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EXECUTIVE SUMMARY
The Lake Roosevedt Fisheries Evduation Program isthe result of amerger between two projects,
the Lake Roosevet Monitoring Program (BPA No. 8806300) and the L ake Roosevelt Data
Collection Project (BPA No. 9404300). These projects were merged in 1996 to continue work
higtorically completed under the separate projects, and is now referred to as the Lake Roosevelt
Fisheries Evaduation Program.

Cred and angler surveys estimated that anglers made 196,775 trips to Lake Roosevelt during
1998, with an economic value of $8.0 million dollars, based on the Consumer Price Index (CP).
In 1998 it was estimated that 9,980 kokanee salmon, 226,809 rainbow trout, 119,346 walleye,
and over 14,000 smallmouth bass and other species were harvested. Cred data indicates that
hatchery reared rainbow trout contribute substantiadly to the Lake Roosevdt fishery. The
contribution of kokanee salmon to the cred has not met the expectations of fishery managersto
date, and islimited by entrainment from the reservoir, predation, and possible fish culture
obstacles.

The 1998 L ake Roosevelt Fisheries Cred and Population Andyss Annua Report includes
andyses of the relative abundance of fish species, and reservoir habitat relationships (1990
1998). Fisheries surveys (1990-1998) indicate that walleye and burbot populations appear to be
increesing, while yellow perch, apreferred walleye prey species, and other prey species are
decreasing in abundance. The long term decreasing abundance of yellow perch and other prey
species are suspected to be the result of the lack of suitable multiple reservoir eevation spawning
and rearing refugiafor spring spawning reservoir prey species, resulting from seasond sring-
early summer reservoir evation manipulations, and walleye predation.

Reservoir water management is both directly, and indirectly influencing the success of mitigation
hatchery production of kokanee sdmon and rainbow trout. Tag return data suggested excessive
entrainment occurred in 1997, with 97 percent of tag recoveries from rainbow trout coming from
below Grand Coulee Dam. High water years gppear to have subgtantia entrainment impacts on
sdmonids. The 1998 sdmonid harvest has improved from the previous two years, due to the
relaively water friendly year of 1998, from the harvest observed in the 1996-1997 high water
years, which were particularly detrimenta to the reservoir sdmonid fisheries. Impacts from
those water years are il evident in the reservoir fish populations. Andyss of historica raive



gpecies abundance, tagging data and hydroacoustical studies, indicate that hydro-operations have
asubstantiad influence on the annud standing crop of reservoir sdmonid populations due to
entrainment losses, and limited prey species recruitment, due to reservoir eevation level
fluctuation, and corresponding reproductive success.
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1.0 Introduction

1.1 Background: Since the congtruction of Grand Coulee Dam in 1939, anadromous fish
migrations were permanently blocked to waters in the United States and Canada higtorically
utilized for reproduction and rearing. The dam, congtructed without a fish ladder, prohibited
steelhead trout, chinook, coho and sockeye salmon from exploiting approximately 1835 km
(1,140 miles) of the upper Columbia River Drainage in the United Sates and Canada (Mullan
1985, 1987 and Mullan et a. 1993).

The Pecific Northwest Electric Power Planning and Conservation Act of 1980 gave the
Bonneville Power Adminigration, the authority and respongibility to useitslegd and financid
resources, “to protect, mitigate, and enhance fish and wildlife to the extent affected by the

devel opment and operation of any hydroelectric project of the Columbia River and its tributaries
Thisisto be donein amanner consistent with the program adopted by the Northwest Power
Planning Council (NWPPC), and the purposes of the ACT” (NWPPC, 1987).

With the phrase “ protect, mitigate and enhance,” Congress signaed its intent that the NWPPC's
fish and wildlife program should do more than avoid future hydrod ectric damage to the basin’'s
fish and wildlife. It must so counter past damage and work toward rebuilding those fish and
wildlife populations that have been harmed by the hydropower system, and to protect the
Columbia Basin' s fish and wildlife resources, and to counter and mitigate for the harm caused by
decades of hydroelectric development and operations. By law, this program is limited to
measures that deal with the impacts created by the development, operation and management of
hydrodectric facilities on the Columbia River and its tributaries. However, off-Ste enhancement
projects are used to address the effects of the hydropower system on fish and wildlife awvay from
the sites of the hydropower projects (NWPPC 1987).

1.2 Project History: The Lake Roosevelt Monitoring Program began July 1988. The primary
objectives were to determine and eva uate stocking strategies of hatchery origin kokanee salmon
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(Oncorhynchus nerka) that maximized angler harvest and the return of kokanee sdmon to egg
callection facilities, and supplementa rainbow trout (Oncor hynchus mykiss) stocking to
maximize angler harvest, and sport fishing opportunities. In addition, the project collected
basdline data to evaluate effects of stocking kokanee salmon and rainbow trout upon the
ecosystemn, and assessed the effectiveness of kokanee salmon and rainbow trout mitigation
stocking Strategies.

Responghilities of the Monitoring Program included, but were not limited to: conducting annua
resarvoir wide cred surveys, sampling fishery populations during oring; summer and fdl via
eectrofishing and gillnet surveys, collection of information on diet and growth; annud
evauations of age/length/condition factors of target fish species; and the evauation of
predator/prey relationships in Lake Roosevelt. Supplementa data has aso been collected and
andyzed to determine food availability and utilization by different fish species, and angler use

information (e.g. annua harvest success rates by angler and location).

The Lake Roosevelt Data Collection Project began in July 1991 as part of the Bonneville Power
Adminigration (BPA), the Bureau of Reclamation (BOR), and the U.S. Army Corps of
Engineers System Operation Review process. This process sought to devel op an operational
scenario for the federd Columbia River hydropower system, to maximize the in-reservoir
fisheries with minimal impactsto al other stakeholdersin the management of the Columbia

River.

The objective of the Data Collection Project isto develop abiologica modd for Lake Roosevelt
that will predict in-reservoir biological responses to arange of water management operationa
scenarios, and to accordingly develop fisheries and reservoir management strategies. The model
will dlow identification of |ake operations that minimize impacts on lake biotawhile addressing
the needs of other interests (e.g. flood control, hydropower generation, irrigation, and

downstream resident and anadromous fisheries).

Magor components of the Lake Roosavelt modd will be: 1) Quantification of fish entrainment; 2)
Impacts to phytoplankton, zooplankton and fish caused by reservoir draw downs; 3) Low water
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retention times, as related to reservoir hydropower and flood control operations; 4) Seasona
quantification, distribution, habitat use, and species pecific prey item utilization; and 5)
Evauations of fish growth, and the rdationships to reservoir operations, prey abundance, and
predator/prey relationships.

The current Lake Roosevelt Fisheries Evauation Program is the result of a merger between the
Lake Roosevelt Monitoring Program (BPA No. 8806300) and the Lake Roosevelt Data
Collection Project (BPA No. 9404300). These projects were merged in 1996 due to overlapping
support saff and data requirements. The Lake Roosevelt Fisheries Evaduation Program

continues work historically completed under the separate projects, and will develop abiologica
rule curve regarding water management, and hatchery supplementation strategies for Lake
Roosevdt to maximize fisheries related mitigation, and habitat enhancement drategiesin the

area now impounded by Grand Coulee Dam (Lake Roosevelt).

Previous annud reports for the Lake Roosevelt Data Collection Project include Griffith et d.
(1995), Griffith and McDowell (1996), Vodller (1996), Shieds and Underwood (1996 and 1997),
and Cichosz et d. (1998). Previous reports for the Lake Roosevelt Monitoring Program include
Peone et a. (1990), Griffith and Scholz (1991), Griffith et d. (1995), Underwood and Shields
(1996), Underwood et a. (1996 and 1997), and Cichosz et a. (1999).

1.3 Description of Study Area: Lake Roosevelt is a 243-kilometer (151 miles) main sem
Columbia River impoundment, including the San Poil and Spokane Arms, formed by the
congiruction of Grand Coulee Dam in 1939 (Figure 1). Filled in 1941, the reservoir inundates
33,490 hectares (129 miles?) a afull pool devation of 393 m (1290 feet) above mean sealevel.
It has a maximum width of 3.4 km (2.1 miles) and a maximum depth of 122 m (400 feet). Grand
Coulee Dam isa Bureau of Reclamation storage project operated primarily for power, flood
control, and irrigation with secondary operations for recreation, fish, and wildlife (Stober et d.
1981).
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1.4 1998 Study Objectives: Objectives of the Lake Roosavelt Fisheries Evaluation Program for
1998 were:

1

2)

3)

4)

5)

6)

Through dectrafishing, gill net sets, and beach seine sampling methodologies, estimate
the relative abundance of fishesin Lake Roosevdt to evaluate species population trends.

Back caculate length at age of selected fish gpecies collected from Lake Roosevelt to
assess annua growth rates by year class.

Comparing and contrasting historica (1988-1997) fishery and reservoir data, to data
collected during 1998 to eva uate the current status of fishery populations.

Through formal cred census protocol, contact anglers and conduct estimates of annua
and historic (1990-1998) angler pressure and harvest, average size of fish harvested, and

conduct comparative assessments of the economic vaue of the fishery.

Assess ecologicd impacts, relative importance of predator/prey relationships, and dietary
overlgp for the mgority of fish speciesin Lake Roosevelt.

Evaluate the performance of hatchery stocks of kokanee sdlmon and rainbow trout as
they contribute to the fishery, and return to egg collection facilities.

Address flood control, hydropower, and irrigation water uses as related to entranment of
fish, and reservoir ecosystem sability.
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2.0 Creel Survey and Data Analysis Procedures

2.1 Cred Survey Protocol: A two-stage probability-sampling scheme was used to determine
annud fishing pressure, catch-per-unit-effort (CPUE), and sport fish harvest by species on Lake
Roosevelt (Lambou 1961 and 1966; Mavestuto 1983). Cred surveys were conducted at 48
locations including the Spokane and Colville Triba campgrounds and National Park Service boat
launches throughout Lake Roosevelt.

Three cred clerks, represented by the Spokane Tribe, Colville Confederated Tribes, and
Washington Department of Fish and Wildlife, conducted angler interviews at access points aong
Lake Roosevelt. The lake was divided into three sections (1-upper, 2-middle and 3-lower), with
one cred clerk permanently assigned to each section (Figure 1). Cred clerks were scheduled
gpproximately 22 days per month to make roving instantaneous pressure and effort counts at
access points within their section. Schedules were congtructed by dividing each month into
weekday and weekend/holiday stratum, and days were Stratified into AM and PM time periods
(08:00 to 16:30).

Schedules for roving instantaneous pressure counts are randomly selected on approximately
elghteen weekdays and four weekend/holidays per month, with haf of the surveys conducted
during AM hours and the other half conducted during PM hours. Theremaining AM or PM time
dotswere used to conduct five hour access point surveys. Cred schedules were devel oped
monthly by randomly selecting the time, day, survey type (roving instantaneous pressure count

or access point survey), and if an accesstype of survey, the location. Roving instantaneous
pressure counts and access point survey schedules are randomly assgned on amonthly bass
among cred derks both spatidly and temporaly.

During access point surveys, cred clerks collected the following data from each angler
interviewed: Angler type (boat or shore), hours fished (effort), species targeted, catch data
(length and species), number of fish kept or released, complete/incomplete trip, angler
satisfaction, and zip code of angler origin.
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Figure 1. L ake Roosevelt and creel sampling and data collection stations.
Trianglesrepresent water quality and fisheries data collection
stations.

15



Fish harvested were identified to species, measured (mm), weighed (g), and were examined for
floy tags, fin clips, and eroded fins (used to differentiate wild/natural from hatchery origin
sdmonids). Scae sampleswere collected by cred clerks from representative kokanee salmon,
rainbow trout, and walleye, and ssomach samples were collected from kokanee salmon whenever
possible. Heads were collected from adipose clipped (hatchery origin) kokanee salmon for
coded wire tag (CWT) andysis.

Incoming boaters (angler or non-angler) were surveyed to determine the number of boats

angling, and the number of anglers per boat. For the duration of roving instantaneous pressure
counts, cred clerkstraveled by road and recorded the number of boat trailers and shore anglers at
the access pointsin their section. No angler interviews were performed during roving

instantaneous pressure counts.

Higtorical fisheries data (1990- 1997) was utilized in conjunction with information collected from
December 1997 through November 1998 to conduct the analysis of the 1998 L ake Roosevelt
Fisheries Evauation Report. Quarters were established based on historic wesather trends and
angler use of the fishery as December (1997) through February (1998) winter, March through
May (spring), June through August (summer), and September through November (fall).
December 1997 was included in the 1998 cred analysesto dlow examination of a continuous
rather than a broken (e.g. Jan., Feb. and Dec, 1997) winter quarter. If no anglers were surveyed
during any month within any stratum (but boat trailers were counted at access points) quarterly
averages were used to estimate angler catch, effort, and pressure for that month/stratum.

From 1990-1997, with exception of 1996, air flights (two weekday and two weekend) were
scheduled each month to coincide with roving instantaneous pressure counts. Credl clerks
recorded the number of boat trailers and shore anglersin their section while a surveyor in the
arplane concurrently recorded the number of boats on the water and the number of shore
anglers. A correction factor for the number of boats on the water versus the number of boat
trailers at access points was determined by dividing the number of boats observed (based on
aerid surveys) by the number of trailers observed (based on roving ground surveys). Aerid
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counts were discontinued for the 1998 credl. Correction factors derived from the 1990-1997
aeria counts were utilized for the 1998 cred survey data andyss.

The number of boats on the reservoir in each stratum (weekday/weekend), section and month
was determined by multiplying the mean number of boat trailers counted by the correction
factor. The number of boats fishing in each stratum, section and month was calculated by
multiplying the number of boats on the water by the percentage of boats fishing based on access
point surveys. The adjusted mean number of boat anglers per day for each stratum, section and
month was estimated as the mean number of anglers per boat (from access point surveys)
multiplied by the number of boats fishing in each sratum, section and month.  The indtantaneous
number of boat anglers was estimated separately by section and summed to obtain afull lake
eslimate.

The mean daily number of shore anglersin each stratum and month was estimated as the tota
number of shore anglers recorded during pressure counts divided by the number of pressure
counts conducted. Thetotal number of anglers (boat or shore) during each stratum and month
was estimated by multiplying the mean number of anglers for each stratum per day by the
number of daysin each strata and month. The mean time spent angling per angler for each
sratum was estimated as the totd number of hours spent fishing divided by the number of
anglersinterviewed in any month. The number of hours available for fishing (sunrise to sunset)
by stratum and month was calculated as the number of weekend or weekday days per month
multiplied by the mean number of hours per day for each stratum and month.

Pressure (hours fished) was estimated for each stratum, section and month for both boat and
shoreanglers as.

PE = g00(H)

Where: PEs = pressure estimate for each stratum per month;
Ns = number of hoursfor each stratum per month;
n = number of hours sampled for each stratum per month;
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Xs = mean number of anglersfor each stratum per month;
and
Ha = mean number of angler hours per angler for each
stratum per month.

Monthly angler pressure and 95% confidence intervals (Cl) were determined for boat and shore
anglers by strata, month, and section. If data gaps existed in any dratathe quarterly averages
were used to fill the gaps. Annua angler pressure and 95% C.I. estimates were calculated by
summing monthly estimates for each section. Sectiond pressure estimates were summed to

estimate the reservoir wide annua fishing pressure exerted.

Complete and incomplete angler trips were used to compute catch per unit effort (CPUE), and
harvest per unit effort (HPUE) for fish speciesin each stratum. Monthly CPUE, or HPUE of a
particular fish species was calculated by dividing the total catch (or harvest) for the month by the
total angler hours for each section. Annua CPUE, or HPUE vaues of a particular fish species
were caculated by dividing the total catch (or harvest) for the year by the tota annual angler
hours exerted.

Totd harvest of individua fish species by stratum and month was determined as HPUE
multiplied by the pressure estimate for that stratum and month. Monthly harvest estimates by
drata for each taxon were combined to estimate tota monthly harvest by section. Monthly
harvest estimates were combined to caculate annud estimates for each fish gpecies by section,
and section harvest estimates were summed to obtain annual harvest estimates.

Studies by Hetcher (1988) and Mavestuto et d. (1978) indicate that catch per unit of effort
(CPUE) data cal culated independently from complete, and incomplete trip data are not
daidicdly different. Thus, we have historicaly assumed that the same would hold true in
edimating harvest per unit of effort (HPUE).

2.2 Economic Analysis: Data compiled by the U.S. Fish and Wildlife Service showed that a
typicd angler in inland waters of Washington State spent $26.00 per fishing trip in 1985
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(USFWS 1989). To approximate the current amount spent by anglersin Lake Roosevelt, the
1985 cogt per fishing trip was adjusted for inflation using the regiona consumer price index
(CPI):

Where: Dgg = dollar vdue per fishing trip for the Lake Roosevelt
fishery in 1998 ($38.89);

Cgs = regiona CPI for 1985 ($167.89);
Cogg = regiond CPI for 1998 ($251.13); and
Dgs = doallar vaue per fishing trip for the Lake Roosevelt

fishery in 1985 ($26.00).

The number of angler tripsto Lake Roosavelt in 1998 was estimated by dividing the caculated
number of angler hours fished by the mean trip length for each section and month. The number
of angler trips per month was determined by dividing the total number of angler hours per month
by the average length of acompleted fishing trip for that month. Annud angler trips were
cdculated by summing monthly angler trip vaues across dl sections. The 1998-dallar value was
multiplied by total number of angler tripsin 1998 to provide an estimate of the economic value
of the fishery.

2.3 Fisheries Surveys: Fish were collected from ten index stations in Lake Roosevelt during
1998 (Figure 1) to determine their relative abundance, growth rates, diet, origin, and condition
factors. It isassumed that through seasond and location sampling Sratification thet individud
fish species are collected in gpproximately their relative proportion and abundancein the
reservoir in any given yesr.

Reative abundance surveys were performed in littord aress and tributaries by eectrofishing 10
minute transects according to procedures outlined by Reynolds (1983), and Novotany and Prigel
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(1974). Voltage was adjusted to produce a pulsating DC current of approximately 5 amperes.
Fish were collected using dip nets and placed into live wells on the boat for examination and data
collection. Approximately five, ten-minute transects were electrofished at each sample station

on each date sampled.

Additiond rdative abundance surveys were performed in pelagic zones using gillnet

methodol ogies described by Hubert (1983). Four gillnets were set at each sSite and included 2-3
horizonta gillnets, and 1-2 verticd gillnets dependent upon site morphology. Horizontd gillnets
were set on the lake bottom, and were 61 min length and 3.7 m deep. Each horizonta net
consisted of four 15.2 m panels with bar mesh szesof 1.3 cm, 2.5 cm, 3.8 cmand 5.1 cm.
Verticd gillnets were 3.0 m wide, extended to a maximum depth of 61 m, and had auniform 5.1
cm bar mesh sze. Gillnets were st in early afternoon (approximately 1400 hrs) and pulled the
next morning (gpproximately 1000 hrs).

All fish captured were identified to species according to The Inland Fishes of Washington
(Wydoski and Whitney 1979), and each fish sampled was measured to the nearest millimeter
(total length mm). New classfications and criteria were utilized when the Society of
Herpetologists and Ichthyologists reclassified a particular genus and/or species. Scale samples
were taken from a representative sample of each species collected to back caculate age and
growth. All fish were weighed to the nearest gram using spring scaes. The heads of kokanee
sdmon were removed and sent to the Fisheries Research Center a Eastern Washington
University, where coded wire tags were dissected out and examined.

2.4 Age, Back Calculations, and Condition Factor: Inthe fied, scaes were collected from
appropriate locations for each species (Jearld 1983) and placed in envelopes labeled with fish
species, length, weight, location and date for later analysis. In the laboratory, back-caculation
measurements and age class of each fish were determined smultaneoudy. Scales were placed
between two microscope dides, and examined using a Redist Vantage 5, Model 3315 microfiche
reader. A single, nonregenerated, uniform scale was sdlected to determine age and obtain
measurements to back caculate length at age. Age was determined by counting the number of
annuli (Jearld 1983). For back cdculations, the annulus distance was measured along a constant
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axis from the origin of the scae to the last circuli of each respective annulus. Each measurement
was made under constant magnification to the nearest millimeter. Lee's back-ca culation method
was used to determine the length of the fish a the formation of each annulus (Hile 1970;
Carlander 1950 and 1981). Dueto asmdl number of samples, fish length a scale formation was

assumed zero.

Back-caculated length at age was caculated as.

- ad

I_i :a_+é}a_C

e S zs
Where: L, = lengthof fish (in mm) a each annulus formetion;
a = intercept of the body-scae regression line (assumed
to be 0);
L. = lengthof fish (in mm) at time of capture;
& = digance (in mm) from the focus to the edge of the
scae and
S = scdemeasurement to each annulus

A condition factor describing how afish adds weight in rdation to incrementa changesin length
was determined for each fish (Hile 1970; Everhart and Y oungs 1981). The relationship is shown
by the formula:

0, s
= ?V =10
I<TL él_gﬂ
Where: Kt = condition factor;

W = weight of fish (g); ad
| = tota length of fish (mm).

2.5 Feeding Habit Evaluation Procedures. Fish somachs were collected from up to ten
individuas of each fish gpecies per index gation and season. Additionaly, cred clerks obtained
ahandful of kokanee sdmon stomachs from anglers throughout the year. Stomachs from
representative szes of fish were collected by making an incision into the body cavity, pinching
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the pyloric sphincter, and removing the somach using scissors. Stomachs were preserved in
10% formdlin.

In the laboratory, stomachs were transferred to a 70% isopropyl adcohol solution. Contents were
identified and enumerated by taxa using taxonomic keys by Brooks (1957), Edmondson (1959),
Ward and Whipple (1966), Borror et a. (1976), Ruttner-Kolisko (1974), Edmonds et al. (1976),
Wiggins (1977), Merritt and Cummins (1984), Pennak (1989), and Thorp and Covich (1991).

Dry weights were obtained by drying sorted ssomach contentsin an oven a 105° C for 24 hours
on astainless sted wire screen, and weighing them on a Sartorius Modd H51 andytica baance
to the nearest 0.0001 g (Weber 1973, APHA 1976). Dry weight values were combined for each
age class, and annua means and standard deviations were calculated by species and age class.

Index of relative importance (IRI) vaues were used to compensate for numerica estimate biases
that tend to over emphasize small prey groups consumed in large numbers and weight estimate
biases that overemphasize large prey items consumed in smal numbers (Bowen 1983). TheRI
(George and Hadley 1979) was calculated using the formula:

R = 1(n)OAIa
aA,
a=1
where: Rlg = rdativeimportance of food item &
Alg = absolute importance of food item a (i.e., frequency of

occurrence + numerica frequency + weight frequency
of food item &); and
n = number of different food types.

Rdative importance vaues range from 0 to 100%, with prey items having higher values
representing items more important in the fish diet.

Diet overlap was cdculated to determine the degree to which inter- specific competition may
exig in Lake Roosevdt. Fish diet overlaps were computed by using the overlap formula of
Morisita (1959) as modified by Horn (1966), where:
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Zén. (Pxi XPyi)
i=]

CX ="n n
é P2+ é. P2
i=1 i=1
where: Cx = overlgp coefficient;
n = number of food categories;
Pxi = proportion of food category (i) in the diet of species, x
; and
Pyi = proportion of food category (i) in the diet of speciesy.

Overlgp coefficients range from zero (no overlap) to one (complete overlap) and were based on
indices obtained from IRI caculations. Vaues of lessthan 0.3 are consdered low and values
greater than 0.7 indicate high overlap (Peterson and Martin-Robichaud 1982). High diet overlap
indices may indicate competition only if food items utilized by both species are limited
(MacArthur 1968).
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3.0 Resultsand Discussion

3.1 Fisheries Sampling: 1n 1998 we sampled atotal of 41.5 hours by eectrofishing and
2,624.4 hours by gillnetting, and captured twenty-two fish species representing eight
families (Table 3.1). A totd of 7,684 fish were collected by eectrofishing (6,702) and
gillnet (982) surveysyidding respective overdl| catch-per-unit-effort (CPUE) of 161.6,
and 0.37 fish/hour (Table 3.2).

The most commonly collected fish species during 1998 dectrofishing and gillnet surveys
was the waleye which made up 32 percent of our total catch (Tables 3.2, 3.3 and 3.4).
Walleye are a non-native species that were initidly introduced as fry originating from
OneidaLake (New York State) by the U.S. Fish and Wildlife Service on severa
occasions during the early 1950's (Brown and Williams 1983). Walleye are now the
dominant speciesin Lake Roosevelt (Tables 3.2, 3.3 and 3.4), and are the primary apex
predator in the system (Beckman et a. 1985; Baldwin et a. 1999). Conversdly, preferred
forage species for waleye such as yellow perch (also non-native) have declined
dramatically since the early 1980's, and there is no evidence of asurfeit of forage species

to sustain larger dengties of walleye (Beckman et a. 1985).

In the late 1980's and early 1990’ s yellow perch were the dominant taxon in

eectrofishing surveys. Prey species of fish based on rdlative abundance surveys appear

to be decreasing, whereas walleye rel ative abundance has been increasing (Tables 3.2, 3.3
and 3.4).

The decline of yellow perch in Lake Roosevelt over the past two decades has been linked
to water management changes associated with gpringtime reservoir elevation
manipulations limiting yellow perch reproductive success, and a corresponding increase

in predatory species (D. Fletcher personad communication; Noble 1979).
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Table3.1 Taxalist of fish species collected during electrofishing and gillnet
surveysin L ake Roosevelt.

Family Common
Species Name
Acipenseridae
Acipenser transmontanus White Sturgeon
Salmonidae
Oncorhynchus trutta Brown trout
Salvelinus fontinalis Brook trout
Oncorhynchus tshawytscha Chinook salmon
Oncorhynchus nerka K okanee salmon
Coregonus clupeaformis Lake whitefish
Prosopium williamsoni Mountain whitefish
Oncor hynchus mykiss Rainbow trout
Cyprinidae
Cyprinus carpio Carp
Mylocheilus caurinus Peamouth
Ptychocheilus oregonensis Northern pikeminnow
Tinca tinca Tench
Catostomidae
Catostomus macrocheilus Largescale sucker
Catostomus catostomus L ongnose sucker
Catostomus columbianus Bridgdip sucker
Gadidae
Lota lota Burbot
Centrarchidae
Micropterus dolomieui Smdlmouth bass
Micropterus salmoides Largemouth bass
Pomoxis nigromacul atus Black crappie
Percidae
Stizostedion vitreum vitreum Wadleye
Perca flavescens Yelow perch
Cottidae
Cottus sp. Sculpin
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Table3.2

Catch per unit effort (fish/hr) and relative abundance of fish species

captured by eectrofishing and gillnet surveysin Lake Roosevelt

during 1998.
Electrofishing Gillnetting Total

Species CPUE No. % CPUE No. % No. %
White sturgeon 0.00 0 0 <0.01 6 <1 6 <1
Brook trout 1.37 57 <1 0.00 0 57 <1
Brown trout 0.41 17 <1 0.00 0 17 <1
Chinook salmon 0.07 3 < 0.00 0 3 <1
K okanee salmon 1254 520 8 <0.01 12 532 7
Lake whitefish 0.68 28 <1 015 394 40 422 5
Mountain whitefish 0.17 7 <1 0.00 0 7 <1
Rainbow trout 1985 823 12 0.02 60 883 11
Carp 2.00 83 1 <0.01 3 < 86 1
Northern pikeminnow 1.37 57 <1 0.01 17 74 <1
Peamouth 0.02 1 < 0.00 0O O 1 <1
Tench 0.12 5 <1 <0.01 <1 6 <1
Bridgdip sucker 0.05 2 <1 0.00 0 2 <1
Largescale sucker 4459 1,849 28 0.01 27 3 1876 24
L ongnose sucker 0.82 34 <1 0.02 51 5 8 1
Burbot 304 126 2 0.03 83 9 209 3
Black crappie 0.17 7 <1 0.00 0O O 7 <1
Largemouth bass 0.05 2 <1 0.00 0O O 2 <1
Smalmouth bass 9.04 375 6 004 115 12 490 6
Waeleye 55.01 2281 34 007 181 19 2462 32
Yelow perch A7 7 <1 0.01 21 28 <1
Cottus spp. 9.82 407 6 0.00 0O O 407 5
Totals 161.6 6,702 037 982 7,684
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The largescade sucker was the second most abundant fish collected, comprising 24
percent of our total catch. Kokanee salmon 7%, rainbow trout 12%, sculpins 5%, lake
whitefish 5%, and smalmouth bass 2% were a'so important in our 1998 relative
abundance surveys (Table 3.2).

Dominant species collected in dectrofishing surveys were waleye 34% and largescde
suckers 28%, wheresas lake whitefish 40%, walleye 19%, smalmouth bass 12%, and
burbot 9% were most abundant in gillnet surveys (Table 3.3).

Relative abundance of fish species sampled from Lake Roosevdt by dectrofishing and
gillnetting has for some species remained relatively congstent since 1989, however, some
substantive species abundance changes have been observed (Tables3.2, 3.3 and 3.4).

Largescale suckers have historically been the most abundant species (12-52%) in our
electrofishing catches since 1990, and accounted for 28 percent of the eectrofishing
catch in 1998 (Table 3.3). 1n 1998 walleye were the predominant taxon and comprised
32 percent of fish caught in 1998 surveys, replacing largescale suckers (28 percent in
1998) as the predominant species for the first time since 1991 (Table 3.2, 3.3, and 3.4).
Y elow perch were the dominant taxon in eectrofishing surveysin 1989 (44%) and 1990
(48%), but as previoudy discussed, declined dramatically (<2%) in relative abundance
since 1990 (Tables 3.3 and 3.4).

Populations of northern pikeminnow, an apex predator, have decreased from
approximately 5 percent to 1 percent in relative abundance surveys over the past decade
(Tables 3.2, 3.3, and 3.4). The reason for this population decline is unknown, however,
predation, and recent reservoir water management scenarios may be limiting production

of this gpecies.
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Table 3.3 Comparison of relative abundance (%) of fish collected during the

1989 through 1998 sampling periods via e ectro shocking.

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Species Effort (hrs)

White sturgeon 0 0 0 0 0 0 0 0 0 0
Brook trout <1 <1 <1 1 <1 <1 <1 1 <1 <1
Brown trout <1 <1 <1 <1 1 <1 <1 2 <1 <1
Bull trout <1 <1 0 0 0 <1 <1 0 0 0
Chinook sdmon <1 <1 <1 <1 <1 <1 <1 0 <1 <1
Cutthroat trout 0 0 0 0 0 0 0 <1 0 0
Kokanee salmon 2 <1 <1 3 1 4 22 4 1 8
Lake whitefish <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Mtn. whitefish <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Rainbow trout 6 3 4 6 9 7 5 7 5 12
Carp 2 2 <1 2 1 1 2 2 7 1
Chisgdmouth 0 <1 0 <1 0 0 0 0 0 0
Peamouth <1 0 <1 <1 0 0 0 0 <1 <1
Redside shiner 0 <1 0 <1 0 <1 <1 0 <1 0
N. pikeminnow 4 6 3 2 8 4 2 2 2 <1
Tench <1 <1 <1 <1 0 <1 <1 <1 <1 <1
Bridodip sucker 1 <1 <1 <1 0 <1 <1 2 <1 <1
Largescde- 12 19 35 46 46 36 30 44 52 28
Longnose sucker <1 2 <1 <1 0 2 <1 1 <1 <1
Catostomus spp. 7 0 0 0 0 0 <1 5 0 0
Bullhead <1 <1 <1 0 <1 <1 <1 0 0 0
Burbot <1 <1 <1 <1 0 <1 <1 3 4 2
Crappie <1 <1 <1 1 0 <1 <1 0 0 <1
Largemouth bass <1 <1 <1 <1 0 0 0 0 <1 <1
Pumpkinseed <1 <1 0 0 0 2 0 0 <1 0
Smdlmouth bass 1 3 15 7 9 8 10 6 9 6
Wadleye 16 13 11 8 11 7 11 19 12 34
Ydlow perch 44 48 30 20 11 12 7 2 3 <1
Cottus spp. 2 2 <1 2 3 16 6 1 2 6
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Table3.4

1989 through 1998 sampling periods via gillnetting.

Comparison of relative abundance (%) of fish collected during the

Y ear

1989 1990 1991 1992 1993 1994 1995 1996 1997

1998

Species

Effort (hrs)

White sturgeon

Brook trout
Brown trout
Bull trout
Chinook
Cutthroat trout
Kokanee
Lake whitefish
Mtn. whitefish
Rainbow trout
Carp
Chisdmouth
Peamouth
Redsde shiner

N. pikeminnow

Tench
Bridgelip
Largescde
Longnose
Catostomus
Bullheed
Burbot
Crappie
Largemouth
Pumpkinseed
Smdlmouth
Waleye

Y éellow perch
Cottus spp.
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Rdative abundance surveys imply that substantid annua harvest of rainbow trout may
not be adversdy impacting naturd origin rainbow trout within Lake Roosevelt. Natura
origin rainbow trout have accounted for approximately 50 percent of al rainbow trout
observed in our relative abundance surveys since 1994. Thisis, however, not reflective
of our cred survey data. Hatchery origin rainbow trout comprise greater than 90 percent
of angler creded fish. Fisheries surveysindicate that naturd origin adfluvid rainbow
trout are most commonly associated with inlet streams flowing into Lake Roosavelt,
throughout shoreline and pelagic areas of the lake. This association is presumed to be
associated with reproductive behavior, tributary macroinvertebrate drift, nutrient inputs,
other food sources, and behavioral characteristics associated with more complex
rivering/lacudtrine interface habitats.

K okanee salmon and rainbow trout, respectively accounted for 7 and 12 percent of the
fish collected during 1998 dectrofishing surveys, representing an increase in relaive
abundance of both species with respect to subgtantia reservoir eevations manipulations
resulting from high flows and severe draw downsin the water years of 1996 and 1997
(Table 3.3).

L ake whitefish and walleye, accounted for 40 and 19 percent, respectively of gillnet
catchesin 1998. Rdative abundance of these two taxain gillnet surveys has been
somewhat variable, however, these taxa combined have accounted for gpproximately 60
percent of the annua sample catch since 1989 (Table 3.4). Since 1989, lake whitefish
have accounted for 15 to 51 percent of our gillnet catch, whereas walleye have accounted
for 15 to 48 percent of the annual sample catch during the same period (Table 3.4).

In 1998 surveys, burbot were less abundant than in 1996 and 1997, but more abundant
than in all other years surveyed (Tables 3.3 and 3.4). Survey data indicates burbot have
increased in relative abundance in both eectrofishing and gillnet surveys, and were three
to four times more abundant in 1996, 1997 and 1998 than in previous years (Tables 3.2,
3.3and 3.4). Fidd observations and increased CPUE' s suggest that the increasein total

abundance isared phenomena, rather than a decrease in abundance of other species.
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The biologica and/or abiotic explanations regarding the sudden and apparent increase in
burbot populations is not understood.

Beach seine surveys (Table 3.5) were conducted as part of this program for the second
timein 1998 (firg timein 1997). Beach seine surveys collected primarily young of year
(YQY), and age 1 fish, with less than one percent of the fish collected exceeding 150 mm
intotd length. The YOY fish are very important in the diets of many piciverousfish
gpeciesin Lake Roosevelt, including waleye, northern pikeminnow, burbot, smalmouth
bass, ydlow perch, and at times, rainbow trout (Wydoski and Whitney 1979; Cichosz et
al. 1998).

Beach seine surveys conducted during 1998 yielded atota of 1,666 fish, with 1,557
collected during our July survey (Table 3.5). Waleye fry (643), sucker larvag/fry (531)
and rainbow trout fry (426) dominated beachseine collections, accounting for over 95
percent of the fish collected (Table 3.5). Carp, sculpins, largescae sucker, and
smallmouth bass were aso collected by beachseine in 1998, but each of these species
accounted for only asmall fraction of the total catch (Table 3.5). The mgority of the

samples were collected from the Gifford and Hunters sample site areas (Figure 1).

In 1997 beach seine surveys collected 487 YQOY ydlow perch, however, beach seine
surveysin 1998 did not capture any YOY yelow perch in Lake Roosevelt. The reason
for the shoreline absence of YOY ydlow perch in 1998 is unknown; however, it is
suspected that the observed lack of yellow perch is to some degree the combination of the
1996-1997 high water years, and resultant reservoir management in the spring of 1996
and 1997. Thisis suspected to have led to reproductive fallures (multiple year class
failures) dueto rapidly dropping reservoir levels during the late spring timing of yellow
perch spawning. It should aso be noted that that the yellow perch population has been
declining for the past two decades, and suspected to be related to contemporary reservoir
water management manipulations for, hydropower, flood contral, irrigation, and

downstream anadromous fish flow augmentations.

In addition to alack of YOY ydlow perch, YOY smalmouth bass were not observed in
beach saines surveysin 1998. 1n 1997, 335 YOY smalmouth bass were collected
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throughout the central and lower portions of Lake Roosevelt including the Spokane River
arm (Porcupine Bay), and al locations from Seven Bays downstream to Spring Canyon
(Figure 1).

Table 3.5 Catch and relative abundance of fish species captured by beach
seining surveysin Lake Roosevelt during 1998.

M ay July Total

Species No. % No. % No. %
Rainbow trout 8 7 418 27 426 26
Carp 0 0 49 3 49
Largescale sucker 1 <1 0 0 1 <1
Sucker fry 73 67 458 29 531 32
Smallmouth bass 0 0 3 <1 3 <1
Walleye 15 14 628 40 643 39
Cottus spp. 12 11 1 <1 13 <1l
Totals 109 1,557 1,666

Y ellow perch are consdered both a sport fish and an important forage species of wdleye
(Groen and Schroder 1978; Wydoski and Whitney 1979; Ney 1981, ). In 1997, yellow
perch were collected from five standardized sampling locations including; Gifford,
Hunters, Porcupine Bay, Seven Bays, and Keller Ferry (Figure 1), and represented 1 to 3
percent of the fishery populations documented in rel ative abundance surveys a decade
ago. It has been hypothesized that the overall collapse (1980-1998) of the yellow perch
population in Lake Roosevelt is rdated to higoricaly evolving reservoir water
management scenarios (specificaly spring draw down scenarios), which has been linked
to limiting the ability of the existing yellow perch population to successfully reproduce

(D. Hetcher, persond communication). Severe spring reservoir eevation manipulaions
result in desertion of favorable nesting Sites, disruption of spawning, dewatering of

nesting aress, and direct egg mortaity (Keith 1975; Groen and Schroder 1978; Ploskey
1981).
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3.2 Growth and condition of rainbow, kokanee and walleye: Lengths, weights and
condition factors were determined for 139 rainbow trout collected during gillnet and
electrofishing surveysin 1998 (Table 3.6). Condition factors of rainbow trout, which
have been observed on Lake Roosevelt, ranged from 1.32 (age 1), to 1.21 (age 4; Table
3.7). Annud growth increments taken from mean back caculated lengths a each age
show adight declinein growth with increased age, however, it should be noted that a
trout with a condition factor of 1.00 is considered to bein good to condition. Estimated
annua growth increments for rainbow trout ranged from 122 mm age 1 to 47 mm age 4
(Table 3.7).

Lengths, weights and condition factors were determined for 34 kokanee salmon collected
during gillnet, eectrofishing and test fishery surveysin 1998 (Table 3.8). Condition

factors of kokanee salmon ranged from 0.80 (age 1) to 0.98 (age 3; Table 3.8). Condition
factors were lowest for age one fish (0.80), highest a age two (1.08), with adight decline
a age three (0.98; Table 3.7). Annud growth increments for ages one through three,
ranged from150 mmv/yr to 110 mm/yr, exhibiting a dight decrease in annua growth with
increasing age (Table 3.9).

We determined length; weight and condition factors for 301 walleye sampled by
electrofishing and gillnet surveysin 1998 (Table 3.10). Walleye collected in 1998 ranged
from age 1 to age 8, and the mean condition factor for walleye was variable with age,
athough gradudly decreasing with age, ranging from 1.10 at age 1, t0 0.93 a age 8
(Table 3.10). Back caculated length at age shows relatively rapid growth (129 mm/yr to
93 mm/yr) in younger waleye, a ages 1to 2 (Table 3.11). Older age classes (ages 6
through 8) exhibited considerably dower growth rates of 69 mm/yr to 38 mmiyr,
respectively (Table 3.11).
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Table 3.6 L engths, weights, and condition factors (mean + standard deviation)
of rainbow trout collected during 1998.

Age n Length (mm) Weight (g) Condition Factors
0+ 0 - + - - + - -t -
1+ 139 122+ 35 144 + 114 132 = 038
2+ 95 222 % 56 327 + 147 129 + 0.28
3+ 297 370 # 73 669 + 734 125 + 0.26
4+ 4 344 = 28 750 + 204 121 + 019

Table3.7 Back calculated total length (mean + standard deviation) of rainbow
trout sampled during 1998.

Back calculated total length (mm) at annulus
Cohort n 1 2 3 4
1997 44 127 + 43
1996 70 125 + 28 234 + 49
1995 21 104 + 38 194 + 67 303 + 78
1994 4 104 + 27 170 + 24 265 + 32 344 + 28

Total n: 139

M ean: 122 + 35 222 + 56 279 £ 73 344 + 28
Annual

Growth: 122 100 75 47




Table 3.8 Lengths, weights, and condition factors (mean + standard deviation)
of kokanee salmon collected during 1998.

Age n Length (mm) Weight (Q) Condition Factors

1+ 10 150 + 30 216 + 135 080 =+ 033

2+ 23 294 + 47 500 + 157 108 + 0.29
3+ 1 404 £ 0 750 + 0 098 0
Table 3.9 Back calculated total length (mean + standard deviation)

of kokanee salmon sampled in 1998.

Back calculated total Length (mm) at Annulus

Cohort n 1 2 3
1997 10 154 + 38
1996 23 150 + 27 299 +47
1995 1 103 +0 186 0 404 +0
Total: 34
Mean: 150 +30 294 +47 404 +O0
Annual
Growth: 150 144 110
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Table3.10

L engths, weights, and condition factors (mean + standard deviation) of walleye collected during 1998.

Age n Length (mm) Weight (g) Condition Factors
o+ 0 - + - - + - - + -
1+ 82 142 ot 40 %5 + 61 110 + 0.34
2+ 93 29 @ * 48 223 + 102 1.03 + 0.24
3+ 8 2% o+ 42 366 + 153 0.93 + 0.17
4+ 27 31 % 39 778 + 251 103 + 0.15
5+ 11 464+ 82 1293 + 485 1.01 + 0.15
6+ 4 57 % 134 1613 + 1025 0.80 + 0.09
7+ 1 614  + 0 3000 + 0 1.00 + 0
8+ 2 648+ 22 2875 + 177 0.93 + 0.05
Table3.11  Back calculated total length (mean + standard deviation) of walleye sampled during 1998.
Cohort n 1 2 3 4 5 6 7 8
1997 82 142 + 48
199 93 127 + 32 229 + 48
1995 8 117 + 32 210 + 42 295 + 42
1994 27 130 + 36 226 + 30 307 + 37 3Bl + 39
1993 11 131 + 32 252 + 59 333 + 74 402 £ 75 464 = 8
1992 4 116 + 21 202 + 27 307 + 54 32 + 8 463 + 125 527 + 134
1901 1 191 + O 297 + 0O 407 = 0 453 + 0 518+ 0653+ 0614+ 0
1990 2 149 + 2 227 + 16 345 + 19 449 + 49 510 + 54 557 + 47 609 + 33 648 + 22
Total n: 301
Means
Std. Dev: 129 + 36 222 + 45 303 + 47 392 + 55 472 + 85 541 + 96 609 + 33 648 + 22
Annual 129 93 81 89 80 69 69 38
Growth:




3.3 Reservoir Ecology, Species Utilization, and Fish Diet: Reservoir biotic
communities are young, very dynamic, and the relaionships are not as highly evolved or
dable asin lake systems (Baxter 1977). Diversty and complexity, in the case of
reservoirs, do not necessarily imply stability, because of too little time for development
of long-term homeostasis, and extensive annua and seasond abiotic environmenta
changes. Nevertheless, basic relationships between primary producers, primary
consumers, and secondary consumers will hold, athough annualy modified by abiotic
factors (Bayly and Williams 1973; Baxter 1977; Magnuson 1991; Kerfoot 1995). Life
history characterigtics are reasonably well known for the most common Lake Roosevelt
fish and planktonic species, asis the genera nature of impacts of major abiotic reservoir
environmenta variables on those life history characteridtics.

The structure of a system of populations can be defined to include not only the species
populations present in the system, but also their abundance and digtribution. We take the
organization of the system of populationsto be the inferred interrelations among the
populations. The organization of asystem of populations underlies and determinesiits
structure. Interrel ationships between species populations such as the processes of
predation, competition, commensadisms, and mutuaism are important parts of the system
organization, and can be used to account for, or explain the structure of ecosystems and
populations (Horn 1966; Mac Arthur 1968; Kerfoot 1995). It should be noted that young
of virtudly dl fish in Lake Roosevet are a some life stage predators on planktonic
organisms. Mgor differences in the abundance, and decline of certain fish speciesin

L ake Roosavet is dependent on geographica variation in timing of plankton blooms,
successful spawning of reservoir fishes, entrainment, and predator/prey relationships.

A diverse multifunctiond fish population in a steady sateisimplicitly structured to alow
competitive and predative processes to occur smultaneoudy. Changing the balance
between different trophic components can alter these processes. Predation, asindicated
for apex predators such as walleye, northern pikeminnow, and burbot, may focus on
specific species or age classes a pecific times, and thereby may improve, or
dramatically ater production at dl levelsin the food web (i.e., phytoplankton,
zooplankton, benthos, fish). Such systems are “predation dominant”. Systems lacking
apex predators are “competition dominant”. In*competition dominant systems’ growth
and production are stifled due to lack of resources, with alarge component of the system
energy intake going into maintenance rather than production activities (Regier et d.
1979). Lake Roosevdt isa predator dominated system, and is suspected to be soto a
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degree that may necessitate management of predator species populations, specificaly to
attempt to achieve fisheries population stability by preventing over exploitation of prey
species (Figure 2).

Stated smply, predation is the process of consumption of individuas (or partsage classes
of individuas) of ancther population when abundant, or members of the same population
(the predator) when aternative prey species are scarce.

Of dl predatorsthat are present in Lake Roosevelt, only walleye have the potentia for
sgnificantly affecting the abundance of reservoir prey species, both resdent and hatchery
origin. Walleye are large, the most abundant predator species in the reservoir (Figure 2),
and opportunigtic predators that feed on avariety of prey items, and switch their feeding
habits when spatidly, or temporally segregated from a commonly consumed prey
(Fourney 1974; Nelson and Walburg 1974; Zart 1980). Walleye exploitation of fish prey
itemsin 1998 included the following fish families by dry weight percentage; Cottidae
13.47%, unidentifiable Osteichtyes 12.92%, Salmonidae 9.85%, Percidae 8.59%,
Catostomidae 3.33%, Cyprinidae 3.04%, Centrarchidae 0.39%, which represents
approximately 52 percent of the Lake Roosevelt Walleye diet (Table 3.13). The
remaining 48 percent of the diet (juvenile and adult) was comprised of wide variety of
prey items, including macroinvertebrate, terrestrid, planktonic and other unidentifiable
organisms (Table 3.13).

It has been hypothesized that the walleye family (Percidae) may be cannibdizing itsdf to
asubgantial degree. This hypothesisis based on the fact that walleye are members of the
Percidae family, which currently comprises 8.59 percent of the walleye diet in population
samples. Thisin itsaf would not be surprising if yellow perch populations were present

in ggnificant numbers. However, multiple sampling techniques have documented few
remnants of yellow perch populations (family Percidae) in Lake Roosevelt in recent

years, and waleye are the only other known member of the Percidae family in the
reservoir.

Stomach and diet analyses conducted from 1989 to 1998 in Lake Roosevelt indicate
juvenile wdleye diets are dominated by members of the families Cladocera and Dipteria
(Table 3.13). Fingerlingsfirst feed on planktonic organisms, then asthey grow their diet
includes insect larvae, and when about three to four inches, includes fish. By thetime
wadlleye reach Sx inches or greeter ther diet is dominated by fishes. The “adult” walleye
is primarily carnivorous, and its diet conssts of mosily fishes, athough other food items
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are exploited when available. Forbes and Richardson 1920, in The Fishes of Illinois
meade the following extrgpolations of piciverous walleye predatory capability based on
one specimen

From a single wall-eyed pike caught in Peoria Lake, ten specimens of gizzard
shad were taken, each fromthree to four incheslong....... Reckoning the average
life span of a pike at three years, the smallest reasonabl e estimate of food for each
pike would fall somewhere between eighteen hundred and three thousand fishes,
and a hundred pike-perch such as should be taken along a few miles of river like
the lllinois would require180,000 to 300,000 fishes for their food.

Although, the above reference does indeed have its limitations regarding scientific
gpplicability, it doesillugtrate a perhaps exaggerated illustration of the predaceous
potentia and nature of the most abundant fish speciesin Lake Roosevelt, the waleye.

Waleye are an esteemed sport fish in Lake Roosavelt; however, their piciverous nature is
often viewed as a suspected, however, an as yet inadequately documented threst to the
mitigetion sdlmonid hatchery production programs on Lake Roosevelt. Based on the
somach andysis of 181 walleye, predation of the members of the Samonidae family (al
gpecies) comprised gpproximately ten percent (by dry weight) of the walleye diet in 1998
(Table 3.13). Predation in 1989 of members of the Samonidae family was 4.9 percent
(Peone et d. 1989). It should be noted that identification of salmonid speciesin 1989
was based on whole fish. Currently, digested fish are identified by anatomica
characteridtics, if undigested specimens are unavailable. Based on diet andysis criteria, it
is unknown what percentage of the digested salmonids sampled were kokanee salmon,
rainbow trout, or whitefish. Reative abundance surveys conducted in 1998 indicate that
kokanee salmon, rainbow trout, and whitefish represented 27, 49 and 22 percent,
respectively, of the Sdmonidae family. It is suspected that walleye predation of
sdmonidsin Lake Roosevdlt is rdated to seasond relative abundance (releases from
hatchery facilities or net pen facilities). Walleye predation in other Columbia River
reservoirs appears to be most intense on sub-yearling and yearling salmonids (salmon and
summer steelheed), during sdimonid smolt migrations when fish dengties are highest
(Ricker 1941; Ricker 1952; Gray et a. 1984).

39



Walleye (32%)

Burbot (3%)
Smallmouth (6%)

Sculpin Spp (5%)
Rainbow (5%)
Lk Whitefish (5%)

LS Sucker (24%)

Kokanee (7%)
Misc. Spp (7%)

Figure2. Relative abundancetrophic pyramid of fish species based
on relative abundance surveysin Lake Roosevelt, 1998.
Top of figurerepresents apex predators, bottom lower
planktivores.

Miscellaneous species each represented less than, or equal to 1% of tota catch,
and include; brown and brook trout, Mt. whitefish, yellow perch, large and
smalmouth bass, peamouth, N. pikeminnow, crappie, longnose sucker, tench,
and carp.
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Based on bioenergetics modeling conducted by the Washington Department of Fish and
Wildlife, it was estimated that piscivory of kokanee sdlmon and rainbow trout could
account for substantial mortaities of Lake Roosevelt sdmonid hatchery releases
(Baldwin et d. 1999). It has been identified by the Lake Roosevdt fishery managers that
ingtantaneous walleye predation takes place shortly after releases of hatchery origin
kokanee samon (C. Baldwin, personal communication). Estimates, based on stomach
andyss a the Sherman Creek State Fish Hatchery, indicate that instantaneous post-
release of saimonids by walleye predation is occurring to an as yet not adequately
documented degree. However, preliminary estimates indicate that instantaneous post
release predation may be as high as 20 plus percent (C. Baldwin, persond
communication). Quantitative andysis of post release net pen kokanee saimon, and
rainbow trout predation related mortdities from walleye have only been conducted
seasondly. A more in-depth investigation into the predation of hatchery origin sdmonids
by walleye needs to be conducted to further evauate the amount of predation occurring.

Data collection efforts imply that the mgority of known walleye predation of kokanee
sdmon and rainbow trout begins immediately upon salmonid releases from hatchery and
rearing facilities, and during staging of salmonids for spawning activities & hatcheries

and spawning tributaries. Stomach content data andysis indicates that piscivory on
kokanee salmon and other salmonids aso occurs throughout the year (A. Scholz, persond
communication).

In Lake Roosevdt large piscivores (walleye) are dominant in both numbers and trophic
daus. The sze, high fecundity and piciverous cgpabilities of the walleye population

may be close to exceeding its carrying capacity, as evidenced by the apparent collapse of
the yellow perch population, decline in abundance of another apex predator, the northern
pikeminnow, reductions of largescale sucker populations, increasesin predation of
members of the family Samonidage, and increasing overal reative abundance of waleye
in recent years as compared to other reservoir species (Figure 2).

Waleye contribute substantidly to the cred in Lake Roosavelt, and increasing our
understanding of the predator/prey aspect of the walleye life cycle asit relatesto the
overdl reservoir ecology will improve future fisheries management.

In 1997 Lake Roosevelt walleye and burbot diets substantialy overlapped 0.85, based on
Index of Relative Importance (IRI) calculations (Cichosz et d. 1999). However, in 1998
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the IRI dietary overlap was only 0.34 (Table 3.12). Both species are piciverous, and the
resulting dietary and ecologica shift is not understood. This reduction in diet overlap
from 1997 to 1998 of these two piciverous species may possibly be the result of back-to
back-years of poor reservoir conditionsin 1996 and 1997 (high water years resulting in
substantial entrainment losses and reproductive failures of preferred prey species), and
resulting deficit of juvenile fish species availability, and/or Szes exploitable by burbot.

The feeding habits and growth rates of kokanee salmon and rainbow trout in Lake
Roosevet has not changed appreciably since 1989, and these two species have exhibited
a consgently high dietary overlgp throughout this study (0.65-0.91). The dietary overlap
in 1998 was 0.71 (Table 3.12). In addition, diets of both kokanee sdlmon and rainbow
trout show significant overlap with lake whitefish during 1998 (0.67 and 0.75,
respectively). The diet overlap is, however, less than that observed during the 1997 water
year, and is suspected to be the result of different flood control, and hydropower water
management scenarios between 1996- 1997, and 1998, and corresponding ecosystem
responses smplifying the food web.

Caculated Index of Relative Importance (IRI) values in 1998 indicate that for kokanee
sdmon, rainbow trout and lake whitefish, cladocerans and chironomids are the most
important foods in the diet of each of these speciesin Lake Roosevet (Table 3.12), which
is congstent with other findings (Wydoski and Whitney 1979). The rainbow trout is
more of agenerdigt in feeding behavior than the kokanee sdmon, and utilizes awider
variety of aguatic organisms, and will exploit terrestrid organiams and smal fish when
available. Kokanee sdmon and rainbow trout sampled from Lake Roosevelt have
higtorically had higher growth rates than those reported from other northern lakes (Peone
et a. 1990). Itisaso apparent that planktonic food supplies, based on their observed
excdllent growth rates is not alimiting factor of these species, at least not at exigting
population levels. Thus, it islogica to assume that food supply does not limit the growth
of juvenile, or adult planktivoresin Lake Roosevelt since limited supplies of acommon
resource would be noticegble by al species utilizing that resource.

With change in reservoir conditions, angler exploitation, and exotic species introductions,
reservoir ecosystems inevitably change, and become based on awhole new set of
biologicd and abictic factors often result in subgtantia ecologica fluctuations. Often
such stresses on the ecosystem tend to deform a community toward large piscivores, and
away from specidigt planktivores and benthivores (May 1974).
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Table3.12 Diet overlap of variousfish species sampled from Lake Roosevelt during 1998. Overlap values are based on IRI
calculations.

Species n Diet Overlap
Black crappie 2 100
Bridgelipsucker 1 001 100
Burbot 29 006 010 100
Kokaneesalmon 70 000 000 000 100
Lakewhitefish 19 013 031 010 067 100
Largemouthbass 1 000 000 000 000 002 100
Largescalesucker97 005 062 015 047 076 002 100
Longnosesucker 15 033 064 013 000 044 000 072 100
Mtn. whitefish 6 o000 010 004 08 070 000 052 014 100
N. pikeminnow 19 o001 015 032 000 008 005 017 018 002 100

Peamouth 1 o004 021 004 001 007 000 007 005 000 010 100
Rainbow trout 111 006 009 010 071 075 009 057 016 069 005 004 100
Tench 2 018 063 012 000 035 000 067 072 017 014 000 010 100
Smallmouth bass54 001 007 010 057 055 008 041 007 05 010 015 073 004 100
Walleye 181 015 003 034 043 051 001 031 010 046 003 001 062 005 078 100
Yellow perch 5 014 014 028 000 015 028 016 016 012 007 009 027 015 051 050 100
w w w - - - - —
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Table3.13 Index of relativeimportance (IRI) for prey itemsidentified in ssomachs of fish species collected from L ake Roosevelt
exhibiting substantial (3 0.60) dietary overlap with at least one other species during 1998.

Bridgelip Kokanee Lake Largescale Longnose Mtn. Rainbow Smallmouth
PREY ITEM Sucker Salmon Whitefish  Sucker Sucker Whitefish Trout Bass Walleye
(n) 1 (70) (19) (97) (15) (6) (111) (54) (181)
Amphipoda
Amphipod spp. - - - 0.22 - - 0.17 - -
Decapoda - - - - - - 0.4 2.32 0.29
Anndida
Hirudinea spp. - - - - - -- 0.18 - 0.16
Oligochaeta spp. -- -- -- 157 -- -- 0.67 1.14 0.33
Anura
Bufonidae - - - - - - 0.41 - -
Arthropoda
Arachnida - - - - - - 0.53 - -
Cladocera
A. quadrangularis - - - 0.58 15.16 - 0.19 - -
B. longirogtris - - 3.06 0.37 - - 0.18 - -
C. quadrangulata -- -- -- 0.26 -- -- -- -- --
D. gdeata - 8.76 10.87 251 - 4.42 3.62 - 0.16
D. pulex - 48.88 24.99 16.99 - 40.12 23.59 20.79 15.91
D. retrocurva -- 0.53 3.33 0.76 -- -- 0.35 -- --
D. schodleri - 12.78 - 492 - - 9.43 5.25 0.34
D. thorata -- 0.98 -- 0.86 - -- 0.53 - --




Table 3.13 Continued

Bridgelip Kokanee Lake

Largescale LongnoseMtn.

Rainbow Smallmouth

PREY ITEM Sucker Salmon  Whitefish Sucker Sucker  Whitefish Trout  Bass Walleye
(n) 1 (70) (19) (97) (15) (6) (111)  (54) (181)
Daphnia spp. -- 157 2.83 3.84 -- -- 0.83 0.63
Eppipia eggs - 0.79 -- 0.8 -- -- -- --
L. Kindtii -- - -- - - 3.88 531 0.63
S. crysdlina - - -- - -- - 0.2 --
Coleoptera
Coleoptera spp. -- 0.36 -- - 175 -- 0.72 - 0.31
Dryopidae - - -- 0.22 - -- - - --
Dytiscidae - -- -- -- -- -- -- 173 --
Elmidae -- - 117 0.9 - - 0.35 - 0.16
Hydrophilidae - - -- - - - - - 0.19
Crustacea
Chilopoda - 0.38 -- - - -- - - --
Decapoda
Astacidae - -- -- -- -- -- -- -- 0.32
Diptera
Chironomidae adult - -- -- -- -- -- 0.36 -- 051
Chironomidae larvee -- -- 6.07 2.3 17.26 -- 179 -- 354
Chironomidae pupa - 118 13.33 155 3.23 - 554 2.71 6.09
Simulidae op. - -- -- -- -- -- 0.35 -- --
Tipulidae p. - - -- - - - 0.35 - --
Ephemeroptera
Batidae spp. -- - 1.23 0.22 - - 1.96 11 0.95
Ephemeropteraspp.  -- - -- 0.44 151 -- 0.52 -- 0.32
Heptageniidae -- - -- 0.22 - -- 0.52 0.66 --
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Table 3.13 Continued

Bridgelip Kokanee Lake Largescale Longnose Mtn. Rainbow Smallmouth
PREY ITEM Sucker Salmon Whitefish  Sucker Sucker Whitefish Trout Bass Walleye
(n) D (70) (19) (97) (15) (6) (111) (54) (181)
Eucopoda
D. b. thomasi -- 0.37 1.28 131 - -- - - -
E. nevadensis - 7.82 4.28 3.85 - 7.99 4.52 3.83 1.33
L. ashlandi - 0.38 - - - - - - 0.4
M. edax - - - - 1.52 - 0.18 - -
Gadropoda
Gastropoda spp. -- - -- 0.44 - -- - - -
Lymnaeidae spp. - - - 0.47 - - 1.04 - -
Physidae spp. - - - 141 3.67 - 7.82 - -
Planorbidae spp. -- -- -- 3.18 147 -- 0.18 -- --
Hemiptera
Belostomatid -- - -- - - -- 0.18 - -
Corixidae spp. - - 118 112 - - 5.17 452 0.34
Hemiptera spp. -- -- -- -- 1.46 -- 0.73 -- --
Homoptera - - - - - - 0.2 - -
Hydrachnellae
Hydracharina -- -- 134 0.22 148 -- 0.71 -- --
Nematoda
Nematoda spp. -- 0.36 -- 203 6.59 -- -- -- 0.33
Odonata
Anisoptera - - - - - - 0.28 0.59 -
Zygoptera -- -- -- -- -- -- 0.17 -- 0.16
Organic Matter
Seeds - 0.37 - 154 - - 0.17 - 0.2
Unid. Org. Matter 82 - 14.74 3104 3371 5.76 3.74 1.72 1.29
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Table 3.13 Continued

Bridgelip Kokanee Lake Largescale Longnose Mtn. Rainbow Smallmouth

PREY ITEM Sucker Salmon Whitefish  Sucker Sucker Whitefish Trout Bass Walleye

(n) D (70) (19) (97) (15) (6) (111) (54) (181)
Osteichtyes

Catostomidae -- - -- - - -- 107 348 333

Centrarchidae - - - - - -- 0.61 4.05 0.39

Cottidee -- - -- - - -- 3.15 1951 1347

Cyprinidae - - - - - - 116 245 304

Fish scales -- -- -- -- -- 4.3 -- -- 0.31

Osteichthyes spp. - - - - - - 0.24 5.99 12.92

Percidae - - - - - - 0.97 1.98 8.59

Samonidae -- -- -- -- -- -- -- 0.88 9.85
Pelecypoda

Sphaeridae -- -- 131 -- -- -- -- -- --
Plecoptera

Perlodidae spp. - - - - - - - - 0.32

Plecoptera spp. -- - -- 132 1.46 -- 0.17 - 0.52

Pteronarcys spp. - - - 0.23 - -- - - -
Terrestrial I nsects

Acrididae - - - - - - 0.17 - -

Formicidae -- - -- 1.09 - -- 0.17 0.53 --

Insect Parts 17.79 0.36 3.85 3.98 318 -- 223 8.19 114

Terrestria spp. -- -- -- 1 -- 5.05 4.32 1.8 --
Trichoptera

Brachycentridae -- - -- 0.68 - 12.56 -- - --

Glossostomatidae - - - 0.46 - - - - -

Helicopsychidae -- -- -- 0.47 -- -- -- - --

Hydropsychidae - - 2.72 - 159 - - - 0.47

47



Table 3.13 Continued

Bridgelip Kokanee Lake Largescale Longnose Mtn. Rainbow Smallmouth

PREY ITEM Sucker Salmon Whitefish  Sucker Sucker Whitefish Trout Bass Walleye
(n) D (70) (19) (97) (15) (6) (111) (54) (181)
Hydroptilidae -- -- -- 0.45 -- -- 0.17 -- --

L epidostomatidae -- -- -- 0.22 -- -- -- -- --
Limnephilidae -- -- 242 111 4.96 15.93 -- 182 --
Trichoptera pupa -- -- -- -- -- -- 0.87 -- 0.52
Trichoptera spp. -- -- 2.88 -- -- 0.52 171 0.63
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3.4 Angler Cred Surveys, and Economic Analysis. We estimated that totd annua
fishing pressure exerted in Lake Roosevelt during 1998 was 1,003,551 angler hours
(Table 3.14). Our egtimates of annua fishing pressure were highest in Section 2
(505,787 hrs), moderate in Section 3 (355,946 hours), and lowest in Section 1 (141,818
hrs;, Table 3.14). Monthly fishing pressure was greatest during June (198,515 hrs), and
lowest during April (28,543 hrs, Table 3.14).

Anglers made an estimated 196,775 fishing trips to L ake Roosevelt from December 1997
through November 1998 (Table 3.15). An estimated tota of 23,692 angler trips were
madein Section 1, 108,421 angler tripsin Section 2, and 64,921 tripsin Section 3 (Table
3.15). Sectiond trip estimates do not sum to the annua estimate due to differencesin
caculation protocols. Quarterly averages were used for mean trip length to estimate the
number of angler trips in some sections/months, whereas annual estimates were based
s0ldly on exigting trip length data

In generd, estimated angler pressure and trip numbers were highest during summer and
fdl (June—October), and lowest during winter and spring (December-May; Tables 3.14
and 3.15). On areservoir wide bag's, the highest number of monthly angling trips was
made during the June through September period, ranging from 24,565 (Jduly) to 36,732
(September; Table 3.15). The winter quarter (December through February) and the
Spring draw down periods (April and May) had the fewest angler trips when less than
7,000 angler trips were made per month (Table 3.15)

During 1998, the overdl mean annud harvest rate (fish kept per angler hour) in Lake
Roosevelt for adl species combined was 0.289, equating to 3.5 angler hours exerted for
each fish harvested (Table 3.16). The 1998 annual mean harvest rate was 0.178 (5.6
CPUE angler hrgffish) for rainbow trout, 0.086 (11.6 CPUE angler hrgffish) for walleye,
0.009 (111.1 CPUE angler hrs/fish) for smalmouth bass, and 0.015 (66.7 CPUE angler
hrg/fish) for kokanee sdmon (Table 3.16).
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Table3.14  Total monthly angler pressure estimatesin hours (x 95% CI), by cred
section on Lake Roosevelt from December 1997, through November
1998.
Reservoir Survey Sections
Month 1 2 3 Total
December 411 + 151 26851 + 1,927 3992 + 237 31,254 + 2,315
January 92 + 53 4975 + 514 29,314 + 168 34,381 + 735
February 652 + 129 13956 + 483 26,533 + 1,406 41,141 + 2,018
March 1310 + 67 37135 + 2487 31582 + 1434 70,027 + 3,988
April 2,635 = 200 13008 £ 1,172 12,900 + 498 28,543 + 1,870
May 11653 + 324 17481 + 1,048 2,466 + 182 31,600 + 1,554
June 34,401 + 1,266 88378 + 4541 75,736 = 67 198,515 * 5,874
July 37,382 + 2,751 70,795 = 3,969 17,538 + 507 125,715 = 7,227
August 27,379 + 1,807 44792 + 2210 58,957 + 3,553 131,128 = 7,570
September 19,466 + 879 62,733 + 2404 84,542 + 4536 166,741 + 7,819
October 5464 + 508 66,592 = 4,700 11,559 + 208 83,615 + 5,416
November 973 = 109 50,091 + 1,393 827 + 159 60,891 + 1,661
Total 141,818 + 8244 505,787 + 26,848 355946 + 12955 1,003,551 + 48,047
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Table3.15 Angler trip estimates by section based on angler hoursand
averagetrip length for Lake Roosevelt from December 1997
through November 1998.

Mean Trip No. Angler No. Angler
Section Length Hours Trips
December 1 44 411 93
2 55 26,851 4,882
3 6.2 3,992 644
January 1 49 92 19
2 38 4,975 1,309
3 80 29,314 3,664
February 1 47 652 139
2 4.9 13,956 2,348
3 6.7 26,533 3,960
March 1 43 1,310 305
2 4.0 37,135 9,284
3 59 31,582 5,353
April 1 6.4 2,635 412
2 37 13,008 3,516
3 5.7 12,900 2,263
May 1 6.2 11,653 1,880
2 44 17,481 3973
3 52 2,466 474
June 1 6.1 34,401 5,640
2 4.9 83,378 18,036
3 6.1 75,736 12,416
July 1 59 37,382 6,336
2 44 70,795 16,090
3 82 17,538 2,139
August 1 6.6 27,379 4,148
2 51 44,792 8,783
3 4.7 58,957 12,544
September 1 58 19,466 3,356
2 43 62,733 14,589
3 45 84,542 18,787
October 1 4.9 5,464 1115
2 47 66,592 14,169
3 4.7 11,559 2459
November 1 39 973 249
2 54 59,001 10,942
3 38 827 218
Total 51 1,003,551 196,775




Table 3.16 Harvest per unit effort (HPUE) by species and section from
December 1997 through November 1998 in Lake Roosevelt.
HPUE equalsthe number of fish kept per angler hour.

Section

1 2 3 Annual
Kokanee salmon 0.000 0.020 0.019 0.015
Rainbow trout 0.059 0.139 0.264 0.178
Walleye 0.191 0.133 0.000 0.086
Smallmouth bass 0.000 0.000 0.021 0.009
White sturgeon 0.000 0.000 0.000 0.000
Other species 0.000 0.000 0.000 0.000
Annual HPUE 0.250 0.292 0.304 0.289

Table3.17  Catch per unit effort (CPUE) by species and section from December
1997 through November 1998 in Lake Roosevelt. CPUE equalsthe
number of fish caught (kept or released) per angler hour.

Section
1 2 3 Annual
K okanee salmon 0.000 0.020 0.021 0.016
Rainbow trout 0.059 0.144 0.270 0.183
Walleye 0.219 0.149 0.001 0.098
Smallmouth bass 0.000 0.006 0.250 0.113
White sturgeon 0.000 0.000 0.000 0.000
Other species 0.003 0.000 0.000 0.001
Annual CPUE 0.281 0.319 0.542 0.410
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The highest harvest rates by species (Table 3.16) werein Section 1 for walleye 0.191
(CPUE 6.3 angler hrgffish), in Section 2 for kokanee salmon 0.020; (CPUE 50.0 angler
hrg/fish), and in Section 3 for rainbow trout 0.264 (CPUE 3.8 angler hrg/fish).

The overadl mean annud catch rate (fish kept and released per angler hour) for al species
combined in Lake Roosevelt during 1998 was 0.410, or approximately 2.4 hours of effort
exerted for each fish caught (Table 3.17). Mean annud catch rates by speciesin 1998
were 0.183 (5.5 CPUE angler hrgffish) for rainbow trout, 0.098 (10.2 CPUE angler
hrs/fish) for waleye, 0.016 (62.5 CPUE angler hrs/fish) for kokanee sdmon, and 0.113
(8.8 CPUE angler hrg/fish) for smalmouth bass (Table 3.17). Catch ratesfor individua
gpecies were highest in Section 1 (upper) for walleye 0.219 (4.6 CPUE angler hrg/fish)
and in Section 3 (lower) for kokanee saimon 0.021 (47.6 CPUE angler hrsffish), rainbow
trout 0.270 (3.7 CPUE angler hrs/fish) and smalmouth bass 0.250 (4.0 CPUE angler
hrgffish; Table 3.17). Rainbow trout were the largest contributors to harvest from Lake
Roosevet in 1998. Rainbow trout harvest was estimated at 226,809 fish, accounting for
over 60 percent of the total harvest (Table 3.18). Rainbow trout were primarily harvested
from Sections 2 (94,269), and 3 (128,424), during 1998 (Table 3.18).

The cred data dso suggests that no kokanee were harvested in Section 1, and no waleye
were harvested in Section 3 (Table 3.18). This apparent segregation of the two speciesin
cred surveys has for the most part been consistent since the Lake Roosevelt Project
began. The presence/absence of these speciesin these two areas is not understood, but is
thought to be related to forage and habitat factors. Although cred surveys are not
identifying walleye in the Section 3 catch, it is known that walleye are entrained through
Grand Coulee Dam, and have seeded the mid and lower Columbia River (Zook 1983; and
Mullan et d. 1986), have been documented by the Washington Department of Fish and
Wildlife through offshore net sets, and Eastern Washington University researchers have
captured them in the San Poil River. Therefore, waleye are present, at least seasondly in
the lower reaches of the reservoir; however, they are for unknown reasons not reflected in

the cred survey data.
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We estimated that 119,346 walleye were harvested from Lake Roosevelt during 1998,
comprising 32 percent of the total harvest (Table 3.18). Harvested walleye were noted in
the cred only in Sections 1 and 2 where harvest estimates were 34,943 and 84,403,
respectively (Table 3.18). Approximately 3.5 percent of the walleye recorded in the cred
during 1998 were within the illegd size redtrictions (406-508 mm; 16-20 in.) established
by WDFW. We estimate that approximately 4,200 waleye were harvested within the
illega sze range during 1998.

Harvest of kokanee salmon and smallmouth bass were estimated at 9,980 and 14,062 fish,
respectively, accounting for gpproximately seven percent of the total harvest (Table

3.18). Kokanee salmon were harvested from Sections 2 (4,701) and 3 (5,279), whereas
smalmouth bass were harvested exclusvely from Section 3 (Table 3.18). Both catch

rates and estimated numbers of fish caught from Lake Roosevelt during 1998 were higher
than harvest ratedestimates for individua species, with the most pronounced differences

in smalmouth bass and waleye (Tables 3.16 through 3.18). The mean annud catch

rates for smallmouth bass (0.113) was approximeately twelve times the mean annud

harvest rate (0.09) during 1998 (Table 3.16).

Table3.18 Estimated number of fish harvested (kept), with = 95% confidence
intervalsfor Lake Roosevelt from December 1997 through November

1998.

Section
1 2 3 Total
Kokanee salmon 0 4,701 5,279 9,980
(x321) (£218) (x539)
Rainbow trout 4,116 9,269 128,424 226,809
(£316) (£5,366) (#4,673) (+10,355)
Walleye 34,943 84,403 0 119,346
(£1,939) (+4,359) (£6,298)
Smallmouth bass 0 0 14,062 14,062
(£847) (+847)
White sturgeon * 0 0 0 0
Other species 0 0 0 0
Annual Harvest 39,059 183,373 147,765 370,197
(+2,255) (+10,045) (+£5,739)  (+18,039)




Table3.19 Esimated numbersof fish caught (kept and released), with = 95%

confidence intervals, for Lake Roosevelt from December 1997 through
November 1998.

Section

1 2 3 Total
K okanee salmon 0 4,701 5487 10,188
(£321) (x222) (£543)
Rainbow trout 4,116 97,831 131,089 233,036
(x316) (£5,549) (+4,776) (£10,641)
Walleye 38,635 94,526 80 133,241
(2,138) (+4,904) (#6) (£7,048)
Smallmouth bass 0 3314 213,864 217,178
(x164) (£5,490) (£5,654)
White stur geon 0 0 0
Other species 65 0 0 0

(x7)
Annual Catch 42,816 200,372 350,520 593,708
(x2,461) (+£10,936) (+£10,494) (£23,891)

In 1998, rainbow trout harvested from Section 3 were gpparently larger by both length
and weight than those harvested in Sections 1 or 2 (Table 3.20). Mean length of rainbow
trout harvested from Sections 1 and 2 were smilar in 1998; however, mean weight of
rainbow trout harvested was greater in Section 2 (Table 3.20). Rainbow trout harvested
in Section 3 averaged 376 mm in length and 777 gramsin weight (Table 3.20). In
contrast, rainbow trout harvested from Sections 1 and 2 had respective mean lengths of
333 and 339 mm, and respective mean weights of 403 and 504 grams (Table 3.20). The
larger rainbow trout observed in the lower reaches of the reservoir corresponds with
subgtantidly higher densities of prey items (e.g. Cladocerans and Dipterans), which both
kokanee sdmon and rainbow intensely exploit (Shieds et d. 1997; Cichosz et d. 1999).
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Table3.20  Annual numbers(n) and mean lengths (mm) and weights (g) for fish
observed in the L ake Roosevelt creel from December 1997 through
November 1998. Plus'minusvaluesindicate standard deviations.

Smallmouth
Kokanee Rainbow Walleve Bass
Sec1l
N - 53 217 -
Ln - 333+47 353+36 -
Wit - 403+160 345+86 -
Sec 2
n 24 134 152 -
Ln 364+36 339+56 351+75 -
Wt 4721124 504+172 458+360 -
Sec 3
n 29 399 - 30
Ln 350+33 376+64 - 229+0
Wt  717+165 777+258 - -
Total
n 53 586 369 30
Ln 356+35 364+64 352455 229+0
Wt  606+191 680+273 392+246

Walleye were observed in the cred only in Sections 1 and 2 during 1998. Wadleye were
similar in length from both sections (353 and 351 mm, respectively); however, mean
weight of walleyes harvested was grester in Section 2, 458 g. versus 345 g., (Table 3.20).

Only 1 percent of waleye creded in Section 1 during 1998 were within the upper legd
gzelimit (>20in). Incontrast, 7 percent of the walleye creded in Section 2 werein the

upper legd szelimit.

Based on cred surveys, 59 percent of walleye anglers were stisfied with thefishery in
1998 (Table 3.21). Satisfaction rates of anglers targeting rainbow trout (35%), or

kokanee salmon (24%) were notably lower during the same period (Table 3.21). The

highest seasond satisfaction rates among kokanee salmon anglers (56%) were noted
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during the fdl (Table 3.21). Waleye and rainbow trout anglersinterviewed were most
satisfied (72% and 48%, respectively) during the summer (Table 3.21). Of dl anglers
interviewed on Lake Roosevelt during 1998, (48%) targeted rainbow trout, (27%)
targeted walleye, (18%) targeted kokanee salmon and (8%) targeted other species such as
burbot and smallmouth bass (Table 3.22). On areservoir wide-bass, waleye were the
principa speciestargeted in the summer months (57%), whereas rainbow trout were the
principa target species during winter months (55%), and fal months (79%; Table 3.22).
Waleye and rainbow trout received nearly equaly proportions of angler pressure during
the spring of 1998 (34 and 33 percent, respectively).

Table3.21  Percent of anglersthat were satisfied with the fishery by species,
section and season from December 1997 through November 1998.

Quarter Kokanee Rainbow White
Section Salmon Trout Walleye Sturgeon
Winter
1 - 0% -
2 44% 18% 36%
3 % 17% -
Spring
1 - 0% 46%
2 40% 30% 3%
3 19% 0% -
Summer
1 50% 67%
2 - 3% 8%
3 36% 60% -
Fall
1 - 5% 88%
2 100% 63% 18%
3 54% A% -
Qrtly Totals
Winter 9% 13% 36%
Spring 23% 16% 43%
Summer 36% 48% 72%
Fall 56% 47% 47%
Annual Total 24% 35% 59% 0%
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Table 3.22Per cent of angler stargeting various fish species by section and season
on Lake Roosevelt from December 1997 through November 1998.

Quarter Kokanee
Section Salmon Rainbow  Walleye Other
Winter
1 - 84% - 16%
2 6% 66% 16% 12%
3 71% 29% - -
Spring
1 - 21% 76% 3%
2 10% 42% 37% 11%
3 81% 17% - 2%
Summer
1 - 21% 79% -
2 - 13% 62% 25%
3 85% 9% - 6%
Fall
1 - 80% - 20%
2 2% 75% 15% 8%
3 17% 83% - -
Qrtly Totals
Winter 27% 55% 10% 8%
Spring 25% 33% 34% 8%
Summer 15% 15% 57% 13%
Fall 8% 79% 10% 4%
Annual Total 18% 48% 27% 8%
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We estimated the economic vaue of the Lake Roosevdt fishery in 1998 to be $8,004,807
(Table 3.23). Thisestimate is based on an estimated 196,755 angler trips at an average
cost of $40.68 per trip as adjusted to the current to the regiona consumer price index.

Table3.23  Economic value of the sport fishery in Lake Roosevelt during
December 1997 through November 1998.

1985 1998
Consumer Price Index $167.87 $262.66
Dollars Spent per Angler Trip $26.00 $40.68
Number of Angler Trips 196,775.00
Economic Value of Fishery $8,004,807.00

In 1998, the estimated number of angler trips to Lake Roosavelt and the economic vaue
of the fishery increased relative to 1996 and 1997, but were lower than in al other years
snce 1991 (Table4.1). The economic vaue of the Lake Roosevdt fishery in 1998 was
aoproximately $2.2 million greater than in 1997, but less than haf of the estimated value
of the 1993 and 1994 fisheries (Table 4.1). The estimated annual number of angler trips
to Lake Roosevelt peaked in 1993, declined through 1997, increasing again in 1998
(Table4.1). Theestimated number of angler trips made in 1998 increased nearly 35
percent over the 1997 estimate (Table 4.1). It is suspected that the dramétic declinein the
vaue of the fishery during 1996 t01998, from previous years, is atributable to the
culmination of poor angler success rates, and limited boat access resulting from the low
early spring water years of 1996 and 1997. The reservoir eevation was lowered during

these years below normal, due to heavy runoff predictions.

It should be noted that there are numerous methodol ogies devel oped for conducting an
economic andysis of the value of afishery (i.e,, economic impact surveys such as
expenditure, or net value assessments, contingent value analyses, intangible benefit
moddls, etc.). We redize that based on expenditure, or net value assessment models
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commonly used in ng the vaue of afishery (i.e., boats, motors, fud, travel, tackle,
food, lodging, etc.), the vaue of the fishery on adaily/annua basis would greatly exceed
the Consumer Price Index (CPI) values, as adjusted (USFWS 1989), associated with the
economic vaues associated with an angler trip (Fisher and Grambsch 1991). We have
elected to use these as adjusted CPI economic vaues (U.S. Fish and Wildlife Service
1985) to provide consistent estimates for trend comparisons, however, they likely
represent an underestimate of the true economic value of the fishery.

35 LakeRoosevelt kokanee salmon and rainbow trout hatchery production
program (1986-1998):

The Lake Roosevelt Hatchery Coordination Team determines and evaluates kokanee
sdmon and rainbow trout stocking strategies, including age, Size number, timing, socks
and locations. The Hatchery Coordination Team is comprised of hatchery managers and
fishery managers from the Spokane Tribe of Indians (STOI), Colville Confederated
Tribes (CCT), and Washington Department of Fish and Wildlife (WDFW), who
coordinate and establish production goa's and release dtrategies annualy. These drategies

are based on ongoing scientific research activities on Lake Roosevelt.

Abictic, dimatic, politicd, inditutiona, legal and economic redlities (anadromous fish
flows, flood control, power production, irrigation, ESA, etc.) dictate daily, seasona and
annud reservoir operations, which have a direct influence on the success of haichery
production programs.

From 1988 to 1990, kokanee salmon reared at the Ford Hatchery by the (WDFW) were
stocked into Lake Roosevelt. Approximately 850,000 plus kokanee salmon fry were
stocked into Sherman Creek and the Spokane River at Little Falls Dam, respectively, each
year between May and July. The Spokane State Fish Hatchery (SFH) provided rainbow
trout fry to the Lake Roosevelt Net Pen Program from 1986 to 1990. The number of
rainbow trout provided by the Spokane (SFH) began at 50,000, and increased to 276,500
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by 1990 (Table 3.25). Historica hatchery production, and origin from 1986 to 1998 are
summarized for kokanee salmon (Table 3.24), and rainbow trout (Table 3.25).

The Spokane Triba Hatchery began operation in 1990 as afull production facility, and
began stocking kokanee salmon and rainbow trout into Lake Rooseveltin 1991. The
Spokane Triba Hatchery isamodern support and production facility, and operationaly
cultures and rears the kokanee sdlmon and rainbow trout for release as fingerlings and
catchables, and also operates as a transfer facility to the WDFW Sherman Creek
Hatchery, and Lake Roosevelt kokanee sdlmon and rainbow trout net pen rearing projects.

In 1998, approximately 501,206 kokanee yearlings and 87,421 fry were released from the
Sherman Creek SFH, and 541,447 catchable rainbow trout were released from the net pen
operation, and 125, 674 fry were released directly from the Spokane Tribal Hatchery.
Approximately 10,000 (8,922 survived) kokanee sdmon were floy (anchor) tagged for the
first timein 1997 a the Sherman Creek Hatchery. 1n 1998, approximately 7,700 kokanee
sdmon were floy (anchor) tagged at the Sherman Creek facility.

Current production goas will attempt to produce 1 million kokanee yearlings (with
anticipated new net pen facilities a Sherman Creek) to help reduce the instantaneous post
release predation associated with fingerling plants (Tilson et d. 1994), and 500,000 plus
rainbow trout reared in the net pen program to catchable size. The increased production
of kokanee sdmon yearlingsis currently under review asto what socks are most suitable

for exidting hatchery facilities, and other ecological consderations.

Kokanee salmon: The Sherman Creek Hatchery is acontemporary production facility
operated by the WDFW near Kettle Falls, Washington that began rearing and releasing
kokanee sdlmon in 1992. The Sherman Creek Hatchery isthe primary egg collection
fecility for kokanee sdlmon stocked into Lake Roosevelt, and collected eggs are
transferred to the Spokane Triba Hatchery for incubation and rearing. Initid egg stocks
were obtained from the Lake Whatcom Hatchery near Bellingham, WA (operated by
WDFW), and as aresult of limited adult returns, kokanee salmon eggs continue to be
supplemented on an annud basis by the Lake Whatcom Hatchery, and more recently
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Meadow Creek Hatchery in British Columbia. A portion of the kokanee sdmon reared in
the Spokane Tribal Hatchery are transferred to the Sherman Creek Hatchery in early
spring for rearing in raceways and net-pens, prior to release as yearlings (Table 3.24).
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Table 3.24 Summary of hatchery origin kokanee salmon released
into Lake Roosevelt from 1988 though 1998.

Y ear Hatchery Number Life Stage Size (#/Ib)

1988 Ford 872,150 fry 500
1989 Ford 861,442 fry 280
1990 Ford 1,025,400 fry 247
1991  Spokane Tribal 1674577 fry 119
1992  Spokane Tribal 71,256 yearling

1992  Spokane Tribal 819,220 fry 158
1992 Sherman Creek 68,552 yearling 2
1992  Sherman Creek 1,099,000 fry 616
1993  Spokane Tribal 21,190 yearling 7
1993  Spokane Tribal 1,024,293 fry 225
1993  Sherman Creek 72508 yearling 15
1993  Sherman Creek 675,572 fry 228
1994  Spokane Tribal 123254 yearling 10
1994  Spokane Tribal 1,910,255 fry 125
1994  Sherman Creek 90,881 yearling 11
1994  Sherman Creek 1,087,161 fry 372
1995  Spokane Tribal 1401  brood 1
1995  Spokane Tribal 59,825 yearling 10
1995  Spokane Tribal 515,425 fry 202
1995  Sherman Creek 210,643 yearling 15
1995  Sherman Creek 164,328  yearling 28
1996  Spokane Tribal 54,194  yearling 9
1996  Sherman Creek 224562 yearling 14
1996  Sherman Creek 50,899 fry 52
1997  Spokane Tribal 40,808 yearling 7
1997  Spokane Tribal 54,103 fry 117
1997  Sherman Creek 220191 yearling 15
1997  Sherman Creek 261,092 fry 41
1998  Spokane Tribal 49,750 yearling 11
1998  Spokane Tribal 365,542 fry 120
1998  Sherman Creek 501,206 yearling 12
1998  Sherman Creek 87,421 fry 82

The combined Sherman Creek State Fish Hatchery and Spokane Triba Hatchery origina
production gods were initialy 8 million kokanee sdmon fry for rdlease into Lake
Roosevelt and 500,000 rainbow trout fry for the Lake Roosevelt Net Pen Program. Due
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to alimited water supply a the Spokane Triba Hatchery, approximately 2.5 million
kokanee sdimon and 250,000 rainbow trout fry have been released annually, until
production of kokanee started to shift to yearlings.

In 1994 Tilson et d. (1994) recommended that fry releases for kokanee slmon be
discontinued, and that kokanee salmon be released as yearlings. The recommendation
was made based on CWT tag return data indicating increased surviva of kokanee sdlmon
released as yearlings relive to those released as fry. Therefore, beginning in 1995, a
shift towards yearling production of kokanee samon was undertaken at both Sherman
Creek Hatchery and the Spokane Triba Hatchery in hopes of increasing angler harves,
and adult returns to egg collection facilities. This stocking strategy has not increased
angler harvest, hatchery returns, and has reduced the number of kokanee salmon being
stocked into Lake Roosevelt.

Stocking sirategies, lake operations and predation have previoudy been identified as
magor factors effecting recruitment of hatchery origin kokanee sdmon into the Lake
Roosevelt fishery (Tilson et d. 1995; Chicosz et d. 1999; and Baldwin et d. 1999).
However, recent emphasis on planting large numbers of yearling kokanee, may have
created a new limiting factor. Since 1995 with the implementation of yearling kokanee
sdmon stocking, the relative proportions of precocious (sexualy mature) hatchery origin
kokanee sdmon in the population have gpparently increased (T. Peone, persond
communication). These precocious individuals were first identified in the kokanee

culture program in 1997 (T. Peone, personal communication).

Fish culture induced precocity is associated with near optima growth conditionsin afish
culture environment, and can be stock dependent. Contemporary fish culture practices
promote good fish heglth, maintenance of suitable water temperaturesresulting in
improved food converson rates and high growth rates, al of which likely contribute to
the increased precocity rates observed.

Hatchery origin (Spokane and Sherman Creek Hatcheries) kokanee sdmon have
represented a small component (2 to 10 percent) of the annual kokanee catch by both



anglers and fisheries agencies evaduaing the Lake Roosevet fishery. The reason for the
small contribution of the hatchery kokanee is not fully understood, however it is
suspected that precocity, predation, and entrainment losses combined are al contributory
factors. The bulk of the kokanee salmon observed in the cred and annud test fisheries
are suspected to be either originating from upstream reservoirs, or from an asyet to be
identified in-reservair, or tributary(s) natura production Sites.

The consensus of the Lake Roosevdt fishery managersisthat the kokanee hatchery
program will not live up to full expectations until fish entranment problems are
minimized, suitable kokanee stocks are identified, fish culture practices are modified to
reduce the frequency of precocious individuas in the kokanee salmon culture program,
and predation problems are fully addressed.

Rainbow Trout: The Lake Roosevet Development Association (LRDA) a nonprofit
group operates the Net Pen Program for rainbow trout. The LRDA operates
approximately 30 net pens a Hunters, Seven Bays, Two Rivers, Keller Ferry, Lincoln,
Hdl Creek and Kettle Fals, largely through volunteer efforts. Stocking strategies for
rainbow trout have higoricaly involved hatchery incubation to juvenile Size, and then net
pen rearing to a yearling stage, and have to date been the most successful of the hatchery
production programs (Table 3.25).

Rainbow trout are stocked in net pens during October and held until May or June when
they are released as yearlings. Prior to release, gpproximately 20,000 plus rainbow trout
test groups are selected from the net pen operations, or raceways. All fish are measured to
the nearest millimeter, and tagged with individualy numbered floy (anchor) tagsinto the
posterior base of the dorsal fin. Once measured and tagged, rainbow trout are returned to
the net pens until release.
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Table3.25 Summary of hatchery origin rainbow trout (catchables) released into
L ake Roosevelt from 1986 though 1998.

Year Hatchery Number
1986 Spokane (WDFW) 50,000
1987 Spokane (WDFW) 80,000
1988 Spokane (WDFW) 150,000
1989 Spokane (WDFW) 175,000
1990 Spokane (WDFW) 276,500
1991 Spokane Tribal 326,461
1992 Spokane Tribal 424,395
1993 Spokane Tribal 446,798
1994 Spokane Tribal 449,183
1995 Spokane Tribal 415,844
1996 Spokane Tribal 565,172
1997 Spokane Tribal 565,172
1998 a/ Spokane Tribal 541,447

al In 1998 an additiona 125,674 fry were stocked at different locations in Lake Roosevelt.

To maximize angler tag returns for adipose clipped, floy or CWT tagged kokanee sdmon
and rainbow trout, informationa posters describing the Lake Roosevet Fisheries
Evauation Program’ s tagging studies were distributed throughout Lake Roosevelt, and
Rufus Woods Reservoir at locations frequented by anglers. These posters gave avisud
description of identifying marks and tags and requested that anglers return fish capture
data with the following recapture information; 1) recapture dete, 2) location, 3) fish
length, and 4) fish weight. Anglers returning tag information are sent aletter informing
them of the fish release date, location, and length at release. Anglers are dso provided
with abrief summary of the tagging program. Tag return data has been used to estimate
growth rates of rainbow trout within Lake Roosevelt, and entrainment rates of these
gpecies from Lake Roosevelt.

3.6 Reservoir Operationsand Entrainment: Grand Coulee Dam was commissoned

by Congressto operate for power, flood control, irrigation, with secondary considerations
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for recreation, fisheries and navigation. Reservoir operations, therefore depend on many
factors and differ by season and year, and have a pronounced influence on the aquatic
biota of Lake Roosevelt.

Reservoir Operations: Reservoir operations from late fall to late winter are determined
by hydropower production, resulting in lower, but relaively stable reservoir levels (Table
3.26). Reservoir operations from late winter to late spring are determined by spring
runoff, and resultant flood control requirements, and are characterized by substantia
reductionsin reservoir elevations and reduced water residence times (WRT'S). Reservoir
operations from early summer through early fal are generaly directed & refill, and

maintenance of stable summer/early fal water recreetion levels (Table 3.26).

WRT’ s are closdly rdated to reservoir flow conditions (inflow/outflow), and spring time
WRT’ s below thirty days (reservoir discharge greater than 100,000 cfs; (Table 3.26 and
Figure 4) have been linked to increased entrainment rates of kokanee salmon and rainbow
trout from Lake Roosevelt (Griffith et d. 1995; Scholz 1991; Chichoz 1999).

Operations of hydrodectric and flood control facilities affects the physiochemica
properties of impounded water and associated biologica communities (Cole and Deitner
1991). Theimpacts are related to water levels changes, the location and operation of the
withdrawal facilities (penstocks), and the shape of the reservoir basin. Run of river
projects with minimal storage have lessimpact on the stream’ s biologica community
natural fluctuations (Loar and Hildebrand 1981; Stober 1983). Use of impounded water
to generate eectricity, or flood control adversely affects reproduction of fish and benthos,
energy trandfer, and recruitment and entrainment of nutrients, fish, and other biota
through the dam penstocks, or spillways during periods of high reservoir discharges and
reservoir eevation manipulations (Table 3.26 and Figure 3).

Reservoir operaions and annualy variable water level manipulations have virtudly
eliminated littord zone habitats, and associated littoral zone productivity (e.g.
macroinvertebrate production, aquatic macrophytes, shoreline vegetation, €etc.).
Consequently, many fish populationsin the reservoir are dependent on annudly variable
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in-reservoir periphyton, phytoplankton, and zooplankton production. Observed growth

rates and condition factors of salmonid populationsin the reservoir (kokanee and
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Table3.26  Comparison of monthly mean outflow, water retention times (WRT),

and elevationsin L ake Roosevelt for yearsof record 1991 to 1998.

Y ear of 1991 1992 1993 1994 1995 1996 1997 1998

Record a/ a/ a/
Mean Outflow (kcfs)
January 1420 1015 100.5 772 88.3 154.9 141.6 107.2
February 131.3 777 859 103.6 94.0 154.9 142.4 129.6
March 151.0 926 539 7.7 90.1 144.4 129.2 107.4
April 1534 79.3 484 73.0 845 147.7 152.7 67.8
May 1464 1121 119.0 99.6 935 167.8 2184 1329
June 1457 1317 95.7 1359 117.8 173.1 258.1 1426
July 129.6 80.6 97.2 95.8 1105 157.9 169.2 116.3
August 125.7 81.7 817 73.3 91.9 131.2 135.3 105.3
September 78.0 730 730 559 65.9 90.8 975 76.2
October 847 65.9 625 64.0 80.6 90.7 106.6 65.6
November 879 819 84.2 75.7 91.9 939 95.1 76.0
December 879 1099 109.9 835 141.6 110.7 127.8 95.7
Mean WRT (Days)
January 322 451 40.2 618 493 284 30.3 373
February 341 59.0 440 425 426 317 233 26.7
March 25.0 484 67.1 549 24 239 234 329
April 17.7 512 87.1 55.0 475 186 159 616
May 185 344 394 240 394 157 108 338
June 292 337 49.6 30.1 40.1 21.8 16.1 333
July 358 62.1 469 435 414 294 271 39.0
August 370 56.8 56.8 58.7 472 34.3 332 26
September 5.1 61.0 61.0 784 69.0 479 465 57.2
October 55.8 69.0 735 72.6 56.7 492 428 68.3
November 53.2 56.3 514 60.1 50.4 483 477 611
December 53.2 375 375 335 470
Mean eevation (add 1,200 = ft. MSL)
January 839 87.1 675 854 78.3 816 73.0 68.8
February 85.1 878 635 818 66.3 80.7 53.7 58.2
March 675 814 56.0 765 59.0 585 394 55.0
April 354 679 718 68.1 65.8 351 20.8 69.5
May 349 66.4 84.7 80.5 59.8 323 234 81.6
June 75.2 81.1 875 76.0 83.6 67.8 75.3 87.6
July 88.3 86.6 86.4 74.9 86.9 879 87.7 86.6
August 885 85.9 85.9 771 80.9 84.9 85.8 824
September 87.0 813 813 813 85.1 80.7 84.4 810
October 87.0 84.1 819 87.2 85.8 84.1 839 83.1
November 86.7 84.2 78.8 84.7 86.5 84.2 86.5 813
December 86.0 73.0 79.0 84.2 87.0 785 80.3 79.2

al Yearswith low average monthly spring WRT’ s/low reservoir elevations, and high entrainment rates.
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rainbow) indicate that at current population levels, planktonic forage productivity and
availability (zooplankton) appear to be ample. Reservoir productivity is, however,
annudly quite variable (Shields and Underwood 1997). Lake Roosevet productivity isin
adownward trend due to reservoir aging, abbsence of returning salmon and associated
carcass nutrients, and reductions in waste effluent from commercia and municipa

fadlities

Based on rdative abundance surveys, many spring spawning prey fish species that
attempt reproduction prior to, or during spring lake eevation draw downs appear to
experience frequent year classfailures, and are not successfully recruiting individuas into
the Lake Roosevet food web.

Walleye are primarily spawning in the headwaters of main tributaries (San Poil and
Spokane arms) in the spring during reservoir draw downs, and based on relative
population size appear to be less vulnerable to the effects of main-stem reservoir devation
manipulations, than other mainstem spring spawning species. This hypothesisis
supported by the increasing relative abundance of walleye and the decreasing abundance
of main stem spring Spawning prey Soecies.

In August 1994, Lake Roosevelt began releasing water to meet anadromous fish needs to
satisfy downdtream flow targets for endangered species identified in the Nationa Marine
Fisheries Service' s (NMFS) Biologica Opinion (BO). From 1995 to 1998 Lake
Roosavelt late flow augmentation releases have varied depending on other Columbia
River basin stream flow needs. At present, negotiations are being conducted under the
auspices of the ESA, which will require more reservoir release and storage manipulations
to augment downstream anadromous fish smolt escapement, and adult spawning and
migration flows. The in-reservoir environmental impacts of additiond reservoir eevation
manipulations are not known. It is believed, based on reservoir ecologica and fisheries
biologica data collected by the Lake Roosevelt Fisheries Evauation Program concerning
seasond reservoir devation manipulations (e g. flood control, hydropower, and
downstream fisheries flow augmentations), that any additional abiotic seasond and
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annud reservoir devation manipuationswill be particularly detrimenta to the tenuous

ecologicd reservoir stability, and agquatic biota of Lake Roosevelt.

Flood control and hydropower management water level manipulation of Lake Roosevelt
substantialy limits the rainbow trout and kokanee salmon fisheries through annua
entrainment losses, and subgtantialy reduces the successful reproductive activities of

Soring spawning prey species utilized by walleye. Theselosses are especidly acute

during high water years (outflows greeter than 110-120 KCFS), with associated shortened
spring WRT's, and reduced |ake eevations, such as 1990-1991, 1996-1997 (Tables 3.27,
3.28; and Figures 3 and 4). Also, deeper drafts of the reservoir cause dower refills, which
delays spring water temperature warming, associated plankton blooms, and subsequent
reduced juvenile fish surviva.

It should be noted that entrainment investigations with the longest database, have utilized
tagged rainbow trout as a surrogate for hatchery salmonid species entrainment (Table
3.28). Based on dl historical stocking data, harvest data, age class structure, species-
specific migratory behavior, and the tendency of kokanee salmon to concentrate in the
most productive areas of Lake Roosevelt near Grand Coulee Dam, it islikely thet
entranment rates for kokanee sdmon subgtantially exceed that of rainbow trout (Figure
4.1). The numbers and ages of kokanee and rainbow stocked is gpproximately the same,
however, the inconsistencies of kokanee sdlmon in the cred, indicate that the number of
rainbow trout annualy recruited to the cred is gpproximately 7 to 8 times the number of
kokanee observed for the years of record 1990 to 1998 (Figure 4.1).

Our entrainment indices for rainbow trout tagged at both Kettle Falls 99% and Seven

Bays 95% during 1997 was the highest ever recorded by the Lake Roosevelt Fisheries
Evaluation Program (Table 3.28). During ‘norma’ water years (1988, 1990, 1992-95 and
1998) our entrainment indices have generdly been low for rainbow trout (0-3%) with the
exception of the1990 release group (32%; Table 3.28). In contrast, during high water
years (1989, 1991, 1996 and 1997) our entrainment indices were considerably higher (15
97%; Table 3.28) for rainbow trout released into Lake Roosevelt, resulting in poor fishing
opportunities.
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Figure 3. Lake Roosevet hydrograph 1990-1998 illudtrating the magnitude of spring flood control and hydropower releases on

reservoir elevations (MSL). The reservoir draw down years of record 1991, 1996 and 1997 resulted in margina angling success rates.
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In Lake Roosevdt, it is apparent that the entrainment of fish occurs from a dgnificant to
catastrophic degree, depending on species and water year.

Due to sampling difficulties, the magnitude of the impact of entranment on the fishery
has not been precisaly quantified regarding species and total numbers entrained.

It is known, extensive back-to-back reservoir draw owns during 1996 and 1997 resulted
in detrimentd fishery entrainment conditions more acute than those higtoricaly observed
regarding lake eevations manipulations and weter retention times in Lake Roosavelt
(Figure4). Entrainment of fish from the reservoir has been identified as one of the more
ggnificant problems limiting the L ake Roosevdt fishery that needs to be curtailed, to
began to redize the potentia of the hatchery production programs necessary to provide a
fishery for Lake Roosevelt. Entrainment loss estimates of rainbow trout conducted by the
Spokane Triba Fisheries (STI-tag return data) estimate that entrainment may
conservatively vary from 0 to 97 percent (Cichosz et d. 1999). Concurrently, pelagic
entrainment |oss estimates ca culated by the Washington Department of Fish and Wildlife
and Colville Confederated Tribes, utilizing hydroacoudtic penstock intake sampling, and
pelagic monitoring and sampling estimated annud entrainment losses of pelagic fish
species at 22 to 99 percent (Badwin et a. 1999; LeCaire 1999).

In 1998, kokanee salmon and rainbow trout were released into Lake Roosevet following
the draw down period, and the success of those releases, and overal water reservoir water

management probably contributed to the improved 1998 harvest.

Higtoricdly, net-pen rainbow have been released into Lake Roosevet in spring or early
summer (March-June). Cichosz et d. (1998) suggested that entrainment rates are not only
afunction of WRT, but also draw down/refill scenarios at the time when fish are released
into Lake Roosevedt. To evaduate this hypothess, the relationship between entranment
and WRT for rainbow trout released during draw down was evauated (March-April) and
refill (May-June) in Lake Roosevdt for the years of record 1988 to 1998 (Figure 5).
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Table3.27 Summary of all floy tags returned from rainbow trout released into Lake Roosevelt since 1988. Values in

parenthesisindicate number of tags recovered from areas below Grand Coulee Dam.

Number of Tags Returned

Release Tags Tags Tag Entrainment
Year Released ReleaseYear +1 +2 +3 +5 Returned ReturnRate IndexAll
Y ear s of Record

Returns
1988 1,171 77(0) 160 1(0) 94 (0) 8% 0%
1989 1,753 15(2 2812 10 3 2( 49 (5) 4% 10%
1990 4,361 72 (22) 1908 30 11 11 96 (31) 3% 32%
1991 4,345 205 (32) 54 20 11 253 (38) 7% 15%
1992 20,997 509 (12) 10(0) 519(12) 3% 2%
1993 21,261 108 (2) 4@ 30 145 (4) <1% 3%
1994 26,975 307 (8) 64(3 30 1(0 375(11) 1% 3%
1995 12,984 104 (1) 12(1) 4(0) 120 (2) 1% 2%
1996 14,948 202 (55) 40 (7) 242 (62) 2% 26%
1997 20,000 151 (146) 0(0) 151 (146) <1% 97%
1998 19,981 601 (19) 0(0) 7(2 629 (21) 3% 3%
Total 148,776 2351 (319) 258 (27) 17(1) 6(2) 1(1) 9(3) 2673(332) Avg3% Avg 18%
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Figure 4. Reservoir dischargefor yearsof record 1991-1998 (avg daily cfs)
during peak spring runoff (April-June), asrelated to annual standing
crop of catchable sport fish species.

*Note: Charted catch data assumes that the catchable population of target fish speciesisrelated to the
standing crop of fishinthereservoir. Chart also assumes that reservoir outflow and corresponding low
WRT’ sfrom April-June are responsible for magjority of springtime instantaneous fish entrainment from

reservoir. High water years (high reservoir outflow/low WRT’s) result in poor angling success.
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Based on thisandysis, if monthly WRT’ s are less than 20 days when rainbow trout are
released from net-pens, high entrainment rates can be expected, regardless of thetiming
of release (Figure 5).

However, when monthly WRT’ s and corresponding high reservoir discharges exceed 20
days in the month of release, there appears to be a distinct advantage to holding fish until
June, or later depending on the level of reservair refill and corresponding WRT'sto
minimize entrainment. The data indicates that entrainment may be reduced by
approximately 12 percent at a WRT of 30 days, and approximately 20 percent at aWRT
of 40 days by holding rainbow trout for even later rdlease in June or early July (Cichosz
et a. 1998). In contrast 1992 through 1995 had higher mean water levels and water
retention times, and were less detrimenta to the fishery based on both tag returns and
cred results (Table 3.27 and Figure 3).

Spring draw downsin 1989, 1991, 1996 and 1997 resulted in water levels well below
1,240 MSL and water retention times less than 30 days (Figure 3 and Table 3.26), and
were consdered particularly detrimenta to the fishery (Peone et d. 1990; Griffith and
Scholz 1991; Thatcher et d. 1993 and 1994; Griffith et d. 1995; and Cichosz et a. 1997).

In 1998, kokanee sdlmon and rainbow trout were released into Lake Roosevet following
the draw down period, and the success of those releases and overall reservoir water
management probably contributed to the 1998 harvest. The draw down of Lake
Roosavdt during 1998 was rdaivey ‘fish friendly’ resulting in monthly mean minimum
water levelsof 1,255 MSL (Table 3.28), and did not entrain fish in numbers similar to
the previous two years (1996 and 1997). These two factorsin dl likelihood contributed
in larger numbers of hatchery fish recruited into the Lake Roosevelt fishery during 1998.

While entrainment losses in 1998 were not as severe as the previous two years, the
fishery, and reservoir ecosystems are il recovering from the extreme reservoir

manipul ations experienced the previous two years.
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Table 3.28

Monthly and annual meansfor reservoir inflow, outflow, spill,

reservoir elevation, storage capacity, and water retention time for

L ake Roosevelt in 1998.

Reservoir Storage
I nflow Outflow Spill Elevation Capacity Water
Month (kcfs) (kcfs) (kcfsd) (ft) (kcfsd) Retention

Time

(Days)
January 9.1 1072 002 12688 37770 373
February 1129 1296 000 12582 34049 267
March 122 1074 051 12550 2973 29
Apri %6 678 0.00 12695 38043 616
May 1483 1329 139 12816 12548 38
June 1490 426 253 12876 2920 B3
Ay 1180 1163 0.10 12866 ) 390
AUgQUST 1076 1063 0.10 12824 42850 26
September 856 762 010 12810 42318 572
October 698 %6 000 2831 23128 83
November 749 760 000 12813 12428 611
December 918 %7 000 12792 41612 470
Mean 1998 105.3 101.8 0.40 1276.3 41612 450

Studies are currently being implemented by the Colville Confederated Tribes, Bonneville

Power Adminigtration, and the U.S. Bureau of Reclamation to assess and develop

mitigative measures for fisheries entrainment losses. The first segment of theinitid four-

year study utilized hydroacoustics to evauate pelagic fish losses (Bddwin et d. 1999;

LeCaire 1999). Hydroacoustic testing will be conducted with strobe lights, to evaluate

fish avoidance response to the lights, in an attempt to keep fish away from the third

powerhouse cul-de-sac, where 80-90 percent of the entrainment losses occurred between

1996 and 1999 (R. LeCaire, personna communication).
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4.0 Summary and Recommendations

Fisheries: Thefollowing summearizes principle sport fisheries species (rainbow trout, kokanee
sdmon, and waleye) gatigtics for the years 1990 through 1998. These statistics include;
economics, annud angler trips, number of selected species caught and harvested, annual catch
per unit effort (CPUE), annual harvest per unit effort (HPUE), length data, and hydrologic data
asit relatesto the 1990 through 1998 fishery (Table 4.1).

Rainbow trout: Rainbow trout stocked into Lake Roosevet from net pens contribute
subgtantidly to the fishery. The mgority of rainbow trout stocked from net pens recruit into the
fishery in the same year as being stocked (Peone et d. 1990; Griffith and Scholz 1991, Griffith et
a. 1995; Griffith and McDowe 1996; Vodler 1996). Since 1994, rainbow trout averaged
gpproximately 63% (range 5-82%) of the estimated total harvest from Lake Roosevelt. The
percentage of rainbow trout harvested that were determined to be of net pen origin has ranged
from 91.5% (1995) to 100% (1997). During 1998, rainbow trout accounted for 64 % of the
esimated harvest of “al” species from Lake Roosevelt, and over 98 percent of those harvested
were of net pen origin.

Estimates of rainbow trout catch and harvest showed an increasing trend from 1991 through
1994, declined steadily through 1997, and rebounded during 1998. Based on cred data,
estimated catch of rainbow trout in 1998 was the third highest since 1990, being surpassed only
in 1993 and 1994 (Table 4.1). 1n 1998, approximately 500,000 rainbow trout were stocked into
Lake Roosevdt, and the resulting harvestable return to anglers was approximately 233,036
respectively (Tables 3.24, 3.25 and 4.1). 1n 1998, this represents an approximate hatchery to
angler harvest return rate of 47 percent (Table 4.1).
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Table4.1 Summary of economics, angler trips, number of fish caught and
harvested, catch and harvest per unit of effort and mean lengths of
kokanee, rainbow trout, and walleye; annual mean WRT days, annual
mean reservoir elevations, and annual reservoir discharges (KCFS),
for the years of record 1990-1998.

Y ear of Record
1990 1991 1992 1993 1994 1995 1996 1997 1998

Economic Value $5.30 $12.80 $9.70 $20.70 $19.20 $8.70 $6.90 $5.80 $8.00
Million/Dollars

Angler Trips 171,725 398,408 291,380 594,508 469,998 232,202 176,769 146,264 196,775
No. Fish Caught

K okanee salmon 17,756 31,651 8,146 13,986 16,567 32,353 1,265 588 10,188
Rainbow trout 81,560 81,529 167,156 402,277 499,460 125,958 76,915 5,356 233,036
Walleye 116,473 231,813 163,995 337,413 123,612 73,667 142,873 147,316 133,241
No. Fish Harvested

Kokanee salmon 17,515 31,651 8,021 13,960 16,567 32,353 1,265 588 9,980
Rainbow trout 79,683 73,777 140,609 398,943 499,293 122,939 76,782 5,356 226,809
Walleye 82,284 168,736 118,863 307,663 53,589 40,185 104,055 87,515 119,346
CPUE (per hr)

Kokanee salmon 0.03 0.06 0.03 0.01 <0.01 0.02 <0.01 <0.01 0.02
Rainbow trout 0.13 0.2 0.22 0.17 0.21 0.08 0.1 0.01 0.18
Walleye 0.11 0.11 0.15 0.12 0.08 0.13 0.3 0.34 0.1
HPUE (per hr

Kokanee salmon 0.02 0.06 0.03 0.01 <0.01 0.02 <0.01 <0.01 0.02
Rainbow trout 0.12 0.2 0.18 0.16 0.21 0.08 0.1 0.01 0.18
Walleye 0.08 0.08 0.11 0.08 0.05 0.06 0.16 0.17 0.09
Mean Length (mm)

Kokanee salmon 391 361 436 486 481 467 438 338 356
Rainbow trout 346 348 422 471 473 410 363 395 364
Walleye 376 397 361 382 385 370 372 372 352
Mean WRT (Days) N/A 36.1 52.5 56.5 54.7 47.8 31.7 29.2 45.1
Std. Dev. N/A +143 +11.3 +149 +141 +8.7 +121 121 137
Mean L ake Elevation

Add 1,200 ft=ft (MSL) N/A 75.4 80.6 77.1 54.7 54.7 71.4 66.2 76.2
Std. Dev. N/A +19.8 +7.4 +10.1 +17.8 +11.2 +194 +£274 217
Mean Reservoir

OQutflow (KCFS) N/A 121.9 90.7 82.1 84.6 95.9 134.8 147.9 101.9
Std. Dev. N/A + 289 +193 + 203 +214 +£195 £ 306 *482 =+ 261
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Kokanee salmon: Increased numbers of kokanee salmon were caught and/or harvested
during 1998 relative to 1996 and 1997. The 1998 harvest was approximately 17 times
that of 1997, and 8 timesthat of 1996, however, the increased percentage of fish in the
cred represent asmdl proportion of the number of fish stocked into the reservoir. .
Improved 1998 reservoir water €evation management may partidly explain the observed
increase in kokanee salmon harvest during 1998.

The 1998 kokanee salmon fishery in Lake Roosavelt may aso have benefited from1997
recruitment of kokanee salmon to Lake Roosevet through entrainment from upstream
reservoirs (Underwood et a. 1996). Currently, the Colville Confederated Tribes are
conducting a microsatdlite DNA andysis sudy to determine the origin of the unmarked
kokanee observed in the Lake Roosavelt fishery.

In summary, it is believed that reservoir entrainment, fish culture induced precocity, and
predation are mgor contributory factors preventing kokanee sdlmon from recruiting into
the fishery.

Walleye: A dot limit exigs for waleye in Lake Roosevet, requiring the release of
walleye between 406 mm and 508 mm (16- 20 inches) in length, resulting in catch rates
that exceed harvest ratesin dl years. Estimated catch (HPUE) and harvest rates for
walleye in Lake Roosevelt during 1998 were smilar to those noted in previous years,

with the exception of 1996 and 1997 (Table 4.1). During 1998, the percentage of anglers
targeting waleye (27%) was reduced relative to 1996 and 1997 (44% and 56%,
respectively), and comparable to that observed between 1990 and 1995 (18-29%). Cred
results indicate that during 1998, approximately 10 percent of walleye caught by anglers

in Lake Roosevet were released (Table 4.1).

The Lake Roosevet fishery is consumptive in nature, o we assume thet the vast mgority
of waleye rdeased by anglers are aither relatively smdl fish (< 350 mm), or fal within
the protective dot limit established by the WDFW. Therefore, year class strength
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probably has a notable impact on the walleye fishery and particularly on the percentage
of fish rdleased during any year (Table 4.1).

We strongly recommend that the co-managers of the Lake Roosevdt fishery (STOI,
CCT, WDFW) utilize results of current studies in conjunction with past deta to assessthe
success of current regulationsin the future, and to assist in defining any changes

necessary to maintain a successful “multispecies fishery.” At thistime we fed that given
the low abundance of reservoir prey fish, existing regulations may be contributing to a
top-heavy predator based system (J. Spotts, persona observation).

Typicdly, for reservoirs, fisheries managers have assumed the existence of relatively
smple predator-prey reationships asin lacudrine sysems. Managers often use
manipulation of apex predators to manage surplus prey species and set their management
gods accordingly.

Operations of hydrodectric and flood control projects affect reservoir fish species
production, biological communities, and physiochemica properties of impounded water
(Table4.1). Theimpacts are both indirectly and directly related to drastic spring-early
summer eevation manipulations, which have mgor adverse impacts to reservoir prey
species reproductive efforts. Subgtantialy receding water levels during spawning
activities, depending on the magnitude of reservoir devation manipulations, result in
desertion of nests, disruption of spawning, and direct egg mortdity (Groen and Schroeder
1978). Speciesdiffer with regard to the frequency and magnitude of water level
fluctuation that can be tolerated before production and recruitment of young is affected
(Baxter 1977; Noble 1981). These differences depend upon the life cycles of individud
species, including such factors as spawning depth, length of spawning season, number of
gpawning atempts per season, duration of incubation, and available littord zone refugia

for juvenilefish to utilize.
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Dedlining water levels and naturd reproduction are incompatible for littoral spawning
gpecies with long incubation and emergence times, depending on the rate that water
elevations deteriorate (Keith 1975; Groen and Schroder 1978). Littora spawning species
that are susceptible to rapidly declining water levelsinclude; lake white fish, and burbot
(Stober 1983). Declining water levels may aso hinder spawning success of for many
important prey species found in Lake Roosevelt.

Development of water resources for hydropower generation has beneficid and damaging
agpects with regard to fisheries resources. Artificia impoundments; including those
constructed for purposes of flood control and hydropower generation, have contributed to
the United State' s recregationd fishing resource base. However, hydropower generation
and flood control entails competing uses of water. To minimize such conflicts, reservoir
fisheries managers, the angling public, and hydropower generation, irrigation and flood
control proponents must adopt a willingness to provide the grestest redlidtic flexibility in
project operations. Only then will we be able to place priorities on operationa
management objectives that result in predictable fisheries mitigation and compensation.

The Pecific Northwest Power Planning and Conservation Act (P.L. 96-501), which was
passed in December 1980, represented a Sgnificant step forward in hydropower-fisheries
interactions. The Act requires the conservation and restoration of the ColumbiaBasin's
fish and wildlife resources that have been adversdly affected by hydroelectric
development and operations.

We may have an incomplete understanding of the control mechanisms and annua
ecologicd adjustments of Lake Roosevdt fish populations and food web.

Due to the current influences of water management operations, the complexity of trophic
levd interactions in Lake Roosavelt may only be understood at a superficid level during
periods of rdative reservoir gability. Unfortunately, high water years are episodic and
compeition for upper Columbia River water continues to intengfy.
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Lake Roosevdt isthe mgor hydropower and flood control point in the Columbia River
system, and lake eevation management in the reservoir is the result of multiple upstream
reservoirs, and their corresponding management responghilities in Washington, 1daho,
Montana, and Canada.

4.1 Overview and Recommendations. Reservoir biologicad communities, and fish
populations are dynamic, and exist in an environment that is highly variable and largely
uncontrollable. These abiotic and biatic fluctuations must be accounted for in
management decisions, and in interpreting the results from reservoir monitoring and
evauation programs. Responses to management actions may occur over along time
frame, and will require long-term data sets to eva uate biotic responses to management
actions, including both fisheries and water management activities. The principle deta
bases utilized to prepare these recommendations have been anayzed, prepared and
compiled, with consstent, and complete data sets of nine plus years.

The following recommendations will address the most urgent limiting factors influencing
fish production and ecosystem aitributes, within the context of multiple water uses

Continue to work together with stakeholders to maximize benefits of hydro-
operations while minimizing detrimentd effectsto the L ake Roosevet ecosystem.

Monitor and evauate the artificial production program with respect to
entrainment, fish culture, socking strategies, and stock utilization.

Continue standardized fishery surveys, (1999) last year done to assess long-term
changes in the Lake Roosevdt fishery.



Hoy tag 30,000 rainbow trout and 10,000 kokanee salmon to unsure adequate
number of tag returns.

Assess predation as alimiting factor to the artificid production program.

85



Section 5.0 Literature Citations

APHA, 1976. Standard methods for the examination of water and wastewater, 141"
Edition. American Public Heglth Association. Washington, D.C.

Bayly, I.A.E., and W.D. Williams. 1973. Inland waters and their ecology. Longman
AudrdiaPublishing Company. Victoria, Audrdia

Badwin, C., M. Pallack, and S. Bonar. 1999. Washington Department of Fish and
Wildlife Lake Roosavet pelagic fish study, 1998. Prepared for Bonneville Power
Adminigration. Portland, OR. Washington Department of Wildlife. Olympia, WA. 67 p.

Baxter, RM. 1977. Environmenta effects of dams and impoundments. Pages 255-283
in R.F. Johnson, P.W. Frank, and C.D. Michener, editors. Annua review of ecology and
systematics. Annud Review Inc. Pdo Alto, Cdifornia

Beckman, L.G., J.F. Novotny, W.R. Persond, and T.T. Terrel. 1985. Assessment of the
fisheries and limnology in Lake Franklin Delano Roosevelt, 1980-83. Fina report
prepared for the U.S. Bureau of Reclamation. U.S. Fish and Wildlife Service. Willard,
WA.

Bowen, SH. 1983. Quantitative description of the diet. Pages 325-336in L.A. Nidsen
and D.L. Johnson, editors. Fisheries techniques. American Fisheries Society, Bethesda,
Maryland.

Brown, L., and K.Williams, 1982. Mid-Columbiawalleye fisheries-life hisory-
management, 1979-1982. Washington Department of Game. Olympia, WA. Rep 85-20.
39p.

Carlander, K.D. 1981. Caution on the use of the regression method of back-caculating,
lengths from scade measurements. Fisheries 6:2-4.

Carlander, K.D. 1950. Some consderationsin the use of the fish growth data based
upon scale sudies. Transactions of the American Fisheries Society 79:187-194.

Cichosz, T.C., JP. Shields, and K.D. Underwood. 1998. Lake Roosevelt
monitoring/data collection program, 1996 Annua Report in T.A. Cichosz, J.P. Shidlds,
K.D. Underwood, and M. B. Tilson. Lake Roosevelt Fisheries and Limnologica
Research, 1996 Annua Report. Prepared for Bonneville Power Administration.
Portland, OR. Project No. 94-043.

86



Cole, RA., and RA. Deitner. 1991. Sengtivity analyssfor fishery management of a
fluctuating reservoir Smulated by the planning modd RIOFISH. In Warm water
Fisheries Symposum |. Pages 133-144. U.S. forest Service. Rocky Mountain Forest
and Range Experiment Station. Ft. Collins, CO. Generd Technica Report RM-207.

Dumont, H.J,, V.V. Isabdlaand S. Dumont. 1975. The dry weight estimate of biomass
in asdection of Cladocera, Copepoda and Rotifera from the plankton, periphyton and
benthos of continental water. Oecologia. 19:75-97.

Edmondson, W.T. (ed). 1959. Fresh-water biology. 2nd. ed. John Wiley and Sons. New
York.

Edmondson, W.T. and G.G. Winberg. 1971. A manua for the assessment of secondary
productivity in fresh waters. IBP Handbook No. 17.

Everhart, W.H. and W.D. Youngs. 1981. Principlesof Fishery Science, 2nd Ed. Cornell
Univergty Press. Ithaca, New York.

Fisher, W.L., and A.E. Grambsch. 1991. Measuring recregtiond fisheriesvaues. In
Warmwater Fisheries Symposium |. Pages 343-349. United States Forest Service.
Rocky Mountain Forest and Range Experiment Station. Ft. Collins, CO. Genera
Technica Report RM-207.

Fletcher, D.H. 1988. Phase management research, first year'swork at Kitsap Lake,
Kitsap County, Washington. Washington Department of Wildlife, Fisheries Management
Division, Olympia, Washington. Report No. 88-6:80.

Forbes, SA., and R.E. Richardson. 1920. The Fishes of Illinois. 2™ Edition. State of.
lllinois, Natural History Survey Divison. 357 p.

Forney, JL. 1974. Interactions between yellow perch abundance, walleye predation, and
surviva of dternate prey in Oneida Lake, New York. Transactions of the American
Fisheries Society 103:15-24.

George, E.L. and W.F. Hadley. 1979. Food habitat partitioning between rock bass
(Ambloptites rupestris) and smalmouth bass (Micropter us dolomiceu) young-of-the-year.
Transactions of the American Fisheries Society 108:253-261.

Gilwicz, Z.M. and J. Pizanowska 1989. Therole of predation in zooplankton

successon. In: Sommer, V. (ed.) Plankton ecology: Successon in planktonic
communities. Springer, Berlin, p. 253-296.

Goldman, C.R. and A. J. Horne. 1983. Limnology. McGraw-Hill, New Y ork.

87



Gray, G.A., G.M. Sonnevil, H.C. Hansd, C.W. Huntington, and D.E. Pamer. 1984.
Feeding activity, rate of consumption, daily ration, and prey sdection of mgor predators
in John Day Resarvoir. Prepared for the Bonneville Power Adminigration. U.S. Fish
and Wildlife Service, National Fishery Research Center. Cook, WA.

Griffith, JR. and A.C. McDowd. 1996. Measurement of Lake Roosevet biotain
relaions to reservoir operations, Annual Report 1992. Bonneville Power Adminigtration.
Portland, OR. Project No. 88-63.

Griffith, JR., A.C. McDowe and A.T. Scholz. 1995. Measurement of Lake Roosevelt
biotain relation to reservoir operations. Annua Report 1991. Bonneville Power
Adminigtration. Portland, OR. Project No. 88-63.

Griffith, JR. and A.T. Scholz. 1991. Lake Roosevelt Fisheries Monitoring Program,
Annua Report 1990. Bonneville Power Adminigtration. Portland, OR. Project No. 88-
63.

Groen, C.L. and T.A. Schroeder. 1978. Effects of water level management on walleye
and other cool water fish in Kansas Reservoirs. Pages 278-273 in R.L. Kendal, editor.
Selected cool water fishes of North America. Specid Publication 11, American Fisheries
Society. Bethesda, Maryland.

Hall, D.J., CW. Burns, and P.H. Crowly. 1976. The size-€efficiency hypothesis and the
sze sructure of zooplankton communities. Annul. Rev. Ecol. Syst. 7:177-208.

Hile, R. 1970. Body-scaerdation and caculation of growth in fishes. Transactions of
the American Fisheries Society. 99:468-474.

Horn, H.S. 1966. Measurement of "overlap" in comparative ecologica studies.
American Naturalist 100:419-429.

Hubert, W.A. 1983. Passive capture techniques. Pages95-122inL.A. Nidsenand D.L.
Johnson, editors. Fisheriestechniques. American Fisheries Society, Bethesda, Maryland.

Jearld, A. 1983. Agedetermination. Pages 301-324 in L.A. Nielsen and D.L. Johnson,
editors. Fisheriestechniques. American Fisheries Society, Bethesda, Maryland.

Keith, W.E. 1975. Management by water level manipulations. Pages 489-497. in R.H.
Stroudand and H. Clepper, editors. Black bass biology and management. Sport Fishing
Ingtitute, Washington, D.C.

Kerfoot, W.C. and A. Sih, editors. 1987. Predation: direct and indirect impacts on
aquatic communities. Universty Press of New England. Hanover, New Hampshire.

Kerfoot, W.C. 1995. The divergence of adjacent populations. Ecology 56:1298-1313.

88



LeCaire, R. 1999. Chief Joseph kokanee enhancement program. Colville Confederated
Tribes. Project No. 9501100. Prepared for Bonneville Power Administration. Portland,
OR. 69p.

Lambou, V.W. 1961. Determination of fishing pressure from fishermen of party counts
with adiscussion of sampling problems. Proceedings of the Southeastern Association of
Game and Fish Commissoners. 1961:380-401.

Lambou, V.W., 1966. Recommended method of reporting creel survey datafor
reservoirs. Oklahoma Fishery Research Laboratory. University of Oklahoma, Norman,
OK. Bulletin No. 4.

Le, CH. and K.B. Armitage, 1980. Growth, development and body size of field and
|aboratory populations of Daphnia ambigua. Oikos 35:31-48.

Loar, JM., and S.G. Hildebrand. 1983. A comparison of environmenta issues related to
development of smal hydropower resources a new versus existing Stes. Pages 279-297
in T.M. Veziro, editor, Alternative Energy Sources 11, Volume 9, Policy/Environment.
Hemisphere Publishing Corporation. Washington, D.C.

MacArthur, R.H. 1968. The theory of the niche, in: Lewontin, R.C. (ed.). Population
Biology and Evolution. Syracuse University Press, Syracuse, New Y ork.

Magnuson, JJ. 1991. Fish and fisheriesecology. Ecologica Applications. 1:13-26.

Malvestuto, SP. 1983. Sampling the recregtiona fishery. Pages 397-420 in L.A. Nielsen
and D.L. Johnson, editors. Fisheriestechniques. American Fisheries Society, Bethesda,
Maryland.

Malvestuto, S.P., W.D. Davies, and W.C. Shelton. 1978. An evauation of theroving
cred survey with non-uniform probability sampling. Transactions of the American
Fisheries Society. 107:255-262.

May, RM., 1974. Stability and complexity in modd ecosystems. Princeton Univergty
Press. Princeton, New Jersey.

Merritt, RW., and K.W. Cummins. 1984. An introduction to the aguatic insects of North
America. Kenddl-Hunt. Dubuque, lowa

Morista, M. 1959. Measuring of interspecific association and similarity between
communities. Member Faculty Science. Kyushu Univ. Sev. E. Biadl. 3:65-3:80.

89



Mullan, JW., M. Ddll, S. Hays, and J. McGee.1986. Some factors affecting fish
production in the Mid-Columbia River, 1934-1983. U.S. Fish and Wildlife Service
Report No. FRI/FAO-85-15. 68 p.

Mullan, JW., 1987. Overview of artificid and naturd propagation of coho samon
(Onchorynchus kisutch) 1983. U.S. Fish and Wildlife Service. Rep. FRI/FAO-84-4. 37 p.

Mullan, JW., 1987. Status and propagation of chinook salmon in the mid-Columbia
River through 1985. U.S. Fish and Wildlife Service. Biol. Rep. 87(3) 111 p.

Nelson, W.R., and C.H. Waburg. 1977. Population dynamics of yelow perch (Perca
flavescens), sauger (Stizostedion canadense), and waleye (Stizostedion vitreum vitreum)
in four maingem Missouri River reservoirs. Journd of the Fisheries Research Board of
Canada. 34:1748-1763.

Ney, JJ. 1981. Forage-fish management in the United States. Transactions of the
American Fisheries Society 110:725-781. Bethesda, Maryland

Noble, R.L. 1978. Growth of young yellow perch (Perca flavescens) in relation to
zooplankton populations. Transactions of the American Fisheries Society. 104:731-728.

Noble, R.L. 1981. Management of forage fishesin impoundments of the southern
United States. Transactions of the American Fisheries Society. 110:738-750.
NWPPC. 1987. Columbia River Basin Fish and Wildlife Program. Northwest Power
Planning Council. Portland, OR. 246 p.

Novotany, D.W. and G.R. Prigel. 1974. Electrofishing boats. Improved designs and
operation guideines to increase the effectiveness of boom shockers. Wisconsin
Department Natura Resources Technical Bulletin No. 73.

O'Brien, W.J. and Schmidt, A.J. 1979. The predator-prey interaction of planktivorous
fish and zooplankton. Am. Sci. 67:572-581.

Pennak, RW. 1989. Freshwater invertebrates of the United States, 3rd edition. Wiley
and Sons, New Y ork.

Peone, T., A.T. Scholz, JR. Griffith, S. Graves, and M.G. Thatcher. 1990. Lake
Roosevdt Fisheries Monitoring Program. Annua Report, 1988-89. Bonneville Power
Adminigtration. Portland, OR.

Peterson, R.H. and D.J. Martin-Robichaud. 1982. Food habits of fishesin ten New
Brunswick Lakes. Can. Tech. Rep. Fish. Aquat. Sci. 1094:43.

a0



Regier, H.A., JE. Pdoheimo, and V.F. Galucci. 1979. Factorsthat influence the
abundance of large piciverous fish Pages 333-334. In H.Clepper, editor. Predator-prey
systemsiin fisheries management, Sport Fishing Ingtitute, Washington D.C., USA.

Reynolds, J.B. 1983. Electrofishing. Pages 147-164 in L.A. Nidsen and D.L. Johnson,
editors. Fisheriestechniques. American Fisheries Society, Bethesda, Maryland.

Ricker, W.E. 1941. The consumption of young sockeye salmon by predacious fish.
Journal of the Fisheries Research Board of Canada 5:293-313.

Ricker, W.E. 1952. Numerical relations between abundance of predators and surviva of
prey. TheFish Culturist 13.

Scholz, A.T., K. OLaughlin, D.R. Geig, D. Peone, JK. Uehara, L. Fidds, T. Kleg, I.
Zozaya, T. Peone, and K. Teesatuskie. 1985. Compilation of information on salmon and
seelhead total run size, caich and hydropower related losses in the Upper Columbia
River Basin, above Grand Coulee Dam. Upper Columbia United Tribes Fisheries Center.
Technica Report No. 2:165.

Shields, J.P. and K.D. Underwood. 1997. Measurement of Lake Roosevelt biotain
relation to reservoir operations, 1996 Annua Report in K.D. Underwood and J.P. Shields.
Lake Roosevet Fisheries and Limnological Research, 1996 Annud Report. Bonneville
Power Administration. Portland, OR. Project No. 88-63.

Shields, J.P. and K.D. Underwood. 1996. Measurement of Lake Roosevelt biotain
relation to reservoir operations, 1995 Annual Report in K.D. Underwood and J.P. Shields.
Lake Roosevdt Fisheries and Limnological Research, 1995 Annua Report. Bonneville
Power Administration. Portland, Oregon. Project No. 88-63.

Stober, Q.J,, M.E. Kopache and T.H. Jagidlo. 1981. Thelimnology of Lake Roosevelt.
Fina Report Contract No. 14-16-0009-80-0004, to the U.S. Fish and Wildlife Service.
National Fisheries Research Center, Segttle, WA. Fisheries Research Ingtitute,
Univergty of Washington, Seeitle, Washington. FRI-VW-8106.

Stober, Q.J. 1983. Overview of fisheries management in fluctuating reservoirsin the
northwestern United States. Pages 26-27 in H.H. Allen and L.R. Aggus, editors. Effects
of fluctuating reservoir water levels on fisheries, wildlife, and vegetation. Miscdlaneous
paper E-83-2, U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg,
Mississippi.

Thorpe, JH. and A.P. Covich. 1991. Ecology and classification of North American
freshwater invertebrates. Academic Press, Inc., New Y ork.

21



Underwood, K.D. and J.P. Shields. 1996. Lake Roosevelt Fisheries Monitoring
Program, Annua Report 1993. Bonneville Power Administration. Portland, Oregon.
Project No. 88-63.

Underwood, K.D., J.P. Shieldsand M.B. Tilson. 1997. Lake Roosevelt Fisheries
Monitoring Program, 1995 Annua Report in K.D. Underwood and J.P. Shields. Lake
Roosevelt Fisheries and Limnologica Research, 1995 Annuad Report. Bonneville Power
Adminigtration. Portland, Oregon. Project No. 88-63.

Underwood, A.T. Scholz, and M.B. Tilson. 1996 Lake Roosevelt Fisheries and
Limnologica Research, 1996 Annua Report. Bonneville Power Adminigtration.
Portland, OR. Project N0.94-043.

Underwood, K.D., JP. Shidldsand M.B. Tilson. 1996. Lake Roosevelt Fisheries
Monitoring Program, 1994 Annuad Report in K.D. Underwood and J.P. Shidlds. Lake
Roosevdt Fisheries and Limnological Research, 1994 Annual Report. Bonneville Power
Adminigtration. Portland, Oregon. Project No. 88-63.

U.S. Army Corps of Engineers. 1981-98. Reservoir storage tables for Grand Coulee
Reservoir. Prepared from tables by U.S. Bureau of Reclamation and U.S. Geologicd
Survey.

U.S. Fish and Wildlife Service. 1989. 1985 Nationd survey of fishing and hunting, and
wildlife associated recreation. U.S. Department of Interior. Fish and Wildlife Service.
March 1989.

Vodler, A. C. 1996. Measurements of Lake Roosevet biotain relations to reservoir
operations. Annua Report 1993. Bonneville Power Adminigration. Portland, Oregon.
Project No. 94-43.

Wadburg, C.H., JF. Novotny, K.E. Jacobs, W.D. Swink, T.M. Campbdl, J. Nestler, and
G.E. Saul. 1981. Effects of reservoir releases on tailwater ecology: A literature review.
Technical Report E-81-12, U.S. Fish and Wildlife Service, Bowling Green, Kentucky,
and U.S. Army Corps of Engineers, Vicksburg, Mississippi.

Ward, H.B. and G.C. Whipple. 1966. Freshwater Biology, 2nd Ed. John Wiley and
Sons, New Y ork.

Wetzd, R.G. 1983. Limnology. Saunders College Publishing. New Y ork.

Wiggins, G.B. 1977. Larvae of the North American caddisfly genera (Trichoptera).
University of Toronto. Toronto, Ontario, Canada.

92



Wydoski, R.S. and R.R. Whitney. 1979. Inland fishes of Washington. University of
Washington Press. Sesttle, Washington.

Zaet, T.G. 1980. Predation and freshwater communities. Yae University Press. New
Haven, Connecticut.

Zook, W.J., 1983. Resdent fisheries of Wells Pool. A draft review prepared for Public
Utility Digtrict No. 1 of Douglas County, East Wenatchee, WA.

93



