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ABSTRACT

Lake Penal oreille once provided the nost popul ar kokanee Oncorhynchus nerka
fishery in northern Idaho. A dramatic decline in the population occurred fromthe mid-
19608 t0 1970s. Restoration efforts included construction of the Cabinet Gorge Fish
Hat chery to supplenent the wild population and restore the fishery. I'n this study,
hat chery-reared age O kokanee were stocked into Lake Penal oreille from 1986 through
1992. Seven experinmental stocki n? strategies for kokanee were tested using five
| ocations and two time periods (early May through early June or late July).

In 1985, the age 3 and ol der kokanee totaled about 0.35 mllion, but rose to 0.78
mllion in 1986, was stable, was then followed by a decline in 1990 to 0.53 mllion,
then inproved to 1.75 million in 1992. Mich of the annual variation in total numbers
of kokanee, ranging from4.5 mllion to 10.2 mllion, was due to hatchery stockings of
age O fish. St andi ng stocks of kokanee remmi ned stable and ranged from8 to 10
kg/ hectare despite dramatic changes in density due to age O fish. Prior to this study
(1985), standing stocks were substantially higher (mean= 13.6 kg/hectare), indicating
that the popul ation may be operating below carrying capacity.

We found survival of age O hatchery kokanee by each rel ease season to range from
3% in 1986 to 39% in 1992, while the mean from 1987 through 1992 was 23s. f ound
significant (p=0.05) differences in survival between years, but we could not detect
differences between stocking |ocations (P»0.71). CQur analysis of survival between tine
(early vs late) and |ocation was weak and inconclusive because after 1989 we had fewer
fish to stock and could not repeat testing of sonme release strategies. W believe sone
of the variation in survival between release groups each year was due to the Ie_ntg_th of
tinme between release in the |lake and traw ing. But we did not find a significant
correlation between tine at large and survival (P=0.12, r’=0.61 for 1988 and P=0.15,
r’=0.44 for 1989); as many as 40 days separated some release groups. The best survival
of a release group was 43% at Garfield Bay and was recorded in 1992, while the poorest
rel ease was 5% for an early release into open water in 1987. W found the conbined
survival of hatchery fry each year was correlated to nean total zooplankton abundance
(P=0.05, r*>=0.65). Survival of individual release groups was correlated to total
zooplankton at tine of release (P=0.01, r’=0.29). Sone of the variation in hatchery
fry was also due to the density of two cladocerans Diaphnanosoma (P=0.05, r’=0.33), the
density of Daphnia sp. (P<O 10, r*=0.20), and the size of _pDaphnia (P=0.01, r=0.69).

Hatchery rel eases provided sonme short-term gains, but [ow survival of wld fry
and poor recruitnent of young to the spawning escapenent were inportant linitations to
restoration to historic levels.

A creel survey in 1991 provided an estimate of 460,679 angler hours during 87,966
angler days. W estimated anglers harvested 227,140 kokanee in 1991 for a catch rate
of 1.45 kokanee/h. Mean size of kokanee in the harvest was 242 mm  The harvest of
kokanee was only 30% of the project goal. Anglers caught an estimted 2,939 |arge
Gerrard rainbow trout O mykisg (2 610 nm) and harvested 2,157. An additional 14,122
smal | er (<610 nmm) rainbow trout were caught and rel eased. Mean |ength of Cerrard
rainbow trout in the creel was 735 nmwhile they averaged 5.7 kg. Anglers al so creeled
an estimated 1,723 bull trout Salvelinus confluentug, /66 cutthroat trout 0. ¢larki,
and at |east 43 | ake trout §. pamavcush.

Aut hor s:

Vaughn L. Paragamian, Senior Fishery Research Biol ogi st
Vern L. Ellis, Senior Fishery Technician

| daho Departnent of Fish and Game

2750 Kat hl een Avenue
Coeur d‘Alene, | daho 83814
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INTRODUCTION

Lake Penal oreille supported the nost popul ar kokanee Oncorhvnchus nerka
fishery in Idaho from the 1940s until the early 1970s. The sport and commerci al
harvest provided an average annual harvest of one million kokanee and 360, 000
hours of angling effort from 1951 to 1965 (Ellis and Bow er 1979). Sport anglers
enLoyed average annual catch rates as high as 3.5 fish/h during the nid-1960s.
Kokanee harvest declined from 1965 to 1985, resulting in an annual harvest of
l ess than 100,000 fish, with a nmean catch rate of approximtely 1.0 kokanee/h
(Bowles et al. 1987). A rehabilitation program for the kokanee was designed and
included goals of an annual harvest of 750,000 kokanee averaging 250 nm in |ength
with catch rates averaging 2.0 fish/h. In addition to providing an inportant
fishery, kokanee are the primary forage for trophy Gerrard rai nbow trout
Oncorhynchue mykiss and bull trout Salvelinus confluentue in Lake Penal oOreille.

Several factors have contributed to the decline of kokanee abundance in
Lake Penal oreille. Hydr opower devel opnent and consequential water |evel
drawdowns adversely inpacted spawning success and survival of eggs, as well as
kokanee fry in redds. Albeni Falls Dam was conpleted in 1952 by the Arny Corps
of Engineers as part of the Bonneville Power Administration (BPA) networKk.
Located on the Penal oreille River approxinmately 35 km downstream of Lake Penal
Oreille, Albeni Falls Damraised |lake levels by 4 m  Annual winter drawdown,
whi ch averaged 1.3 m from 1951 to 1968, increased enbryo nortality by expoeing
redds of |akeshore-spawning kokanee (Bowler et al. 1979; M Maiolie, |daho

Department of Fish and Gane, personal conmmunication). Cabinet Gorge Dam was
constructed on the Clark Fork River (river km 24) for power generation by
Washi ngt on Water Power Company (wWUP). mpl etion of ‘this damin 1952 bl ocked an

i mport ant kokanee spawning run into Clark Fork River and its tributaries. The
establishment of opossum shrinp Mysis relicta in Lake Penal oreille may al so have
adversely affected kokanee. Shrimp were introduced in 1968 and were well
established by 1975 (Rieman and Falter 1981). The |daho Departnent of Fish and
Game (IDFG) i ntroduced 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
feedi ng kokanee.

Interagency efforts to rehabilitate the kokanee fishery began during its

initial decline. In 1967, the Arnmy Corps of Engineers adopted a policy for
operation of Albeni Falls Dam to minimze water level fluctuations during kokanee
sgawnl ng and incubation. |DFG restricted kokanee sport harvest and terninated
t

e conmercial fishery in 1973. Hatcher(?/ production of kokanee for Lake Penal
Oreille was established by 1974 and hel ped stabilize popul ati on nunbers. Del ayed
planting of hatchery fry until md-sunmer to avoid early season food deficiencies
I ncreased hatchery fry survival up to 13 tines over wild fry (Bow er 1981).
Hat chery production appears to have stabilized the decline in kokanee abundance,
but rearing capacity of existing hatcheries was inadequate to rebuild the
fishery. Prior to 1985, hatcheries could provide only 6 to 8 mllion kokanee frg
annually for Lake Penal oreille. Research indicated that releases of up to 2
mllion 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 Penal oreille kokanee fishery. It is the largest kokanee
hatchery in the world and is 4 km bel ow Cabi net Gorge Dam The hatchery
represented a cooperative effort anong EPA, WAP and 1bFG. Construction and
eval uation of Cabinet Corse Batchery i s goecified bv Measure 804(e)(5) of the
Col unbi a River Basin Fish and Wildlife Program (NWPPC 1984). Cabinet Corge
Hat chery was operational by Novenber 1985, and at full capacity, can provide up
to 20 mllion kokanee fry Tor release into Lake Penal oreille.
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The project goal is rebuilding the kokanee popul ation to attain 750, 000
kokanee harvested annually and 300,000 hours of angler effort.

OBJECTI VES

1. Eval uate the contribution of Cabinet Gorge Hatchery to the Lake Penal
oreille kokanee stock and fishery.

2. Descri be kokanee popul ation dynam cs and carrying capacity in relation to
kokanee, zooplankton, and mysid community.

3. Determne optimal fry release strategies to maxinize fry recruitment and
recruitnent-to the fishery, as well as provide adequate” adult escapenent
for egg-take needs.

4. Ootain index information on naturally spawning kokanee to evaluate the
contribution of hatchery fish.

STUDY AREA

Lake Penal oreille is located in the panhandl e of |daho (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 maxi mum depth of 351 m Mean surface
el evation of Lake Penal oreille is 629 m Deep water habitat used by kokanee is
considered to be 22,647 hectares. The Cark Fork River is the largest tributary
to Lake Penal oreille. Qutflow fromthe |ake forms the Penal oreille River.

Lake Penal oreille is a tenperate, oligotrophic |ake. Sunmmer tenperatures
(Mayto Qctober) average approximately 9°C in the upper 45 m (R eman 1977, Bowles
et al. 1987, 1988, 1989). Thermal stratification typically ocecurs fromlate June
to Septenber. The NP ratio is typically high (>11) and indicates primary
production may be P limted (Rieman and Bow er 1980). Mean chl orophyll “a
concentration during sumver is approximately 2 nmicrograms/L. Sumrer mean water
transparency (Secchi disk) ranges from5 to 11 m eration of Albeni Falls Dam
on the Penal oreille River keeps the |ake level stable at 628.4 m during summer
(July to September), then reduces the lake level to about 625.3 m during winter.

A wi de diversi t%/ of fish species are present in Lake Penal oreille. Kokanee
entered the lake in the early 1930s, presumably from Flathead Lake, and vere wel |
established by the 19400. O her gane fish include Kamloops (Gerrard) r ai hbow
trout, bull trout, rainbow trout Qncorhynchus mykiss, westslope cutthroat trout
Oncorhynchus clarki lewisi, | ake whitefi sh _Coregonu ulpeaformis, nountain
whi t ef i sh Prosopium williamsoni, and several coolwater and war mvat er Speci es.

METHODS

Kokanee Population Structure

Kokanee popul ation structure in Lake Penal oreille was determ ned by
collecting kokanee with a nid-water trawl during the last week in August or first
week of Septenber. Fish from each sample were counted, neasured, weighed, and
checked for maturity. sagitta otoliths were excised for aging. The mid-water
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trawl _and sanpling was described by Rieman (1992). The traw net was towed by
an 8.5-m boat ﬁowered by a 140-hp diesel engine. The net was 13.7 mlong wth
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. All age classes of kokanee
were collected. Trawing was done at night during the dark phase ef the mon to
optimze capture efficiency (Bow er 1979|)£. The trawl was towed at 1.5 n's at
depths calibrated with a depth sounder. Each step-wi se oblique haul sanpled the
entire vertical distribution of kokanee, as determ ned from echograms produced
by a Resa 200 angstrom depth sounder with two hull-nounted transducers (22° and
8° beam angles). The vertical distribution of kokanee was divided into 3.5-m
layers; usually 3 to 5 layers enconpassed the vertical distribution of kokanee.
A standard 3.5-nminute tow was nade in each |ayer, sampling 2,832 niof water over
a distance of 305 m Total volume of water sanpled for each traw haul varied
from 8,496 to 16,992 ni, depending on the vertical distribution of kokanee.

A stratified systematic sanpling schene was used to estinate kokanee
abundance and density. Lake Penal oOreille 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 cal cul ated from the 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 sumer (Bow er
1978R . 8ix transects were systematically sel ected within each section and one
haul (sanple) was made along each transect.

Fi sh nunmbers/transect (haul) were divided by transect volume, and the
age-specific and total nunmber of kokanee for each stratumand | ake total were
cal cul ated using standard expansion formulae for stratified sanpling designs
(Scheaffer et al. 1979). Kokanee popul ation estinates (total and by section)
were divided by respective |ake surface areas to cal cul ate kokanee densities in
nunber/hectare for each age class. Confidence intervals (90% were calculated
to conmpare estimtes anong age classes, |ake sections, and years.

Sur vi val

Recruitnment and survival of hatchery-reared and wild fry were determ ned
fromtraw catches during late August of marked or unmarked fry. wild fry
survival was estimted from potential egg deposition (PED) or the nunber of fish
stocked (in the case of hatchery fish) to the August abundance in Lake Penal
Oreille. PED was calculated by nultiplying average fecundity at egg collection
facilities by estimted mature femal e kokanee abundance. tchery-reared fry
were differentiated anong rel ease groups and fromwld fry by analyzing a date
of release mark and daily growth increments on fry oteliths. Annual survival wae
estimated for age 1 and ol der kokanee by conparing trawl-estimated abundance for
each year class between years.

Fry Marking
otolith Codi ng

otoliths from kokanee reared at Cabinet Gorge Hatchery exhibit an obvious
change in width of daily growth increment at the tinme of their rel ease
(Paragamian et al. 1992). This mark was used from 1988 through 1992 to
di stingui sh hatchery residence from|ake residence. Kokanee rel eased on
different dates were identified by counting daily growth increnent from the
release Mark to the otolith nargin (traw sampling date). Sagitta otoliths were
excised from fry caught during traw ing and enbedded in a | ow viscosity nedi um
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(Spurr 1969). The proxi mal surface was polished (600 grit paper) and otolith
m crostructure observed (1,000 power) with an oil inmmersion conpound m croscope
interfaced with a video camera and nonitor.

Fin clip

A fin was clipped fromselected groups of kokanee fry from 1988 through
1992 to help evaluate fry-to-adult return ratea to spawning stations at Cabinet
Corge Hatchery and Sullivan Springs Creek. Different fin clips were also used
to segregate two length groups of kokanee frg rel eased at Sullivan Springs. This
was done in 1991 and 1992. The long range objective was to determne the affect
of.hatcherﬁ growt h/size on age at maturity. Fin C|IPS included the adipose fin-
clipped kokanee rel eased at Sullivan Springs (large try of 50 mm), right ventra
fin-clipped small kokanee released at Sullivan Springs (37 mm in 1991 and 40 mm
in 1992), left pelvic f|n-pI|Pped early rel ease group of kokanee in the Cark
Fork River, and rtﬁrt pelvic tin-clipped |ate release group of kokanee in the
Cark Fork River. e number of kokanee clipped for each release group and year
isin Table 1. Fry were clipped at |east one week prior to release and averaged
50 mmtotal length (1,054 fry/kg), except for small kokanee released at Sullivan
Springs in 1991 and 1992. Fry were anesthetized (0.04 g Ms-222/L water) prior
to handl i ng. Representative samples from each group were retained in the
hatchery to evaluate fry nortality and fin regeneration.

G her Marks

Addi tional marks such as tetracycline and pignented grit were used in the
course of this study. For a detailed description of these narks see the Annual
Reports cited earlier in this text.

Fry Release Strategies

~ W evaluated seven fry release strategies from 1986 through 1992 to compare
survival of fry released at two different time periods (early May and late June
or July). Releasing fry at these sites also provided adult returns to egg-take
stations at Cabinet Gorge Hatchery and Sullivan Springs Creek (Table 1). W
rel eased about 5.0 mllion fry in 1986, although these fry were reared at Cabinet
CGorge Fish Hatchery they were only about 33 mmtotal length (TL) when rel eased.

Clark Fork River

W released 1.0 to 4.6 million fry into the Cark Fork River each year to
establish a spawning run to Cabinet Gorge Hatchery (Table 1). Hatchery workers
imprinted all fry with morpholine (5x10° ng/L in hatchery water) for 30 days
prior to release from 1988 through conpletion of this study. Wrkers also added
morpholine to hatchery water flowing fromthe fish |adder at Cabinet Gorge
Haltchery into the Cark Fork River. This was done for 3 days follow ng each
rel ease.

Barly Season Rel ease-\Wé released about 2.5 to 3.4 nillion (X=3.2 mllion)

fry through the Cabinet Gorge Hatchery fish |adder into the Clark Fork River
(Table 1). The nmean TL for these fr% ranged from49.4 mmto 51.0 nm TL.  This
rel ease was scheduled to coincide with high nighttime river flows resulting from
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Table 1. Location, stocking chronol ogy, number released, number fin-clipped, nean |ength, and standard
deviation (SD) of age O kokanee stocked into Lake Penal oOreille, |daho, 1986-1992.
Mean
Number Nunber Fin Length
Stocking Site and Tine Year Dat e Rel eased Clipped (m) SD
Ear |
dark Fork River 1988 6/ 15 3,414,000 50, 000 51
1989 6/ 21 3,513,000 41, 000 46 --
1990 6/21 3, 400, 000 60, 000 50 +2
1991 6/ 26 2,610, 000 60, 000 49 +2
ek River 1986*  7/30 to 9 3, 415, 500 0 50 --
1987 7122 to 7/27 3,013,700 0 52 --
1988 7111 to 7/14 1,297,000 40, 000 48 --
1989 7117 to 7/19 984, 000 40, 000 49 --
1992 717 1,123, 600 60, 000 55 --
Sul l'ivan Springs 1986* 8/ 1, 589, 700 0 50 - -
1987 717 to 7/29 2,847,300 0 52 -
1988 7/11 to 7/ 14 5, 139, 000 40, 000 49 --
1989 7111 to 7/13 3,538,000 40, 000 51 --
1990 7110 to 7/12 3, 200, 000 60, 000 50 +2
1991 719 to 7/10 2,570, 000 60, 000 ° 50 -
1992 7/14 to 7/15 3, 440, 000 60, 000 ° 60 --
Early -
Qpen’ Vater North 1988 6/ 27 1,607, 000 0 46
1989 6/ 29 1, 256, 000 0 46 --
Late -
Cpen Vater South 1988 7126 1,570, 000 0 51
1989 7126 1, 428, 000 0 56 --
LA reline 1989 7/27 to 7/28 1,024, 000 0 55 --
1990 7124 to 7/25 1, 100, 000 0 50 +2
Garfield Bay 1992 7/30 970, 440 0 51 --

*Kokanee 1Ty Were released (n varylrng nunbers and Ul NE intervals OUI | NQ this period.
bapproximately 30,000 small kokanee fry (mean |ength (l)f 37 mmin 1991 and 30 mm in 1992) were marked with a right ventral fin clip.
rel eases.

‘confidence intervals were not calculated for al




spring snowmelt, however spring tinme flows far exceeded the anticipated 990 ni/s
(35,000 £t*s) in 1990 and 1991 (Table 2).

Late Season Release-We barged 1.3 nillion kokanee in 1988 and 3.5 mllion
kokanee in 1989 down the Clark Fork River. W also released 3.0 mllion kokanee
in 1987 and 1.0 million kokanee in 1992 through the hatchery |ladder into the
river (Table 1). The mean length of these kokanee ranged from 48 mmto 55 nm TL.
Barging was used to avoid predation by northern squawfish Ptvchocheilus
oregonengis by noving them down the river and releasing them near the mouth of
the river. An 8.5-m pontoon barge transported two circular tanks that carried
8.8 nmiof water. The tanks were aerated and plunbed to provide circulating river
water. Each tank contained 18 kg of kokanee/m’.

Open \Water

W tested two open Water releases in 1988 and 1989; an early release and
a late release. The late release corresponded with higher cladoceran abundance
and warmer water. A total of about 3.2 nillion kokanee were released in 1988 and
2.7 mllion in 1989, the only two years of testing for the open water release
(Table 1). Open water habitat is generally not occupied by the predacious
northern squawfish.

south Shoreline

W tested a south shoreline release in 1989 and 1990 as a |ate season site.
Qur objective was to test a shallow shoreline site and nake use of the abundance
of zooplankton food at this tine of the year. About 1.0 million kokanee were
rel eased each vyear. They averaged 55 mm and 50 nm TL in 1989 and 1990,
respectively (Table 1).

Garfield Bay

Ve rel eased kokanee in Garfield Bay to test the value of using a rich
enbayment with warmer water. About 1.0 million kokanee were released into
Garfield Bay in 1992, and they averaged 51 nmm TL (Table 1).

Sul l'ivan Springs

Appr oxi rratelﬁ 2.57 mllion to 5.14 mllion fry (Mean = 3.45) were
transported by truck from Cabinet Corge Hatchery to Sullivan Springs Creek from
1986 through 1992 (Table 1). The fry were transported at a density of 55 to 59
kg/m’, With a tank tenmperature of 9°C and a stream of 8. The purpose of this
rel ease was to insure continued adult returns to the egg-take station on this
spring-fed tributary to Lake Penal oreille (Figure 1). The otolith date-of-
rel ease mark was used to distinguish hatcherg and wild fry after autumm trawing
in Lake Penal oreille. Approximately 40,000 to 60,000 fry were adipose fin-
clipped from 1988 through 1990 (Table 1). W clipped about 30,000 fry (nean =
56.5 M) with an adipose fin clip in 1991 and 1992 and a second group of 30,000
smaller fry (nean = 43 mm were marked with a right ventral clip in the sane
years. Qur obH' ective was to evaluate large and small fry and their respective
returns as adults spawning from 1994 through 1997 and to evaluate differences in
age at nmaturity.
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Tabl e 2.

Cark Fork River discharge (Q during kokanee rel eases fromthe
Cabi net Gorge Fish Hatchery, 1987 through 1992.

Rel ease 24 h @ range Mean three h Q Travel
Year group (m’/8) at rel ease (m/s) time (h)
1987 late 99- 694 569 5.0
1988 early 100- 920 809 -
late*
1989 early 900- 1, 300 1,024 ‘7.3
late*
1990 early 1,480-1, 842 1,842 7.0
1991 early 99-1, 984 1,984
1992 | ate 91- 652 634 6.1

“Fry were barged down U ark Fork River.
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Eaag Col |l ection

Since 1974, |DFG has nmintained a permanent weir at the nouth of Sullivan
Springs Creek (Figure 1). The collection of eggs at this station by hatchery
workers has provided kokanee eggs for Lake Penal oreille. Additional eggs were
col l ected from kokanee spawners at the Cabinet Gorge Hatchery fish | adder and by
purse seining the ark Fork River during some years.

Naturally-Spawning Kokanee

Research technicians counted mature kokanee along |akeshore and tributary
stream spawning areas to provide an index of naturally-spawning kokanee
abundance. W counted fish by wal king each area once from 0800 to 1500 h during
the first week of Decenber; the estimated peak of spawning activity.
Predeternined portions of |akeshore spawning areas were surveyed. W surveyed
entire spawning areas and tributary streans. An additional 24 historic spawning
| ocations were surveyed during winter of 1992, our purpose was to docunent re-
pi oneering of spawning areas by hatchery fish. Trestle Creek was al SO censused
in Septenber to determine use by early run kokanee Spawners.

Aae and Length at Maturity

W neasured kokanee |engths and extracted otoliths from mature kokanee
during the late fall spawning season for spawner age and |ength deterninations.
Spawners were collected fromearly run Trestle Creek, East Hope shoreline, Spring
Creek, Clark Fork River, and the weir at Sullivan Springs Creek. Age of maturity
was al so estinmated for kokanee collected during Septenber trawing.

Mysis Shrimp

W sanpl ed shri rrﬁ at night during the dark nmoon phase the first week of
June each year, with the exception of 1991 when we sanpled in Novenber. Five
sanpl es were collected randomy in each of the southern, central, and northern
portions of Lake Penal oreille (Figure 3). W sanpled with a MIler high-speed
sanpl er equipped with a General oceanics flow meter and a 100-mi cron pl ankton net
and bucket. Stepged oblique tows were made 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 nm's with an electric winch. Shrinp from each sanple were counted and
differentiated by size class into juvenile or adults. Density estimates were
based on vol ume of water sanpled.

Size and sex data were recorded for shrinp from two sanples/|ake sections.
shri were nmeasured fromthe tip of the rostrumto the tip of the telson,
excluding setae, and classified into five categories according to sex
characteristics: juveniles, immture nales and females, and mature-mal es and
females (Gregg 1976; Pennak 1978).

Zooplankton

~ \% sanpled the zooplankton comunity in the southern, central,and northern
portions of-Lake Penal oreille (Figure 3). W collected five random sanples

COMPLRPT
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Figure 3. Shrinp and zoopl ankton sanpling areas on Lake Penal Oreille, |daho.
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monthly fromeach section from May through Cctober in the main body of the |ake.

We sampled the Clark Fork River delta with five random sanpl es from 1987 through
1989, while two sanples were taken from Garfield Bay in 1992. W sanpled in the
mai n body of the lake and Garfield Bay with a O. S-mdianeter 130-m cron pl ankton
net calibrated by a Kahl Scientific flow nmeter. Vertical hauls from 27.4 m
depths to the surface were made b?/ raising the sanpler approximately 0.5 ms with
an electric winch. W also sanpled a shallow site in Garfield Bay from 18.2 m
depth to the surface, and a deeper site of aﬁproxi mateIK 27.4 mdepth. W
coll ected sanples fromthe shallower delta with a MIler high-speed plankton
sanpl er equipped with a flow meter and 130-micron net and bucket. The entire
wat er _colum was sanpled with oblique tows stepped at 1.5-mintervals and towed
at 1.5 m's for a mninumof 40 s/sanple. Zooplankters Were enunerated by genus
using standard dilution and subsampling net hods {(Edmondson and Wnberdg 1971).

Enuneration data were standardized by volune of water filtered to determ ne
zoopl ankton densities. Anal ysis of ‘variance, utilizing a stratified random
sanpling scheme, was used to conpare zooplankton densities, both spatially and

tenmporal ly.

Water Tenperature and Transparency

Thermal stratification of Lake Penal oOreille was nonitored by neasuring
wat er tenperature nmonthly from May through Novenber at one site in the southern
section of the lake. Instantaneous tenperatures were neasured with a probe from
the surface to 60-m depths at |-mintervals for the first 5 mand at 5-m
intervals thereafter. Wen a nore dranatic chanqe in tenperature was noticed
within a 5-m sanple, tenperatures were nmeasured at |-mintervals to better define
t he metalimnion.

Water transparencies were nonitored tenporally and spatially. A secchi

di sk reading was taken in the southern, central, and northern sections of Lake
Penal oreille each month from May through Cctober.

Anqler Fffort and Harvest

Creel surveys were conducted during the 1985, 1990, and 1991 fi shing
seasons to provide estimates of angling effort, catch, and harvest of sport
fishes. The data fromthese creel surveys can be found in annual reports (Bowles
et al. 1986; Paragamian et al. 1991; and Paragamian et al. 1992). Sone
di scussion of the findings of those creel surveys is included in the Discussion
section of this report.

RESULTS

Kokanee Abundance. Distribution. and Bionmss

Estimated total kokanee abundance ranged from4.26 nmillion fish in 1986 to
10.21 million fish in 1988 (Table 3; Apgend!x A). Total kokanee age 1 and ol der
ranged from 2.47 nillion in 1987 to 3.86 nillion in 1992,

Esti mated average kokanee density for the deep water portion of the |ake
(see Study Area) (all age classes conbined) ranged from 189 kokanee/hectare in
1986 to 451 kokanee/hectare in 1988 (Table 4; Appendix A). Population estimates
by age ?roup and section for 1992 are recorded in Appendix B. Estimated standing
stock of kokanee in Lake Penal oreille during this study ranged 7.73 kg/hectare

COMPLRPT
13




Table 3. Popul ation estinmates (by age), total density (N ha), and standing stocks
for kokanee in Lake Penal oreille, |daho, 1986 through 1992. The 90% error
bound is subtended.

Popul ation estimte

(mllion)
Age
Density St andi ng

Year 0 1 2 3 4 5 Tot al (fish/ha) St ock

1986 1. 65 1.15 0.68 0.54 0.24 4.26 189 8.14
(0.12) (0.30) (0.21) (0.19) (0.23)

1987 3.55 0.78 0.84 0.43 0.42 6. 02 266 8.32
(0.08) (0.38) (0.27) (0.22) (0.25)

1988 7.31 1. 66 0.51 0.38 0.35 10. 21 451 8.02
(0.09) (0.24) (0.28) (0.30) (0.27)

1989 4.50 1.15 1.20 0.45 0.37 0.04 7.71 342 9.71
(0.12) (0.33) (0.29) (0.39) (0.27) (0.40)

1990 3.35 1.59 1*45 0.33 0.20 6.93 306 7.73
(0.11) (0.74) (0.32) (0.33) (0.30)

1991 1.98 0.83 1.77 0.77 0.27 5.62 248 8.93
(0.20) (0.71) (0.25) (0.32) (0.31)

1992 4.55 1.33 0.78 1.11 0.64 8.41 372 10. 63
(0.14) (0.46) (0.20) (0.25) (0.29)
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Tabl e 4. Densities (fish/ha) andst andi ng stocks (Kg/ha) of kokanee in Lake Penal
Oreille, | daho, 1986 through 1992 (standing st ock i S subtended).

Age

Year 0 1 2 3 4 5 Tot al
1986 73 51 30 24 11 189

(0.17) (1.23) (2.50)  (2.63) (1.61) (O (8.14)
1987 157 34 37 19 19 266

(0. 25) (0.48) (2.57)  (2.23) (2.79) (0l (8.32)
1988 323 73 23 17 15 451

(0. 45) (1.50) (1.56)  (L.97) (2.54)  (0; (8.02)
1989 198 52 53 20 17 2 342

(0.17) (1.38) (3.42)  (L.92) (2. 49) (0.33)  (9.71)
1990 148 71 64 14 9 306

(0.17) (1.43) (3.76)  (1.41) (0.96) (0! (7.73)
1991 87 37 78 34 12 248

(0.13) (0.93) (3. 69) 2.82) (1. 36) (0; (8.93)
1992 201 59 34 49 29 372

(0. 19) (1.11) (1.78)  (4.07) (3.48) (0; (10. 63)
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in 1990 to 10.63 kg/hectare in 1992 (Table 4). Mean TL and weights of age O
througlh age 5 kokanee caught trawling, from 1986 through 1992, are shown in
i

Appendi x C.
Spawning Escapenent

The estimate of mature fenal e kokanee (assuming a 1:1 ratio) in the Lake
Penal oreille spawni ng popul ation ranged from 144,082 in 1990 to 411,248 in 1992
(Appendix D). The spawning run to Sullivan Springs Creek from 1976 through 1992
ranged from 10,717 kokanee in 1976 to 177,500 fish in 1981. Total escapenent to
SulI'ivan Springs ranged from 17% of the total estinmated |ake escapement in 1991
to 118 in 1992 CSA?Dpendi X E). Kokanee counts (Decenber) in tributaries and
shorelines ranged from 4,603 spawners in 1989 to 31,925 spawners observed in 1973
(Appendi x F). Counts of |akeshore spawning kokanee ran%]ed fromonly 877 in 1989
to 19,834 in 1973. Counts on tributary streams ranged from O on many streams to
14,000 for Spring Creek in 1986. Surveys at additional historic spawning areas
recorded few spawners in 1992. None were recorded at Garfield Bay (other than
Har bor Marina), Canp Bay, Car& Bay to Elliot Bay, Ellisport Bay, Bottle Bay,
Martin Bay to G engary Bay, rfield Bay to Talache, Talache t0 Mui den Rock,
Samowen Bay, West pe, Button Hook Bay, Maiden Rock to Cape Horn, BlackWell
Poi nt to Farragut, Echo Bay, Wetstone Beach, Cement Plant, Lakeview, Muth of
Cedar Creek, i sky Rock BaK, Ganite Creek Bay, bay east of Indian Point, and
east of Deadman Point to Johnson Point. One kokanee was seen at Kilroy Bay.

Age at Maturity

Mat ure kokanee, captured during trawing from 1985 through 1992, ranged
from 14% mat ure a%e 3in 1989 to 52%in 1990, while age 4 kokanee were al nost
al ways mature (Table 5). Age conposition of kokanee spawned from Sullivan
Springs Creek from 1986 through 1992 averaged 24% age 3 and 76% age 4, while age
2 and age 5 fish were occasionally present but were sel dompart of the random
sanple (Table 6). Samples of kokanee spawners were also collected from several
other traditional spawning areas (Table 7).

Potential Bgq Deposition and Eaa Collection

Estimated total potential egg deposition ranged from58.6 mllion eggs in
1990 to 169.0 mllion eg?s in 1992 (Appendix D). Artificial spawning of kokanee
at Sullivan Springs yielded from913,000 eggs in 1976 to over 16.6 nillion in
1987 (Appendix E). Esti mated abundance of nmature femal e kokanee from 1986
t hrough 1992 ranged from 145,390 in 1986 to 411,248 in 1992 determined fromlate
sunmmer traw ing. Fecundity ranged from 344 eggs/female in 1991 to 490 eggs/
female in 1988 (Appendix D).

Hat chery personnel collected 7.5 mllion eggs during 1992. Kokanee spawned
at Sullivan Springs provided 6.12 mllion eggs. An additional 1.37 nillion eggs
were taken at Cabinet Gorge Hatchery from kokanee nigrating up Clark Fork River.

Mbst of the eggs taken at the hatchery and Sullivan Springs in 1992 were
from kokanee rel eased during 1988 and 1989. = These fish were the first two year
cl asses of kokanee that were inprinted on morpholine prior to rel ease.

COMPLRPT
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Tabl e 5. Percent mature kokanee by age in traw sanples 1985 through 1992, Lake
Penal oreille, |daho.

Percent nmature by age

Year 1 2 3 4 5
1985 0 4 85’
1986 0 0 41°
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
1992 0 0 16 100

2age 3 and 4 conbi ned.
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Table 6. Age structure of kokanee spawner escapenent at Sullivan Springs, 1985
t hrough 1992.

Percent _Contribution by Age

Year 2 3 4 5
1985 37 63

1986 - .- . T
1987 7 93

1988 20 80

1989 18 79 3
1990 32 68

1991 1 46 53

1992 23 75 2
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Table 7. Age conposition of kokanee spawners at spawning tributaries to Lake
Penal oreille, 1986 through 1992.
YEAR
1986 1987 1988 1989 1990 1991 1992
Age (9  Age (W  Age (%W  Age (%  Age (%W  Age (%N  Age (%
Sour ce 3 4 3 4 3 4 3 4 3 4 3 4 3 4
Spring Creek 14 86 10 90 16 84 -- -- 9 91 41 59 20 80
Trestle Creek -- -- 5 95 -- -t -- - -- 58 42 --  --
N CGold Creek -- -- 25 75 -- - - - - -=-=-- -- 46 54 27 73
Hope Shoreline -- -- -- -- -- - 34 66 -- --
Lakeshore 17 83 20 80 14 86 -- - - - - Tt ot -
Cabi net Gorge -- -- -- -- 24 76 -- -~ - - -
S. Gld Creek -- -- -- -- 24 76 -- - - - - - - -
Cascade Creek -- 100 --  --  -- = = "~ -~ S
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W d kokanee fry survival from potential egg deposition to early Septenber
trawl sanmpling ranged fromonly 1.3%in 1991 to 4.6% in 1987 (Appendix D).
Hatchery fry survival fromegg collection to late sunmer traw ranged from 9.4%
in 1988 to 31.4% in 1992.

Hatchery fry survival fromrelease to late sumer trawing ranged from 3%
in 1986 to 39% in 1992 (Table 8; Pigure 4). Hatchery fry conprised from 8% of
total age O recruitment in 1986 to as high as 51% in 1988 (Figure 5). Survival
of hatchery _frr by release site varied wdely and is summarized in Table 9 and
graphically illustrated in Figure 6. Survival of hatchery kokanee ranged from
5% 182)261” early open water release in 1989 to 43% for the Garfield Bay rel ease
in .

Di spersal of hatchery-reared fry throughout the | ake was evident follow ng
1 to 2.25 nonths of |ake residence, but abundance renained highest in |ake
sections near release sites (Figure 7).

The percent of a year class of kokanee surviving to the next year averaged
38% fromage Oto age 1, 86% fromage 1 to age 2, 51% fromage 2 to age 3, and
82% fromage 3 to age 4 (Figure 8). Kokanee ol der than age 4 are uncommon in
Lake Penal oreille. Because survival of younger age groups of kokanee is often
estimated to be over 100% we referred to the values In Figure 8 as an index.
For exanple, population size of age 1 kokanee is often underestinated, and when
a cohorts size Is estimated at age 2, their nunmbers are higher and the estinated
survival can exceed 100% At Lake Penal oreille, a?e 1 kokanee were caught
primarily at the north end of the |ake and caught in |ow nunbers to the south.
As ﬁ result the total population of age 1 kokanee was probably underestinmated
each year.

Analysis of Release Sites and Tine

Regression analysis was used to conpare the relationship between survival
of age O kokanee for each release group in 1988 (N=5) and 1991 (N=6) and numnber
of days fromrelease to capture date. W did not include other years because of
the [1mted nunber ofrelease groups, usually two or three. This fact presents
some limtation to our analysis. W did not detect a statistical relationship
(P=0.12, r*=0.61 and P=0.15,r%=0.44, respectively) between survival of kokanee
and total number of days fromrelease to capture. However, this does not nean
time at large was not a factor in differences in survival between release groups.

ANOVA testing and Tukey’s statistic were used to conpare stocking tine
(early release vs late), survival between years, and survival between release
sites. Late (summer) releases had significantly higher survival (pP<0.02) than
early releases. W calculated a significant difference in survival between years
(P<0.05) ésurw val of age O kokanee in 1992 and 1988 was higher than 1987, 1989,
1990, and 1991). Additional testing, accounting for a repeated neasures design
(between years), indicated we could not detect a significant difference in
survival between stocking sites (P>0.71). CQur study design was linited because
of the shortage in nunbers of fish for stockings after 1989. Also, we did not
include 1992 in the analysis of location and tinme because all releases were |ate.
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Tabl e 8. Brood year, year stocked, total catch in trawl sanples, population
estimtes, 90% confidence interval of the estimate, estinmated percent
survival,and standard error (SE) of age O hatchery kokanee in Lake Penal
oreille, | daho, 1985 through 1992.

Tot al _ cI Esti mat ed

Brood Year st ocked Total  Popul ation (+/-) survi val SE
year stocked  (mllions) cat ch estimte (%) (% (%)
1985 1986 5.01 16 142, 000 -- 2.7

1986 1987 5. 86 107 797, 661 15.8 13.6 2
1987 1988 13.13 485 3,682,216 10.9 28.7 3
1988 1989 11.74 289 2,246,064 15 19.1 3
1989 1990 7.70 209 1,562, 541 11.9 20.0 5
1990 1991 5.18 137 1, 052, 029 23.6 20. 7 5
1991 1992 5.47 278 2,125, 261 17.1 38.5 7
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Table 9. Location, total catch, autum population estimate, release to autum surviva
interval (C) of survival of age O kokanee stocked into Lake Penal oreille, I d:

Aut umm
Tot al popul ati on Esti mat et
Stocking site Year catch estinate surviva

Early

G ark Fork River 1988 116 921, 781 27
1989 81 632, 340 18
1990 62 510,000 15
1991 61 477,630 18

Late

Cark Fork River 1986° 0 0 0
1987 0 292,329 10
1988 50 376,130 29
1989 19 147,600 16
1992 43 364,384 32

Sul l'ivan Springs 1986” 0 0 18
1987 0 512,514 18
1988 198 1,490,310 29
1989 102 742,980 21
1990 99 742,402 23
1991 78 593,626 23
1992 179 1,319,135 38

Early

Qpen Water North 1988 38 353,540 22
1989 7 62,800 5

Late

Open Water South 1988 82 565,200 36
1989 51 357,000 25

Late

South Shoreline 1989 39 276,480 27
1990 48 308,000 28

Garfield Bay 1992 56 412, 875 43

" Kokanee rel ease groups could not be distinguished other than hatchery/wld.
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open water, G Bay - Garfield Bay, Lake Penal Oreille, |daho. Sanples
from 1987 through 1992 were conbined.
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Fry Marking

An obvi ous mark was evident on kokanee otoliths and formed at time of
rel ease. This mark separated hatchery residence from|ake residence and enabl ed
us to separate wild from hatchery fry. Nunmber of daily growth increments after
the release nmarks was used to separate fry of various release groups each year
(Paragamianetal . 1992).

turns of n-Clippe oka.

Hat chery personnel in 1991 and 1992 recaptured a total of 151 and 418 fin-
clipped kokanee, respectively. Sullivan Springs accounted for a total of 141
adipose fin-clipped fish (released in Sullivan Springs in 1988), four |eft
ventral fin-clipped fish (early Clark Fork River release in 1988), and one right
ventral fin-clipped (late Gark Fork River release by barge in 1988) in 1991.
Total spawni ng escapenment to Sullivan Springs in 1991 was about 85,713 kokanee;
and of these, 75,6624 were spawned and checked for fin clips (88%) (Appendix E).
Thus, the estimted total escapenent of fin-clipped kokanee at age 3 to Sullivan
Springs was 158 adi pose, five left ventral, and one right ventral. The estimate
of fin-clipped kokanee returni ng to Sullivan Springs as age 3 is 0.4% of the
40,000 fish clipped at age O in 1988. Furthermore, since 0.4% of the marked fish
returned, the estimate of the original 5.139 mllion fish (released as fry at
Sul I'i van Spnn_Fs in 1988) returning would be 20,299 fish, or about 51% of the age
3 spawners. he remaining 49% woul d have been from wild stock or strays.

A subsample of 41 adi pose-clipped kokanee from Sullivan Springs in 1991
wer e sexed. About 85% were fenales, a disproportionate nunber conpared to nales.

. In 1992, escapement at Sullivan Springs total ed about 84,001 kokanee, of
which 73,739 (88% were spawned. A total of 300 fin-clipped kokanee were
collected at Sullivan Springs; 296 adipose-clipped fish, one right ventral, one
|left ventral, and two kokanee were recaptured with both ventral fins clipped.
Therefore, the total estimate of fin-clipped kokanee returning was 336 adipose
fin-clipped fish, 1 right ventral, 1 l'eft ventral, and two fish with both
ventrals. Analysis of otoliths indicated 32% of the kokanee were age 3 and 68%
age 4. The estinate of adipose fin-clipped kokanee returning at age 3 is 0.268%
of 40,000 clipped in 1989. Thus, we estinmated 9,464 kokanee of the 3.538
mllion stocked in 1989 returned to spawn. The estimate of adipose fin-clipped
kokanee ret urni ni to spawn at age 4is0.573% of 40,000clipped in 1988. W
estimated 29,420 kokanee returned to spawn of the 5.139 mllion stocked at
Sullivan Springs in 1988. Therefore, of the 84,001 kokanee escaping to Sullivan
Springs, about 11% were age 3 hatchery fish and 35% were age 4 hatchery kokanee.
Random sanpl es of kokanee otoliths indicated 23% were age 3, 75% were age 4, and
2% were age 5. Thus, 49%of the age 3 kokanee were hatchery fish, 47% of the age
4 kokanee were hatchery products, while the majority of the remainder of each
group were wild.

Fin-clipped kokanee at Sullivan Springs were conprised of 26% femal es and
74% mal es. Age anal ysis indicated 46% of the fenmales were age 3 and 54% age 4,
while 27% of the nales were age 3 and 73% were age 4.

Hat chery personnel, at the Cabinet CGorge Fish Hatchery collected five fin-
clipped kokanee in 1991 of 5,713 fish that were captured. O the fin-clipped
recaptures, three fish were adi pose-clipped strays from Sullivan Springs and two
had right ventral fin clips, late Clark Fork River releases of 40,000 clipped in
1988. None of the 50,000 kokanee fry released with the early Gark Fork River
group in 1988 were recovered in 1991.
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Wirker s spawning kokanee at the Cabinet Gorge Fish Hatchery in 1992
exam ned a total of 118 fin-clipped kokanee of 22,875 fish that were spawned.
O the total, 39 kokanee had a right ventral fin clip, 70 had a left ventral fin
clip, while the remaining 9 had an adipose clip. Analysis of otoliths from the
fin-clipped kokanee indicated 18% of the right ventral clipped fish were age 3
(7 fish) and 82% were age 4 532 fish). O the kokanee with left ventral fin
clips, 23% (16 fish) were age 3 and 77% (54 fish) age 4, while all of the kokanee
with adipose clips were age 4. Estimated contributions of various releases were:
0.018% of 40,000 kokanee with right ventral clips in 1989 and 0.08% of 40,000
rel eased in 1988; 0.039% of the 41,000 kokanee released in 1989 with left ventral
fin clips and 0.108% of 50,000 released in 1988; while 0.023% of the kokanee
rel eased in 1988 at Sullivan Springs were collected in 1992 as strays. The
nunerical breakdown of the total catch at Cabinet Gorge Hatchery was as foll ows:
of the right ventral releases, 177 were age 3 and 1,038 were age 4; of the left
ventral releases, 1,370 were age 3 and 3,687 were age 4, 1,182 were age 4 strays
from Sullivan Springs, and the renaining 15,421 (67%) were wild fish

Gender of the fin-clipped kokanee collected at Cabinet Gorge Hatchery in
1992 were 36% females and 64% nales for the age 3 kokanee, and for the age 4
kokanee they were 9% femal es and 91% nal es

Mysis Shrimp

Qur estimtes of shri densities froma 46-m depth to the surface ranged
from 15 organiems/m* in 1992 to 47 organisms/m’® in 1988 and averaged 30
organisms/m’ (Table 10; Appendix G. The shrinmp popul ation was usually
conprised of three brood years; juveniles of the year of record, immture shrinp
and adult fenales. Immature males and fenal eS were grouped with the nature
femal es as adults. Analysis of data from 1986 through 1990 and 1992 i ndi cated
adult densities during June were not different (P=0.117) between |ake sections,
but juvenile densities were significantly higher (P<0.001) in the southern and
central sections than the northern section.

Adults conprised about 21% of total shrinp abundance. The Novenber 1991
density of juveniles and adults were not contrasted to other years of this stud
because they were collected late in the season. Adult dénsity averaged
organisms/m®> from 1986 through 1992 (Table 10). The adult density in 1989 at 16
organisms/m* was significantly higher than all other years (P=0.000). The second
hi ghest density was recorded in 1986 at 8 organisms/m® and was significantly
hi gher than 1987 (4 organisms/m’, P=0.023) and 1992 (2 organisms/m’, P=0.000).
The third highest density recorded for adult shrinp occurred in 1988 at 6
organisms/m’, it was significantly higher than 1992 (P=0.019).

W estinated the average density of juvenile shrinmp to be 24 organisms/m’
in June from 1986 through 1990 and 1992 (Table 10). The hi ghest density of
juvenile shrinp was 42 organisms/m* and was significantly higher than all other
years (pP<0.06). Juvenile shrinp were at 31 organisms/m* in 1986, the second
hi ghest density, and was significantly hi gher than 1987 (16 organisms/m’,
P=0.007), 1990 (16 organisms/m’, P=0.008), and 1992 (p=0.002) at 13 organisms/m’,
the | owest June density.

Length of shrinp in Lake Penal oreille during June sanpling from 1986
t hrough 1992 were sunmarized (Appendix H and were usuall¥ conprised of at |east
three brood years. The distributions usually ranged in length from3 mmto 20
nun.
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Tabl e 10. Mean

dens

adult (over 10

. »
ties (organisms/nﬁ)ﬁ?? shr
during June in Lake Pena

uvenile (10 mm and under) ,

and t ot al

inmp (standard deviations are subtended)

Oreille, | daho,

sanpl ed from 1986 through

1992.

Year Adul t Juvenil e Tot a
1986 8 31 39
(4) (22) (25)

1987 4 16 20
(2) (5) (7)

1988 6 42 47
(4) (27) (26)

1989 16 25 41
(9) (17) (23)

1990 5 16 21
(2) {11) (12)

1991’ 1 5 5
(1) (3) (3)

1992 2 13 15
(1) (6) (7)
G and nean’ 6.8 23.8 30.5

*Samples taken I n Novenner.

bees not

i nclude the 1931 sanpl e.
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Zooplankton Community

The zoopl ankton conmmunity in Lake Penal oreille from May through Cctober,
1986 through 1992, included_Cuclops, Diaptomus, Epischura, Bosmina, Daphnia, and
Diaphanosoma (Table 11). The mean zoopl ankton density of 12.11 organisms/L
(#+2.5) in 1991 was the lowest since this study began while the 1992 nean total
density of 25.2 organisms/L was the highest (Table 11; Figures 9 and 10). Total
zooplankton in 1992 was significantly higher sp=o.000) than 1985, 1987, 1989, and
1990. Total zooplankton density was usually |owest in My and reached a peak by
July or August. Ccopepod densities were higher than cladoceran densities
t hroughout the study sanpling periods (Appendices | through N). Cladoceran
density was highest during August and Septenber at approxinmately 10%to 15% of
copepod density, respectively (Figure 11). The copepods cvclops and Diaptomus
were the nost abundant zooplankters.

The average density of cyelops in 1992 (14.81 organisns/L) was
significant IJI hi gher (P<0.000) than 1985, 1986 (p=0.032), 1990 (9.17 organisms/L,
P=0.051), and 1991 (P=0.000) (Table 11), while the average density of Diaptomus
in 1992 (9.24 organiems/L) Was S|gn|f|cantly_ hi gher (P<0.05) than 1985, 1987, and
1990 (P<0.05); a grand nean of 6.23 organisns/L (Table 11). Epischura was the
| east abundant zoo/plankter during this study with an estimated average density
of 0.02 organisms/L, but their density was highest in 1985 and 1987 at 0.04
organi sms/L, respectively. Cladocerans were extremely uncommon in sanples early
in the season, but becane common in August. Bosmina density was highest in 1989
(0.99 organisms/L), was significantly higher than 1985 (P<0.003), 1987 (P<0.022),
1988 (P=0.000), and 1990 (P<0.000). Mean density of Daphnia was highest during
1986 at 1.27 organisms/L and was significant Ig/ hi gher than nost years except 1987
and 1992. piaphanosoma density in 1989 (0.34 organisms/L) was significantly
hi gher (P<0.003) than all other years. Zooplankton densities were statisticall
simlar (P>0 10 anong northern, southern, and central sections of Lake Pena
oreille (Appendix O. Sarrﬁl ing of zooplankton in the Cark Fork River delta was
conducted from 1987 through 1989. In general, the zooplankton densities in the
delta were significantly lower (P<O 10, with the exceptions of nosm;%Q and
Daphnia which were usuall'y higher (P>0 10 . Garfield Bay was also sanpled, but
only during 1992. The nean density of cladocerans in this enbayment was tw ce
as high as the deeper sections sanpled;, Bosmina 0.12 organisns/L; pDaphnia 0.50
organi sms/L; and _biaphanosoma 0.07 organisms/L. cyclopods were al ways |ower in
Garfield Bay; cvclops 12.02 organisnms/L; Epichura <0.01 organisms/L; and
Diaptomus was 6.49 organi sns/L (Appendix P).

The | argest zooplankton in Lake Penal oOreille was _Epischura, whi ch averaged
about 1.9 nm followed by paphnia thorata and DP. galeata, which averaged about
1.3 and 1.2 mm respectively. Diaphanosoma and Diaptemus averaged about 0.9 and
0.8 mm respectively. Cvucloxs averaged about 0.7 mm and Bosmina was the small est
zooplankter at 0.4 mm (Appendix Q. Zooplankton were simlar in |ength between
| ake sections, with the exception of cvclaps, which were larger in the Delta, but
varied between years (P<Q 10 (Appendix O.

Water Tenperature and Transparency

Surface tenperatures of Lake Penal oreille from May through Novenber usually
ranged fromlows of about 5-7°c in May to 21% in August. Thermal stratification
usual ly began in July and extended through Septenber, but 1988 and 1992 were
exceptions. A thermocline was devel oped by June of 1988 and 1992 and extended
to 22 min depth by Septenber of 1988 and to 20 min depth in July of 1992. The
year of nost rapid thermal stratification was 1992, while 1989 and 1986 were s|ow
to devel op and broke down rapidly. The years 1986 and 1992 serve as contrasting
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Table 11. Mean nmid-day densities of cladocerans and copepods (nunber/L) above
27.4 min Lake Penal oreille, Idaho. Sanples collected May through
Cctober, 1985 through 1992, Standard deviations are subtended.
Cladocerans Copepods

Year Bosmi na Daphnia D aphanosona Cycl ops Epishura Di aptonus Total
1992 0.08 1.05 0.13 14. 81 0.01 9.24 25. 17
(0. 26) (2.23) (0.29) (9.27) (0.02) (7.59) (16 .23)

1991 0.19 0.35 0.07 6.71 0.02 5.63 12.11
(0.59) (0.74) (0.19) (10.44) (0.03) (4.15) (7 .31)

1990 0.27 0.32 0.12 9.17 0.03 8.06 17.99
(0.34) .(0.54) (0.29) (6.36) (0.05) (5.62) (11.48)

1989 0.99 0.71 0.34 11. 09 0.02 7.45 20. 59
(2.77) (1.58) (0.76) (8.74) (0.03) (4.43) (12 19

1988 0.15 0.70 0.17 13. 23 0.02 7.46 21.72
(0.27) (1.512) (0.39) (8.13) (0.03) (4.86) (12.75)

1987 0.59 1.08 0.04 8. 87 0.04 4.36 15. 04
(0.76) (1.57) (0.08) (5.19) (0.09) (2.32) (7 18

1986 0.03 1.27 0.01 6.73 0.01 5.09 13.13
(0.06) (2.61) (0.04) (4.19) (0.02) (3.45) (8 .66)

1985 0. 37 0. 38 0. 07 9.12 0. 04 6. 26 19.30
(0.74) (0.57) (0.14) (6.97) (0.10) (3.20) (11.64)
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Figure 9.
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exanpl es of slow thernmal devel opment and rapi d devel opment respect ively
(Appendix R). Stratification broke down by Cctober of nost years, was gone by
Septenber in 1992, but persisted to November in 1985, 1987, and 1988.

Devel opnent of a deep 14° thermal barrier to shrinp (Falter and Rieman
1981) extended to 26 m in 1985, 22 min 1988, andto 18.5 min 1992. In each of
these years, the maxi mum depth of the 14°% strata of |ake water was achieved in
June, but was nost rapid in 1992.

Secchi transparencies were al wax/g1 greater in the south end of the |ake with
grand neans rangi n?( from5.36 min May to 10.10 min August (Appendix S). The
north end of the lake had the |east transparent water because of the inflow from
the Cark Fork River and Lightning Creek. Seecchi transparencies in the north end
of the lake ranged from3.9 min May to 8. 74 min august, while the central
portion of the |ake was usually intermedi ate between north and south sections

(Appendix S).

a is o erature and Tot al Abundanc

Daily and nonthly mnimm and maxi num means of air tenperature at BayView,
| daho, were used to cal cul ate degree days for 1985 through 1992. These data were
collected by the State Climatol ogist, Myron Molnau. A conbination of nmonthly
sequences of degree days was conpared to mean zoopl ankton density, regression
anal P/SIS, and anal ysi s of variance (ANOVA) was used. The best predictor of
zoopl ankt on abundance and degree days was the sum of May and June; it provided
a weak positive relationship (pP=0.12, r*=0.35). The addition of precipitation
with multiple regression analysis did not provide a better predictor of
zoopl ankt on  abundance. G eatest depth achieved by the epilimnion was
significantly related (P<O. 10 to My and June thermal suns (P=0.09, r>=0.40),
while the depth of the 14°¢c strata was poorly related to the nean density of
zoopl ankt on (P=0.49, r*=0.08).

DI SCUSSI ON

Kokanee Popul ation Status

The kokanee population in Lake Penal Oeille did not achieve the anticipated
recovery from pre-Cabinet Gorge Hatchery years.  Initially, the kokanee
restoration program through stockings fromthe Cabinet Corge Fish Hatchery,
increased the total nunber of fish from4.3 nillion in 1986 to 10.2 nmillion in
1988 (Figure 12; Appendix A), but these were prlmarll%/ age O fish (7.3 million
in 1988). More inportantIOY, the nunbers of adult fish for the creel and spawnin
escapenent (age 3 and older) did not inprove sufficiently. At the beginning o
this study, age 3 and ol der kokanee total ed about 0.37 mllion (1985), rose to
0.78 mllion in 1986, was stable for several years, then declined in 1990 to 0.53
mllion, then inproved to 1.75 nmillion in 1992, a level simlar to that of pre=
Cabi net Gorge years. From 1989 through 1991, the total population declined to
5.6 mllion fish, then increased to 8.4 nillion in 1992. Mst of the change in
kokanee densities in 1988 and 1989 was due to a substantial increase in the
nunber of stocked fry, while an additional factor in 1988 and 1992 was i nproved
survival of age O hatchery and wild kokanee. By 1992, the high total densities
of age O kokanee precipitated only a snall corresponding inprovenent in the
nunber of adults conpared to the historic |levels.

Low adult returns, egg collections, and subsequent |ow fry stockings during
most years of this study slowed recovery efforts.  From 1990 through 1992, |ow
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egg collections lead to reductions in the number of kokanee released; 7.3 million
fry in 1990, 5.0 million in 1991, and 5.6 million in 1992, while only about
800, 000 were stocked in 1993. Poor returns of adult kokanee to spawning stations
is among several problens that will be addressed in this discussion.

There was a nodest increase in the total nunmbers of age 3 and 4 kokanee
from 1985 t hrough 1992 (Figure 12). But several weak cohorts from 1989 through
1991 (wild and hatchery) will reduce the total density of the ol der kokanee in
years follow ng 1993.

Standi ng stocks of kokanee in Lake Penal oOreille declined substantially from
1977 through 1986 (Figure 13). But since 1986, when hatchery supplenentation
fromthe cabinet Gorge Fish Hatchery began, it has ranged from about 8 to 10
kg/ hectare and appears to have stabilized. However, the fishery may be operating
bel ow carrying capacity since standing stock ranged from 10 to 17 kg/hectare from
1977 to 1984. The nechanismprinarily responsible for the reduction in standing
stock is unknown (Figure 13). Rieman and Bow er (1980) believed that at 13-17
kg/ hectare, the kokanee popul ation from 1974 through 1978 was still far bel ow
carrying capacity because they saw no significant cropping effect on available
zooplankton or changes in kokanee grow h.

We found a positive relationship between kokanee growth and zooplankton
abundance for age 3 kokanee, but no affect on growth due to density. W used
sinple regression analysis to conpare instantaneous growth of kokanee, by age
%r1oup for ages 2 through 4, to nmean zoopl ankton density and age ?roup density.

Iy growth of age 3 kokanee was significantly positively related to nean
zoopl ankton densities, P<0.05 (r=0.65); growh of age 2 and 4 xokanee Was not
significant (P>0 10.

Fry Recruitnment and Survival

Size of kokanee rel eased may have been a factor inproving survival of
hatchery fish over pre-cabinet Gorge Hatchery years, but this was not tested.
Prior to 1986, kokanee were reared at several different hatcheries and rel eased
at a length of less than 40 nminto Lake Penal oreille, and survival was usually
| ess than 3% (Bowles et al. 1987). Kokanee fry released in 1987 were reared at
Cabi net Gorge Hatchery, released at about 50 nmin length, and survival increased
to 14% Since 1987, survival has been even higher. Cabinet Gorge Hatchery can
produce larger fry because it has warnmer water and nore space.

The nmean survival for hatchery fish was 23% from 1987 through 1992.
Survival of hatchery fry is still below the goal of 30% set for restoration of
kokanee in Lake Penal oOreille (Bowles et al. 1988). W believe survival can be
further inproved by discontinuing early fry releases when tenmperatures are cold
and food may be low. The exceptional years of high survival occurred in years
with several late releases and tenperatures warner than normal in May and June,
like 1988 and 1992. Under nornal environnental circunmstances, survival will
probably fluctuate between 25% and 30%

Expected hi gher overwinter survival of large hatchery fry conpared to the
smaller wild fry did not appear to occur. Analysis of one group of otoliths of
age 1 kokanee in 1989 indicated overwi nter survival of hatchery fish to be
simlar to wild fish (Hoelscher et al. 1990); although our sanple size was snall

(n19) . The expectation of higher overwinter survival of the larger hatchery fry
may not be correct. A sanpl e of 20 otoliths of age 2 kokanee caPtured by
trawming in 1991 were analyzed using the technique reported by Volket al. (1990).

Nine of 19 usable otoliths had a distinct release mark indicating they were
hatchery kokanee (Eric volk, Washington Departnment of Fisheries, personal
comuni cation) . These kokanee were age Oin 1989 and trawl sanples indicated

COMPLRPT
38



20

-
ol

Standing stock (kg/ha)

0- 1
1977 1979 1981 1983 1985 1987 1989 1991

Year

Figure 13. Standing stocks of kokanee in Lake Penal Oreille, |daho,
estimated by mid-water trawing, 1977-1992.
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there was about a 1:1 hatchery/wild ratio at that age. Overwinter survival of
hat chery kokanee is an inportant point that needs attention to deternine
recruitnment to the adult stock.

Rel ease Strateqgies, Food, Tenperature and Survival

We believe some of the variation between survival of release groups each
year was due to the length of tinme hatchery kokanee were in the |ake prior to
trawming. Length of tinme in the |ake covaried with zoopl ankton conposition, and
possibly ot her physical factors. These covariables conplicated our analysis of
which a single factor nay be influencing kokanee survival. The nunber of Trel ease
strategies we teated each year ranged fromtwo to six, but depended qun fry
availability. Analysis of nunber of days in the |ake and survival of the 1988
and 1989 rel ease denpbnstrated a weak and inverse relationship, P=0 12 (r*=0.61)
and P=0.15 (r*=0.44), respectively. This also happened in 1987 when the first
rel ease of two late releases had the highest survival. Late release groups had
hi gher survival than early groups (P<0.02). Length of time in the lake is
inportant, but environmental factors at the release time are also thought to play
a key role in release to fall survival values for hatchery kokanee.

W found several significant relationships between post release survival
of age O kokanee and zoopl ankton densities. Survival of the conbined rel ease of
all age O kokanee in a given year was significantly related to mean total
zooplankton (P=0 05 and r*=0.65). Survival of individual release groups was
statistically related to total zooplankton at the tinme of rel ease (P=0.01,
r>=0.29). Fry stocked late were introduced into environments that were richer
in food. W carried the analysis further by exami ning the densities of each
generation to age O kokanee survival to try to explain come of the variability
in survivals. Survival of kokanee was found to_be significantly correlated to
the density the Cladoceran Diaphanosoma (P=0.05, r’=0.33) at the release site and
weakly associated with the combined density of p_?_gw and D. galeata
(P=0 096, r*=0.20). cCladocerans are an inportant Tood item of young kokanee in
Lake Penal oreille (Rieman and Falter 1980), as well as other waters (Martinez and
Bergersen 1991). cCladocerans were sel dom encountered until July in zooplankton
sanples of the open water of Lake Penal oreille. Rienman and Falter (1981) found
Cladocerans only around shorelines and embayments in post Mysis sanples of
zoopl ankt on. I nportance of food abundance and stress to kokanee fry is also
su[)portedlln part by analysis of the number of daily growth increments of kokanee
rel eased in 1988 and 1989. Kokanee released into food poor environnents (early
open water and early Clark Fork River) had significantly fewer increnents
(Paragam anet al. 1992). Sone fish, when starved, do not produce daily growh
i ncrenents (Tzeng and Yu 1992).

We found a positive relationship (P=0.01, r’=0.69) between the survival of
fry and the size of paphnia at the stocking |ocation. Kerr (1971) provided
theoretical evidence that feeding and growh of planktivores is nore efficient
on large bodied rather than small prey. Noble (1975) and MIIls and schiavone
(19S2) found growth and survival of yellow perch cohorts was directly related to
abundance and size of Daphnia. Thus, any conbination of positive factors may
enhance survival of kokanee fry.

Hi gh zooplankton densities were associated with warm spring air
temperatures and rapid |lake stratification. May and June thernal suns were
inportant nonths to early stratification. The two best years for kokanee fr%/
survival and zoopl ankt on devel opnent occurred in 1988 and 1992, the two years o
rapid thermal devel oprent.
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Factors af f ecti ng survival of kokanee released into the dark Fork River
were difficult to evaluate. One reason was because rel ease nethods of kokanee
vari ed between years, through a |adder system or plunbing directly fromthe
hatchery. Assessnent of predation was inconclusive other than to deternine some
northern squawfish ate kokanee migrating to Lake Penal oreille. The occurrence
of numerous kokanee fry in less than 15% of the northern squawfish suggested nost
of these predators were not conditioned to feeding on mgrating kokanee. Thus
releasing |arge nunmbers of kokanee at the sane tine may provide the benefit that
many predators do not take immedi ate advantage of the available prey.

Wwe experimented with two releases that involved a gradual rise in
discharge. The first of these tests occurred in 1987 (Bowles et al. 1988) when
it was found that kokanee had significantly higher survival when discharge was
increased after fry release vs decreased after fry rel ease

In 1992, we started froma m nimum di scharge to 560 m*/s, controlled by
Cabi net Gorge Dam followed by a release of kokanee with a rise in discharge to
625 wm’/s. The survival of kokanee in 1992 was better than those that were barged
past predators in 1988 and 1989.

W evaluated the risk of predation and discharge to survival of kokanee
released into the Cark Fork River by using survival at Sullivan Springs as a
standard, a quasi control (Figure 14). A diagonal line representing a 1:1 ratio
of survival was added as a reference of equal survival. The survival of releases
of kokanee in the Clark Fork River and Sullivan Springs were plotted on the
figure. Seven points fell below the reference |ine and one point was on the line
indicating lower survival for Cark Fork River releases. The vertical distance
fromthe 1:1 |line to a point was a neasure in the difference in_ survival.
Bargi ng kokanee in 1988 and 1989 provided little benefit over high spring
di scharge releases. An additional |ine connecting survival values of kokanee
rel eases through the ladder in 1987 and 1992 was used to conpare this release to
barging. The figure infers that barging fish may provide an added benefit of
only ée% or 7% to survival. Bargi ng was also an expensive and logistically
conpl i cated technique.

Spring ﬂmNSdUFin% early releases may have entrained some kokanee throu%h
Lake Penal oOreille to the Penal oreille River in years of high discharge. The
later theory could be due to the configuration of Lake Penal oreille, a deep
southern basin, and a narrow shallow northern basin.

Fry Marking

We used four marks in the progress of this study to differentiate hatchery
fromw ld kokanee and to segregate release groups. Tetracycline marking was used
in 1988 and 1989 (Bowles et al. 1989, Hoelscher et al. 1990), fins were clipped
on Sullivan Springs and Cark Fork River releases since 1988, and dye and grit
were also used (Bowles et al. 1987). Water tenperature nanipul ation in 1988 did
not produce a discernible mark on kokanee otoliths, but when an alternate
techni que (velk et al. 1990) was used to evaluate this mark in 1992, we found it
to be successful. The otolith date of release mark (Paragamian et al. 1992) was
used from 1987 t hrough 1992,

The reliability of the date of release mark to this study is inportant.
Thus, a detailed statistical analysis of this mark was made in 1990 to determ ne
its reliability (Paragamian et al. 1992?, The analysis indicated the stress mark
and daily otolith growth counts are reliable techniques to identify hatchery vs
wild fry and segregate rel ease groups. W recomrend continued use of these
met hods and a difference of at |least 5 days between rel ease dates.
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Qur anal ysis of otoliths of age 1 kokanee in 1989 through 1992 met with
only marginal success. A total sanple of 45 otoliths of age 1 kokanee ca&&ht by
trawming was processed follow ng the same procedure as younger fish. et her
these fish were wild or of hatchery origin was unknown. The date of rel ease nmark
was di stingui shed on 42% of the fish in 1989 (N=19). But we did not have any
success in followi ng years. The nethod used may be valid but further refinenent
is necessary. Tenperature treatment of hatchery-reared kokanee at the eyed stage
or qlde% is a nethod that will also work (volk et al. 1990) as previously
ment i one

Spawnin

The kokanee spawni ng escapenent of 822,000 adults in 1992 was the highest
since 1986, the first year of this investigation. It was only 540,080 in 1991
The increase in the estimted spawning stock was due to several factors: 1) two
strong year classes of kokanee (1987 and 1988), and 2) inproved survival of fish
to age 3 and 4 in 1991 and 1992. The strong 1987 year class (year of egg
deposition) was due to the highest contribution of wild and hatchery fish coupled
with the second highest hatchery fry survival rate (299 during this study, ile
the 1988 year class was conprised of the fourth highest contribution of wild fish
in the |ast decade.

Early maturity of kokanee in Lake Penal oreille is a factor of concern wth
hatchery fish because they are a conponent in the spawning escapenent and the egg
collection at Sullivan Springs. This concern evol ves around two inportant
points. 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 by anglers
(<200 nm. They never contribute to the fishery (Rieman and Meyers 1990). 2)
Younger kokanee (age 2 and 3) are snmaller and less fecund, this has fluctuated
substantially at Lake Penal oreille (Figure 15). At Sullivan Springs, age 4
kokanee conprised about 84% of the spawni ng escapement from 1987 through 1989
(Table 6). However, this figure changed in 1990 and 1991 with the contribution
of mature age 4 fish at 68% and 53% respectively, but in 1992, the contribution
was 75% age 4 (Table 6&. In Lake Penal oreille these changes are often due to
year class strength. or exanple, an age 4 cohort low in nunbers can be nearly
out nunbered when acconpani ed by mature age 3 kokanee high in nunbers. In 1991,
there were only 0.27 mllion age 4 kokanee, nearly all of which were mature, but
there were also 0.77 mllion age 3 fish of which 35% were mature. There are al so
difJerences in age at maturity, but that discussion goes beyond the scope of this
study .

The return of disproportionate ratios of malevs fenmale fin-clipped kokanee
in 1991 and 1992 suggests an additional problem About 85% of the known hatchery
fish that returned to egg take stations in 1991 were fenales. The reverse was
apparent in 1992 when only 20% of the kokanee were females. Age analysis of
mature fin-clipped kokanee collected in 1992 indicated 56% age 3 fish were
females, while only 21% of the age 4 fish were female. Speculative information
suggests that these may have recelved a disproportionate ratio of nale vs female
hornone while in the hatchery (John Thorpe, |daho Department of Fish and Game,
per sonal connunlcatlonh. Hatchery fry in 1988 and 1989 were fed a brand of food
that was conprised of errln% meal. Prior _to processing, the female herring had
ova removed and sold as a byproduct. Thus, the feed probably had a higher
proportion of testosterone than progesterone.

The ratio of kokanee stocked to adult returns as spawners to Sullivan
Sﬁrings has decreased since the mid-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% O the 40,000 fin-clipped kokanee rel eased
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at Sullivan Springs in 1988, <1% have returned as mature adults at age 3 and 4.

Straying from Sullivan Springs was denonstrated by recaptures of three fish from
Sulltvan Springs at the Cabinet Gorge Hatchery |adder in 1991 and nine in 1992.

But the extent of straying is unknown. Al npbst identical declines in percent
adults returning to hatcheries was documented for nearly all hatcheries rearing
Pacific sal non (Hilborn 1992). It would appear that this trend is conmon anong
hat cheries introducing fish into wild populations. Based on this trend, Hilborn
guestioned the validity of hatchery prograns in general. The exact reason for
this decline is unknown but it could be due to reduced survival of stocked
kokanee, differences in inprinting of kokanee because of size of fry stocked, or
an unknown factor (prior to 1991 the contribution of wild ve hatchery kokanee at

Sullivan Springs could not be estimated). As for the Cabinet Gorge Hatchery,

straying and Inproving the return are inportant questions that need to be
addressed as objectives in thenmselves in future work.

The Lake Penal oreille Fishery

Creel surveys for this study were conducted in 1985 (Bowles et al. 1986)
and 1991 (Paragamian et al. 1992). Limted creel checks in 1990 (paragamian et
al. 1991) were carried out to determne angler catch effort and nean length of
i mportant sport fish. Lake Penal oreille sport anglers fished an estimated
179|, 22S(£)j hou)rs in 1985 (36,446 angl er-days) and 460,679 hours in 1991 (87,966
angl er - days

The kokanee harvest in Lake Penal oOreille is approximtely one-third of the
managenent goal of 750,000 (xpFe 1991). &an estimated 227,140 kokanee were caught
during the 1991 fi shi n% season (Figure 16%. However, substantially nore kokanee
were caught in 1991 than 1985 when the harvest was 71,000 fish (Bowles et al.
1986) . The harvest of kokanee in 1991 is simlar to that of 1975. The Cabi net
Gorge kokanee program has inproved the fishery to that of the 1980s (Figure 16).
The hatchery-supported fishery will decline even nmore in the next three years
21994- 1996). Tworeasons are the |ower number of kokanee stocked since 1989

onIIy. about 800,000 in 1993) and the low survival of wild fry fromPED to autum
sampling in 1990 and 1991.

Catch success of large Gerrard rainbow trout im 1991 was better than it was
in 1985, priorto imposition of a 610 mm nininum length linmt. Catch success for
rai nbow over 610 mmin 1985 was 232 h/fish, but inproved to 84 h/fish in 1990 and

was 78 h/fish in 1991. Imposition of the length limt and a 37% vol untary
release rate for large fish in 1990 (Paragamian et al. 1991) and 36% in 1991
accounted for the inproved fishery. The i nproved fishing success for |arge

rai nbow trout in 1990 nmay have stinulated greater fishi ng effort in 1991. An
estimated 460,000 hours of fishing effort was expended in 1991 conpared to about
178,000 in 1985 (Bowles et al. 1987).

Harvest of rainbow trout with the more restrictive regul ation has
decreased 65% from 1985 through 1991. The harvest was about 6,100 rai nbow trout
in 1985, with a harvest of 3,456 that were over 432 nm The total catch in 1991
with a 610 mmlength limt was about 17,165 rainbow trout. The catch of fish 610
mm or |arger was 2,939, while 2,157 were harvested (Paragamian et al. 1992). The
peak harvest was 1979 when approximtely 10,000 fish were taken (Bowles et al.
1986) . Fishing regulations were liberalized in 1992 with a 510 mm mini num | ength
limt and a two fish per day possession linit.

The harvest of bull trout since 1985 has increased 88% wth a doubling of
effort (Paragamian et al. 1992). About 915 bull trout were taken by anglers in
1985, while 1,723 were taken in 1991. 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,
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Figure 16.
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respectively. The status of bull trout has declined since the 1950s. Managenent
neasures inplenmented in 1992 (510 mmlength linmt) should reduce the harvest
because 50% of the fish creeled by anglers in previous years were smaller than
this Iength. This length limt should inprove the stock density and size
structure. Wile harvest is inportant, the nmost rapid decline in the harvest of
bull trout occurred after closure of the Cabinet Gorge Dam and fish were
?&ﬁyented fromreturning to spawni ng areas above the dam (Paragamian et al

The harvest of lake trout and cutthroat trout has inmproved since 1985.
Lake trout were not reported in the creel of 1985, but 25 were reported in 1990
(Paragamian et al. 199%? and 43 were observedby creel clerks in 1991 (Paragamian
et al. 1992) (an expanded harvest estimate was not made for lake trout in 1991).
Many nore lake trout not recorded in the creel survey were reported by anglers
targeting this species. The harvest of cutthroat trout from Lake Penal oreille
had a 90% decline fromover 8,000 fish in the 1950s to about 800 fish in 1967
(Bowles et al. 1987%. Since the late 1960s, the catch of cutthroat trout has
been stable with a harvest of 664 fish in 1985 and about 760 cutthroat trout in
1991. It is not known at this time what role the net pen rearing program of
suppl enmentation of cutthroat trout may have.

Kokanee Popul ati on Diagram

Prior to the devel opnment of the Cabinet Gorge Hatchery program a kokanee
popul ation diagram was constructed to provide insight to the necessary conponents
of successful “hatchery supplenentation (Anonynous 1983). This diagram was an
important feature in the devel opnent of objectives and goals for the Cabinet
Corge mitigation program (Figure 17). The outstanding variables of the diagram
i ncl uded annual releases of 20 mllion kokanee fry and 30% release to fall fry
survival.  The diagram also incorporated a recruitment of 4.0 mllion wld fry
annual ly to the age O conponent of the stock. In addition, it assunmed equa
exploitation of 20%to ages 2, 3, and 4 kokanee. The resulting projected harvest
of kokanee from Lake Penal oreille was 744,000 fish. Thus, the Cabinet Corge Fish
Hat chery was designed to provide kokanee for a harvest goal of 750,000 fish.

The kokanee popul ation diagram was adjusted at the conclusion of this
investigation. The diagram incorporates the prevailing estimates of the nean PED
from 1987-1992, nean number of hatchery rel eases per year, survivals of various
aged kokanee, and exploitation calculated from data from this study (exploitation
for ages 2, 3, and 4 was calculated in 1991, and harvest in 1991 Figure 18).
The new diagram indicated the expected annual harvest of kokanee in Lake Pena
Oreille could be about 260,000 fish. But this diagram also has some limtations
For example, the survival rates of various age groups of kokanee varied widely
durln% this study, and the use of exploitation for 1991 could be misleading since
it will vary with fishing pressure and kokanee densiti es.

The original diagram was optimstic and suggested increases in the nunber
of age O kokanee would increase the harvest by a conparable proportion. Failure
of the original diagramto take into account density dependent factors and
assunptions that neglected environnmental constraints to the population were
shortcom ngs. The new diagram captured a period in time, it did not identify
factors limting the devel opment of a rebounding stock but highlighted some
reasons why it did not. Hatchery supplenentation failed to generate a response
in the inprovement of the stock throu?h wild and hatchery fry production, i.e.
i ncreased spawner escapenent, egg collection at the tw stations was poor, and
wild fry survival from PED to |ate sumrer fry was poor.
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St ocki ngs of hatchery fish provided short-term gains, but habitat remains

a critical issue to kokanee recovery. Recovery efforts for the Lake Penal oreille
kokanee popul ation should be redirected from synptons to causes of limting
factors of the popul ation.

4%

RECOMMENDATIONS

Rel ease 1.0 million kokanee fry into the Clark Fork R ver each year in
July. This will increase survival to fall trawing over earlier releases.

Rel ease 3.5 mllion fry into Sullivan Springs Creek each year to maintain
an egg supply. Release fry in Sullivan Springs Creek after thermal
stratification of Lake Penal oreille (typically mid-July) to provide higher
survival to fall trawing.

Inprint fry released at Cabinet Gorge Hatchery and Sul|ivan Springs Creek
Wi th morpholine to use as an adult attractant. Fin clip a representative
portion of fry (>60,000 fish) released in Clark Fork River and Sullivan
Springs Creek to evaluate adult return rates.

Test small (40 mm) vs large fry (50 nm to determne differences in
|nPr|nting, return rates, and maturation at Sullivan Springs wth
ditferential fin clipping 30,000fish fromeach group each year.

If rainbows are again stocked, a mark and recapture program with hatchery
and wild fish could provide direction for the Gerrard rainbow trout
st ocki ng program

Inprove wild egg to fry survival to achieve management goals. Determne
if water |evel management can inprove egg to fry survival. WId kokanee
continue to decline with an egg to frynortality rate of 97.8% and wl|
be lost fromthe lake entirely if the decline continues.

COMPLRPT

50




ACKNOWLEDGEMENTS

Many individuals provided assistance during trawing on Lake-Penal oreille.
Edwar d Bowles was the first investigator and was responsible for much of the
study design and early data analysis. Personnel from Cabinet Gorge and O ark
Fork hatcheries were responsible for spawning activities and provided val uable
assi stance and advi ce during devel opnent and inplenmentation of fry rel ease
strategies. Joe Chapman, Ed schriever, Ral ph Steiner and their staff at Cabinet
Corge Hatchery were of great help throughout the study and were responsible for
all fry marking activities.

Washi ngton Water Power provided the maxi mum possible flows during fry
rel eases into the dark Fork River. Fred Hel m from Bonneville Power
Administration provided technical and administrative advice throughout the year.
Virgil More and Mel o Maiolie reviewed the draft report.

Funding for this study was provided by Bonneville Power Administration
through Project No. 8S-339. Supplemental funding for the fry marking and rel ease
studies was provided by Washi ngton Water Power Conpany.

COMPLRPT
51




LI TERATURE Cl TED

Anonynous. 1983. A proposal for conpensation of kokanee fishery |osses at Penal
oreille Lake, |daho. Idaho Department of Fish and Gane, Boi se.

Beeton, A'M 1960. The vertical migration of Mysig relicta in |akes Huron and
M chigan. Journal of the Fisheries Research Board of Canada 17:517-539.

Bennett D.H. and M. Liter. 1991. Water quality, fish and wildlife
characteristics of Box Canyon Reservoir, WAshi ngton. Section three fish.
Conpl etion Report 1989-1990. Penal oreille County.

Bowers, J.a. and H.A. Vanderpoeq. 1982. |n situ predatory behavior of Mysis
relicts in Lake Mchigan. Hydrobiologia 93:121-131.

Bow er, B. 1978. Lake Penal oreille kokanee |ife history studies. | daho
Department of Fish and Game, Job Performance Report, Federal Aid in Fish
Restoration, Project F-53-R-13, Job 1v-e, Boi se.

Bow er, B. 1979. Rokanee |ife history studies in Penal oreille Lake. | daho
Department of Fish and Game, Job Performance Report, Federal Aid in Fish
Restoration, Project F-73-R-1, Job |V, Boise.

Bow er, B. 1981. Kokanee stock status in Penal oreille, Priest and Coeur
d’Alene | akes. |daho Department of Fish and Gane, Federal Aid in Fish
Restoration, Project F-73-R-3, Job I, Job Performance Report, Boise.

Bowles, E.C., V.L. Ellis, and D. washick. 1986. Rokanee stock status and
contribution of Cabinet Gorge Hatchery, Lake Penal oreille, |daho. |daho
Departnment of Fish and Gane, Annual Report to Bonneville Power
Administration, Contract DE-A179-85BP22493, Project 85-339, Boise.

Bowles, E.C., V.L. Ellis, D. Hatch, and D. Irving. 1987. Kokanee stock status
and contribution of Cabinet Gorge Hatchery, Lake Penal oreille, |daho.
| daho Department of Fish and Gane, Annual Report to Bonneville Power
Admi ni stration, Contract DE-A179-85BP22493, Project 85-339, Boise.

Bowles, E.C., V.L. Ellis, and D. Hatch. 1988. Kokanee stock status and
contribution of Cabinet Gorge Hatchery, Lake Penal oreille, |daho. |daho
Department of Fish and Game, Annual Report to Bonneville Power
Admini stration, Contract DE-A179-858BP22493, Project 85-339, Boise.

Bowles, E.C., V.L. Ellis, and B. Hoelscher. 1989. Kokanee stock status and
contribution of Cabinet CGorge Hatchery, Lake Penal oreille, |daho. |daho
Department of Fish and me, Annual Report to Bonneville Power
Admini stration, Contract DE-A179-85BP22493, Project 85-339, Boi se.

Davis, J., L. Nelson, and N. Honer. 1992. Region 1 |ow and | akes
i nvestigations. | daho Department of Fish and Gane, Job Performance
Report, Federal Project F-71-R-10, Job Ib, Boise.

Edmondson, W.T. and G.G. Winberg, editors.  1971. A manual on nethods for
assessnent of secondary productivity in fresh waters. |BP Handbook 17.
Bl ackWel | Scientific Publications, xford, England.

Ellis, V.L. and B. Bow er. 1979. Penal oreille Lake creel census. | daho
[l)epaBrt_rrent of Fish and Gane, Job Performance Report, Project F-73-R-1, Job
, - Boi se.

COMPLRPT

52




Col dman, ¢.R., M D. Mrgan, S.T. Threlkeld, and N. Angeli. 1979. A population
dynam cs analysis of the cladoceran di sappearance from Lake Tahoe,
Californi a-Nevada. Limnology and Cceanography, 24:289-297.

Gegg, Ronald E 1976. Ecol ogy O Myseis relicts in Twi n Lakes, Col orado.
Bureau of Recl amati on REC-ERC-76-14, Denver, Col orado.

Hilborn, R 1992. Hatcheries and the future of salmon in the Northwest.
Fi sheries (Bethesda) 17(2):5-8.

Hoelscher, B., E.C. Bowles, and V.L. Ellis. 1990. Kokanee stock status and
contribution of Cabinet Gorgg: Hat chery Lake Penal oreille, | daho. |daho
Departnment of Fish and me, Annual Report to Bonneville Power
Admi ni stration, Contract DE-A179-85BP22493, Project 85-339, Boise.

Jaenicke, H W, M.s. Hoffnan, and M L. Dahlberg. 1987. Food habits of sockeye
sal mon (Oncorhynchus nerka) fry and threespine sticklebacks (Gasterosteus
aculeatus) I n Lake Nunavaugaluk, Al aska, and a strategy to inprove
sockeye sal nbn survival and gremn:i“ p 161-175. 1In H.D. Smith, L.
Margolis, and c¢.c. Wod [cd.] sSockeye salnon (Oncorhynchus nerka)
popul ation biol ogy and future management. Canadi an Special Publication of
Fi sheries and Aquatic Sciences 96.

Kerr, s.R. 1971. A simulation nodel of |ake trout growh. Journal of the
Fi sheri es Research Board of Canada 28:815-819.

Martinez, P.J. and E.C. Bergersen. 1991. Interactions of zooplankton, Mysig
relicta, and kokanees i n Lake Granby, Col orado.  Pages 49-64 in T.P.
Nesler and E.C. Bergersen editors M_ys¥ds In fisheries: Hard |essons from
head | ong introductions. Anerican Fisheries Society Synposium 9,
Bet hesda, Maryl and.

MIls, E.L. and A.L. Schivone, Jr. 1982.  Evaluation of communities through
assessnent of zooplankton popul ations and neasures of |ake productivity.
North Anerican Journal of Fisheries Managenent 2:14-27.

Morgan, MD., c.R. Goldnman, and R.C. Richards. 1981. | mpact of introduced
FO ulations of Mysis relicts on zooplankton in oligotrophic subal pi ne
akes. ‘“International e vereinigung fuer Theoretische und Angeandte

Limnolog Verhandlungen 21:339-345.

Nel son, w.c. 1981. Large |ake and limnological studies. Pages 6-8 in O.B.
Cope, editor. Col orado Fisheries Research Review 1978-1980. Col orado
Division of Wldlife, Fort Collins.

Nero, R.W. and I.J. Davies. 1982.  Conparison of two sanpling nethods for
estimating the abundance and distribution of Mysis relicts. Canadi an
Journal of Fisheries and Aquatic Sciences 99:349-355.

Nobl e, R.L. 1975. Gowth of young yellow perch (Perca flavescens) in relation
to zoopl ankton popul ati ons. Transactions of the Anerican Fisheries
Soci ety 104:731-741.

Paragamian, V.L., V. Elis, and R Gariss. 1991 Kokanee Stock status and
contribution of Cabinet Gorge Fish Hatchery, Lake Penal oreille, | daho.
| daho Departnent of Fish and Gane, Annual Report to Bonneville Power
Adm ni stration, Contract DE-A179 85BP22493, Project 85-339, Boise.

Paragamian, V.L., V. Ellis, and S. Andersen. 1992. Kokanee Sstock status and
contribution of Cabinet Gorge Fish Hatchery, Lake Penal oreille, |daho.
| daho Departnent of Fish and Gane, Annual Report to Bonneville Power
Administration, Contract DE-A179 85BP22493, Project 85-339, Boise.

COMPLRPT
53




Paragamian, V. L., E.C. Bowles, and B. Hoelscher. 1992. Use of daily growth
increments on otoliths to assess stockings of hatchery-reared kokanees.
Transactions of the American Fisheries Society 121:785-791.

Pennak, R.W. 1978. Fresh-water invertebrates of the United States, 2nd
edition. John Wley and Sons. New York.

Nort hwest Power Planning Council. 1984. Colunbia River Basin fish and wildlife
program  Portland, Oregon.

Ricker, W E. 1975. Conputations and interpretation of biological statistics
of fish populations. Bulletin 191, Fisheries Research Board of Canada,

G tawa.

Rieman, B.E. 1977. Lake Penal oreille limnological studies. |daho Departnment
céf_Flsh and Gane, Job Performance Report, Project F-53-R-12, Job |V-d,
0i se.

Rieman, B.E. and B. Bow er. 1980. Kokanee trophic ecol ogy and limnology in
Penal oreille Lake. Idaho Department of Fish and Game Fisheries Bulletin
1, Boise.

Rieman, B.E. and D. Meyers. 1990. Status and anal ysis of salmonid fisheries -
kokanee popul ati'on dynam cs. Federal Aid in 'Fish Restoration, Project F-
73-R-12, Job Performance Report, Boise.

Rieman, B.E. and c.M. Falter. 1981. Effects of the establishnment of Mysis

relicta on the macrozooplankton of a |arge |ake. Transactions of the
American Fisheries Society. 110:613-620.

Scheaffer, R L., W Mendenhall, and L. Ot. 1979. El ementary survey sanpling,
2nd edition. Duxbury Press, North secituate, Massachusetts.

Spurr, A.R. 1969. Low viscosity enbedding nedium Journal of Ultrastructure
Research 26:31.

Stress R.G. 1954, A limnological study of Lake Penal oreille, |daho wth
speci al consideration of the ecology of kokanee. Mast ers of Sci ence
Thesi s, University of |daho, Moecow

Threlkeld, S. T., J.T. Rybock, M D. Moyrgan, ¢€.L. Felt, and C.R. CGol dnan. 1980.
The effects of an introduced invertebrate predator and food resource
variation on zooplankton dynamics in an ultra eutrophic |ake. Pages 555-
568 in W.C. Kerfoot editor, Evolution and ecol ogy of zooplankton
communi ties. University Press of New England, Hanover New Hanpshire.

Tzeng, WN., and S.¥. Yu., 1992, Effects of starvation on the formation of
daily growth increments in the otolith of milkfish, Chanos chanos
(Forsska‘l), | arvae. Journal of Fish Biology 40:39-48.

volk, E.C., S.L. Schroder, K.L. Fresh. 1990. The inducement of unique otolith
banding patterns as a practicle neans to mass mark juvenile Pacific
salnon.  Pages 203-215, In Marking and Tagﬁi ng Fi sh Synposium  Anerican
Fi sheries Society Synposium Number 7. Bethesda, Maryland.

COMPLRPT
54




APPENDICES

COMPLRPT
55




9¢

Appendi x A Esti mated year class (year eggs were deposited) abundance (millions) of kokanee nade by
mdwater trawl in Lake Penal oreille, |daho, 1979 through 1992. The two ol dest age classes
were conbined for estimates from 1979 through 1985.

Year Year estimaied
cl ass 1992 1991 1990 1989 1988 1987 1986 1985 1984 1983 1982 1981 1980 1979

1991 4.55

1990 1.33 1.98

1989 0.78 0.83 3.35

1988 1.11 1.77 1.59 4.50

1987 0.64 0.77 1.45 1.15 7.31

1986 0.27 0.33 1.20 1.66 3.55

1985 0.20 0.45 0.51 0.78 1.65

1984 0.37 0.38 0.84 1.15 1.79

1983 0.04 0.35 0.43 0.68 1.03 2.63

1982 0.42 0.54 1.24 1.51 2.14

1981 0.24 0.37 1.21 2.28 3.84

1980 0.2"7 0.50 2.77 2.31

1979 0.29 0.64 1.36 1.69

1978 0.87 0.79 1.00 2.01
1977 0.74 0.96 1.31
1976 1.03 1.70
1975 0. 67
Tot al 8.41 5.62 6. 93 7.71 10.21 6.02 4.26 4.47 5.62 5.21 8.12 5.20 4. 68 5. 69

Density (No./
hect ar e) 372 241 306 342 451 266 189 198 249 230 358 230 207 251
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Appendi x B.  Kokanee age class density (fish/ha) in Lake Penal oreille during |ate summer, 1992. A 90% error
bound is subtended each estinmate.

Lake section

Age

cl ass origin 1 2 3 4 5 6 Averadge

o+ Hatchery (total) 26.7(5.8) 72.4(18.6) 119.1(15.9) 104.0(44.9) 65.9(12.3) 142.4(65.3) 93.8(17.1)
Cark Fork River
Late Summer® 4.0(0.8 0 13.3(1.8) 2.2.(0.8) 15.3(2.7) 48.3(20.0 16.1(4.9)
Sul livan Springs’ 17.1(3.9 51.5(13.2) 75.1(29.6) 77.5(10.0) 78.5(33.9 75.0(38.2 58.2(10. 8)
Garfield 5.6(1.1 20.9(5.4) 30.3(4.1) 26.1(11.4) 15.3(2.7) 11.1(5. 0) 18. 2( 2. 6)
Wl d 169.1(38.0 155.0(40.1) 132.7(17.9) 127.7(54.9) 56.2(10.7 35.1(16.0) 107.2(13.5
WIld & Hatchery 195.8(43.8 227.3(58.6) 251.8(33.8) 231.6(99.8) 123.9(23.0 177.5(81.3) 201.0(28.2

1+ WIld & Hatchery 5.8(4.1) 3.2(5.1) 18.1(18.7) 11.4(7.7) 20.4(7.7) 222.8(122.1) 58.6(27.3)

2+ Wld & Hatchery 66.0(35.7) 11.7’ 5.0) 21.0(12.9 14.7(4.8) 32.5(16.5) 56. 1( 15. 8) 34.3(7.0)

3+ Wld & Hatchery 159.1(60.7) 51.3 52.4) 38.2(15.1 27.7(11.9 33.4(21.3) 14.4(7.1) 49.2(28.5)

4+ WIld & Hatchery 106.9(39.7) 37.9 35.5) 13.7(8.8) 17.0(12.3 15.0(7.7) 2.0(3.2) 28.5(8.2)

5+ Wld & Hatchery 0 0 0 0 0 0 0

Total Al Age C asses 309. 3(45.9)

“Hat chery-reared kokanee fry released into Cark Fork River.
*Hat chery-reared kokanee fry released into Sullivan Springs Creek.
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Appendix C.  Mean total (7L) length (nm) and weight (g) of kokanee caught trawling from 1986 through 1992.
1986 1987 1988 1989 1990 1991 1992

Age d ass TL W TL W TL W TL W TL W TL W TL
Age Ot

Hat chery 40. 8 0.6 60 1.8 62 2.0 55 1.4 63 2.1 67 2.5 65.5

Wl d 39.7 0.5 37 0.4 45 0.8 34 0.3 35 0.4 32 0.3 32.1

Conbi ned 39.9 0.5 44. 3 0.7 54 1.4 45 0.9 48 1.0 49 1.0 46. 9
Age 1+ 147 23.6 128 13.8 138 21 154 27 145 20 150 26 142 19.0
Age 2+ 214 83.2 206 68.6 205 69 199 65 196 59 193 47 192.1 51.7
Age 3+ 233 108.9 252 118 242 116 224 97 229 98 218 83 225.2 83.1
Age 4+ 259 150 262 149.5 270 166 260 151 249 111 241 115 252.3 119.9
Age 5+ 0 0 0 0 0 0 276 176 0 0 0 0 0 0
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Appendi x E.

Kokanee spawned from Sullivan springs Creek from 1976 through 1991,

subsequent fry released into Sullivan Springs and adul t

return rate.

0

year escapenent

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

Fry rel eased

Estinated retur
adults from hat

Tot al Kokanee Eggs foll ow ng rel eases and y
spawned Coi | ected vear returned
10, 717 10, 200 913, 000 757, 700 55, 500
42,200 ]
20, 075 17, 650 2,400, 000 1, 830, 000 135, 300 j
29, 000
0 16, 875 1,532, 382 1,745,734 118, 000 J
58, 000
0 12,005 1, 389, 250 1, 081, 400 42,000 5]
75,660
55, 500 48, 760 4,186, 664 2,219, 796 54, 340 :
46, 810 :
177, 500 112, 820 11, 653, 036 2, 487, 804 27,935 J
20, 060 J
147, 000 115, 850 11, 432, 900 3,077,711 22,170 :
77,773 :
100, 000 79, 850 6, 328, 924 3,214,512 5,854 Y
54,500
130, 000 122, 000 14,973, 029 3,428,279 13, 600
61, 976 :
75, 500 75,500 10, 590, 579 1,594, 731 14,121
39, 062
42,230 42,230 7,337,000° 2,847, 345 18, 385 (
45, 425 2;

1,764
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Appendi x E.  Conti nued.

Estimated retur

Fry rel eased adults from hatc
Tot al Kokanee Eggs fol | owi ng releases and
Year escapenent spawned col lected year r et urned
1987 83, 627 83, 627 16,600, 000° 5, 138, 800 39, 428 (1
63, 001 (1
1988 68, 100 60, 555 14,058, 000¢ 3, 538, 000 857 (1
19, 236 (1
1989 79, 450 70, 600 9,372,000° 3,190, 700
1990 57, 445 51, 445 5, 686, 000’ 2,570, 264
1991 85, 713 75, 624 6,364,209 3,440, 000

1992 84,001 73,739 6,125,000"

“Additional fry were released in other areas. ]

'an additional “1.76 million eggs were collected from Spring Creek and the Clark Fork Rive
bringing the total egg take to 9.1 million. .

‘an additional 0.61 mllion eggs were collected from dark Fork River, bringing the total
to 17.22 mllion. . o

‘An additional 0.10 million eggs were collected from Cark Fork River, bringing the tota
14.16 mllion.

“An additional 0.21 mllion eggs were collected from Cark Fork River, bringing the tota

1131' Sa%thliunoani 0.30 million €ggs were collected from Clark Fork River,bringing the total
5.6 mllion,

®An additional 0.23 million eggs were collected from Gark Fork River, bringing the tota

HS;i%dELLL;22'1,37 million eggs were collected from clark Fork River, bringing the total

7.50 mllion.
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Appendi x F. Maxi num single late run (early run included for Trestle Creek) kokanee coun
the 1973-19/7/8 and 1985-1991 spawni ng seasons on Lake Penal Oreille and its
excluding the Granite Creek drainage.

Maxl mim gingle COUN(S
Area 1972 1973 1974 1975 1976 1977 1978 1985 1986 1987 1988 1989 1990
Lakeshore
BayVi ew 2,626 17,156 3,588 9,231 1,525 3,390 798 2,915 1,720 1,377 2,100 875 2,036
Farragut 25 0 0 0 0 0 0 0 10 0 4 0 0
Idlewild Bay 13 0 25 0 0 0 0 0 0 0 0 0 (0
Lakevi ew 4 200 18 0 0 25 0 4 127 59 0 0 75
Ellisport Bay
/Holpe 1 436 975 0 0 0 0 0 0 0 0 0 0
Trestle Creek 0 1,000 2,250 0 115 75 138 2 350 2 2 0 80
Sunnys | de 8 25 0 0 0 0 0 0 0 0 0 0 0
Fi sherman 1s1. 0 75 0 0 0 0 0 0 0 0 0 0
Andereon Poi nt 8 0 50 0 0 0 0 0 0 0 0 0 0
CarTP_ Bay 617 0 0 0 0 0 0 0 0 0 0 0
CGarfield Bay 0 400 20 0 0 0 0 0 6 0 35 0 0
Subt ot al 2,669 19,834 7,001 9,231 1,640 3,490 936 2,921 1,898 1, 786 2,141 877 2,111
% of Total 29% 62% 25% 64% 33% 40% 19% 32% 10% 20% 14% 19% 259
Tributaries
South Gold Crk 1,030 1,875 1,050 440 0 30 0 235 1,550 2,761 2,390 830 834
North Gold Creek 744 1,383 1,068 663 130 426 0 696 1,200 2,750 880 448 458
Cedar Creek 0 267 44 16 11 0 0 0 0 0 0 0 (0
Johnson Creek 0 0 1 0 0 0 0 0 182 0 0 0 0
Twin Creek 0 0 135 1 0 0 0 5 0 0 0 0 (
Mosquito Creek 0 503 0 0 0 0 0 0 0 0 0 0 0
Cark Fork River 539 3,520 6,180 0 0 0 0 0 0 0 00 0 0
Li ghtning Creek
Lower) 350 500 2,350 995 2,240 1,300 44 127 165 75 6 0 0
pring Creek 2,610 4,025 9,450 3,055 910 3,390 4,020 5,284 14,000 1, 500° 9,000 2,400 4,400
Cascade Creek 0 00 0 0 0 0 0 0 0 0 119 48 45
Trestle Creek 1,293 18 1,210 15 0 40 0 0 0 0 0 0 (
Trestle” o 1, 100 217 14,555 1, 486 865 1,589 208 1,034 410 422 466 525
Garfield Creek 0 0 25 0 0 0 0 0 1 0 0 0 0
Subt ot al 6,566 12,091 21,513 5,185 3,291 5,186 4,046 6,347 17, 098 7, 086 12,698 3,726 6,262
Percent of Total® 71% 38% 75% 36% 67% 60% 81% 68% 90% 80% 86% 81% 759
Total’ 9,235 31,925 28,514 14,416 4,931 8,676 5,000 9,268 18,996 8,872 14,839 4,603 8,6373

Maxi mum single earl

‘Represents a partial count

run count

. 1 )& of kokanee spawners.
Excluding early-run kokanee spawners in Trestle Creek.

: ] only because heavy wave action kept spawners offshore and uncountable. ]
Count made third week of Decenber because low flows in Lightning Creek resulted in a conplete passage barrier durin




Appendix G Adult, juvenile and total densities (organisrns/m’) of shrinmp by Section
south (s) , central (C) and north (N) sections of Lake Pend Orielle, 1986
t hrough 1992.

Adul t Juvenile Tot al
Year S c N s c N S c N
1986 8 11 4 39 46 7 47 57 12
1987 2 4 6 13 18 17 15 22 23
1988 3 6 8 55 54 16 58 60 23
1989 20 20 8 30 30 7 50 58 15
1990 6 6 4 14 27 7 19 33 11
1991 1 1 1 3 5 6 4 5 7
1992 1 2 2 20 13 7 21 15 8
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Appendix H Range and mean lengths (nmm of mature fermale, immture female, imature nale
and juvenile shrinp captured in June, Lake Penal oreille, |daho, 1989 through

1992,
Year Mature fenale Imature female I mature male Juvenil e
range mean range mean range mean range mean
1989 16- 20 18. 4 10- 18 13.5 10- 17 13.1 3-1o 5.1
1990 17-20 18.6 12-18 15.1 13-18 14.7 3-9 5.9
1991 16-18 17.1 12-15 13.2 14-19 15.8 1-10 7.0
1992 17-22 19.8 13-22 17.8 13-18 16.0 1-10 3.7
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Appendix |. Tenporal distribution of nean Daphnia densities in Lake
Oreille, | daho, My through Cctober, 1985 through 1992.
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Appendi x J. Tenporal distribution of mean Bosmina densities in Lake Pena
Oreille, |daho, My through Cctober, 1985 through 1992.
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Appendi x K. Tenporal distribution of mean Cyclops densities in Lake Penal
Oreille, | daho, May through Qctober, 1985 through 1992.
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Appendi x L. Tenporal distribution of nean Diaptonus densities in Lake Penal
Oreille, | daho, My through Cctober, 1985 through 1992.
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distribution of nmean Epischura densities in Lake Penal

Appendix M Tenporal
May through Cctober, 1985 through 1992.

Oreille, | daho,
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Appendix N.  Temporal distribution of nean Diaphanosonma densities in Lake Pena
Oreille, |daho, My through Cctober, 1985 through 1992
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(Conti nued o _

Appendi x O Statistical conparisons (ANOVA) of zooplankton densities from 1985 through 1992 an
years, Lake Penal oreille, |daho. Lake section abbreviations are: Southern = S,. Cen
= N., Cark Fork River delta = D. Nonsignificant (P>0 10 contrasts are delineated |
each contrast. Estimated density and length increase fromleft to right for |ake se

P level for main effect Main effect contrasts (P>0.10)
Zoopl ankt on Lake section Year Lake section Year
Length

Cycl ops 0.838 0.586 NSCD 87 86 89 88
Di apt onus 0. 602 0. 000 SCND 89 86 86 92
Epi schur a 0.617 0. 000 CSND 86 92 87 89

N Bosni na 0. 246 0. 002 SNCD 87 88 90 85
Di aphonosoma 0. 328 0. 002 S CN.D 86 89 88 85
Daphni a galeata 0. 448 0. 000 NSCD 87 86 —o92— 85

D. thorata 0.777 0.024 NCSD 86 88 87 85




Appendi x P.
at Garfield Bay in Lake Penal oOreille, Idaho,

1992.
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month and year at Lake Penal

and 1992,
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Appendix Q Mean lengths of seven species or genera of zooplankton by
Oreille, 1985 through 1990
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Appendi x Q  Conti nued.

Daphnia galeata
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Appendix R

Distribution of thermal isopleths (°C) in the uPPer 50 m of Lake
Penal Oreille, lIdaho, My through Novenber, 1986 - upper figure
(an exanple of slow thermal devel opment) and 1992 - |ower figure
(an exanple of rapid thermal devel opnent).
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Appendi x S. Secchi depth visibility for the south (S), central (C), and north (N) Sections of Lake Penal oreille from My
t hrough Cctober, 1985 - 1992,

May June July August Sept enber Cct ober
Year S C N S C N S C N S C N S C N S c N
1985 - -- -- 5.1-- 3.3 6.8 -- 5.8 13.3 10.6 9.8 11.2 - 9.1 10.0 10.3 8.6
1986 3.9 3.9 4.6 34 2.7 -- - -- 10.4 8.2 -- - R 9.4 7.3 7.0
1987 4.6 5.8 3.4 5.5 4.9 4.9 5.8 4.6 8.8 8.8 8.8 8.2 10.9 9.1 6.7 9.8 10.4 8.8
1988 5.5 6.1 3.9 6.1 5.8 3.4 7.9 8.8 7.0 11.6 13.7 9.8 10.0 9.8 7.9 8.8 8.5 8.5
1989 4.6 4.3 2.1 4.3 6.4-- 7.6 7.3 7.0 12.8 7.6 9.1 11.3 10.4 8.8 10.4 10.1 9.4
1990 7.6 5.8 2.7 6.1 8.8 3.7 8.2 7.0 6.4 6.1 8.2 7.6 9.8 9.17.3 7.6 6.1 5.1

1991 5.5 5.1 4.9 3.7 3.9 7.6 6.4 5.5 8.2 8.8 7.6 7.3 6.7 8.2 5.5 7.9 4.6 --
1992 5.8 5.1 3.9 6.7 6.1 5.1 8.8 -- -- 10.4 -- 9.1 9.8 7.9 6.7 8.8 8.5 8.8
Mean 5.365.373.01 5. 415. 593. 86 7.53 6.826.75 10. 10 9.418.74 10.04 8.847.81 8.79 8.24 7.6
3.9 4.3 1.2 4.3 3.4 2.7 5.8 4.6 5.5 6.1 7.6 7.6 7.3 6.7 6.7 5,5 6.1 4.6
Range 7.6 5.8 3.9 6.7 8.8 5.1 8.8 8.8 8.8 12.8 13.7 9.8 11.3 10.4 9.1 10.4 10.4 9.4

SD 1.190.661.06 0.831.830.87 0.97 1.521.18 2.51 2.110.95 1.37 1.340.96 1.59 1.55 1.83




