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ABSTRACT

Initially, rehabilitation of kokanee Oncorhynchus nerka met with apparent
success reaching a peak abundance of 10.2 million fish in 1988. However, a
decline of 47% followed from 1988 through 1991 to 5.4 million fish. The
decreased population was attributed to poor recruitment of wild fish, poor egg
take, thus, low stocking of hatchery fry (7.3 million in 1990 and 5.0 million in
1991 compared to about 13.0 million in 1988), and poor survival of fish ages 3
and 4 (average survival of the older fish was only 35% in 1990 compared to 72%
in prior years but it was 68% in 1991). In addition, standing stocks of kokanee
have remained relatively stable (x = 8.6 kg/hectare) since 1986 despite the
dramatic changes in density. Prior to this study (1985) standing stocks were
substantially higher (x = 13.6 kg/hectare). The kokanee population is probably
operating below carrying capacity.

Hatchery fry comprised 59% of the total kokanee recruitment in 1991 (93%
of fry biomass). This contribution of 1.06 million fry ranked fifth behind 1988
(3.74 million), 1989 (2.25 million), 1982 (1.89 million), and 1990 (1.56 million)
since hatchery supplementation began in the 1970s. Survival of hatchery fry was
21% in 1991, the second highest since this investigation began. Two release
strategies were tested in 1991 of which the best survival was recorded for the
Sullivan Springs release at 23% while the early Clark Fork River release
continued to have lowest survival at 18%. Survival of hatchery reared kokanee
fry is still below the goal of 30% and it appears that this goal may not be
attainable most years. Statistical analysis between number of days from fry
release to recapture day and fry survival did not reveal a relationship (P =
0.43). Survival of fry from late releases is higher (P = 0.05) than early
releases but no difference (P 2 0.71) was detected between stocking locations.

Good survival of fry from the Sullivan Springs releases was attributed to
large size of kokanee fry (55 mm), warm water temperatures of July, and higher
cladoceran densities compared to June. Lower survival of the early Clark F%rk
River releasg is attributed to the exceptionally high river flows (1,984 cm>/s
or 70,000 £ft>/s) and low density of zooplankton.

Age of adult kokanee sampled at Sullivan Springs was 1% age 2, 46% age 3,
and 53% age 4. The high proportion of age 3 kokanee resulted in lower average
fecundity. Recovery of about 160 fin clipped kokanee at Sullivan Springs
provided evidence Of imprinting. About 0.4% of the marked kokanee released in
1988 returned to spawn at age 3. This failure of a spawning run to Clark Fork
River and low (<0.0001%) returns to the Cabinet Gorge Hatchery is a major
concern.

Total fishing effort was 460,679 h ($20%) or about 12 h/hectare. A sport
fishery survey indicated anglers harvested 276,457 fish of which 227,140 were
kokanee and 2,157 Gerrard rainbow trout Oncorhynchus mykisg (>610 mm) while an
additional 14,800 rainbow trout Oncorhynchus mykiss were released. The harvest
of kokanee is at 33% of the management goals, but the harvest of large Gerrard
rainbow trout was the best in 15 years.
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INTRODUCTION

Lake Pend Oreille supported the most popular kokanee fishery in Idaho from
the 1940s until the early 1970s. The sport and commercial harvest provided an
average annual harvest of one million kokanee and 360,000 h of angling effort
from 1951 to 1965 (Ellis and Bowl%f 1979)h Sport anglers enjoyed average annual
catch rates as high as 3.5 fish/h during the ;i4_1960s. kokanee harvest declined
from 1965 to 1985, resulting in an annual harvest of less than 100,000 fish, with
a mean catch rate of approximately 1 .0 kokanee/h (Bowles et al. 1987). An
enhancement program for the kokanee was implemented to achieve the goals of an
annual harvest of 750,000 kokanee averaging 250 mm in length with catch rates
averaging 2.0 fish/h. In addition to providing an important fishery, kokanee are
the primary forage for trophy Gerrard rainbow trout and bull trout Salvelinus
confluentus in Lake Pend Oreille.

Several factors have contributed to the decline of kokanee abundance in Lake
Pend Oreille. Hydropower development and consequential water level management
adversely impacted spawning success and survival of eggs as well as fry of
kokanee salmon. Albeni Falls Dam was completed in 1952 by the Army Corps of
Engineers as part of the Bonneville Power Administration (BPA) network. Located
on the Pend Oreille River approximately 35 km downstream of Lake Pend Oreille,
Albeni Falls Dam raised lake levels by 4 m. Annual winter drawdown, which
averaged 1.3 m from 1951 to 1968, increased embryo mortality by exposing redds
of lakeshore-spawning kokanee (Bowler et al. 1979 and M. Maiolie, perscnal
communication Idaho Department of Fish and Game). In addition, wave action
during and after drawdown washes fines down to potential kokanee spawning
habitat. Thus, leaving less than suitable spawning sites for kokanee. Cabinet
Gorge Dam was constructed on the Clark Fork River (river km 24) for power
generation by Washington Water Power Company (WWP). Completion of this dam in
1952 blocked an important kokanee spawning run into Clark Fork River and its
tributaries. Declining kokanee abundance may have been accelerated by commercial
and sport fishing. The establishment of opossum shrimp Mysis relicta in Lake
Pend Oreille may also have adversely affected kokanee. Shrimp were introduced
in 1968 and were well established by 1975 (Rieman and Falter 1981). The Idaho
Department of Fish and Game (IDFG) introduced them to enhance the kokanee forage
base. The expected response of increased kokanee growth did not occur because
mysids migrate to depths in excess of 60 m during daylight hours making them
unavailable to feeding kokanee. Predation on zooplankton by shrimp delayed
production of two cladocerans (Daphnia and Bosmina) that are preferred juvenile
kokanee forage during the first few weeks of feeding (Rieman and Bowler 1980).

Interagency efforts to rehabilitate the kokanee fishery began during its
initial decline. 1In 1967, the Army Corps of Engineers adopted a policy for
operation of Albeni Falls Dam to minimize water level fluctuations during kokanee
spawning and incubation. IDFG restricted kokanee sport harvest and terminated
the commercial fishery in 1973. Hatchery production of kokanee for Lake Pend
Oreille was established by 1574 and helped stabilize population numbers. Delayed
planting of hatchery fry until midsummer to avoid early season food deficiencies
increased hatchery fry survival up to 13 times over wild fry (Bowler 1981).
Hatchery production kept the fishery from total collapse, but rearing capacity
of existing hatcheries was inadequate to rebuild the fishery. Prior to 1985,
hatcheries could provide only 6 to 8 million kokanee fry annually for Lake Pend
Oreille. Research indicated that releases of up to 20 million fry annually may
be necessary to restore the fishery to historic levels (Rieman 1981).

The Cabinet Gorge Hatchery was built on the Clark Fork River in an effort
to restore the Lake Pend Oreille kokanee fishery. It is the largest kokanee
hatchery in the world and is 4 km below Cabinet Gorge Dam. Cost of the hatchery
was approximately $2.2 million and represented a cooperative effort among BPA,
WWP, and IDFG. BPA funding was from on-site resident fish mitigation funds
mandated by the Northwest Power Act of 1980. Construction and evaluation of
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Cabinet Gorge Hatchery is specified by Measure 804(e)(5) of the Columbia River
Basin Fish and Wildlife Program (NWPPC 1984). Cabinet Gorge Hatchery was
operational by November 1985 and, at full capacity, can provide up to 20 million
kokanee fry for release into Lake Pend Oreille. Rebuilding the kokanee
population to attain the goal of over 750,000 kokanee harvested annually and
300,000 h of effort will depend on production from this hatchery.

A Project Review meeting during spring of 1991 scrutinized the previous six
years research findings and identified future direction and points of concern.
Six major concerns were identified during the meeting; 1) a decline in the
kokanee fishery since the 1968 peak, 2) the predator density has apparently
increased in Lake Pend Oreille (as evidenced by improved catch success for
rainbow trout), 3) it is unknown whether or not hatchery fish are being imprinted
and are returning to Sullivan Springs and the Cabinet Gorge Fish Hatchery, 4 and
5) age and size at maturity of kokanee may have changed at Lake Pend Oreille, and
we do not know the causative factors, 6) young kokanee may be entrained in the
Pend Oreille River the extent of which is unknown. Some of these concerns were
addressed during the 1991 field season and were blended into the main objectives
of the study.

This research project was developed by IDFG in cooperation with BPA and WWP
to evaluate the contribution of Cabinet Gorge Hatchery to the Lake Pend Oreille
kokanee stock and fishery and to provide recommendations for optimizing kokanee
production and survival. BPA provided 50% of funding for this project. WWP
also provided funding assistance for evaluating kokanee fry release strategies,
which included providing requested discharge rates from Cabinet Gorge Dam and
equipment.

OBJECTIVES

1. To monitor the kokanee population in Lake Pend Oreille as production
increases from Cabinet Gorge Hatchery, including population size, age
composition and hatchery-wild composition.

2. To monitor changes in kokanee age composition, growth, and survival in
relation to population density and carrying capacity of Lake Pend Oreille.

3. To evaluate kokanee release strategies by estimating kokanee fry survival by
release site, fish size and number of fry released.

4, To differentiate wild from hatchery fry and identify release groups.

5. To obtain index information on natural spawning kokanee to monitor
contribution of hatchery-reared fish.

6. To monitor the zooplankton community in Lake Pend Oreille and relate to
changes in kokanee abundance.

STUDY AREA

Lake Pend Oreille is located in the panhandle of Idaho (Figure 1). It is
the largest lake in Idaho, with a surface area of 383 km or about 38,300
hectares, mean depth of 164 m and maximum depth of 351 m. Mean surface elevation
of Lake Pend Oreille is 629 m. Deep water habitat used by kokanee is considered
to be 22,647 hectares. The Clark Fork River is the largest tributary to Lake
Pend Oreille. Outflow from the lake forms the Pend Oreille River.

Lake Pend Oreille is a temperate, oligotrophic lake. Summer temperatures
(May to October) average approximately 9°C in the upper 45 m (Rieman 1977; Bowles
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et al. 1987, 1988, 1989). Thermmal stratification typically occurs fromlate June
to Septenber. The NP ratio is typically high (=11) and indicates prinary
production may be P limted (R eman and Bow er 1980). Mean chl orophyll "a
concentration during sumer is approximately 2 nicrograms/L. Summer nean water
transparency (Secchi disk) ranges froms5s-11m Operation of Al beni Falls Dam on
the Pend Oreille River keeps the lake elevation stable at 628.4 m during sunmer
(Jul y- Sept enber) then reduces |ake level to about 625.3 during wnter.

A wide diversity of fish species are present in Lake Pend Oreille. Kokanee
entered the lake in the early 1930s, presumably from Fl at head Lake, and were well

establ i shed by the 1940s. her gane fish include: Kam oops (Gerrard) rainbow
trout, bull trout, rainbow trout, westslope cutthroat trout Oncorhynchus clarki
| ewi Si | ake whitefish Coregonus culpeaforms, nmountain whitefish Prosopium

williansoni, and several cool and warm water species.
METHODS

Kokanee Popul ation Structure

Kokanee popul ation structure in Lake Pend Oreille was determ ned by
col l ecting kokanee with a mdwater trawl during the first week of Septenber.
Fish from each sanple were counted, measured, weighed, and checked for maturity.
Sagltta otoliths were excised for aging. The nmidwater traw was towed by a 8.5
m boat powered by a 140 hp diesel engine. The net was 13.7 mlong with a 3 x 3
mnouth. Mesh sizes (stretch nmeasure) graduated from 32, 25, 19, and 13 mmin
the body of the net to 6 nmin the cod end. Al age classes of kokanee were

col | ected. Trawl i ng was done at night during the dark phase of the noon to
optimze capture efficiency (Bow er 1979), The trawl was towed at 1.5 nmis at
depths calibrated with a depth sounder. Each oblique haul sanpled the entire

vertical distribution of kokanee, as determined from echograns produced by a Ross
200 angstrom depth sounder with two hul | -mounted transducers (22° and 8" beam
angl es). The vertical distribution of kokanee was divided into 3.5 m|ayers;

usual 'y three to five | ayers enconpassed the vertical distribution of kokanee.

A standard 3.5 min tow was made in each |ayer, sanpling 2,832 n? of water over
a distance of 305 m otal volunme of water sanpled for each traw haul varied
from8,496 to 16, 992 m‘rf depending on the vertical distribution of kokanee.

A stratified systematic sanpling scheme was used to estimate kokanee
abundance and density. Lake Fend Oeille was divided into six sections or strata
(Figure 2). The area of each section was calculated for the 91.5 m contour;
however, Section 6 (the northern end) was calculated fromthe 36.6 m contour
because of shallower water. The 91.5 m contour was used because it represents
the pelagic area of the |ake where kokanee are found during late sunmer (Bow er

1978). i X transects were systematically selected within each section and one
Raull (sanpl e) was nmade al ong each transect. Total sanple size in 1991 was 36
aul s.

Fi sh nunbers/transect (hauI& were divided by transect volune and the
age-specific and total nunber of kokanee for each stratum and | ake total were
cal cul ated usi ngf standard expansion fornulae for stratified sanpling designs
(Scheaffer et al. 1979). Kokanee popul ation estimtes (total and by section)
were divided by respective |ake surface areas to cal cul ate kokanee densities in
nunber/hectare (N hectare) for each age class. Confidence intervals (90% were
calcul ated to conpare estimtes anong age cl asses, |ake sections and years.
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PEND OREILLE
RIVER

Area

Section (hectares) CLARK FORK
1 3,166 RIVER
2 3,220
3 3,739
4 4,036 =5—1°
5 3,373 KM
6 5,011

AKE PEND
OREILLE

Figure 2. Stratified sanpling sections and respective areas (hectares)
used during 1991 for traw ing and kokanee abundance
estimation on Lake Pend Oreille, |daho




Sur vi val

Recruitnent and survival of hatchery-reared and wild fry were determ ned

fromtraw catches of marked or unmarked fry during late August. Fry survival
was estimated from potential egg deposition (PED) and rel ease date (hatchery fry
only) to the August abundance in Lake Pend Oeille. PED was cal cul ated by

mul t1 plying average fecundity by estinmated mature femal e kokanee abundance.
Hat chery-reared fry were differentiated anong rel ease groups and fromwld fry
by analyzing a date of release mark and daily growth increnents on fry otoliths.
Annual survival was estinmated for age 1 and ol der kokanee by conparing
trawl -esti mat ed abundance for each year class between years. Rel ative
distribution of kokanee age classes was deternmined from abundance estimates for
trawl catches within each section.

Fry Marking

Golith Coding

Goliths from kokanee reared at Cabinet Gorge Hatchery exhibit an obvious
change in width of daily growth increnents at the time of their rel ease (Bowles
et al. 1988, 1989&. Thi s mark was used to distinguish hatchery residence from
| ake residence. okanee released on different dates were identified by counting
dail?/ growth increnents fromthe release mark to the otolith nmargin (trawl
sanpling date). Sagitta otoliths were excised fromfr}f_ caught during trawing
and enbedded in a low viscosity nedi um (Spurr 1969). he proxi mal surface was
pol ished (600 grit paper) and otolith mcrostructure observed (1,000 power) wth
an oil immersion conpound nmicroscope interfaced with a video canera and nonitor.

Qoliths from age 1 kokanee collected during autum trawing were exam ned
for a date-of-release mark simlar to that described for kokanee fry. This mark,
if distinguishable, would be used to identify fish of hatchery vs. wld origin.

Fin dip

A fin was clipped from sel ected groups of kokanee fry to help evaluate fry-
to-adult return rates to spawning stations at Cabinet Gorge Hatchery and Sul livan
Springs Creek. Differential fin clips were also used to segregate two |ength
groups of kokanee fry released at Sullivan Springs. The |ong-range objective was
to deternmine the affect of hatchery growth/size on age-at-maturity. Possi bl e
clips included the adipose fin and Teft or right pelvic fins. Fry were clipped
at | east one week prior to release and averaged 56.5 mmtotal |ength (1,054
fry/kg). However, one group released at Sullivan Springs averaged 43nm Fry
were anesthetized (0.04 g MS-222/L water) prior to handling. Representative
sanpl es from each group were retained in the hatchery to evaluate fry nortality
and fin regeneration.

Fry Release Strateaqies

Two fry release strategies were evaluated in 1991to estimate survival of
fry in Lake Pend Oreille and provide adult returns to egg-take stations at
Cabi net Gorge Hatchery and Sullivan Springs Creek. Table 1 sunmmarizes |ocation,
date, size, and number of fish released and narks used to differentiate release
groups.
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Table 1. Hatchery-reared kokanee fry released into Lake Pend Oreille, |daho,

during 1991.
Rel ease Rel ease Rel eased ~ Mean
Strategy Dat es Tine nunber (millions) size (mm Mar k
Cark Fork River 26 Dusk 2.61 49,422 Golith Code
Early June 60K Lv clip
Size (vs wild)
Sullivan Springs 9-10 Day 2.57 56.5:2 otolith Code
July (2.27 30K AD clip
mllion) (Large Fry)
43.0¢2 30K RV clip
(30K) (Small Fry)
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Clark Fork River

Approximately 2.61 mllion fry were released in Cark Fork River to
establish a spawninag run to Cabinet Gorge Hatchery. Al fry were inprinted with
mor pholine (5 x 107 mg/L in hatchery water) for 30 prior to rel ease.
Mor phol i ne was al so added to hatchery water flowing fromthe fish | adder at
Calbl net Gorge Hatchery into Cark Fork River for 3 d following the single
rel ease.

Early season rel ease-Approximately 2.61 mllion fry were rel eased through
t he Cabi net Gorse Hatchery fish ladder into Clark Fork R ver on 26 June 1991.
The nmean length for these fry was 49.4 mm (2 mj) This release was scheduled to
coincide with high nighttime river flows resulting from gping snowmelt, hawever,
spring time flows far exceeded the anticipated 990 mgf)s (35,000 f£t3/s). The
WAP provided an average discharge of 1,984 m3/s (70,000 ft3/s).

The otolith date-of-rel ease mark was used to distinguish fry during autum
traming in Lake Pend Oreille. Approxinmately 60,000 fry were fin clipped (left
pelvic) to provide an estimate of the fry-to-adult return rate for spawners
mgrating to the hatchery in 1994 and 1995.

Sullivan Springs

Approximately 2.57 million fry were transported by truck from Cabinet Gorge
Hat chery to Sullivan Springs Creek during July 9-10, 1991. The fry were
transported at a density of 55 to 59 kg/m® with a tank tenperature of 9¢ and a
streamof 8°. The purpose of this release was to insure continued adult returns
to the egg-take station on this spring-fed trlbutari/] to Lake Pend Oreilie. The
otolith date-of-release mark was used to distinguish fry during autum traw ing
in Lake Pend Oreille. Approximately 30,000 fry (56.5 nm TL) were adipose fin
clipped while a second group of 30,000 snaller fry (43 nmTL) were marked with
a right ventral clip to evaluate adult returns for “'spawning in 1994 and 1995 and
differences in age at maturity.

Eag Take

Since 1974, | DFG has mmintained a permanent weir at the mouth of Sullivan
Springs Creek (tributary to Ganite Creek), a mmjor kokanee spawning tributary
to Lake Pend Oreille (Figure 1). This e%]g take station has provi ded kokanee eggs
for Lake Pend Oeille, as well as enhancenent activities for other |akes.
Addi ti onal eg?s were collected from kokanee spawners at the Cabinet Gorge
Hat chery fish [adder.

Natural |l y Spawni nq Xokanee

Adult kokanee were enunerated along |akeshore and tributary stream spawning
areas to provide an index of naturally spawning kokanee abundance. Counts were
made by wal king each area once during the first week of Decenber, the estimated
peak of spawning activity. Only predetermned portions of |akeshore spawning
areas were surveyed, whereas, entire spawning areas were censused in tributary
streams. Trestle Creek was al so censused in Septenber to determine use by early
run kokanee spawners.

KOKCAB. TXT 9



Age and Length at Maturity

Total length was neasured and otoliths extracted from mature kokanee
col l ected duri ng the late fall spawning season for spawner age and | ength
di stributions. pawners were collected fromeariy run Trestle Creek, East pe
shoreline, Spring Creek, Cark Fork River, and the weir at Sullivan Springs
Cres\h«l Age of maturity was also estinmated for kokanee collected during Septenber
traw ing.

Mysis Shrinp

Ve sarlr__pl ed shrinp at night during the dark noon phase the first week of
Novenber . ive samples were collected randomMy in each of the southern, central,
and northern portions of Lake Pend Oreille (Figure 3). Sanples were collected
with a MIler high-speed sanpler equipped with a General Oceanics flow meter and
a 100 mcron plankton net and bucket.  Stepped oblique tows were nmade from 46 m
to the surface, sanpling for 10 s at each 3 minterval. The sanpler was towed
approximately 1.5 m's and raised 0.5 mls with an electric w nch. Shrimp from
each sanple were counted and differentiated by age class (juvenile or adult).
Density estimtes were based on volunme of water filtered and conparisons were not
made between age cl asses and among | ake sections and years as in previous years
because past sanpling was done in June as opposed to November in 1 991.

Size and sex data were recorded for shrinp from tw sanples/lake section.
Shrimp were neasured fromthe tip of the rostrumtc the tip of the telson,
excluding setae, and classified into five categories according to sex
characteristics: juveniles, immature males and females, and mature nal es and
femal es (Gregg, 1976; Pennak, 1578).

Zooplankton

The zoopl ankt on community was sampled in the southern, central, and northern
portions of Lake Pend creille (Figure 3). ¥ive random sanples were collected
monthly from each section from I\/Iar through Octcober in the main body of the |ake,
Sanples in the main body ~f the |ake were collected with a 0.5 mdianeter ring
pl ankt on sanpler calibrated by a Kahl Scienti fic flow neter and equipped with a
130 micron net and bucket. Vertical hauls from 27.4 mdepths to the surface were
made by raising the sanpler approximateiy 0.5 mis with an electric w nch.
Zoopl ankters were enunerated by genus using standard dilution and subsanpling
met hods (Ednondson and wWinberg 1971). Enumeration data were standardized b
volunme of water filtered to determ ne zooplankton densities. Analysis o
variance, utilizing a stratified random sanpling scheme, was used to conpare
zoopl ankton densities both spatially and tenporally.

Wat er Temperature and Transparency

Thermal stratification of Lake Pend Oreille was nonitored by nmeasuring water
tenperature nonthly from May through Novernber at one site in the southern section
of the |ake. I nst ant aneous tenperatures were nmeasured with a probe fromthe
surface to 60 mdepths at 1 mintervals for the first 5 mand at 5 mintervals
thereafter. when a nore dramatic change in tenperature was noticed within a 5 m
sanple, tenperatures were neasured at 1 mintervals to better define the
metalimion. \ater transgarenci es were nmonitored tenporally and spatially. A
Secchi disk reading was taken in the southern, central, and northern sections of
Lake Pend Oreille each nonth from May through Cctober.
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Angler Effort and Harvest

- A creel survey was conducted during the 1991 fishing season to provide
estimates of angling effort, catch, and harvest of sport fishes. The 1991 survey
followed the |Idaho Creel Census program {McArthur et al., 1991).

The creel season was tenporally stratified to reduce variabilit¥ and provide
seasonal catch conparisons. Creel data was collected fromApril 15 through
Novenber 30, 1991. The survey was stratified into five six-week periods to
correspond with periods used in surveys prior to 1991

Creel data were collected by up to five creel clerks from 12 maj or access
areas throughout the surve% fromthe north end of the |ake and south end (north:
Garfield Bay, Trestle Creek, Johnson Creek, Kam oops Resort, Rend Oreille Shores,
and Ellisport Bay; south: Farragut, Macbenalds, Soileaus, JD s, Vista Bay, and
Sceni ¢ Bay). Several access areas (Trestle Creek, Johnson Creek, Kanl oops
Resort, Jb's, Vista Bay, and Scenic Bay) were not sanpled during | ow use peri ods.
Informati on was taken from conpl ete and incomplete trips.

- Instantaneous fishing boat counts were made per indicaliy to determne the
fishing pressure for week-days and weekends. Counts were made by a Cessna 180
or 125 at randomy seiected tinmes of a creel day.

Survey data were expanded by day type (weekends and week-days) to estinate
harvest, catch and effort (hours and angles--days) for each interval, period, and
entire season. An angl er-day was defined as one angler's fishing trrp
regardl ess £ actual fishing tinme. Interval estimtes were sumed for each
period, and period estinmates were summed to represent the entire season (McArthur
1991).

RESULTS

Kokanee Abundance, Distribution, and Bi onass

Traw ing for kokanee occurred Septenber 5 through 17, 1991, and it usually
took six to seven steps at each site. A total of 533 kokanee were caught o
whi ch 236 were age 0. Estinatedtotal kokaneeabundanceduring Septenber 1991 was
5.6 million fish (£18%)(Figure 4). Contribution of individual year classes was
1.99 mllion (x17%) for the 1990 year class (year eggs were laid){age 0), 0.83
million (+37%) for the 1989_¥ear class (age 1), 1.77 mllion (+25%) for the 1988
year class !'age 2), 0.77 million (+£32%) for the 1987 year class (age 3), 0.23
mllion (£12%) for the 4986 year class {age 4) while age 5 kokanee were nct
caught with the trawl in 1991 (1985 year class).

Estinated average kokanee density for the deep water portion of the |ake
(see Study Area) was 248 kokanee/ hectare {ail age classes conbined) (Figure 5,
Appendi x A). Densities of age 1 and ol der kokanee, calculated independently,
ranged from a high of 282 kokanee/hectare in Section 6 to a low of 62
kokanee/hectare in Section 3. A%e 0 wild kokanee densities were highest in
southern and central sections of Lake Pend Oreille, whereas hatchery fry
densities were generally uniformin distribution throughout nuch of the |ake but
were highest in section 4. Densities of age 1 kokanee were highest in the
northern section of Lake Fend Oreille and lowest in section 5. Densities of age
2 and age 3 kokanee were highest in the southern section of Lake Pend Oeille and
| owest In central sections. Densities of age 4 kokanee were highest in Section
1, lowest in Section 6 and equally abundant in remaining sections of the |ake

KCOKCAB. TXT 12



©

< o~ o

(Suoyf|. ©) sduepuNqy

| m-+
//-+
TI/////////-+

N\

T%////////;

Total

Age-class




300

250

n/hectare)
N
O
O

—-—
o1
o

Dens:ty (
(@)
(®)

50

.Figure 5.

N

OO

22N,

By L}/

Total
0+
T+

2+

/;g/la/lg/la/la/lg/l /10/5 +4 '

6

L ake section

Kokanee density in Lake Pend Oeille,
and | ake section during Septenber 1991.

14

3+

by age class




Estimated kokanee bionmass in Lake Pend Oreille during August was 202,262
kg (8.93 kg/hectare) (Table 2). Bionass of hatchery-reared kokanee fry was 2,678
k? (0.12 kg/hectare), 92% of total fry biomass in the |ake. Estimated biomass
of age 1 and ol der kokanee was 199,378 kg (8.8 kg/ hect ar\(,a\f. Length frequencies
ang _rl[egln Igngt hs and wei ghts of kokanee caught in the trawl are shown in Figure 6
and Table 2.

Spawning Escapenent

An estinmated 540,000 mature kokanee conprised the Lake Pend Oreille spawning
popul ation in 1991. The 1991 spawning run to Sullivan Springs Creek was
approxi mately 85,713 kokanee and extended from early Novenber 1991 to early
January 1992. One-tine |ate spawni ng kokanee counts (Decenber) in other
tributaries ranged from 2,710 spawners in Spring Creek to 0 spawners observed in
Johnson, Cedar, Twin, and Garfield creeks (Appendix B). Counts of |akeshore
spawni ng kokanee ranged from 1,530 on southern beaches to only 192 kokanee
spawners counted on northern |akeshore areas. A count of 995 early run kokanee
spawners was made in Trestle Creek during Septenber.

Age and Length at Maturity

Age conposition of nmature kokanee captured during trawing in 1991 was 38%
age 3 and 62% age 4 (N = 29). An estimated 35% of age kokanee were mature and
consi sted of 27% mal es and 73% females (N = 31). Al of the age 4 kokanee were
mature and consisted of 50% mal es and 50% fermal es, while age 5 kokanee were not
caught.  Age congosml on of kokanee spawned during 1991 from Suliivan Springs
Creek was 1% age 2, 46% age 3, and 53% age 4 while age 5 kokanee were present but
were not part of the random sanmple (N = 123). Age cor’(rspositi on for spawners
collected during 1990 was 32% age 3 and 68% age 4 (N = 65) at Sullivan Springs.
A sanpl e of kokanee spawners collected from several other traditional spawning
areas in 1991 was: 41% age 3 and 59% age 4 (N = 34) for Spring Creek; at the East
Hope shoreline it was 34.5% age 3 and 65.5% age 4 (N = 29); North Gold Creek it
was 3.6% age 2, 42.9% age 3, and 53.6%age 4 (N = 28); and for early Trestle
Creek spawners it was 58% age 3 and 42% age 4 (N = 26}.

Mean | engths of kokanee spawners were significantly (P > 0.05) different
anong sone spawni n% sites during 1991. Mean | engths of mal e kokanee were;
Sullivan Springs 250 t+ 2 mm (N = 132), Trestle Creek 242 + 6 nm (N = 12), East
Hope 251 ¢+ 5 mMm(N = 29, North Gold Creek 245 £ 6 mm (N = 16), and Spring
Creeks 241+ 6 mmm (N = 18), respectively. Mean lengths of female kokanee were;
Sullivan Springs 253 + 3 mm (N = 110, Trestle Creek 242 + 6 (N = 12), East Hope
237 + 7 mm (N = 14), North Gold 233 + 7 nm (N = 12), and from Spring Creek 234
t 5 mm (N = 16).

Pot enti al Eqgqg Deposition

Estinated total potential egg deposition for 1991 was 92.89 nillion with
86.31 nillion eggs attributed to natural spawning and a Fotenti al of 6.36 mllion
eggs available fromartificially spawned kokanee at Sullivan Springs and about
0.22 mllion fromthe | adder at Cabinet Gorge Hatchery. Estimated abundance of
mature femal e kokanee was 270,040 fish deternmined from Septenber trawing.
®ﬁproxi mately 20,140 female kokanee were spawned at the Sullivan Springs trap,

Ich left an estimted 249,900 femal e kokanee to spawn naturally throughout Lake
Pend Oreille and its tributaries. Fecundity averaged 344 (:18%)(N = 53, al pha
= 0.05) eggs/female.
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Table 2. Mean length, weight, and biomass of kokanee caught trawling during
late September 1991, Lake Pend Oreille, Idaho.

Mean Mean Biomass Density
Age class length (mm) weight (g) kg kg/hectare N/ha
Rge 0+
Hgtchery 67 2.50 2,678 0.12 47
wild 32 0.28 205 0.01 40
Combined 49 0.96 2,883 0.13 87
Age 1+ 150 25.6 21,084 0.93 37
Age 2+ 193 47.3 83,610 3.69 78
Age 3+ 218 83.2 63,904 2.82 34
Age 4+ 241 114.8 30,781 1.36 12
TOTAL 202,262 8.93 248
KOKCAB.TAB
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Eqgqg Take

Hat chery personnel collected 6.58 mllion eggs during 1991. Kokanee
\_mavmed at Sullivan Springs provided 6.36 nillion eggs (316 e?gs/femal e, N =153},
ich rewresented a 92% spawning efficiency. An additional 0.22 nillion eggs
were taken at Cabinet Gorge Hatchery from kokanee migrating up Clark Fork River.

Survival and Recruitnent

W1d kokanee fry survival from potential e?g deposition to early Septenber
trawl sanpling was only 1.3% in 1991. Hatchery fry survival from eng col l ection
to early Septenber trawl was 19%. Esti mated kokanee fry survival (hatchery and
wild fish conbined) frompotential egg deposition to early Septenber trawm was
2.8% for the 1990 year class. A survival rate of 20.7%(£5%) was estimted for
the 1990 year class hatchery-reared fry fromtime of release, |ate June through
July, to sampling in early Septenber.

There was no significant difference in fry survival (18.3% t 4% for the
early season release in Clark Fork River, and (23.1% + 5% for fry released in
Sullivan Springs Creek (Figure 7). Hatchery fry were 59% of the total kokanee
fry netted in 1991.

Al though dispersal of hatchery-reared fry throughout the |ake was evident
following 1 to 2.25 nonths of |ake residence, abundance renained highest in |ake
sections near release sites (Figure 8).

Estimated annual survival (late summer 1990 to |ate sunmer 1991 for wild and
hat chery fish conbined) was 25% for the 1989 year cl ass ﬁage 1), 111% for the
1988 year class (age 2)(over 100% because of changes in vulnerability to traw
%ear) 53% for the 1987 year class ﬁage 3), and 82% for the 1986 year class (a%te
).

. Survival for age 5 kokanee coul d not be cal cul ated because none were caug
with the traw.

Anal ysis of Release Sites and Tine

Regression anal ysis was used to conpare the relationship between survival
of age 0 kokanee for each release group in 1988 (N = 5) and 1989 (N = 6) and
nunber of days fromrelease to capture date. We did not find a statistical
relationship (P = 0.12 and P = 0.15, respectively) between survival of kokanee
and total nunmber of days from release to capture.

ANOVA testing and Tukey's statistic were used to conpare stocking time
(early release vs late), survival between years, and survival between rel ease
sites. Late (sumrer) releases had si_g?r)ificant_ly hi gher survival (P < 0.02) than
early releases. W calculated a significant difference in survival between years
(P < 0.05)(survival of age 0 kokanee in 1988 was hi gher than 1989, 1990, and
1991). Additional testing, accounting for a repeated neasures design (between
years), indicated there was no difference in survival between stocking sites (P >
0.71).

Fry Marking

~An obvious mark at the time of release was again evident on kokanee
otoliths. This mark separated hatchery residence from|ake residence and enabl ed
us to separate wild fromhatchery fry. Mean width of daily growth increnents was
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zgproxi mately two times larger during hatchery residence than |ake residence.
out 35% of the daily ring counts (N = 55) of the Sullivan Springs group were
within one day of the expected nunber of days fromthe releases to fall
sanﬁllng, 60% were within tw days. Only 14% of the Clark Fork River group were
within one day of the expected and only 25%were within two days. About 85% were
within five days of the expected.

The 1991 spawni ng operation recaptured a total of 162 fin clipped kokanee.
Sul l'ivan Springs accounted for a total of 151 adipose fin clips (released in
Sullivan Springs in 1988), five left ventral fin clips (early dark Fork R ver
rel ease in 1988), and one right ventral (late Cark Fork River release by barge
in 1988). Total spawning escapenment to Sullivan Springs was about 85,713 kokanee
and of these 75,624 were spawned and checked for fin clips (88% (Appendix D).
Thus, the estimated total escapement of fin clipped kokanee at age 3 to Sullivan
Springs was 172 adi pose, six left ventral, and one right ventral. The estimate
of fin clipped kokanee returning to Sullivan Springs as age 3 is 0.43% of the
40,000 fish cli pﬁed at age 0 in 1988. Furthernore, since 0.43% of the narked
fish returned, the estimate of the original 5.139 million fish (released as fr
at Sullivan Springs in 1988) returning would be 22,098 fish or 56% of the age
spawners, the remaining 44% would have been fromwild stock. The remaining six

left ventral and one right ventral fin-clipped kokanee were strays fromthe C ark
Fork River release in 1988.

. Spawni ng operations at the Cabinet Corge Fish Hatchery on the Clark Fork
River collected five fin-clipped kokanee of 5,713 fish that were captured. Three
fish were adi pose cIiplg_ed strays from Sullivan Springs and two had riﬁgt ventral
finclips, late dark Fork River releases of 40,000 clipped in 1988. ne of the

50, 000 kokanee fry released with the early Clark Fork River group in 1988 were
recover ed.

A subsanmpl e of 41 adi pose clipped kokanee from Sullivan Springs were sexed.
About 85% were femmles, a disproportionate number conpared to nales.

Mysis Shrinp

Sampling for shrinp during June was delayed until md Autum. Density of
shrinp in Lake Pend Oreille during early Novenber, 1991, averaged 5 organisms/m?
(+£2) (Figure9). This estimate was significantly lower than density estimates for
all other years because of the late sanpling date. Thus, further conparisons
wi th other sanples collected during June were not done. Analysis of previous
years data (1986-1990) i ndicated total densities during 1986-1990 were sim | ar

P = 0.121) between southern and central |ake sections and significantly |ower
P = 0.000) in the northern section (Paragam an et al. 1991).

Juveni | es conprised about 76% of total Mysis abundance in Lake Pend Oeilie
during early November 1991 with an average density of 5 organisms/m3 (t2) (Figure
9). The Novenber 1991 density of juveniles, adults, and subadults was not
contrasted to other ¥1ears of this study because they were collected late in the
season. However, the estimated juvenile density in 1990 was not significantly
different (0.175 < P « 3.983) than estimted density for 1987 (16 organisms/m3)
or 1989 (25 organi snms/m g but was significantly |lower (P = 0.000) than the 1988
estimate (42 organi sms/ m®), the 1986 estimate (P = 0.021) (31 organisms/m3), and
1989 estimate (P = 0.016)(25 organisms/m®).

Juvenile densities during 1986-1990 were simlar (P = 0.174) between
southern and central |ake sections and significantly |ower (P = 0.000) in the
northern section.

Adult shrinp corn%rised 24% of total abundance during early Novenber 1991 and
averaged 1 organism/m3 (#1)(Figure 9). Adult density averaged 5 organisms/m°
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in 1990 and was si quificantly |ower (P = 0.000) than the estimated density for
1989 (16 organi sms/m3) but was simlar to 1986 through 1988. Adult densities in
1990 did not vary significantly (P = 0.117) among northern, central, or southern
sections of Lake Pend Oeille.

A length frequency distribution of shrimp in Lake Pend Oeille during early
Novenber 1991 was constructed and conprised of contribution of at least two brood

years. The distribution ranged in length from3 mmto 20 nm (Figure 10).
Juvenile shrinp made up the 1991 brood year and ranged in length between 3 mm and
10 mm The 1990 brood year represented by imature shri ng consi sted of 52% mal es
and 48% f emal es. Unusual Iy large fenmales from the 1989 brood year were not

evident in our sanpling.

Zoopl ankton  Comuni ty

~The zoopl ankton conmmunity in Lake Pend Oreille from May through Cctober
1991 i ncl uded clops, Diaptonus, Epischura, Bosnmina, Daphnia, and D aphanosona.
In general, the nean zoopl ankton density of 12.105 organisms/L (£2.5) in 1991 was
the lowest since this study began (Figure 11). Total zoopl ankton was
significantly |lower than 1985 (P = O OO, 1988 (P = 0.00), 1989 (P = 0.00), and
1990 (P = 0.00). Total zoopl ankton density ranged from approxi mat eIY 6
organisnms/L (+0.5) in Cctober to approximtely 25 organisns/L (£1.387)in July.
Copepod densities were higher than cladoceran densities throughout the 1991
sampling periods (Figure 12, Appendices F through K). Cl adoceran density was
hi ghest during August and Septenber at approxinately 10% and 15% of copepod
density, respectively (Figure 13). The copepods Cyclops and Di aptonmus were the
most abundant zoopl ankters, with conbined densities ranging from approxinately
6 organisns/L in Cctober to approximately 30 organisns/L in July.

The average density of Cyclops in 1991 (6.714 organisnms/L $2.16) was
significantly lower (P < 0.03) than 1990 (9.168 organisns/L) |ower than 1988 (P
= 0.000) (13.226 organisns/L), and |ower than 1987 (P = 0.000) (8.87 organisms/L)
wher eas t he avera?e density of _Diaptonus in 1991 (5.634 organisms/L * 1.164) was
significantly different than 1987, 1988, 1989, and 1990 (P < 0.05) a grand nean
of 6.829 organisms/L (Figure 13, Appendix C). Epischura was the |east abundant
zoopl ankter during 1991 wth an estimated density of 0.016 organisns/L (£0.003),
but this density was significantly |lower (P < 0.05) than 1985 and 1987; 0. 044
organi sms/L and 0.04 organisms/L, respectively. In general, cladocerans were
extrenely uncommon in sanples taken during 1991 until August, which was sinilar
to nost other years. Bosmi na density in 1991 (0.186 organi sns/L t 0.122) was
significantly l'ower (P < 0.05) than 1987 (0.592 organisms/L) and 1989 (P < 0.000)
(0.995 organisms/L). Mean density of Daphnia during 1991 (0.354 organisms/L
t 0.153) was significantly lower (P < 0.001) than the two highest years, 1986
(1.265 organi snms/L) and 1987 (1.077 organisns/L). Diaphanosoma density in 1990
(0.073 organisns/L + 0.015) was significantly |lower (P <O. OOO? t han 1989 (0. 337
organisns/L). Zoopl ankton densities were statistically simlar (P> 0.10) anong
northern, southern, and central sections of Lake Pend Oreille (Figure 183,

Appendi x C). Sanpling of zooplankton in the Cark Fork River delta section was
di scontinued in 1990.

Wit er Temperature and Transparency

Surface tenperatures of Lake Pend Oreille from May through Novenber 1991
ranged from9.0°C in May to 21°Cin August (Figure 14). Thermal stratification
began in | ate June and extended through Septenber. At peak stratification
(August )}, the thernocline began at a depth of 11 m and average epilimetic water
tenperature was about 17°C.
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Water transparency (Secchi disk) from May through Cctober 1991 ranged from
2.7 min My to 8.9 min Septenber (Figure 15).

The Fishery

Total Catch and Effort

The 1991 creel survey for Lake Pend Oreille is based on interviews with
7,382 anglers, 61 instantaneous boat counts, and an average of 2.25 angl ers/boat.

~_The creel surveg was broken into six intervals. The first interval had a
significant (P> 0.05) disparity in fishery effort between the first nine days
and the remainder of that time frame (a fishing derby was conducted during the
first nine days). Thus, the first interval was separated into two intervals.
Gane fish harvest included: kokanee, Gerrard rainbow trout, bull trout,
cutthroat trout, lake trout, |ake whitefish, nountain whitefish and various spiny
rayed species of which yellow perch Perca flavescens was the nost common.  The
estimated total angler catch was 276,547 fish (£20%) of which 237,570 (£20%) were
kept . An estimated grand total of 384,461 anglers fished a grand total of
460, 679 hours (+20%).

Kokanee Catch, Harvest, and Exploitation

. Angl er harvest of kokanee from Lake Pend Oreille was estimted at 227,140
fish (Table 3) or about 96% of the total fish harvest. Yield was 22,714 kg or 1.0
kg/ hectare based on 22,647 hectare of col dwater habitat.

Mean catch rate for anglers fishing for kokanee was 1.45 fish/h, interval
six was the best interval for angling at 2.48 fish/h while interval one was the
poorest at 0.001 fish/h (Table 42. The nmean | ength for kokanee in the harvest
during Septenmber was 242 nmmwith an average weight of 100 g (Figure 16). Age
structure of kokanee in the catch was estimated at 11% age 2, 44% age 3, and 45%
age 4 (Figure 16). Ages of kokanee were estimated by conparisons to previously
aged kokanee of similar length caught by trawming. Exploitation of age 2 kokanee
was 1.4%, age 3 was 6.9%, and age 4 kokanee was 31% (based on Autumm, 1990
popul ation estimates and the 1991 harvest). The conbined estimate for age 3 and
4 kokanee was 11%.

Gerrard Rai nbow Trout Catch and Harvest

Angl ers caught an estimated grand total of 17,165 (25,519? Cerrard rainbow
trout during the 1991 fishing season (Table 3). O this total 2,939 were 2610

mm  Anglers released 782 or 27% of these |arge rainbow trout (Table 3). The
total catch also included 14,122 Gerrard rai nbow trout <610 nm of which 104 of
the smaller fish were kept, conprising the illegal harvest.

CGerrard rainbow trout nmeasured during the survey (N = 274) ranged from 250
mmto 985 nmwith a mean of 735 mm, SD =117 nm (Figure 17). Man weight of
rai nbow was 5.72 kg, sb = 2.49 kg. The total harvest of Gerrard rainbow trout
by wei ght was estimated at 12,934 kg or 0.57 kg/ hectare.

The nmean catch rate for all length categories of rainbow trout, by anglers
seeking them was 0.068 fish/h (4.7 h/fish) (Table 4). The mean catch success
for the rainbow trout 2610 nmwas 0.013 fish/h (78 h/fish) while that for the
smal | er rainbow trout was 0.055 fish/h (1.8 h/fish)(Table 4). Interval six was
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Table 3. Estimated effort, harvest of sport fish and rainbow trout released by survey period, Lake Pend
Oeille, Idaho, 1991.

Har vest Ral nbow trout released

. Tot al Small® Large® Bul | Smal | Large
Peri od Effort (h) Cat ch Kokanee rainbow rainbow Cutthroat trout r ai nbow r ai nbow

Apr 27 - May 5 75,877 4,440 52 0 596 23 262 2,976 152
May 6 - May 30 79, 834 8,101 3,674 0 25 0 56 559 0
May 31 - Jul 15 83,023 52,424 44,424 0 237 112 801 2,233 166
Jul 16 - Aug 30 88,235 130,183 111,689 50 38 176 241 1,638 0
Aug 31 - Oct 15 68,810 73,705 67,096 54 352 390 298 1,379 0
Oct 16 - Nov 30 64, 900 7,694 205 0 909 65 65 5,337 464
Total s 460, 679 276,547 227,140 104 2,157 766 1,723 14,122 782

aTllegal take of rainbow trout <610 nm

bHarvest of rai nbow trout >610 mm.

KOKCAB.TAB



A3

Table 4. Estimated catch rate for anglers specifically seeking kokanee, rainbow trout, cutthroat trout, or
bull trout during six creel periods fromApril 27 through Novenber 30, Lake Pend Oreille, |daho,

1991,
Kokanee Al rai nbow Large?® Small
caught caught rai nbow rai nbow Cutt hr oat Bull trout
Period (fish/h) (fish/h) (fish/h) (fish/h) (fish/h) (fishih)

Apr 27 - May 5 0.001 0.045 0.007 0.038 0.000 0.166
My 6 - May 30 0.034 0.050 0.007 0.043 0.273 0.126
May 31 - Jul 15 0.820 0.073 0.012 0.061 0.172 0.155
Jul 16 - Aug 30 1.870 0.031 0.004 0.027 0.700 0.050
Aug 31 - Oct 15 1.540 0.067 0.009 0.058 0.221 0.278
Oct 16 - Nov 30 2.483 0.102 0.024 0.078 7.500 -
Mean 1.453 0.068 0.013 0.055 0.300 0.148

2610 mm total | engt h.
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the best portion of the fishing season for Gerrard rainbow trout at 0.102 fish/h
(9.8 h/fish) (Table 4).

Bul | Trout Catch and Harvest

An estimated 1,723 (:896) bull trout were creeled at Lake Pend Oeille
during the 1991 fishing season (Table 3). Bull trout measured by creel clerks
(N = 161) ranged from 300 nmto 745 nmwth a nmean length of 492 mm SD = 83 mm
(Figure 17). The mean weight of bull trout in the creel was 1.45 kg while the
harvest in weight was estimated at 2,495 kg or 0.11 kg/ hectare.

~ Catch success for anglers fishing for bull trout averaged 0.147 fish/h (6.8
h/fish) during the 1991 fishing season (Table 4). Interval five was the best for
bull trout fishing with a catch success of 0.278 fish/h (3.6 h/fish)(Table 4).

Cutthroat Trout Catch and Harvest

Angl ers caught a total of 766 cutthroat trout during the 1991 fishing season
(Table 3). Cutthroat trout in the harvest (N = 41) ranged from 200-565 nm with
a nean length of 373 nm sb = 84 nm (Figure 17). The nmean wei ght of cutthroat
trout was 0.72 kg, sSD = 0.52 kg. The total harvest in weight was estimted at
591 kg or 0.003 kg/hectare.

Mean catch success for cutthroat trout anglers was 0.300 fish/h (3.3 h/fish
while interval six was the best interval for fishing at 7.5 fish/h (0.1 h/fish
(Table 4). Three fin cliﬁped (adipose) cutthroat trout that were reared in net
pens were identified of the 41 fish actually seen during the fishing season. An
additional four fish were identified during a non-creel day at Lake Pend Oreille.
This expands to an estimated harvest of 56 cutthroat trout of 138,204 rel eased
in 1990 and 1991.

Lake Trout Catch

~ Forty-three |ake trout Salvelinus namaycush were identified in the catch
durllng the 1991 fishing season. An estinmate of total harvest could not be
provided. Lake trout neasured by creel clerks ranged from 220 mmto 905 mmwth
a nmean length of 594 mm SD = 173 nm (Figure 17). The mean wei ght of |ake trout
\r/]v?fs sh.)ls kg. Catch success of anglers seeking lake trout was 0.082 fish/h (12.2
i sh).

Food Habits of Rai nbow Trout

Stomach contents were examined from 108 angler caught Gerrard rai nbow over
610 mm of which 56 (52% were enpty, smaller rainbow were not sacrificed. O
the 52 stomachs with food items 49 (94% contained kokanee. The rai nbow trout
ranged from 660-938 nm  For those stomachs containi ng kokanee the average was
3.6 fish per stomach. Average length of kokanee was 146 nm (5.8 in). Thr ee
stonmachs contai ned Mysis shrinp and one ants.
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DI SCUSSI ON

Kokanee Popul ation Status

The kokanee population in Lake Pend Oeille declined in 1991 for the third
consecutive year (Figure 18 and Appendix D). [Initially, the kokanee restoration
program through stockings fromthe Cabinet Gorge Fish Hatchery, increased the
total nunber of fish from4.3 million in 1985 to 10.2 mllion in 1988 (Bow es et
al. 1988). But from 1989 through 1991, the popul ation declined to 5.4 nillion
fish. The inproved population in 198 was due to a substantial increase in the
nunber of stocked fry and increased survival of age 0 kokanee. However, |ow fry
survival in 1989 and poor egg takes and subsequent low fry stockings in 1990 and
1991 | ead to a substantial reduction in the total number of kokanee; 7.3 nillion
fry in 1990 and 5.0 million in 1991. In addition, despite the vastly inproved
stocking densities of fry and increased densities of age 1 fish there has not
been a corresponding inprovenent in the total nunbers of age 3 and 4 kokanee

(Figure 18). The nost inprovenent in adult kokanee was recorded in 1991 despite
the poor survival of age 3 and 4 in 1990, estimated at 27% and 44%, respectively
(Figure 19). Survival of these two age groups averaged 52% and 92%,

respectively, and were 53% and 82% in 1991.

Standing stocks of kokanee in Lake Pend Oreille declined from i977 through
1986 (Figure 20?]. Since 1986, when hatchery suppl ementation from the Cabi net
Corge Fish Hatchery began, it has ranged from about 8-10 kg/hectare and appears
to have stabilized.  However, the fishery may be operating bel ow carrying
capacity since standing stock ranged from 10-17 kg/ hectare from 1977-1984. It
is very obvious the hatchery program at Lake Pend Oreille has played an important
role in maintaining the kokanee popul ation and has prevented the popul ation from
an even greater decline. However, the contribution of wild fish has continued
to decline, and if this trend is not changed by greatly improving wild kokanee
survival (from egg deposition to fall fry), it is unlikKely the hatchery program
can maintain the population at its present |evel (Figure 21). 1In addition, as
t he kokanee popul ation declines, predation can become a nore inmportant factor.
The ﬁroportlon.of kokanee eaten by rainbow trout and other predators increases
as the availability of kokanee declines and thus a 'predator trap' is created.

Hat chery fish conmprise an inportant segnent of the kokanee fishery of Lake
Pend Oeille. Prior to construction of the Cabinet Gorge Fish Hatchery, hatchery
fish averaged 17% of total abundance, assuming equal survival (Figure 21). Six
ﬁears of stocking Lake Pend Oeille with kokanee from the Cabinet Gorge Hatchery
as increased the hatchery contribution to 51.4% of the popul ati on.

Fry Recruitment and Survival

~ Fry recruitment in 1991 was the |owest since this study began in 1985 and,

as indicated earlier, is a major limting factor for inproved popul ation status
(Figure 22). Autumm density of age kokanee was 87 fry/hectare in 1991
conpared to 148 fry/hectare in 1990, a 41% decrease and a 25% decrease from 1989
to 1990 (198 fry/hectare) and a 54% decrease from 1988 to 1989 (320 fry/hectare)
éFi gure 22; Appendi x D). Age 0 kokanee densities in two other north Idaho |akes
uring autumm 1991 were substantially higher 415 fry/hectare for Lake Coeur
d'Alene and 1,154 fry/hectare for Spirit Lake (Davis 1992 i n progress).

Recruitment of wild fry was the lowest in the last 14 years. wild fry
contributed 41 fish/hectare in 1991 conpared to 79 fish/hectare in 1990. The
contribution of wild fry in 1991 was 32% | ower than 1990 whi ch was 20% | ower than
1989 (99 fish/hectare) and was 50% | ower than 1988 (158 fish/hectare). Although
adult escapenents have been low, reducing PED, wild fry survival has also been
low. WId fry survival was 1.3% in 1991, 1.5% in 1990, 2.2% in 1989, and 3. 3%
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in 1988. WIld fry survival, as well as survival of hatchery fry, is closely
linked to thermal devel opnent. June of 1991 was the col dest of recent record and
zoopl ankton densities were the |owest of this study (12.1 organisms\L) while the
opposite was true of 1988 with the earliest thernal devel opnent (June) and the
hi ghest zoopl ankton densities (21.7 organisms\L). Wthin the last five years
only 1988 provided a hospitable rearing environment for wild as well as hatchery
fry. But this natural phenonena is worKki nfg in concert with nman induced factors
while fry are in the redd e.g. water level fluctuations, shoreline sedinentation,
and stream habitat deterioration.

The fishery cannot be maintained by hatchery fry alone. Adult escapement
in 1990 was 371,600 fish which was also the |owest since this study began while
it was 469,000 fish in 1989 (Hoel scher et al. 1990), 574,000 In 1988 (Bowles et
al . 1987) and 540,000 in 1991. The substantial return in 1991 was thought to be
due to the strong 1987 year class released as fry in 1988. The continued decline
in the wild stock reduces future egg take potential, reduces the wild conmponent
in the fishery, and puts a greater dependence by predators on hatchery fish as
prey.

Survival of hatchery kokanee fry in 1995 was 20.7%, bel ow the goal of 30%

set for restoration of kokanee in Lake Pend oreille (Eowies et al. 1988).
Survival of kokanee fry in 1988 was 28. 4% (wei ghted mean), nearly the managenent
goal of 30% (Figure 23). Survival in other years was simlar to 1991 at 19.8%

and 20% for 1989 and 1990, respectively. At this point survival of about 20% may
be the normal for nobst years.

Variation in survival fromyear to year would be expected, but 1988 was an
unusual year in conparison to other recent years of study. For exanple it had
the second driest July of this studly (NOAA 1990, unpublished data) and thermal
stratification of Lake Pend Oreille wad the nost rapid. In addition these
envi ronnental factors led to the most rapi d devel opnent of zoopl ankton densities
within this study (Paragamian et al. 1991).

Rel ease strateqies

Two release strategies were tested in 1991 to replicate previous years work:
an early Oark Fork River release and a Sullivan Springs release (Figure 24).

The kokanee fry release at Sullivan Spring, = achi eved asurvival of 23% whi ch
was not significantly different (P> 0.05) from the ear I'Y Clark Fork River
rel ease. Total survival for these two groups was also simlar to the previous
year, perhaps because zoopl ankton densities (P » 0.05) and environmental
variables were sinilar.

The successof the early Clark Fork River release is largely dependent on
river flows of at |east 1,000 m’/s {Bowles et al. 1989) and food availability in
Lake Pend Oeille. The better survival in 1988 (Figure 24) was thought to be due
to enhancenent by rapid transportati on of fry downstream to the | ake past
riverine predators, primarily the northern squawfish Ptychocheilus oregcnensis
an effective sal non smolt predator (Brett and MConnell 1950, Foerster 1968}.
El ectrofishing of the river delta during the 15390 rel ease indicated few adult
northern squawfish were present. Thispredator was probably upstream spawni ng
as in 1988 (Bowes et al. 1989). Flow of the Clark Fork River in 1391 was about
1,840 m/s nearly twice the volume thought to be needed for good survival, but
greater flows did not produce higher survival. The adgitional three years of
stocking analysis indicated flows greater than 1,000 n¥/s resulted in reduced
survival (Figure 25). One possible reason for this observation may be due to the
shape of Lake Pend Oeille and the flows of the ark Fork River. fiigh flows of
cold water may entrain many young kokanee and carry them through to the Pend
Oreille River as well as older fish. Sanpling of fish populations in the Pend
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Oeille River with electrofishing, beach seine, and experinental gill nets, June-
Cctober, docunented frequent catches of kokanee 75-266 nmm (J. Dupont, personal
comuni cation). Mst fish ranged from 115-135 nm were captured in June, and the
net gear was biased toward capture of fish larger than 75 nm The total |oss
through the Al beni Falls project is unknown, but kokanee found in fish sanples
bel ow the dam made up a small portion of the total catch (Bennett and Liter
1991).

Stocking strategies were restricted in 1990 and 1991 because of the | ow
nunber of eggs taken in 1989 and 1990. Experinental stockings in 1992 coul d
possi bly be Increased to three. If hatchery survival is simlar to previous
years, there will be about 5.5 nmillion kokanee for stocking in 1992.  Sullivan
Springs could receive 3.5 mllion fry, the Cark Fork release, an additional 1.0
mllion fry and the remaining 1.0 mllion should go into either a south shoreline
rel ease or an enbaynent.

A seventh release strategy utilizing an enbayment of Lake Fend Oreille was
recommended in 1991. Jaemicke et al. (1987) provided data that suggested growh
and survival of sockeye salnmon fry in Alaskan | akes could be inproved if" they
were released in productive bays. They found food production and near shore
cover was higher in such locations. Lake Pend Oreille does have several bays
that are nutrient rich and would be very suitable for release of kokanee (Canp,
Idlewild, and Garfield Bays). The South Shore release is quite simlar to
enbayment habitat and the good survival of kokanee fry may be due to the sane
conditions as Jaemicke's (1987) findings.

Fry Marking

Three marks have been used in the progress of this study to differentiate
hatchery from wi | d kokanee and to segregate rel ease groups. Tetracycline nmarking
was used in 1989 (Hoel scher et al. 1990), fins have been clipped on a subsanple
of two groups since 1988, while the otolith date of release mark was used each
year of study.

The reliability of the date-of-release mark to this study is inportant.
Thus, a detailed statistical analysis of this mark was nmade in 1990 to determne
its reliability (Faragaman et al. in progress). Analysis of covariance was used
to test the reliability of counting daily growth rings in kokanee otoliths that
in turn were used to identify individual release strategies. Signi ficant
correlation coefficients were found between dai Idy otolith rings and nunber of
days out for all three years of study. This indicated the daily otolith ring
counting nmethod was a reliable technique to determne rel ease dates and identify
rel ease strategies. Up to six different release strategies were tested in this
study. Between 47 and 71% of the daily ring counts were exactly the same as the
nunber of days fromrelease to capture. W recomend continued use of the daily
ring count method and a difference in at least 5 d be used between rel ease
strategies.

Analysis of otoliths of age 1 kokanee was tried for the second time within
this study, A sample of 22 otoliths of age 1 kokanee was processed follow ng the
same procedure as younger fish. The date-of-rel ease mark coul d not be
di sti ngui shed. The nethod used may be valid, but further refinenent is
necessary. Tenperature treatment of Katchery reared kokanee at the eyed stage
or ol der may be a productive nethod (volk et al. 1990). The technique involves
a passive mark with radical tenperature changes in the fry environment and

creates a dark band on the otolith. The banding can be coded and is easily
identifiable in salmnids up to age 5.
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Fin dips

Fin clipped adult kokanee were recovered for the first time during this
study. Recaptures of fin clipped fish at their release site provides the first
evidence of inmprinting while marked spawners caught el sewhere indicated
straying. An estimated 158 adi pose clipped age 3 kokanee returned to Sullivan
Springs during the 1991 spawn run. These fish were released as fry at Sullivan
Sﬁrlngs in 1988. This conprised 0.4% of the original 40,000 fish released with
the nmarks. Hatchery fish contributed an estinmated 56% of the age 3 kokanee
escapement at Sullivan Springs in 1991. The return of the 1988 rel ease fish at
age 4 will provide further information to determne the success of inprinting.

The failure of a spawning run of kokanee up the Clark Fork River may be
attributed to straying. Evidence of straying was denonstrated by recaptures of
four early Cark Fork River releases and one late Cark Fork River kokanee, all
age 3, from Sullivan Springs. In addition, several adipose fin clipped fish were
recovered at the Cabinet Gorge Hatchery |adder. Prelimnary information
indicated the greatest straying occurred with the early Cark Fork River release
since none were recovered at the Cabinet CGorge Hatchery. Evidence of straying
was not found in a sanple of 152 kokanee captured by el ectrofishing at Hope
during the spawning season (no fin clipped fish were found).

Fin clipping of a subsanple of 120,000 hatchery fry will also continue in
1992. The first cohort of fin clipped hatchery fry is expected to return as age
4 adult kokanee to egg take stations in 1992 and the second cohort as age 3.
Thus, it will be inportant to age all recaptured fish with fin clips to
di stinguish year class.

Kokanee Forage and Cl adoceran and Shrinp Interaction

Total zooplankton densities in 1991 were the |owest in seven years of study
(12.1 organisns/L). Cadoceran densities were extrenely |low and did not inprove
until August but were still |ow (about 2.0 organisms/L) (Figure 26). Mean densH%/
of cladocerans have ranged froma high of 1.7 organisms/L in 1987 to the low o
0.6 organisms/L in 1991. Stross (1954) found an average cladoceran density of
6.5 organi sms/L and sanples as high as 16 organisns/L in 1953, prior to shrinp
introduction. Kokanee fry can catch cladocerans nuch nore easily than the faster
copepods and they are inportant food itens (Rieman and Bowl er 1980). Mbst wild
kokanee enmerge in June in Lake Pend Oreille and the slower noving cladocerans
were unavailable to themat a critical stage in their life. There is no doubt
cl adocerans are inportant food items to kokanee fry, but we were unable to find
a statistical relationship (P = 0.34) between their abundance and wild fry
survival, although graphically there are some positive simlarities (Figure 26).
Nor was there one when we conpared shrinp and wld fry survival (P = 0.75) (Figure
26). The role of thermal stratification, precipitation, water |evel managenent,
and kokanee fry survival needs more detail ed study.

The predator/prey interaction of shrinp and cladocerans in Lake Pend Oeille
is well docunented (Rieman and Falter 1981, Bowles et al. 1987). Shrinp are
i nportant predators of cladocerans and have reduced the densities in Lake Pend
Oeille (Bowers and Vanderpoeq 1982) and have elim nated cladocerans in sone
| akes; |akes Tahoe (Goldman et al. 1979), Donner and Fallen, California (Mrgan
et al. 1981), and G and Lake, Colorado (Nelson 1981). Shrinp may also be
responsible for the elimnation of Leptadora. They have yet to be seen in this
study but were present in sanples collected in 1974 and 1975 (Ri eman, unpublished
records) and previous years. Shrinp are nost effective Predat ors prior to
thermal stratification (Rieman and Faiter 1981, Bowl es et al. 1988) after which
the warnmer water (>14°-18°C) segregates them from the zoopl ankt on (Beeton 1960,
Nero and Davies 1982). The affect of shrinp on cladoceran popul ations nust have
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occurred soon after establishment in the late 70s. Statistical conparisons of
mean shrinp densities (Figure 26) and that of cladocerans (Figure 26) and
copepods has shown no further evidence of any inpacts (p = 0.82 and p= 0. 46,
respectively). The persistence of cladocerans in some |akes is explained by the
thermal ref u_Pe condition previ ousI{ noted (Threl keld et al. 1980 and Morgan et
al. 1981). The same was true for Lake Ganby, Colorado (Martinez and Bergersen
1991), where several species of cladocerans persisted, but a species that
occupi ed the hypolimetic |ayer of the |ake disappeared. Kokanee in Lake Granby
were found to grow, survive, and return to the fishery at the sane rates that
they did before the introduction of shrinp (Martinez and Bergersen 1991).

Spawning

The kokanee spawni ng escapenent in_1991 was the second highest since 1986,
the first year ofthis investigation. The highest escapenent was 574,500 adult
kokanee in 1989 while it was 540,080 in 1991. The increase in the spawning stock
was due to several factors: 1?. two good year classes of kokanee (1987 and 1988)
and 2) inproved survival of fish to agé 3 and 4 in 1991. The strong 1987 year
class was due to the second highest contribution ofwild fish in the last decade
whil e the 1988 year class was conprised of the highest contribution of wild and
hat chery fish coupled with the highest fry survival rate (29% during this study.

Earlier maturity of kokanee in Lake Pend Oeille remains a factor of concern
as hatchery fish become nore inportant in the spawning escapenent and the egg
t ake operation STab.I e 5 and 6). This concern evol ves around two i nportant
oints; 1) a substantial portion of the kokanee fishery maturing at age 3 or even
ess desirable age 2 may do so at a size that is not’ preferred to anglers (<200
mm). This never contributes to the fishery (Rieman and Meyers 1990); 2) younger
kokanee are less fecund. At Lake Pend Oreille age 4 kokanee conprised about 77%
of the spawning escapenment from 1987 through 1989 (Bowl es et al. 1988, Bow es et
al . 1989, and Hoel scher et al. 1990). However, this figure changed in 1990 and
1995 Wi th the contribution of mature age 4 fish at 58% (Paragam an et al. 1991)
and 622, respectively. Man lengths of adult kokanee has varied from over 300 mm
in 1951 to as small "as 237 mmfor females in 1976 (Figure 27).

The ratio of kokanee stocked:adult returns as spawners to_ Sullivan Springs
has apparently decreased since the md 1970s (Appendix E). From 1976 through
1979 the proportion of stocked fry-to-adult returns averaged 11%, dropped to 4.6%
in 1980, and thereafter, averaged 2.4% The exact reason for this decline is
unknown, but it could be due to reduced survival of wld or stocked kokanee,
differences in inprinting of kokanee because of size of fry stocked, or an
unknown factor. Simlar declines in adults returning to hatcheries was
document ed for nearlty all hatcheries rearing Pacific salmn (Hlbom 1992). It
woul d appear that fhis trend is common anong hatcheries supplementing wld
popul ations. Based on this trend, Hlborn questioned the validity of hatchery
prograns in general.

The Fishery

The kokanee harvest in Lake Pend Oeille is two-thirds |ower than the goal
of 750,000. An estimated 227,000 kokanee were Caught during fhe T9¥1 £1sning
season (Figure 28). The lower than expected harvest was related to the failure
to m&rove the kokanee popul ation, which included poor egg-to-fry survival of
wi | d kokanee, low fry stocking survival rates (30%Iless than goal), |ow e%?
takes, and |ow stocking rates. ~However, substantially nore kokanee "were caug
in 1991 (227,000) than 1985 when the harvest was 72,000 fish (Bowl es et al.
1986). The harvest ofkokanee in 1991 is sinilar to that of 1975. The Cabi net
Corge Hatchery kokanee program has inproved the fishery to that of the md-70s
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Table 5. Percent mature kokanee by age, trawl samples 1985 through 1991, Lake
Pend Oreille, Idaho.

Percent Mature by Age

Year 1 2 3 4 5
1985 0 4 852

1986 0 0 412

1987 0 0 39 97

1988 0 0 29 97

1989 0 0 14 98 100
1990 0 0 52 100

1991 0 0 35 100

38age 3 and 4 combined.
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Table 6. Age structure of kokanee spawner escapement at Sullivan Springs, 1985
through 1991.

Percent Contribution by Age

Year 2 3 4 5
1985 37 63
1986 - - - -
1987 7 93
1988 20 80
1989 18 79
1990 32 68
1991 1 46 53
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(Figure 28), but the fishery in the next 3 years (1992-1995) may decline fromthe
1991 | evel due to low egg takes and resultant stocking.

Angl er catch success of 1.45 kokanee/h during 1991 was better than the 1985
catch rate of 1.03 fish/h (Bowes et al. 1987). Ri eman and Meyers (1990)
calculated a positive curvalinear relationship between catch effort and age 3
fish/hectare. = However, optimum fishing is reached at about 1.4 kokanee/h when
kokanee density approaches 50 fish/hectare. At higher densities, after that
poi nt, kokanee fishing success renmins about the sane. Kokanee densities as |ow
as 10 fish/hectare can still provide a fishing success as high as 0.5 kokanee/h.
Data from Lake Pend Oreille closely fit Rerman and Myers (1990) curve (1 .45
fish/h catch rate and 46 kokanee/ hectare age 3 and ol der). Based on this, it is
i kely kokanee catch success at Lake Pend Oeille will decline only slightly
despite substantial declines in the popul ation.

Mean total length of kokanee in the catch has changed little in the past 11
years. Mean length of kokanee in 1980 was 256 mm (Ellis and Bow er 1980), 250
mmin 1985 (Bowl es et al. 1986), 239 nmin 1990 (Paragam an et al. 1991), and 242
mmin 1991. The managenent goal is 254 mm

~Catch success of large Gerrard rainbow trout in 1991 remains better than it
was in 1985, prior to inposition of a 610 nm mininmum length limt. Catch success
for rainbow over 610 mmin 1985 was 232 h/fish but inproved to 84 h/fish in 1990

and was 78 h/fish in 1991. Inposition of the length linmt and a 37% vol untary
release rate for large fish in 1990 (Paragamian et al. 1991) and 27% in 1991
accounted for the inproved fishery. The 1 nproved fishing success for |arge

rai nbow trout in 1990 may have stinmulated greater fishing effort in 1991. An
estimated 460,000 h of fishing effort was expended in 1991 conpared to about
178,000 in 1985 (Bow es et al. 1987).

Total harvest of rainbow trout has decreased the last six years with the
nmore restrictive regulation (Figure 29). The total estimated harvest was about
6, 100 rainbow trout in 1985 with a harvest of 3,456 that were over 432 mm The
total harvest in 1991 with a 610 mmlength limt was about 2,157 rai nbow trout,
and tlhe peak was in 1979 when approxinately 10,000 fi sh were harvested (Bow es
et al. 1986).

Harvest of Gerrard rainbow trout by weight was 31% higher in 1991 t han 1985
despite the fact numerical harvest was two-thirds |ower. Total angler harvest
by weight in 1985 was about 9,000 kg (based on unpublished wel ght-Iength
relationship and nean |engths of rainbow trout in the harvest in 1985 [ Bow es et
al. 19861) while it was nearI% 13,000 kg in 1991. The reason for the inproved
harvest by weight was due to the increase in nmean weight of Gerrard rai nbow trout
in the harvest, a mean of 1.47 kg in 1985 conpared to a nmean of 5.7 kg in 1991.

The harvest of bull trout has about doubled since 1985 with a doubling of
effort. About 915 bull trout were taken by anglers in 1985 while 1,723 were
taken in 1991 (Figure 30). The catch rate for bull trout in 1985 was 12.5
h/fish, 7.6 h/fish in 1990, and 7 h/fish in 1991. From 1985 to 1991 the effort
expended toward bull trout doubled with 5,275 h conpared to 11,960 h,
respectively.

The status of bull trout has declined since the 50s (Figure 30), and
managenent neasures to reduce the harvest shoul d inﬁrove the stock density.
About 50% of the harvest of bull trout in 1991 woul d have been elinmnated with
510 mm length limt. This minimumlength limt goes into effect in 1992.

The harvest of lake trout and cutthroat trout has inproved since 1985. Lake
trout were not reported in the creel of 1985, but 25 were reported in 1990
(Paragam an 1991) and 43 were observed by creel clerks in 1991 (an expanded
harvest estimate was not nade for lake trout in 1991). Many nore |ake trout not
recorded in the creel survey were reported by anglers targeting this species.
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The harvest of cutthroat trout from Lake Pend Oeille took a dramatic decline
froma harvest of over 8,000 fish in the 1950s to about 800 fish in 1967 (Bowles
et al. 1987). The degradation of spawning tributaries to poor |and managenent
is thought to be the most i nportant factor to the decline in cutthroat trout
(Rieman and Myers 1986). Since the late 1960s, the catch of fish has been stable
with a catch of 664 fish in 1985 and about 760 cutthroat trout in 1991. It is
not known at this time what role the net pen program may have.

An expanded estimate of 56 net pen cutthroat trout (of 138,204 that were
rel eased in 1991) were caught in 1991. Many of the fish released in 1990 and
1991 were thought to still be too small to be vulnerable to angling techniques
used for kokanee and trout species, but these fish may play a role in providing
a shoreline fishery in the future.

RECOMMENDATIONS

1. A nmininumof 1.0 nmillion kokanee fry should be released in the Cark Fork
River to maintain potential for brood stock return. Fry releases into Cark
Fork River should coincide with the end of spring runoff during at |east 850
m>/s (30,000 ft?/s) nighttine flows to insure optimal fry survival and
i nprinting.

2. At least 3.5 nillion fry should be released into Sullivan Springs Creek each
year to maintain an egg supply. Fry releases into Sullivan Springs Creek
shoul d not occur before thernmal stratification of Lake Pend Oeille
(typically mid-July) to insure adequate forage.

3. Release approximately 1.omllion fry at Garfield Bay during July 1992 to
test if the richer environnent will inprove survival of fry.

4. Al fry released at Cabinet Gorge Hatchery and Sullivan Springs Creek should
be inprinted with norpholine which will be used as an adult attractant. A
representative portion of fry (260,000 fish) released in Clark Fork River and
Sul l'ivan Springs Creek should be fin-clipped to evaluate adult return rates.
Small (40 nm) vs. large fry (50 mm) inprinting and early maturation at
Sul l'ivan Springs should be continued by differentially fin clipping 30,000
fish from each group.

5. Average fry length at the time of release should be 50 + 2 mm for production
fish with the exception of 30,000 small fry (40 nm) for release at Sullivan
Springs. These fish will be used to test early maturation and will receive
an rv fin clip.

6. Continue to evaluate the reliability of otoliths for discerning the date-of-
release in age 1 and older kokanee. In addition, otoliths of fry should have
a passive tenperature code according to the procedure of volk et al. (1990).

7. Evaluation of the predator/prey interaction and bioenergetics of Cerrard
rainbow trout should continue. " This can be facilitated wth a cooperative
angler diary programto nmaintain a record of Gerrard rainbow trout and
hatchery/wild origin. This could provide direction for the predator stocking
program
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Appendix A. Kokanee age class density (fish/hectare) in Lake Pend Oreille during late summer 1991 A 90%
error bound is listed with each estimate.

lake section Lake
Class Qrigin 2 3 ] 5 3 average
0+ Hatchery (total .6 (55 20 (75 47 7 37 8) 96.5 458 43, (107 46.9 ( 4.2 46.5 (10.9)
Clark Fork River ]
Early summer? b 00 (0.0) 7.8 (2.9) 20.3 (13.9) 46.0 (21.9) 21.5 (5.3) 23.4 (7.0) 21.1 (4.9)
Sullivan Springs 11.6  (5.5) 12.3 (4.5) 32.9 (23.1) 50.5 (23.9) 21.5 (5.3) 23.4 (7.0} 26.2 (6.1)
Wild 58.1 (27.8) 68.1 (25.0) 54.6 (36.3) 18.6 (8.8) 21.5 (5.3) 3.2 (9.4) 40.5 (8.5)
Wild & hatchery 69.9 (31.0) 88.2 (32.5) 102.3 (73.8) 17.0 (54.3) 64.6 16.0) 78.1  (23.5) 87.3 17.8)
1+ Wi 1d& hatc hery 27 1 (15.0 6.1 (7 8) 148 (85) 2.7 (7.9) 3.3 (3,6 20.6 116.6 36,6 (26 9)
2 Wi 1d& hatc hery 146.9 102.0) 38.9 (19.1) 26.3 15.4 63.3 (22.5) 22.2 (69,3) 81.6 (26.8) 78.1 (19.4)
3 Wi 1d& hatchery 107.0 (68.1) 28.4 (14.0) 2.5 (9.5) 20.5 (11.7) 42,7 (26,0) 12.0 (6.3) 33.8 (10.9)
4+ W 1d& hatchery 31.4 (18.4) 11.3 (6.5) 8.3 (8.6) 8.6 (4.6) 11.0 (6,@ 5.7 (6.1) 1.8 (0.0)
3
5+ Wi 1d& hatcherry 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.;) 0.0 (0.0) 0.0 (0.0)
Total all ag classes 313.7 15.5) 221.5 78.7) 245 8 64.4) 310.0 08.0) 254.6 (95.1) 358.4 ( 66.9 247.6 74.1)

@ Hatchery-reared kokanee fry released into Clark Fork River
Hatchery-reared kokanee fry released into Sullivan Springs Creek.
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Apgpendix B. Maximum single late-run (early run included for Trestle Creek) kokanee counts made during the
1973-78 and 1985-91 spawning seasons on Lake Pend Oreille and its tributaries, excluding the
Granite Creek drainage.

Area 1972 1973 1974 1975 1976 1977 1978 1985 1986 1987 1988 1989 1990 1991
| akeshare
Bayview 2,626 17, 56 3,588 9,231 525 3,390 798 2,915 720 377 2, 00 875 2,036 530
Far—agut 25 0 0 0 0 0 0 - 10 0 4 - - -
1d1¥®wild Say 13 0 25 0 o} 0 c - -- - - - -- -
Lakeview 4 200 18 0 0 25 0 4 127 59 0 ° 75 0
E1lisport Bay and Hope 1 436 975 0 0 0 0 0 0 0 - - - 100
Trestle Creek Resorts o] 000 2,250 0 5 75 138 2 35 350 2 2 - 80
Sunyside 0 25 0 0 0 0 0 0 0 0 -- - -- -~
Fi:her‘man Island 0 0 75 0 0 0 0 — — - -- - - -
An~ersan Point 0 50 0 0 0 0 - - - - -— - --
Ca'p Bay 0 617 0 0 0 0 0 o 0 ° - - - 0
Garfield Bay 0 400 20 0 0 4] 0 o 6 o 35 -— ° 12
Subtotal 2,669 9,834 7,001 9,231 640 3,490 936 2,921 898 786 2,141 877 2,11 722
Percent of total 29% 62% 25% 64% 33% 40% 197 32% 10% 20% 147 19% 25% 28%
52 Tributaries
South Gold Creek 030 1,875 1,050 440 0 30 - 235 °. 550 2,761 2,390 830 834 120
North Gold Creek 744 1,383 1,068 663 30 426 -- 696 0. 200 2,750 880 448 458 550
Cedar Creek 0 267 44 16 1 0 o - - - -- -— - -
Johnson Creek 0 0 1 0 0 0 o - 182 o 0 0 0 o
Twin Creek 0 0 135 1 0 0 o 5 0 o 0 0 0 o
Mosquito Creek 0 503 0 0 0 0 o - - - ~ - - —
Clark Fork River 539 3,520 6,180 0 - - -— - - - - - - .
Lightning Creek (Lower) 350 500 2,350 995 2,240 1,300 44 127 165 75 6 -— - -
Spring Creek 2,610 4 025 9,450 3.055 910 3,390 4,020 5,284 4,000 ,SOOd 9.000 2,400 4,400 2,710
Cascade Creek -— T __ - - - - - 0 119 48 45 0
Trestle Creek z93 18 1,210 15 0 40 0 0 0 0 0 0 0 62
Trestle? - 1,100 217 14 555 486 865 1,589 208 1,°34 410 22 466 525 995
Garfield Creek ° 0 25 0 0 0 0 -- 1 0 40 0 0 0
Subtotal b 6,566 2,091 21,513 5,185 3,291 5,186 4,046 6,347 7,098 7,086 2,698 3,726 6,262 4,437
Percent of total 71% 38% 75% 36% 67% 60% 817 687 90% 80% 86% 81% 75% 72%
Tota1b 9,235 31,925 28,514 14,416 4,931 8,676 5,000 9,268 18,996 8,872 14,839 4,603 8,373 6,159

3Maximum single early-run count of kokanee spawners.

Excluding early-run kokanee spawners in Trestle Creek.

Represents a partjal count only because heavy wave action kept spawners offshore and uncountable.

Count made third «eek of December because low flows in Lightning Creek resulted in a complete passage barrier during early December.
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Appendix C. Statistical comparisons (ANOVA) of zooplankton densities from 1985-91 among lake sections and
years, Lake Pend Oreille, Idaho. Lake section abbreviations are: Southern = S, Central = C, and
Northern = N. Nonsignificant (P > 0.10) contrasts are delineated by a common line under each
contrast. Estimated density and length increase from left to right for lake sections and years.

P_level for effect > 0

Zooplankton Lake section Year ear

Density

Cyclops °©.926 0.000 N C .S 91 86 817 90 85 89 88
Diaptomus °.784 0.000 N 8 C 87 86 91 85 89 88 90
Epischura °. 678 0.001 N C S 91 90 8= 88 89 87 85
Bosmina °. 097 0.000 C N 8 91 86 88 90 85 87 89
Diaphonosoma °.980 0.000 S N C 91 86 817 85 90 88 89
Daphnia ° 446 0.028 C S N 91 85 90 88 89 817 86
Total o RQA 0.000 N C S 91 86 87 90 85 89 88
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Appendix D. Estimated year class (year eggs were deposited) abundance (millions) of kokanee made by midwater
trawl in Lake Pend Oreille, Idaho, 1979-91. The two oldest age classes were combined for
estimates from 1979-85.

S 557 7555 1585 1988 1987 _ 1086  1oss  10a4 103  fo@p 1981 1980 1979

1990  1.99

1989  0.83  3.35
1988  1.77  1.59
1987  0.77  1.45
1986  0.27  0.33 .20 .66  3.55

1985 0.20 .45 .51 0.78  1.66

1984 ©.37 ©o.38 0.84 1.15 1.79

1983 ©.04 .35 0.43 0.68 1.03  2.63

1982 0.42 0.54 1.24 1.51  2.14

1981 0.24 037 1.21 2,28  3.84

1980 0.27 0.50 277  2.3%

1979 0.29 064 1.36 1.69

1978 0.87 0.9 1.00 2.01
1977 0..4 0.96  1.31
1976 1.03  1.70
1975 0.67

Total 5.33  6.93 7,71 10.21 6.01 4.27 4.47 5.62 5.21 8.12 5.20 4.68  5.69
Density (No./hectare
248 306 341 450 266 189 198 249 230 358 230 207 251

.48
A7

~J

.31

0 — b
s

0
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Appendix E.  Kokanee spawned from Sullivan Springs Creek from1976-91, nunber of
e glst col{ect ed, t subsequent fry released into Sullivan Springs and
adult return rate.

Fry Estimated returning Adult returns
released adults from as a percent
Total Kokanee Eggs following hatchery releases of fry

Year escapement spawned collected year and vyear returned released

1976 10,717 10.200 913,000 757,700 55,500 (1980) 12.89
42,200 (1981)

1977 20,075 17,650 2,400,000 1,830,000 135,300 (1981) 10.28
29,000 (1982)

1978 -—-- 16,875 1,532,382 1,745,734 118,000 (1982) 10.08
58,000 (1983)

1979 = 12,005 19389, 250 1,081,400 42,000 (1983) 10.88
75,660 (1984)

1980 55,500 48,760 4,186,664 2,219,796 54,340 (1984) 4.56
46.810 (1985)

1981 177,500 112,820 11,653,036 2,487,804 27,935 (1985) 1.93
20,060 (1986)

1982 147,000 115,850 11,432,900 3,077,711 22,170 (1986) 3.25
77,773 (1987)

1983 100,000 79,850 6,328,924 3,214,512 5,854 (1987) 1.95
54,500 (1988)

1984 130.000 122,000 14,973,029 3,428,279 13.600 (1988) 2.20
61,976 (1989)

1985 74,745 75,500 10, 590,579 1,594,731 14,121 (1989) 3.33
39,062 (1990)

1986 42,230 42,230 7.337.000b 2,847,345 18,385 (1990) 2.01
45,425 (1991)

1987 83,627 83,627 16,600, 000° 5,138,800 39,428 (1991)

1988 68.100 60,555 14,058,000d 3,538,000 857 (1991)

1989 79.450 70,600 9,372, OOOe 3,190,70C

1990 57,445 51.445 5,686,0000 2,570,264

1991 85,713 75,624 6,364,209

ZAdditionaW fry were released in other areas.

An additional 1.76 million eggs were collected from Spring Creek and the Clark Fork River, bringing the
total egg take to 9.1 million.

An additional 0.61 million eggs were collected from Clark Fork River, bringing the total egg take to
17.22 million.

An additional 0.10 million eggs were collected from Clark Fork River, bringing the total to 14.16 million.
©An additional 0.21 million eggs were collected from Clark Fork River, bringing the total to 9.58 million.
fAn additional 0.30 million eggs were collected from Clark Fork River, bringing the total to 5.6 million.
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Appendi x F. Tenporal distribution of nean total densities of zooplankton
in Lake Pend Oreille, Idaho, May through Cctober, 1985-91.
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Appendi x G Tenporal distribution of mean Bosmina densities in Lake
Pend Oreille, Idaho, My through Cctober, 1985-91
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Appendi x H. Tenporal distribution of mean Cyclops densities in Lake Pend
Oeille, ldaho, My through Cctober, 1985-1991.
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Tenporal distribution of nean Diaptonus densities in Lake
Pend Oreille, Ildaho, May through COctober, 1985-91.
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Appendi x J. Tenporal distribution of nean Epischura densities in Lake Pend
Oreille, ldaho, My through Cctober, 1985-91.
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Appendi x K. Temporal distribution of mean Diaphanosoma densities in Lake
Pend Oreille, Idaho, My through Cctober, 1985-91.
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