulations of two per day in an attempt to increase angler interest and harvest

for burbot (WDFW 2003). No hatchery production or current captive breeding programs

operate within the Rufus Woods Subbasin. Current management direction is to

maintain the harvest regulations that are in place.

Species of Interest – Walleye 

Walleye were not included as a focal species for the subbasin planning process; however

because of their potential ecological significance and popularity as a recreational fishery,

entities within the Rufus Woods Subbasin have included walleye as a “species of

interest.”  Walleye are an introduced species that were first observed in Lake Roosevelt, upriver from Rufus Woods during the early 1950s. Walleye may have occupied fluvial habitat and interacted with indigenous fish species downstream of Lake Roosevelt prior to impoundment by Chief Joseph Dam in 1961. The construction of Chief Joseph Dam and subsequent impoundment (Rufus Woods Reservoir) eliminated anadromous fish

populations above Chief Joseph Dam and significantly reduced the viability of resident

salmonid populations through habitat alterations and passage barriers, while at the same

time increased habitat conducive to introduced species, including walleye. Although the

altered habitat is likely more conducive to walleye populations than that provided during

pre-impoundment, water level fluctuations, short water retention times, and minimal plankton production result in a relatively unproductive aquatic ecosystem (Zook

et al. 1982). Walleye recruitment is thought to be largely entrainment from Lake

Roosevelt rather within reservoir production, although a thorough investigation of

walleye life-history trajectory has not been conducted. Walleye have been and continue

to be a focal target species for recreational angling in Rufus Woods. Specific creel

census data is lacking for Rufus Woods. Because of its proximity to Lake Roosevelt

and common species composition, it is likely that proportional fishery value (percent of

total recreational catch) of the walleye fishery in Rufus Woods during the 1980s

and 1990s mimicked that observed in Lake Roosevelt, where a large proportion of the

recreational catches were comprised of walleye. More recently, rainbow trout associated

with the commercial aquaculture operations within Rufus Woods has gained in

popularity. However, walleye continue to provide a substantial recreational opportunity.

Current Management

Walleye are managed to provide a recreational sport fishery. The current population

supports an important recreational fishery.  Although systematic creel census information

is lacking, the fishery is well-known throughout Washington state. The walleye fishery in

Lake Rufus Woods is co-managed with WDFW.

Environmental Conditions within the Subbasin

Environmental conditions within the Subbasin consists of the impounded portion of the

Columbia River between Chief Joseph and Grand Coulee dams (reservoir habitat),

several tributaries including the Nespelem River (riverine habitat), and several small
lakes such as Owhi Lake (lake habitats).

Rufus Woods Reservoir
Rufus Woods is a reservoir created by the construction of Chief Joseph Dam. Since

it was historically riverine habitat; it was evaluated by the QHA. In general, fisheries in

Rufus Woods are limited by recruitment.  Potential available spawning habitats need to be defined.  Habitats still exist for anadromous fishes but are unused due to lack of passage at Chief Joseph Dam. Nonnative fish stocks are present and complicate native fish management within Rufus Woods, because of competition, predation, and introgression. 

The majority of the aquatic habitat conditions found in Rufus Woods are largely controlled by operations at Grand Coulee and Chief Joseph dams. Chief Joseph Dam has minimal storage capacity and functions as a re-regulating reservoir passing the water released from Grand Coulee Dam either by spilling or power generation. This situation creates variable water levels. Grand Coulee Dam operations (power production and spill) contribute to dissolved gas saturation that has been recorded to 138 percent in Rufus Woods Reservoir (USACE, 2000) and is listed on the 1998 final EPA 303(d) list for the State of Washington.  Total dissolved gases can have a major influence on fish populations during some years, but effects are stochastic.

Nespelem River and Other Tributaries

The hydrology of the Nespelem River watershed is generally a product of snowmelt from

forested mountains in the headwaters (Harkness et al. 1974). Between 86 and 91 percent

of the annual surface water discharge at the mouth of the Nespelem River is from melting

snow (Harkness et al. 1974). The historic conditions, with unaltered riparian areas and

forested uplands, allowed vegetative ground protection that caused snow to melt off

slowly throughout the summer months (Hunner and Jones 1996). This resulted in

perennial stream flow and coldwater conditions necessary for native salmonid

persistence. Further, sedimentation and embedded substrate were minimal due to channel

morphology and hydraulics.

These natural conditions have been altered by activities including logging, road building,

grazing, urbanization, water withdrawals, and agriculture. A decrease in canopy closure

has reduced the amount of shade allowing more rapid snowmelt, resulting in unusually

high spring flows and unusually low late summer flows. Hunner and Jones (1996) also

documented a change in the hydrologic regime and reported 44 percent of the currently

intermittent tributaries to the Nespelem River were historically perennial. Further, the

lack of canopy closure, particularly in the riparian area, has resulted in warmwater

conditions that often create metabolic demands that native salmonids cannot maintain

with the given food supply. The lack of ground protecting vegetation allows for increased

erosion that deposits fine sediments in streams, functionally reducing or eliminating

native salmonid spawning habitat by increasing embedded substrate (LeCaire and Peone

1991). Additionally, increased embeddedness reduces invertebrate production, which is

the primary food source for native tertiary consumers (fish). 

Streams surveys are projected to begin in year 4 of this study.

Lakes 

Reservation lake studies are assigned to the Colville Tribal Hatchery resident lakes study program.

Physical Habitat Alterations/Limiting Habitat Attributes

QHA was utilized to compare historic versus current physical stream conditions with

respect to 11 habitat attributes.  The QHA model does not determine which habitat 

attributes are most biologically limiting, but does identify which physical attributes have 

undergone the greatest deviation from reference conditions. These results, coupled with 

knowledge of local biologists and biological status of the focal species, can assist in 

identifying key limiting factors.

The Nespelem River along with its northern and western tributaries represent the least

degraded habitats in the Rufus Woods Subbasin. The Lower Nespelem River above

Nespelem Falls and the Little Nespelem River watershed represent highly degraded areas

heavily impacted by development around the town of Nespelem, Washington. Outside of

the town of Nespelem cattle grazing and agriculture practices are most likely causes for

degraded habitats. Denuded riparian areas, water withdrawals, destabilized banks, and hot

summer air temperatures all contribute to fine sediment, flow, and high summer water

temperature issues. In the upper part of the watershed, sediment from high road densities

and altered flow regimes from logging activities are the main contributors to fish habitat

losses, although some intact areas still exist.

High total dissolved atmospheric gasses in Rufus Woods Reservoir have caused it to be placed on the Washington 303(d) list. This high gas concentration is potentially a limiting factor to all fish populations in the reservoir. Research conducted by the U.S. Geological Survey (USGS), using gear types designed to sample species and habitats most likely to be affected by gas bubble disease (GBD), indicated that only one fish out of more than 5,000 examined exhibited signs of GBD in 1999, (Council 2000).  However, 1999 was a relatively low water year and gas saturation levels were substantially lower than the previous three years. Therefore, it is unlikely that results based on data collected during 1999 revealed the impacts of gas supersaturation on the fish assemblage. For example, data collected by Chief Joseph Fish Farms and Columbia River Fish Farms suggests that fish in net pens exhibit higher mortalities when total dissolved gas (TDG) levels elevate to levels above 110 percent (USACE draft, in press). TDG levels are affected by discharge at Grand Coulee Dam. Discharge through turbines and over the drum gates produce lower TDG levels than when water is discharged through the spill tubes.

One of the most important fish populations in the Subbasin, from a native fish recovery

standpoint, is the adfluvial kokanee population that spawns in the lower Nespelem River.

The habitat conditions existing in the 1.5-mile section of the Nespelem River below the

barrier falls appear to be limiting the kokanee spawning production (Council 2000). The

major limiting factors include silt deposition that increases embeddedness, elevated

summer water temperatures that exceed 24 ºC and non-point source ammonia levels that

have resulted in lethal parasitic infection by Columnaris (Columnaris flexibacter)

(LeCaire 1999; Hunner and Jones 1996). High water temperatures documented during

mid- to late summer may also affect juvenile survival.  The bulk of the

kokanee spawning activity takes place in one general area, occuring in

pockets behind boulders (Council 2000).  The unknown behavior of the juvenile age classes of native kokanee may be a limiting factor to the total population. If a large percentage of juvenile kokanee entrain through Chief Joseph Dam, then they will not be able to contribute to the next generation in the Nespelem River. Further, the lack of knowledge regarding juvenile behavior may be allowing for managers and dam operators to implement measures that are actually creating negative impacts to the population. Finally, predation from introduced species such as walleye may also be impacting the wild kokanee population. Brown trout have developed a self-sustaining population but it is unknown where spawning occurs within the Nespelem River watershed. However, an adfluvial population has existed for many years at low abundance that returns to the lower 1.5 miles of the Nespelem River to spawn. These fish rear in Rufus Woods Reservoir.

Description of Historic Factors Leading to Decline of Focal Species

The native fish assemblage within the boundaries of the Rufus Woods Subbasin

was supported by pristine habitat conditions and consisted of both resident and

anadromous fish species. Anadromous fish transported marine nutrients into the Subbasin

and were keystone species to the ecosystem (Willson and Halupka 1995; Mills et al.

1993; Cederholm et al. 1989; Kline et al. 1990). Construction of Chief Joseph Dam in

1958 blocked the upstream migration of adult salmon. Anadromous fish were extirpated

from the Columbia River above Chief Joseph Dam. This action and introduction of non-native species resulted in changes in species composition and environmental conditions. Therefore, discussions regarding native fish and/or native ecosystem recovery efforts must consider anadromous fish, as they are a significant part of the native ecosystem.

Existing and Imminent Protections

Currently, bull trout are the only federally listed fish species within Rufus

Woods Subbasin. However, it is presumed that the distribution of bull trout is not

widespread within the Subbasin. Habitat within the Rufus Woods Subbasin has not

been determined to be within the critical habitat area as outlined by the USDA (2001). A

petition to list westslope cutthroat trout as a threatened species in 2003 was set aside

by the USFWS (Federal Register 2003). Other aquatic candidates for potential listing

may include redband trout due to hybridization with introduced stocks of rainbow trout

and white sturgeon because of a possible lack of juvenile recruitment and suitable spawning habitat within Rufus Woods Reservoir.

C. Rationale and significance to regional programs

The Rufus Woods reservoir has been nearly completely ignored by previous studies.  A few studies were undertaken prior to the pool raise at Chief Joseph Dam but seemed to be restricted to those issues.  In 1999 a study was undertaken by the USGS and BOR in cooperation with the Colville Tribe to investigate gas bubble trauma issues within the reservoir.  Rainbow trout, walleye and sucker (sp.) were tagged with acoustical tags that allowed for tracking to determine where these fish went in times of high dissolved gas levels and if depth compensation occurred.  This project was suspended pending further study during a year with anticipated high dissolved gas levels.  

With the Colville Tribes development of local redband rainbow trout stocks for use in reservation lakes and streams, this program will be vital to determination the success of those efforts.  While the emphasis is on the Rufus Woods Reservoir during the first funding period, stream habitat assessment work and implementation of habitat improvements are anticipated in the out years.

Five focal species were selected in the Lake Rufus Woods Subbasin. These species

include Chinook salmon, kokanee salmon, brook trout, rainbow trout, and white

sturgeon. The rationale for selection, historic and current status, and current

management for each focal species is provided in Sections 46.3, 46.4, 46.5, and 46.6 

of the Intermountain Province, Rufus Woods subbasin summary report.

Three other species, pacific lamprey, burbot, and walleye were chosen as species of

interest. Species of interest were chosen due to their historic, current, or the future

possibility of being an important ecological, cultural, subsistence, or recreational fish species within the Rufus Woods Subbasin. Although these species were not chosen by the technical team as focal species, strategies and objectives derived by the 

Rufus Woods Subbasin work team included these species.

This proposed work follows the directives of the Rufus Woods Work Group and the subbasin plans in needs identification and prioritization.
D. Relationships to other projects

Few projects through the Northwest Power and Conservation Council’s (Council) Fish

and Wildlife Program have been initiated in the Rufus Woods Subbasin. These

projects were undertaken to partially mitigate for the loss of anadromous fish due to the

creation of the federal hydropower system utilizing resident fish substitution. The

following projects have enhanced the resident fishery (both native and nonnative) in the

Rufus Woods Subbasin:

• Stock assessments: Chief Joseph Kokanee Enhancement Project #9501100

  Addresses kokanee salmon monitoring in the blocked area and

  entrainment reduction research at Grand Coulee Dam.

  Primarily represents R, M & E activities for blocked area.

This proposed project will assist in determination of success of natural kokanee stocks which occur in Rufus Woods and which spawn in the Nespelem River.

• Artificial production enhancement activities: Colville Tribal Fish Hatchery

  #8503800

  Provides hatchery production for lakes and streams on the Colville

  Reservation.

  Monitors and evaluates hatchery activities.

  Resident Fish substitution and R, M & E activities on lakes.

Stock assessment studies and implementation of creel on Rufus Woods will provide information to the hatchery program on growth, CPUE and return to creel of planted fish as well as supplement the entrainment estimates used to determine populations and carrying capacity of the reservoir.  The use of triploid rainbow trout within this program for stocking the fishery is responsible science that will have little impact on downriver trout and steelhead populations.  Future rainbow trout planting is anticipated to switch to redband stock as these become available.

Standard collection permits will be required and at times coordination with the Army Corp of Engineers will be advised due to water level issues during peak power production or maintenance times.

E. Project history (for ongoing projects) 

N/A   New Proposal

F. Proposal biological objectives, work elements, and methods

Project Objectives

1. Stock Assessment

Conduct stock assessment work to identify fish species presence and relative abundance in Rufus Woods Reservoir.

Subbasin Objective 2A1.  Subbasin Strategies a*, b*, c, Page 50-13

Determine Genetic Distribution of Focal Species

Determine genetic distribution of native focal species (white sturgeon, rainbow/redband trout, kokanee), identify limiting factors and develop strategies to address limiting factors. 


Critical Assumptions

1. Any salvageable mortality will be donated to tribal programs.

2. Rainbow trout that appear to be of wild origin will have genetic samples taken        

      as described under DNA Samples.


Tasks


1A.  Enumerate fish species in Rufus Woods Reservoir.

 
Methods

Stock assessment methods on Rufus Woods Reservoir will include electrofishing using a Smith-Root Model 21E Electrofishing boat (listed above), beach seines, horizontal and vertical gillnets, pots, longlines and sport fishing methods as necessary.  Fish will be marked to note recapture and released where possible.  

2.  Determine Limiting Factors for Each Fish Species.

Subbasin Objective 1A1, Subbasin Strategies a*, b, c*, d*, e, e*, Page 50-6

Mitigate for losses related to construction and operation of federally-licensed and operated hydroprojects.

Subbasin Objective 1A2.  Subbasin Strategies a, b*, c*, d*, Pages 50-6, 50-7

Develop and implement plans to enhance sturgeon and burbot populations based on evaluation of limiting factors.


Subbasin Objective 1B8.  Subbasin Strategies a, b, c, Page 50-11

Maintain total dissolved gases (TDG) below 110 percent saturation for mainstem Columbia River.

Subbasin Objective 2A1.  Subbasin Strategies a*, b*, c, Page 50-13

Determine genetic distribution of native focal species (white sturgeon, rainbow/redband trout, kokanee), identify limiting factors and develop strategies to address limiting factors.

Subbasin Objective 2C1.  Subbasin Strategies a, b, c, d, Page 50-15


Manage walleye consistent with native and focal species management. Subbasin


Critical Assumptions

All assessments will be done using appropriate protocols.


Tasks


2A. Determine food sources


Methods

Analyze stomach contents, determine macro invertebrate availability, phytoplankton community levels and periphyton community levels using CCT  Biological Protocols, Physical Habitat Protocols and Chemical Protocols developed for the Okanogan Monitoring and Evaluation Program.

2B. Determine predation levels on focal species.


Methods

Analyze fish stomach contents using CCT  Biological Protocols, Physical Habitat Protocols and Chemical Protocols developed for the Okanogan Monitoring and Evaluation Program.  Coordination with ongoing wildlife projects will assist with determination of predation from mammals and avians. 

2C. Determine angling pressure from sport and subsistence fishing.

Methods
Due to limited access points on the reservoir, a combination boat and shore creel with angler harvest information boxes at access points will be the most effective at contacting anglers.  Data from this creel will help verify harvest goals, angler success and fish condition factors. This creel will be a complete survey creel accomplished on random days.  The creel is expected to average four days per week, chosen at random and will include weekends and holidays.  The creel methods, schedules and timing will be developed using American Fisheries Society (AFS) defined methods and identified in the workplan.  Statistical analysis needs will be identified upon completion of the workplan and developed by a biometrician.

2D. Determine focal species stock recruitment.

Methods

Evaluate historical records for focal species stocking history.  Review entrainment study information from the Chief Joseph Kokanee project reports.  Identify habitat which has spawning area potential for focal species and species of interest. This includes habitat surveys, scuba surveys, substrate size and type identification and location surveys using CCT  Biological Protocols, Physical Habitat Protocols and Chemical Protocols developed for the Okanogan Monitoring and Evaluation Program.  Determine spawning success by methods described in stock assessment section (Objective 1).  DNA samples will be collected on selected fish. A small marginal paired fin clip is placed in a 99% ethanol solution for preservation and all samples are sent the WDFW lab in Olympia, Washington  for complete microsatellite DNA analysis. DNA analysis uses mitochondrial and nuclear RFLP markers along with two microsatellite loci. Sample populations are screened for detectable levels of introgressive hybridization arising from possible admixtures of hatchery rainbow trout with native redband trout. Both nuclear and mitochondrial RFLPs have been used successfully to assess genetic diversity and hybridization among and between O. mykiss subspecies and between O. clarki (Wishard et al. 1984; Wilson Thomas and Bechenback 1985; Williams and Jaworski 1995, Williams, et al. 1996; Williams, Leay and Currens 1997; Powell and Faler 1999; McCusker, Parkinson, and Taylor 2000; Campbell, Dillon, and Powell 2002).
2E.  Determine the effects of operations at Chief Joseph and Grand Coulee Dams on reservoir habitat and focal species.

Methods
Temperature, TDG, turbidity and DO will be monitored.  Temperature will be recorded using several Onset recording thermographs.  A Hydrolab will collect the balance of data from determined locations.  Historical data will be collected from public and private sources for comparison.  Fish will be observed throughout this project and will health be monitored during times of potential increased mortality.  Shoreline stability will be monitored to identify areas of bank erosion, both current and historical.  Habitat for potential spawning and rearing will be monitored to determine the extent of impact from reservoir pool level fluctuations.

3. How to Best Manage Focal Fish Species and Fish Species of Interest

Subbasin Objective 2A2.  Subbasin Strategies a, b, c*, Pages 50-13, 50-14


Subbasin Objective 2A4.  Subbasin Strategies a, b, c, d, e, Page 50-14

Subbasin Objective 2A3.  Subbasin Strategies a, b, c, Page 50-14

Subbasin Objective 2C1.  Subbasin Strategies a, b, c, d, Page 50-15


Critical Assumptions


1.Validity of creel design to AFS standards.

2.Validity of stock assessment results.

3.Effectiveness of marking stocked fish.

Tasks


3A. Determine CPUE for Rufus Woods Reservoir
Methods

Creel survey as described above.

3B. Maintain average rainbow trout catch rates on Rufus Woods Reservoir at between 0.5 and 0.75 fish/hour annually, and maintain fish condition with Wr greater than or equal to 100.

Methods

Plant Rainbow Triploids or redband rainbow in Rufus Woods Reservoir.  Description: Purchase and plant 10000 one + pound triploid rainbow trout and up to 40,000 fingerling triploid rainbow trout in Rufus Woods.  Release times will be coordinated with the Colville Tribal Hatchery for maximum potential to the fishery.
4. Protect Genetic Makeup of Native Stocks


Subbasin Objective 2A4.  Subbasin Strategies a, b, c, d, e, Page 50-14
Subbasin Objective 2A3.  Subbasin Strategies a, b, c, Page 50-14


Critical Assumptions

1. DNA analysis will be done at WDFW lab using procedures described above.

Tasks
4A. .  DNA samples will be collected on selected fish. A small marginal paired fin clip is placed in a 99% ethanol solution for preservation and all samples are sent the WDFW lab in Olympia, Washington  for complete microsatellite DNA analysis. DNA analysis uses mitochondrial and nuclear RFLP markers along with two microsatellite loci. Sample populations are screened for detectable levels of introgressive hybridization arising from possible admixtures of hatchery rainbow trout with native redband trout.

G. Facilities and equipment 

Stock assessment work on Rufus Woods Reservoir for all fish species will be conducted using the CCTFW electrofishing boat and equipment previously assigned to the Lake Roosevelt Fisheries Evaluation Program.  By transferring this equipment to the new project a cost savings in excess of $125,000 is realized.  CCTFW participation in the Lake Roosevelt Fisheries Evaluation Program appears be limited to creel efforts in the future years.  If equipment is not transferred, a new electrofishing boat ($90,000) must be added to the FY07 budget.

A boat for creel use will be purchased during the first year.  It is anticipated that the GSA leased truck from the CCTFW Lake Roosevelt Fisheries Evaluation Program will be available for use but a second vehicle for creel use will be obtained.  Both field and office computer equipment is needed for this program and is included in the first year budget. Field data entry will be accomplished for both stock assessment work and creel.  This will greatly increase efficiency and reduce data loss and error.  Data will be downloaded from field computers at least twice a week and in many cases daily.  A hydrolab is available from the CCTFW for this program.  Additional office space is budgeted into this program since the current offices are inadequate for additional staff.
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