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ABSTRACT

On Novenber 20, 1991, the National Mrine Fisheries Service |isted Snake
Ri ver sockeye salnmon Cncorhvnchus nerka as endangered under the Endangered
Species Act of 1973. In 1991, the Shoshone-Bannock Tribe and the Idaho
Department of Fish and Gane initiated the Snake River Sockeye Sal non Sawt oot h
Val l ey Project to conserve and rebuild popul ations in |daho.

In 1994, we estimated the total Septenber Redfish Lake ©O._nerka popul ation
at 51,529 fish (95% CI, t 33,179). Total ©O. nerka density and biomass was
estimated at 125 fish/hectare (¥ 81) and 2.1 kg/hectare, respectively. The
Alturas Lake ©O. nerka population was estinmated at 5,785 fish (¢ 6,919). The
total density and biomass of Alturas Lake was estinated at 27 fish/hectare (% 33)
and 0.7 kg/hectare, respectively. The total 0. nerka population estimte for
Pettit Lake was 14,743 fish (+ 3,683). W estimated total density and bi omass
for Pettit Lake at 128 fish/hectare (* 32) and 4.4 kg/hectare, respectively.
Stanley Lake ©O. nerka total population size, density, and biomass was estimated
at 2,695 fish (x 963), 37 fish/hectare (% 13), and 0.5 kg/ hectare, respectively.

Esti mat ed nunbers of ©O. perka outm grant snolts passing Redfish Lake Creek
and Salnon River trapping sites increased in 1994. W estimated 1,820 (90% C
1,229 - 2,671) and 945 (90% CI 331 - 13,000) snmolts left Redfish and Alturas
| akes, respectively. The total PIT tag detection rate at nmminstem dans for
Redfish Lake outm grants was 21% in 1994. No Alturas Lake outmgrants were
detected at any of the downstream facilities with detection capabilities (zero
of 50 fish).

W released 37 ultrasonic-tagged, maturing Q. nerka adults into Redfish Lake
in 1994, Tagged fish were tracked to identify spawning-related activity and to
detect differences in survival between two principal release groups: (1) fish
spawned from returning anadromous sockeye salnmon in 1991 and reared to spawning
age at Eagle Fish Hatchery (brood year 1991), and (2) 9. nerka collected as
outm grants from Redfish Lake in 1991 and reared to spawni ng age at Eagle Fish
Hat chery (outm grant 1991). W made no observations of sustained site
associ ation or spawning-related activity for any of the 37 fish. Additionally,
no stationary tags were |ocated or recovered near areas of known or suspected
beach spawning activity. Qutm grant 1991 broodstock adults exhibited
significantly fewer incidences of stationary and absent tag status (potenti al
nmortality indices) and greater incidence of active tag status.

We captured primarily nmountain whitefish Prosoociumwilliansoni (65.8% in
96 h of trap netting in Redfish Lake. Bull trout Salvelinus confluentus and

northern sguawfi sh Ptvchocheilus oreoonensis conprised 2.4% and 4.2% of the
catch, respectively. Redside shiners _Richardsonius balteatus, suckers _Catostonus
sp., brook trout Salvelinus fontinalis, and ©. nerka conprised the remainder of
the catch. Because we exceeded our incidental take of Q. nerka (under permt by
the National Mrine Fisheries Service), we were required to discontinue this
activity.

W used otolith nmicrochenmistry to describe the life history of Redfish Lake
O. nerka (progeny of 1991 and 1993 returning anadronous sockeye salnon with known
lineage to anadronmous female parents). Mean strontiunicalciumratio5 (Sr/Ca) in
otolith nuclei of brood year 1991 progeny showed patterns consistent with ova
devel opnment in saltwater (Sr/Ca ratio >0.0014). Mean Sr/Ca ratios in otolith
nucl ei of brood year 1993 progeny produced results less consistent with our
expectations. Thirty-six percent (4 of 11 sanples) of the sr/Ca ratios fell
between 0.0008 and 0.0014 suggesting that ova developnent in anadromus sockeye
sal non may not be conplete when fish enter freshwater. Qher factors associated
with this mgration, such as stress and netabolic rate change, may also confound
m crochenmistry results.

Aut hor s:

Paul Kline
Fi shery Research Bi ol ogi st

Janmes Younk
Fi shery Techni ci an

94BPA 1



INTRODUCTION

Nunmbers of Snake River sockeye salmon Oncorhvnchus nerka have declined
dramatically over the years. |In Idaho, only the |akes of the upper Salnon River
(Stanley Basin) remain as potential sources of production. Historically, five
Stanley Basin lakes (Redfish, Aturas, Pettit, Stanley, and Yellow Belly | akes)
supported sockeye salnmon (Bjornn et al. 1968). Currently, only Redfish Lake
receives a remant anadronous run.

In the late 1800's, Evermann (1895) made observations on the distribution
and abundance of sockeye salnon in Stanley Basin |akes. During his survey of
1894, he reported observing sockeye salnon in Redfish, Alturas, Pettit, and
Stanley | akes. Sunbeam Dam constructed in 1910 by the Gol den Sunbeam M ni ng

Conmpany, was operating at full pool by 1911. Built on the Salnobn River
approxi mately 35 km downstream from the nouth of Redfish Lake Creek, the dam
remained intact until it was intentionally breached in 1934. During these years,

upstream sal non passage was doubtful (Chapman et al. 1990). Follow ng breaching,
the first account of sea-run sockeye salnon returning to the Stanley Basin
occurred in 1942 when 200 adults were counted in Redfish Lake (Parkhurst 1950).
Bet ween 1954 and 1966 a two-way weir (Bjornn et al., 1968) was operated on
Redfish Lake Oreek. During these years, adult sockeye salnon escapenent ranged
from1l fish in 1961 to 4,361 fish in 1955. Estimated snolt outmgration for
this sane period ranged from 2,133 fish in 1960 to 65,000 fish in 1957.
Beginning in 1955, nunbers of sockeye salnmon reaching Stanley Basin |akes began

to decline. By 1962, sockeye salnmon were no longer returning to Stanley and
Pettit |akes (Chapman et al. 1990). During the 1980's, the greatest adult
escapenent occurred in 1982 when 50 fish were observed over spawning gravel in
Redfish Lake (Hall-Giswold, 1990). Between 1990 and 1993, a total of 13 adult
sockeye salnmon returned to Redfish Lake. In 1994, only one adult female
returned.

The | daho Departnent of Fish and Gane (I DFG Sawtooth Fish Hatchery (FH),
constructed to nitigate for |ower Snake R ver hydroelectric dans, began recording
adult sockeye salnon returns in 1985. Between 1985 and 1989, five adult sockeye
salmon were intercepted at the Sawtooth FH weir which lies approxinmately 2
kil ometers upstream of the mouth of Redfish Lake Creek on the Salmon River. The
last recording of an adult return at this facility occurred in 1989 when one fish
was intercepted; presumably in route to Aturas Lake.

On April 2, 1990, the National Mrine Fisheries Service (NWS) received a
petition from the Shoshone-Bannock Tribe (SBT) to list Snake R ver sockeye sal non
as endangered under the Endangered Species Act (ESA) of 1973. On Novenber 20,
1991, NMFS declared Snake River sockeye salnmon endangered. Section 4(f) of the
ESA requires the devel opnent and inplenentation of a recovery plan for |isted
speci es. At the time of this witing, a seven nenber team (appointed by NWS)
is in the process of preparing the final draft of this docunent.

The IDFG as part of their five-year nanagenent plan, is charged with the
responsibility of reestablishing sockeye salnmon runs to historic areas with
enphasis placed on efforts to utilize Stanley Basin sockeye sal non and kokanee
0. nerka resources (IDFG 1992). Under ESA, NMFS Permit Nos. 795 and 823
aut horize IDFGto conduct scientific research on |listed Snake River salnmon. In
1991, the SBT along with IDFG initiated the Snake River Sockeye Sal non Sawt ooth
Valley Project (Sawtooth Valley Project) with funding from Bonneville Power
Administration (BPA). The goal of this programis to conserve and rebuild Snake
Ri ver sockeye sal non popul ations in |daho. Various elenments of the recovery
effort are already in progress. Coordination of this effort is carried-out under
the gui dance of the Stanley Basin Sockeye Technical Oversight Conmittee (TOC),
a team of biologists representing the agencies involved in the recovery and
managenent of Snake R ver sockeye sal non.
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| DFG participation in the Samooth Valley Project falls under two general
areas of effort: the sockeye salnon captive broodstock program and Stanley Basin
O. nerka fisheries research. Wil e objectives and tasks from both conponents
overlap and contribute to achieving the sane State goals, activities related to
the captive broodstock program will appear under separate cover. In this report,
we present information collected in 1994 efforts directed at Stanley Basin
fisheries research. Specific activities covered include: Stanley Basin |ake O.
nerka population nonitoring, Redfish and Alturas |ake ©O._nerka snolt outnigration
monitoring, Redfish Lake adult broodstock telenetry nonitoring, Redfish Lake
predator investigations, and otolith mcrochemstry analysis of wld and
br oodst ock 0. nerka.

The ultimate goal of IDFG sockeye salnmon research and recovery is to
reestablish sockeye salmon runs to Stanley Basin and provide for utilization of
sockeye salnon and kokanee resources. The near term goal is to nmaintain Stanley
Basi n sockeye sal mon through captive broodstock suool enmentation through one
generation of captive breeding and rearing to prevent species extinction.

OBJECTI VES

Qobjective 1.0 To estimate 0. nerka population in four Stanley Basin |akes to
i nterpret popul ation response to captive br oodst ock
suppl enent ati on.

Task 1.1 Estimate total 0. nerka population, density, and bionmass by
midwater traw in Redfish, Alturas, Pettit, and Stanley | akes.

Task 1.2 Traw sufficient to estimate population and density by age-class.

Task 1.3 Take scale and otoliths from all traw captures. Preserve flesh
and blood for genetic evaluation.

Objective 2.0 To evaluate emigration characteristics of 0._nerka smolts at two
Stanley Basin |ocations.

Task 2.1 Estimate total ©. nerka outmigrant run size for Redfish and
Alturas lakes. Coordinate trapping with SBT Biologists.

Task 2.2 PIT tag outmigrant 0. nerka from Redfish and Alturas | akes.
Determine trap efficlencies.

Task 2.3 Determine travel tine and cunulative interrogation rates for PIT-
tagged O. nerka smolts to | ower Snake River dans.

ojective 3.0 To identify location and tinme of spawning for natural sockeye
sal non production in Redfish Lake through adult broodstock
out pl ant s.

Task 3.1 Conduct ultrasonic tracking on 1993 and 1994 adult broodstock
outplants to Redfish Lake.

Task 3.2 Evaluate in-lake performance differences for broodstock outplants
from different genetic sources.

Task 3.3 Docunent novenent patterns, habitat selection, and activities
associated wth spawning.

Qbj ective 4.0 To determne predator effects on O. nerka in relation to recovery
options.
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Task 4.1 Conduct trap netting on Redfish Lake to determ ne the efficacy
of this gear in capturing bull trout Salvelinus confluentus.

hjective 5.0 To deternmine the parental lineage of wild and broodstock O. nerka
to interpret outmgration success of supplenmentation fish.

Task 5.1 Continue otolith mcrochem stry analysis of wild and broodstock
0. nerka.

Task 5.2 Integrate otolith nicrochenmistry and genetic data.

STUDY AREA

The Stanley Basin |lakes are located within the Sawtooth National Recreation
Area (SNRA) (Figure 1). Basin lakes are glacial-carved and receive runoff from
the east side of the Sawtooth and Snoky mountains. Physi cal and norphonetric
data for Redfish, Alturas, Pettit, Stanley, and Yellow Belly |akes are presented
in Table 1. Al Basin lakes drain to the upper Salnon River which flows into the
Snake River and ultimately the Colunbia River. Redfish Lake is |ocated
approximately 1,450 river kiloneters fromthe confluence of the Colunbia River
with the Pacific Ccean.

Fish species native to study area |akes and outlets include sockeye
sal non/ kokanee, Spring- sumer chinook salmon ©. tshawytscha, r ai nbow
trout/steel head 0. nykiss, westslope cutthroat trout ©. clarki lewisi, bull
trout, sucker Catostonus sp., nhorthern sguawfish Ptvchocheilus oreuonensis,
nmount ai nwhitefish Prosoni umni |l iansoni, redside shiner Ri chardsoni usbalteatus,
dace Rhinichthvs sp., and sculpin Cottus sp. Non-native species include |ake
trout s. namavcush, and brook trout s. fontinalis.

METHODS

Total Popul ati on, Demsity and Bi onass Esti mation

To estimate ©. nerka popul ation, density, and bi omass, we conducted ni ght
midwater trawling on four Stanley Basin |akes during the dark (new) phase of the
moon. Redfish and Alturas |akes were sanpled one night each in June and in
Sept ember 1994. Pettit and Stanley |akes were sanpled one night each in
Septenber. W did not sanple Yellow Belly Lake as it was not accessible to our
trawl boat. Redfish Lake trawl activities are subject to the provisions of the
ESA and fall under NMFS Permit No. 823. Modi fication No. 1 (Task 6) of this
permt stipulates that no nore than 65 juvenile Q nerka may be lethally taken
by trawing.

We used a mdwater trawl with a cross-sectional nouth area of 9.25 m? and
a length of 13.7 m. Net mesh in the body decreased in four panels from 32 nm
(stretch nmeasure) to 13 mm nmesh in the cod end neasured 3 mMm W towed the
trawl with an 8.5 m boat at 1.0 mi/s.

Trawl ing was perfornmed in a stepped-oblique fashion after R eman (1992).
We used echo sounding prior to sanpling to identify the fish |ayer. The traw
was first lowered to the bottom of the predeternined sanpling |layer and fished
for approximately 5 nin. W then raised the trawl to a new depth inmmediately
above the previous depth and fished again for approximately 5 mn. W repeated
this procedure for each successive step until the entire layer containing targets
had been sanpled (one transect). W generally fished five transects per |ake.
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Table 1. Physi cal

and norphometric characteristics of

five Stanley Basin Lakes.

Mean Maxi mum Dr ai nage

Ar ea El evation Vol ume dept h depth area

Lake (ha) (m) (m’x10°%) (m) (m) (km?)
Redfish 615 1,996 269.9 44 91 108. 1
Al turas 338 2,138 108. 2 32 53 75.7
Pettit 160 2,132 45.0 28 52 27.4
St anl ey 81 1,985 10. 4 13 26 39.4
Yel | ow Bel | 'y 73 2,157 10.3 14 26 30.4




W estinated total ©. nerka popul ation, density, and biomass using the
TRAWL.WK1 spreadsheet for Lotus 123 developed by Rieman (1992). Esti mat es
represent an extrapol ation of actual trawl catch data to the total area of the
| ake mid-depth in the observed O. nerka stratum as detected by echosoundi ng.
Wienever possible, we estimated popul ation and density by individual age-class
(assuming representation in the traw).

W recorded fork length (to the |lowest whole 10 mm group) and weight (to the
nearest gran) for all trawl -captured O. nerka. Sagittal otoliths were renoved
from all trawl captures, cleaned, and stored dry in mcrocentrifuge tubes. W
surface aged otoliths under transmtted and/or reflected light using a dissecting
m croscope. Tissue sanples were collected and preserved for genetic analysis by
NMFS and University of Idaho technicians. St omachs were renoved and preserved
for diet analysis by SBT biologists.

Outmigrant Enuneration

To estimate O. perka outmigrant run size from Redfish and Alturas | akes,
IDFG personnel operated snolt traps on Redfish Lake Creek and on the upper Sal non
River at the Sawtooth FH  Trap operations on Redfish Lake Creek are subject to
the provisions of ESA and are permitted by NWFS. Under NWMFS Pernmit No. 795
(Modification No. 3), IDFG is authorized to capture and PIT tag up to 4,500
juvenile Snake River sockeye salmon. O these, up to 450 may be released above
the trap site for purposes of trap efficiency estimation, and up to 450 nay be
retained and transferred to the IDFG Eagle FH sockeye salnon captive broodstock
program The nunber of outmigrants retained for use in the captive broodstock
program may not exceed one-half of the total number of outnigrants captured
during the collection period.

The outmgrant trap on Redfish Lake Creek is |ocated approximately 1.4 km
downstream of the |ake outlet. In 1994, the trap was placed in operation on
April 13 and remained in place until June 1. Five of nine trap bays were
operated with incline bar trap boxes. Bar spacing allowed debris and large fish
to pass downstream while small fish were captured in the low velocity trap boxes.
The trap was checked twice daily by | DFG personnel.

The outmigrant trap on the Salmon River at the IDFG Sawtooth FH is |ocated
2 Kkiloneters upstream of the confluence of Redfish Lake Creek and the Sal non
Ri ver. The floating scoop trap, equipped with a 1.0 mwi de inclined traveling
screen, is installed directly below the permanent weir at the Sawtooth FH as part
of IDFG natural production monitoring studies (Kiefer and Forster 1991). A
picket weir, 3.1 mwde at the nouth, funnels fish through the trap; pickets are
spaced 3.8 cm apart. In 1994, the trap was operated continuously between March
8 and June 9 and was checked twice daily by |IDFG personnel.

Out mi gr an nerk@. captured at both trap sites were anesthetized in
buf fered MsS222, nmeasured for fork length (m) and injected with PIT tags. Any
trapping or PIT tagging related nortalities were frozen to facilitate subsequent
tissue renoval for disease and genetic analysis and for ageing. Al tagged fish
were held several hours in live boxes at the tagging sites prior to being
rel eased. W determined the trapping efficiency at both sites by releasing PIT-
tagged fish upstream for subsequent recapture. W estinated total emigration or
outmgration run size by summing the products of trap efficiency and daily trap
catch for five intervals within the total period of outmigration. W constructed
90% confidence linmits around our point estimate by transformng recapture
proportions for the five intervals into arcsine data to approxinate a nornal
distribution (Kiefer and Lockhart, in progress). W noted total PIT tag
interrogations (mnimm survival estimate) and tinme of arrival at |ower Snake and
Columbia River dans. PIT tag interrogation data was recovered from the Colunbia
River Basin PIT Tag Information System (PTAGS), a branch of the Pacific States
Marine Fisheries Comm ssion.
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Nat ur al Spawning Investigations

Nat ural spawni ng characteristics were eval uated by rel ease and subsequent
tracking oferka.adults inplanted with ultrasonic transmtters. Telenetry
investigations of adult broodstock ©. nerka released to Redfish Lake are subject
to the provisions of ESA and are pernmitted by NMFS. In 1994, Permit No. 795
(Modification No. 3) allowed IDFG to inplant ultrasonic transmitters (tags) in
up to 60 adult 0. nerka from the captive broodstock program and to conduct
associated tracking and observation activities. The permt stipulated that no
more than 20 of these fish could be progeny of the four anadronous sockeye sal non
that returned to Redfish Lake as adults in 1991 (brood year 1991). In addition,
no morethan 40 fish could be outmigrants captured at the weir on Redfish Lake
Creek between 1991 and 1993.

Rel eases of adult ©. perka from the captive broodstock program were
initiated in 1993. In August of that year, 24 ultrasonic-tagged adults were
rel eased to Redfish Lake (Kline 1994). Several of these fish were still active
at end of the 1993 tracking season. Prior to the comencenent of 1994-release
tracking, telemetry efforts focused on locating and determ ning the status of
overwi nter survivors from 1993.

In 1994, three adult broodstock rel eases were nade to Redfish Lake. The
first release (30 fish) occurred August 9 - 10 and incorporated O. nerka from
three different broodstocks: 1) 11 adult progeny of the four anadromous sockeye
salmon that returned in 1991 (brood year 1991), 2) two outmigrant 1992 adults
captured at the Redfish Lake Creek weir in 1992 and reared at Eagle FH
(outmgrant 1992), and 3) 17 outmgrant 1991 adults captured at the Redfish I|ake
Creek weir in 1991 and reared at the Eagle facility (outm grant 1993) (Appendi x
A). Al brood year 1991 and outmigrant 1992 fish were fitted with ultrasonic
transmtters. Ei ght of the outmigrant 1991 fish were fitted with ultrasonic
transmtters. The second release (16 fish) occurred September 10 and consisted
of nine brood year 1991 adult progeny and seven outmigrant 1991 adults (Appendix
A). Al fish in the second release group received ultrasonic transnitters. The
third rel ease occurred Cctober 18 and consisted of 19 brood year 1992 residual
0. nerka. These fish are the progeny of the beach-spawning residual conponent
of Redfish Lake that were trapped over Sockeye Beach in 1992 for captive
broodstock purposes. Al of the residual broodstock releases were age 2+ nales
that matured earlier than their female counterpart. The absence of appropriate

spawni ng partners necessitated their early release. None of the residual
outplants were fitted with transmitters, however, each fish did receive an
ext ernal tag to facilitate identification during subsequentt snorkel

investigations conducted in Cctober and Novenber, 1994.

We tested the hypothesis that end-of-season transnmitter status woul d not
differ between brood year 1991 and outmigrant 1991 rel ease groups (x* test of
associ ation, a = 0.10). U trasonic tags were indexed at the end of the 1994
tracking effort as stationary, absent fromthe |ake, or still active . W used
ending transmitter status as an index of performance. Stationary and nissing
transmtters were pooled for both release groups to satisfy test assunptions
related to cell size. We conpared nmean fork |engths and weights (two-tailed
i ndependent sanple t-tests, a = 0.05) and identified age differences between
rel ease groups prior to testing our hypothesis. Brood year 1992 outplants (N =
2) were not included in the analysis.

Taggi ng

W inplanted transmtters in the Redfish Lake release groups on August 8 and
Septenber 8, 1994. Fish were individually anesthetized in a holding tank using
buffered Ms222, neasured for fork length (to the nearest nillimeter) and weighed
(to the nearest gram). Tag inplanting procedures were simlar to those described
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by Wnter (1989). W inserted ultrasonic tags through the nouth into the stonach
with the aid of a plunger. W constructed the plunger by attaching a 15 cm
length of solid (1/2 in dianeter) PVC to a typical PVC *T* fitting that acted as
a handle. A slight concave depression was nade in the end of the solid length
to cradle the tags during insertion. W lubricated the plunger with vegetable
oil to slide snoothly through the gullet. Al fish were held one to two days
prior to release to ensure tag retention.

Tr acki ng

Utrasonic telenetry equi pnent was purchased through Sonotronics, Tucson,
Ari zona. I ndividual transmitter frequencies ranged from 70 to 76 Khz. Tag
frequencies were coded with unique, self-identifying codes allowing several tags
to be assigned the sane tracking frequency. The tags were 65 mm |ong, 18 nm wide
and weighed 22 g out of water. Fish were tracked by boat using a Sonotronics
nodel USR-5W receiver with nodel DH- 2-10 directional hydrophone. W used the
poi nt of maxi mumtransmtter signal strength to indicate |ocation. I ndi vi dual
fish locations were napped on USGS 7% topographic maps using triangulation with
known shoreline [|andmarks. We assuned that |andmarks, from which we took
bearings, were mapped correctly. A global positioning system (GPS) was al so used
to record individual fish positions and to relocate individual fish on successive
survey dates.

Predator | nvestisations

In 1994, we set six trap nets in Redfish Lake on October 19 and 20 to
capture predatory fish and to determine their potential inmpact on the Q9. nerka
popul ati on. Trapping predatory fish species in Redfish Lake is permtted under
Consultation No. 110, term and condition No. 3 through NWS. Trap nets consisted
of a single mesh lead (1.9 cm bar nesh) followed by a 1.9 mby 0.9 mtrap box and
five 0.9 m dianmeter hoops with fixed throats on the first and third hoops. Wen

set, each net neasured 3.2 min overall length (exclusive of the central |ead).
Net | eads were secured to rebar posts on shore; cod ends were anchored with
wei ghts and marked by surface floats. W set trap nets perpendicular to the

shore in water approximately 1.8 mto 2.0 m deep so that the top of each net
frane was near the water surface. Nets were set in the north end of the |ake and
south of the Point Canmpground al ong the west shore (Figure 2). W fished each
trap net overnight for 9 hr on both dates. Captured fish were identified,
enunerated and released. Al captured bull trout were anesthetized in buffered
M5222, measured for fork length (to the nearest mllimeter), and weighed (to the
nearest granj. We collected scale sanples from bull trout captures and were
prepared to |avage the stomach contents of all bull trout and northern squawfish.

Parental Lineage | nvestisations

We used otolith mcrochenmstry to inmprove our know edge of the parental
lineage of wild and broodstock ©. nerka. In 1994, sagittal otoliths were renoved
from 66 individuals to increase our sanple size of known lineage otoliths to
better define equivocal results from past analyses. Sanples were collected from
the one anadrompus female adult that returned to Redfish Lake in 1994, 54
br oodst ock progeny of the four anadronous adults that returned to Redfish Lake
in 1991 (brood year 1991), and 11 broodstock progeny of the eight anadronous

adults that returned to Redfish Lake in 1993 (brood year 1993). In all cases,
otolith sanples represented either direct anadronmous |ife history (anadronmous
female adult) or F, lineage to fenale anadronous parents (Table 2). We
hypot hesi zed that Strontium calcium (Sr/Ca) ratios fromotolith nuclei of fish
with known |ineage to fenale anadronmous parents would reflect marine life
hi story.
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Fishhook Cr. Redfish
Lake Cr.
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Sockeye:
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Figure 2. Location of Redfish lake trap net sampling, October 19-20, 1994
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Table 2. Oigin and nunber of Q _nerka sagittal otoliths selected for 1994

m crochem stry  anal ysis.

Nurber
Oiain anal vzed
1994 adult return’ unknown 1
Brood year 1991 progeny® known (anadr onous) 55
Brood year 1993 progeny' known (anadronous) 11

* Adult femal e sockeye captured at the Redfish Lake Creek weir

®* Progeny of the four anadronous adults that
(1 female, 3 nmales).

< Progeny of the eight anadronmous adults that
(2 fenales, 6 males).

11

returned to Redfish Lake in 1991

returned to Redfish Lake in 1993



Qoliths were collected from nine of the 54 brood year 1991 progeny and from
the one anadronmpus adult follow ng 1994 broodstock spawning activities at the
Eagl e FH. The remmining 45 brood year 1991 otoliths were collected from
broodstock nortalities that occurred between May 5 and Novenber 5, 1993. Br ood
year 1993 sanples were collected from broodstock nortalities that occurred
bet ween February 16 and June 23, 1994. Oolith sanples were cleaned of all
associ ated tissue and stored dry in mcrocentrifuge tubes. Prior to preparing
sanples for analysis, we surface aged otoliths from the anadromous fenale adult
using a dissecting mcroscope under reflected and/or transmitted [light. It was
not necessary to age otoliths from brood year fish.

Sanpl e Preparation

The preparation of otoliths for mcrochemstry analysis followed techniques
devel oped by Kalish (1990) and Rieman et al. (1993). Qoliths were cleaned in
dei oni zed water, dried, and nounted sulcus-side-down on glass slides with Crystal
Bond 509 adhesive (Aremeco Products Inc.). Care was taken to insure that a
relatively level nmount was achieved. Using 600, then 1200 grit wet-dry
sandpaper, we ground all otoliths in the sagittal plane to a level near the
prinordia. Sanple slides were then heated (liquefying the Crystal Bond) and the
otolith sanples repositioned sulcus-side-up in the adhesive. We ground all
sanples in the sagittal plane to the approximate level of the prinmordia with 1200
grit wet-dry sandpaper. Final grinding was conpleted with 5.0 g grit wet-dry
paper. W finished all sanple preparations by hand polishing with 1.0 and 0.05 u
alumna paste to remove all surface scratches left behind by the grinding
process. All sanmple preparations were washed wi th deionized water, dried, and
phot ographed at nagnifications of 140X and 280X Phot ographs were marked to
identify locations selected for mcroanalysis.

Qolith sanples from snall fish (ages 0+ and 1+) were mounted sul cus-side-up
in the adhesive. The grinding process for these sanples began with 1200 grit
wet -dry sandpaper. Final grinding and polishing followed the procedures outlined
above.

Anal ysi s

Qolith mcrochem stry analysis followed procedures outlined by Tool e and
Ni el sen (1992). X-ray intensities of Sr and Ca were quantified using a Cameca
SX-50 wavel ength dispersive electronmcroprobe (Oegon State University, College
of Cceanography, Corvallis, OR 97331-5503). Sanples were washed w th deionized
water, dried, and coated with a 200 A carbon |l ayer for surface conductivity. A
15 KV, SO nA, and 7 u electron beam was used for all analyses. M cr opr obe
transects were run in otolith nuclei adjacent to the prinordia for all sanples.
Ten m croprobe sites were anal yzed al ong each transect.

RESULTS

Total Popul ation, Demsity, and Bi onass Estinmation

Popul ation, density, and biomass results presented in this section of the
report incorporate IDFG data from 1990 through 1994, where avail able. All
reference to age-class segregation is from length-frequency interpretation based
on direct sagittal otolith aging of sanpling nortalities. June, 1994 traw data
from Redfish and Alturas |akes were not used to estimate spring Q. perka
popul ati on as sanple sizes were not sufficient to yield reliable estimates.
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Redfi sh Lake

During the Septenmber 6 trawl of Redfish Lake, the npjority of Q nperka
targets were stratified in the limetic zone between 9.0 m and 24 m of depth.
Cur Septenber traw catch consisted entirely of 0. nerka. W estinmated the total
Redfish Lake O nerka population at 51,529 fish (95% Cl, + 33,179). Total O
nerka density and biomass was estimated at 125 fish/hectare (£ 81) and 2.1
kg/ hectare, respectively (Table 3). Si xty percent of the total O nerka catch
consi sted of age O+ fish while 11% and 29% were age 1+ and 2+ fish, respectively
(Table 4, 5). No age 3+ or older fish were captured in the Septenber traw . Age
o+, 1+, and 2+ fish averaged 49.0 nm 89.6 mm and 163.2 nmin fork |ength,
respectively (Figure 3). Man weights for these age-classes were 1.3 g, 8.3 g,
and 51.1 g, respectively (Appendix B).

Al turas Lake

O. nperka conprised 100% of the Septenber, Alturas Lake trawl catch. Fish
were stratified between 11 m and 28 m of depth although targets were visible to
38 m Deeper targets (28 m- 38 m did not exhibit a pattern of stratification
and were not sanpled during our Septenber survey. W estimated the total Al turas
Lake O nerka population to be 5,785 fish (+ 6,919). The total density of the

Sept enber popul ation was estimated at 27 fish/hectare (£ 33). We estimated the

total 0. perka biomass to be 0.7 kg/hectare (Table 3). Age-cl asses 2 and 3
conprised the entire catch and were equally represented in the traw. Because
fork lengths for both age-classes overlapped, we did not estinmate population or
density by age-class (Figure 3). Intuitively, these data suggest the estinated

0. nerka population of Alturas Lake consists of approximately equal nunbers of
age 2+ and 3+ fish. Fork lengths of age 2+ and 3+ traw captures averaged 131.7
mm (range 125 mm to 139 mm) and 140.2 mm (range 137 mm to 146 nm), respectively.
Mean wei ghts of age 2+ and 3+ fish averaged 21.8 g and 27.9 g, respectively

(Appendix B).

Pettit Lake

Pettit Lake fish targets were tightly stratified between 11 mand 22 min
depth during our Septenber 8 survey. The mgjority of the fish captured were Q.
nerka, although one redside shiner was captured during the survey. The total
popul ation estimate for Pettit Lake was 14,743 fish (t 3,683). We estimated
total Q- nerka density and biomass at 128 fish/hectare (t 32) and 4.4 kg/ hectare,
respectively (Table 3). Age-classes 0 through 3 were represented in the traw
with age I+ fish conprising the najority (46% of the sanple (Table 4; 5). Mean
fork lengths for age-classes O through 3 were 40.5 mm 135.7 mm 154.0 nm and
251.0 mm respectively (Figure 3). W recorded nean weights of 0.7 g, 31.2 g,
47.4 g, and 251.6 g, for these same groups, respectively (Appendix B).

Stanl ey Lake

The majority of limmetic targets observed during our Septenber 6 survey of
Stanl ey Lake were |oosely stratified between the |lake surface and 16 m in depth.
Larger, unstratified, targets (that we did not attenmpt to sanple) were noted
below our identified fish layer and inmmediately above the |ake bottom Sixty-two
percent of the total catch consisted of 0. nerka; the remainder of the catch
(38% consisted of redside shiners. W estinated the total Septenber Q. perka
popul ation of Stanley Lake to be 2,695 (+ 963) fish. Total density and bionass
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Table 3. Estimted total population, density (fish per hectare), and bionass
(kil ograns per hectare) for Q. perka in four Stanley Basin |akes.

Total Population Density
Lake Dat e (+ 95% €.I1.) (¢ 95% c.I.) Bi onass
Redfish 9/06/94 51,529 (%33,179) 125.1 (i 80.1) 2.11
Redfish 9/17/93 49,628 --- 120.4 =--* 2.34
Redfish 9/29/92 39, 481 (%10,767) 95.9 (i26.1) 1.46
Redfish 8/20/90 24,431 ($11,000) 63.9 (i26.6) 1.30
Al turas 9/07/94 5,785 (%6,919) 27.1 (i33.6) 0. 68
Al turas 9/17/93 49,037 (%13,175) 230.2 (%61.9) 4.12
Al turas 9/25/92 47,237 (261,868) 222.8 (i291.8) 3.86
Al turas 9/08/91 125,045 (+30,708) 594.0 (i144.8) 6.33
Al turas 8/19/90 126, 644 (£31,611) 597.0 (%154.0) 5.20
Pettit 9/08/94 14,743 (%3,683) 128.2 (£32.0) 4.40
Pettit 9/18/93 10,511 (%3,696) 101.0 (i33.9) 1.09
Pettit 9/27/92 3,009 (i2.131) 26.2 (%18.5) 3.50
St anl ey 9/07/94 2,694 (i913) 36.9 (il2.5) 0.49
St anl ey 9/16/93 1,325 (%792) 18.9 (ill.3) 0.57
St anl ey 8/28/92 2,117 (%1,592) 29.0 (i21.8) 0.27

* Confidence limts not calculated = single transect estimate.
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Table 4. Nunbers of Q. perka by age-class, estinmated fromfall midwater
trams on Stanley Basin |akes, 1990-1994. Val ues in
parenthesis are 95% confidence limts.

Lake o+ I+ II+ III+ IV+
Redfish 30, 449 5, 856 15, 224 0 0
1994 (£25,780) (8,867) (£18,884) 0 0
Redfish 26, 120 7,836 15, 672 0 0
1993 - --- —— _— -—
Redfish 22,954 5, 509 3, 213 3,902 3,902
1992 (t4,899) (£8,415) (£4,002) (£1,655) (£1,665)
Redfish 10, 048 8, 808 3, 338 2,237 0
1990 (£7,308) (%5,288) (£2,595) (£2,261) 0
Al turas 0 0 5, 785' 0

1994 (£6,919)
Al turas 0 1,226 39, 842 7,969 0
1993 0 (£1,501) (£12,412) (£4,157) 0
Al turas 0 1,377 11,912 32, 667 1,281
1992 0 (t2,368) (£22,280) (£57,612) (%2,561)
Al turas 5, 556 67, 217 48, 569 3,702 0
1991 (£1,657) (£20,999) (£22,146) (£2,965) 0
Al turas 39, 065 12,126 55, 439 15, 075 4,948
1990 (+17,888) (£6,325) ($28,284) (£6,324) (22,850)
Pettit 4,095 6, 826 3,276 546 0
1994 (£1,930) (x2,730) (%1,392) (i668) 0
Pettit 10, 511 0 362 362 362
1993 (£3,696) 0 (i725) (i725) (£725)
Pettit 0 0 0 0 3, 009
1992 0 0 0 0 (22,131)
St anl ey 2,087 606 0 0 0
1994 (i796) (i 448) 0 0 o]
St anl ey 0 714 103 509 0
1993 0] (i516) (£206) (565) 0
St anl ey (] 1,902 0 215 (o]
1992 o (1,533) 0 (i429) 0

* Confidence linmts not calcul ated-single transect estimate.
* Alturas Lake popul ation estimate not partitioned by age-class.
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Tabl e 5. Densities of 0. perka (fish per hectare) by age-class, estinmated
from fall midwater trawls on four Stanley Basin |akes, 1990-1994.
Values in parenthesis are 95% confidence limts.
Lake o+ 1+ 11+ ITI+ IV+
Redfish 73.9 14.2 37.0 0 0
1994 (i62.2) (i21.5) (i 45.8) 0 0
Redfish 63.4 19.0 0 38.0 0
1993 - -— .- —-— ai
Redfish 55.7 13. 4 7.8 9.5 9.5
1992 (i11.8) (120.4) (i9.7) (i4.0) (14.0)
Redfish 26.3 23.1 8.7 5.9 0
1990 (i119.7) (i14.6) (i7.1) (i7.2) 0
Al turas 0 0 27. 1 0
1994 (i33.6)
Alturas 0 5.7 187.1 37.4 0
1993 0 (i7.0) (i158.3) (i19.5) 0
Al turas 0 6.5 56. 2 154.1 6.0
1992 0 (i11.2) (ircs. 1) (i1271.8) (i12.1)
Al turas 26. 2 317.1 229.1 17.5 0
1991 (i7.8) (299.0) (f104.5) (i13.9) 0
Al turas 184.3 57.2 261.5 71.1 23.3
1990 (i82.4) (i 30.8) (i122.0) (i31.3) (i13.4)
Pettit 35.6 59.4 28.5 4.8 0
1994 (il6.8) (i123.7) (i12.1) (i14.9) 0
Pettit 91.4 0 3.2 3.2 3.2
1993 (i32.1) 0 (i6.3) (i6.3) (i16.3)
Pettit 0 0 0 0 26. 2
1992 0 0 0 0 (i18.5)
St anl ey 27.8 7.9 0 0 0
1994 (£10.8) (26.1) 0 0 0
St anl ey 0 10.2 1.5 7.3 0
1993 0 (i7.4) (£3.0) (f8.1) 0
St anl ey o 26.1 0 2.9 0
1992 0 (£21.0) 0 (i5.9) 0
"Confidence limts not calculated-single transect estimte.

*Alturas Lake density estimte not

partitioned by age-cl ass.
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were estimated at 37 fish/hectare (t 13), and 0.5 kg/hectare, respectively (Table
3). Age 0+ and 1+ fish conprised the entire 0. nerka catch (78% and 22%,
respectively) (Tables 4; 5). Mean fork lengths for age-classes 0 and 1 were
75.4 mm and 155.3 mm respectively (Figure 3). Mean weights for these tw age-
classes were 5.2 g and 41.5 ¢, respectively (Appendix 8).

Trawl Data Corrections

We di scovered a calculation error in Pettit Lake population estimtes for
1992 and 1993. The correction affects the estimates reported by Kl ine (1994).
Revised estimates of total population, density, and biomass as well as population
density by age-class are presented in this report.

An ageing error was also identified in the 1993 Redfish Lake popul ation and
density estinmates reported by Kline (1994). Revi sed estimtes, based on re-
ageing 1993 sanples and reviewi ng SBT Fishhook Creek spawner ages, are presented
in this report.

Outmigrant Enuneration

Redfish Lake Creek Trap

W trapped a total of 722 0. nerka outnigrants at the Redfish Lake trap site
in 1994, As no anadronopus adults have had access to Redfish Lake since 1989,
these fish were progeny of the beach-spawning and creek-spawning stocks of
Redfish Lake ©o. nerka. Trap captures occurred between April 19 and June 1 wth
peak emigration taking place the first week of May (Figure 4). Qutm gration
occurred primarily during night hours. The mean fork length of 1994 outmgrants
was 96 mm

We recorded five nortalities (0.7% associated with netting and handli ng;
there were no nortalities associated with PIT tagging. W determned the age of
all trap nortalities as 1+. W estimated trapping efficiency at 39.6% for the
Redfish Lake Creek site in 1994. Based on this efficiency, we estimted
outmgrant run size at 1,820 (90% Cl, 1,229 - 2,671) 0. nerka.

Medi an travel tinmes to | ower Snake and Col unbia River dans and detection
rates at four facilities with PIT tag interrogation systens (Lower G anite
{LGrD}, Little Goose [LGoD}, Lower Monunental [LMoD), and McNary [(NcN] dans) are
presented in Table 6. Median travel time to LGrD was 12.0 d in 1994. One
hundred fifty-one detections were noted, from the release group of 717 PIT-tagged
fish, at one of these downstream facilities yielding a cumulative interrogation
rate of 21%  This nunber represents in-river mnimmsurvival through McN dam
and only docunents the number of fish successfully diverted through and detected
by the interrogation systemns. It does not account for fish that avoid
i nterrogation systens by successfully negotiating turbines or passing projects
via spillways or |ocks.

Nine outnigrant chinook salnmn smolts were intercepted at the Redfish Lake
Creek trap in 1994, These fish were presumably the progeny of the one female and
two male adult chinook salnon that were passed upstream of the adult weir on
Redfish Lake Creek in 1992. Chi nook salnon spawn in the |ower reaches of
Fi shhook Creek. However, juvenile chinook salnon could migrate to areas upstream
of the trap site from downstream |l ocations and result as trap captures as they
outmi grat e. The extent to which the latter occurs is unknown. Al'l captured
juvenile chinook salnon were netted to facilitate identification and immediately
released back to Redfish Lake OCreek.
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Table 6. Median travel tinmes and downstream detection rates for PIT-tagged
0. nerka outmigrants released from Redfish Lake Creek in 1994.

Number of Travel
fish time
Det ection lLocation det ect ed (d)

Lower Granite Dam 38 12.0

Littl e Goose Dam 49 16.7

Lower NMbnunental Dam 32 21.5

McNary Dam 33 21.5
Total Detections 151

Total nunber of PIT-tagged 0. nerka rel eased = 717

Total detection rate = 21%
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Trap netting follow ng ice-out night also prove unacceptable as 0. nerka
recruit to the | ake from Fi shhook Creek and | ake shore spawning areas in early
spring. Sockeye and kokanee fry remain littoral for an unknown period of tine
following their enmergence and introduction to the |ake conmunity. During this
time, they could be particularly susceptible to capture gear set in shallow water
adj acent to the shore. Trap nets typically have smaller mesh in the containment
area than on the lead or at the opening. Juvenile 0. nerka that do not avoid the
larger entry nesh could becone trapped in the containment area.

Future efforts to estimate the bull trout population in Redfish Lake should
concentrate on looking at specific life history aspects of the species during its
association wth Fishhook Creek. Adult spawner counts, redd counts, fecundity
and egg-to-fry survival estimates could provide enough information to fornulate
an index of production. By answering questions about consecutive year spawning,
termof streamresidency by juveniles, and in-streamnortality, an estimte of
bull trout recruitment to the lake could be generated.

Parental Lineage Investigations

During the devel opnent of ova, vitellogenesis in anadronous fish begins
while the fenmle parent is in the ocean. Conversely, this process occurs
entirely in freshwater for non-anadronpus, non-nmarine species. Strontium can
partially substitute for Ca in the formation of vitellogenin, the precursor to
yolk in developing ova. As devel opment continues, Sr can partially substitute
for Ca in the aragonite matrix of the first calcified structures to form the
otolith prinordia. As fish grow, Sr continues to interchange with Ca in the
depositional process of otoliths (Kalish 1989,1990; Radtke 1989). Kalish (1990)
and Reman et al. (1993) concluded that sr/ca ratios in otoliths and ova reflect
the relative amounts of Sr and Ca in the environnment. Typically, 8r/ca ratios
are )higher for marine waters than for fresh waters (Kalish 1990; Rieman et al.
1993).

Qolith mcrochem stry has been used to discrimnate individual fish from
femal e parents of known anadronous and freshwater origin. Kalish (1990) reported
that differences between sr/ca ratios in otolith prinordia of sea-farmed and
freshwater juvenile rainbow trout were great enough to identify individual life
history (with respect to habitat location) during egg devel opment. Mean nucl ear
Sr/ca ratios reported by Kalish (1990) were between 0.0022 and 0.0052 for the
progeny of sea-farned rainbow trout. Rieman et al. (1993) reported nean nucl ear
Sr/Ca ratios between 0.0011 and 0.0020 for ©. nerka progeny with known |ineage

to anadronous adults. Secor et al. (1994) used otolith mnicrochenistry to
describe the environmental I|ife history of individual striped bass Myrone
saxatilis across a salinity gradient. They reported that mean nuclear sr/ca

rati os between 0.0020 and 0.0030 were indicative of estuarine salinities and
ratios >0.0035 were indicative of marine salinities.

Rieman et al. (1993) observed nean nuclear Sr/ca ratios >0.0014 in otoliths
of the five anadromous adults that returned to Redfish Lake in 1991 and 1992.
They concluded that all five adult sockeye sal mon were direct descendants of

femal e anadronpus parents that conpl eted egg devel opment in saltwater. Kline
(1994) reported, however, that two of the eight anadronmobus adults that returned
in 1993 exhibited mcrochemstry results suggesting direct lineage to freshwater

femal e parents (<0.0008). Kline (1994) speculated these data could Ilink
anadronmous adults to the freshwater residual 0. nerka conmponent of Redfish Lake.
One of the eight anadromous adults analyzed by Kline (1994) exhibited nean,
nucl ear Sr/cCa results indicative of uncertain |ineage (0.0008 - 0.0014).

Qolith mcrochemstry results from the one anadromous femal e sockeye sal non

that returned to Redfish Lake in 1994 reflected direct lineage to an anadronous
femal e parent (nean nuclear Sr/Ca >0.0014). The age of this individual (4+)
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W were unable to identify any clear pattern of fish distribution during the
1994 telemetry effort. No consistent assenblages of individual fish or
association with specific | ake regions were observed from week to week. Wt h
very few exceptions, we recorded active fish in new locations on each survey
dat e.

No observations of sustained site selection or fidelity with areas of known
or suspected |ake spawning activity were nmade in 1994. Snorkel and boat surveys
of beach spawni ng areas conducted in October and Novenber were unsuccessful in
recordi ng any observations of pairing or spawning for either 1994 broodstock
rel eases or for the two surviving 1993 outpl ants. No observations of the 19
brood year 1992 residual outplants were recorded during October and Novenber
snor kel and boat surveys of known and suspected spawni ng | ocations.

We recovered three (8.1% of the 37 transmitters inplanted in broodstock
outplants in 1994 (Table 7). One transmitter was recovered from a carcass
Septenmber 9 in 1 m deep water near the southwest shore of the |ake. Subsequent
tag identification and carcass inspection identified this individual as a brood
year 1991 female. W observed no indication that this fish had spawned based on
the |arge number of eggs present in the body cavity. This individual represents
our only known nortality within the 1994 release groups as the other two
recovered tags were not associated with carcasses.

At the termination of 1994 tracking efforts on Novenber 22, 12 of the 37
transmitters (32.4% inplanted in 1994 were not emtting signals from Redfish
Lake (Table 7). Ei ght of these transmitters had been inplanted in brood year
1991 progeny. Three and one of these transmitters had been inplanted in
outmgrant 1991 and 1992 fish, respectively. Twenty-two of the 37 transnmitters
were emtting in-lake signals on the final day of tracking (Table 3). Eleven of
these signals (29.7% were stationary and had been for a mnimm of three
consecutive tracking dates. The remaining 11 transmitter signals (29.7% were
still active. O the 11 stationary transmitters, seven and four had been
i npl anted in brood year 1991 progeny and outmigrant 1991 fish, respectively.
Eight and three of the active transnmitters had been inplanted in outmgrant 1991
fish and brood year 1991 progeny, respectively.

A significant difference was found between nean fork lengths (t = 3.353, P
= .002) and weights (¢= 2.291, P = .028) of outmgrant 1991 and brood year 1991
adult broodstock fish inplanted with wultrasonic transmtters. Qutm*'grant 1991
and brood year 1991 broodstock outplants averaged 579 g and 538 g in weight and
2,916 mm and 2,443 mm in fork length, respectively. Qutmgrant 1991 fish were
al so approximately 2 years older than brood year 1991 fish. We detected a
significant difference in the final transmitter status of release groups (x* =
4.953, P = .026) with respect to our conparison of the nunmber of fish with
stationary and missing transmtter status conpared to active status at the end
of the tracking effort.

Predat or Investigations

We captured 167 fish in 96 hr of trap netting on Redfish Lake. The total
catch per unit effort (CPUE) was 1.74 fish per trap net hour for the two night
survey (Table 8). Mountain whitefish conprised the mpjority of the catch
(65.89% . Northern squawfi sh and bull trout represented 4.2% and 2.4% of the
total catch, respectively. Redside shiners, nountain suckers, brook trout, and
0. nerka conprised the remai nder of the catch. O these four species, redside
shiners were the nost preval ent representing 18.0% of the total catch.

Bull trout fork lengths ranged from 120 mmto 288 mm all northern squawfish
captured during the survey were less than 190 nmin fork |ength. We did not
attenpt to | avage the stomach contents of these two species as we felt, due to
their snmall size, they would not withstand the procedure.
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outmgrants, it is reasonable to assume that the 1995 outmigration from Al turas
Lake will remain depressed.

The availability of |ower Snake River PIT tag detection data for Saw ooth
FH weir releases is limted to 1992 and 1994 when total detection rates of 11%

and 0% respectively, were noted for ©. nerka snolts presumably of Aturas Lake
origin. Alturas Lake outnigrant detections in 1992 were 50% |ower than Redfish
Lake detections for the same year. In 1994, no Alturas Lake outmigrants were
detected downstream conpared to a 21% total detection rate for Redfish Lake
out mi grants. Al though only two years of data are available for direct
conparison, this difference in detection rates suggests that 0. nerka enigrants
from Alturas Lake do not survive migration to mainstem dams as well as

outmgrants from Redfish Lake (assuning similar outnmigration and arrival timng).

Natural Spawning Investigations

Telenmetry investigations conducted on Redfish Lake in 1994 generated
information relevant to evaluating performance differences observed anmong adult
broodstock releases with differing life histories and broodstock origins. In
addition, the future direction and design of this release strategy wll depend,
in part, on the data collected to date.

Tel enetry investigations of 24 ultrasonic-tagged, captive broodstock adults
released to Redfish Lake in 1993 identified three general areas of site
selection: (1) Sockeye Beach, (2) Point Canpground, and (3) the southwest shore
(Kl'ine 1994). During Novenber 1993 snorkel investigations, one pair of
broodstock outplants was observed guarding a redd near the southwest shore of the
| ake (TOC Mnutes - Novenmber, 1993). Two transmitters were subsequently |ocated
in the vicinity of this activity.

During 1994 telenetry efforts, we nade no observations of sustained site
associ ation or spawning-related activities for any of the 37 ultrasonic-tagged
release fish. Additionally, no stationary tags were |ocated near areas of known
or suspected spawning activity. At the ternmination of 1994 telenetry efforts,
29.7% of the transmtters (11 of 37 tags) were still active. Kline (1994)
reported simlar findings (33.3% active, eight of 24 tags) at the termnation of
the 1993 tracking investigation. Active signals nost |ikely represent broodstock
fish that did not mature. Wile very linmted observations of spawning-rel ated
activity were observed during both years of investigation, we can not assume that
additional activity and spawning success did not occur. The weekly periodicity
of SBT and |DFG spawni ng surveys does suggest that spawning-activities could

sinply have been mi ssed. Recovered transmitters represent the only known
nortalities. Absent transmitter signals could represent additional nortality,

tag failure, poor or obscured signal strength, fish migration to tracking-
restricted locations (e.g., inlet and outlet streanms), or out-of-Iake
transmtters. Predation and illegal angler harvest are suspected as possible

expl anati ons for absent transmitter signals. One report of one angler catching
and releasing what was reportedly a broodstock outplant was received by IDFG in

1994 (Brent Snyder, |DFG Stanley, |daho). Al t hough Redfish Lake receives
limted angling effort, the possibility remains that additional broodstock
outplants were lost to illegal angling harvest. Stationary signals could

represent additional mortality, out-of-fish transmtter status, or stationary
fish. The latter condition was carefully investigated during both years of this

effort. Transmitters identified as stationary rarely initiated novenent
following three successive weeks of stationary status. We suggest that
stationary signals represent out-of-fish transnitter status. However, without
knowing ii tag expulsion occurred (or to what degree), we cannot specul ate

further as to whether out-of-fish signals represent mortalities.

The performance differences we identified with respect to final transmtter
status for brood year 1991 and outm grant 1991 outplants are significant, yet,
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Table 8. Relative species conposition and catch rates for six trap net
| ocations in Redfish Lake, October 26-27, 1994.

Speci es _Conposition' (Nunbers of Fish)

Hours

Site Fi shed MW RS MS NS BLT BKT HRS VRS
1 16 0 9 7 4 3 1 0 1
2 16 0 3 2 3 0] o] 0 o]
3 16 0 0 o o o o] 0 o
4 16 62 18 0] 0 1 1 1 0
5 16 7 0 o] o o o 4] (o]
6 16 41 0 o 0 0 1 2 o]
TOT. 96 110 30 9 7 4 3 3 1
Speci es CPUE® 1.15 0.31 0.09 0.07 0.04 0.03 0.03 0.01
% Speci es comp® 65. 8 18.0 5.4 4.2 2.4 1.8 1.8 0.6
Total CPUE = 1.74
Total fish captured = 167
® O = nppuntain whitefish RS = redside shiner

M5 = nountain sucker NS = northern squawfish

BLT = bull trout BKT = brook trout

WRS = wild residual sockeye HRS = hatchery residual sockeye

* Catch per unit effort (CPUE) expressed as the nunmber of fish caught per trap
net hour.

¢ Percent conposition of the total catch by species.
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Traw estimates of population and density inprove with increasing precision.
To achieve reliable estimates of nunber and density of fish by age-class,
miltiple traw transects are generally required. R enman (1992) suggests that a
m ni mum of seven transects be enployed whenever possible. GCenerally, increasing
the nunber of trawl transects has the effect of reducing the sanple variance

associated with estimtes of total population and density. As the nunber of
transects increase, poor individual transect variance is frequently conpensated
for. In 1994, we generally fished five transects per |ake, per night.

outmigrant Enuneration

Monitoring Q. nerka outmgrant runs from Stanley Basin |akes will play an
increasingly inportant roll in recovery efforts as captive broodstock progeny are
outplanted to nature and nigrate volitionally. Information collected from

Redfish and Alturas |ake outmgrants has contributed to our know edge of
outm grant characteristics and provided insight into continuing efforts to
differentiate stocks. Gut mi grant 0. nerka captured between 1991 and 1993 al so
represent a nmjor elenent in the captive broodstock recovery program

Redfish Lake Creek Trap

The nunber of 0. nerka estimated to have outmigrated from Redfish Lake in
1994 increased three-fold over the 1993 estinate. As no anadrompus sockeye
sal mon have spawned in Redfish Lake since 1989, outmigrants from 1993 and 1994
are progeny of either the beach-spawning residual sockeye sal non or Fishhook
Cr eek-spawni ng kokanee stocks of Redfish Lake (assumes that outmigration year
1992 is the last year associated with the production of outmgrants with direct

| i neage to anadronpus parents). At the present time, we do not know what
relative contributions are being nmade by residual sockeye sal non or resident
kokanee with respect to the production of outmgrants. However, the current |ine

of thinking is that residual progeny represent a significant conponent of the
outmgration. The three-fold increase observed in 1994 outnigration run size is
difficult to speculate on without further know edge of outmigrant |ineage or
residual spawner escapenent. |If outmigrants are largely the progeny of residual
beach spawners, their nunbers should remain depressed as fewer than 100 adults
were estimated to have spawned in 1993 and 1994 (Teuscher and Taki 1995).

Efforts to enunerate outmgration from Stanley Basin lakes prior to 1991 are
scarce. Between 1955 and 1966, Bjornn et al. (1968) operated a two-way weir on
Redfish Lake Creek collecting information on adult escapenent as well as juvenile
out mi grati on. During this period, they observed a range in Redfish Lake
outm grant run size from 2,133 fish (1960) to 65,000 fish (1957). Estinmates of
outmigrant run size exceeded 20,000 fish in seven of their 12 years of
i nvestigation. Bjornn et al. (1968) observed peak outmgration to occur during
the first three weeks of May. In 1994, we observed the largest numbers of fish
| eaving Redfish Lake during this sanme time period. Cutmigration data from 1991
through 1993 generally conform to this pattern as well.

Mich has been witten on the relationship between the age at which juvenile
sockeye salnon migrate and their growh during their first sumrer in the | ake.
Foerster (1968) noted that the nunber of sockeye salnon that remain in |akes for
more t han one year prior to seaward nigration are not nunerous in nost of the
prom nent sockeye salnon rivers of British Col unbia. In cases where age 2+
smolts are observed, the evidence suggests that the rate of growth is so slow
that the young sockeye salnon are not sufficiently developed at the end of their

first year to be stinulated to migrate seaward. Koeni ngs and Burkett (1987)
presented an enpirical classification of sockeye sal non smoltproduction rel ated
to popul ation characteristics for coastal and interior Al askan Lakes. They

deternmined that sockeye salnon snolts from rearing-limted |ake systens were
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be lower. The trawl population estimte for age 2+ and 3+ fish (conbi ned) was
5,785 (¢ 6,919) fish and accounted for 100% of the total estimate.

Adult escapenent and trawl population data suggest that 1995 recruitnent to
Alturas Lake will be conparatively high. Mich of this production should also be
detected in the Septenber popul ation estimate of age 0+ fish. Alturas Lake 0.
nerka year-class distribution, however, has not |ooked full for the past three
years. The apparent failure of young-of-the-year, beginning in 1992, should
begin to inpact escapement beginning this year (age 3+ fish) and continue to
effect recruitnent through at |east 1998. Koeni ngs and Burkett (1987) and
Koenings and Kyle (1994) docunented simlar responses in |akes where zooplankton
resources had beconme depressed by excessive planktivory. Del ayed recovery of
over-grazed zooplankton resources caused reduced rearing efficiency for ensuing
broods.

Pettit Lake

Pettit Lake trawl data from Septenber 1994 indicate the total ©O. nerka
popul ati on has increased approximately four-fold from 1992; the first year of
Pettit Lake data collection. Age 0+ fish captured in the trawl were small in
conmpari son to Redfish and Alturas |ake young-of-the-year. These data suggest the
possibility of late energence and recruitnent to the limetic community. The SBT
has not been able to docunment spawn timng for Pettit Lake 0. nerka. Their
hypothesis that Pettit Lake supports a late season, beach spawning community is
supported by our observation of small age O+ fish. Septenber trawl data from
1992 and 1993 al so indicate that young-of-the-year 0. nerka were conparatively
smal | . We captured two age 3+ Q. nerka during the September 1994 traw .
Subsequent inspection during the renmoval of ageing structures and tissues for
genetic evaluation identified one of these fish as a pre-spawn fenale. The
relatively advanced stage of egg devel opnment we observed supports the hypothesis
of a |late-spawning population.

Pettit Lake is relatively productive in conparison to Redfish and Alturas
| akes (Teuscher and Taki 1994). Conparatively fast growh is observed in ol der
| ake year-cl asses captured in the Septenber traw; this growh is reflected in
Pettit Lake's conparatively high estimated | ake biomass (4.40 kg/ha). Redfish
and Pettit |ake 0. nerka densities, estimated from Septenber 1994 trawl data,
were conparable (125.1 and 128.2 fish/hectare, respectively). However, the
estimted 0. nerka bionass of Pettit Lake was approxinmately two tines greater
than the estimted bi omass of Redfish Lake (2.1 kg/hectare).

The trend of increasing nunbers of fish, density, and bi onass observed in
Pettit Lake since 1992 has, to date, been accommodated by the lake's ability to
produce food resources. We have not observed density-dependent growth
conpensation or year-class failure as reported above for the Alturas Lake 0.
nerka popul ati on.

Stanl ey Lake

The estimated 1994 total o. nerka Septenber population of Stanley Lake
increased approximately two-fold over the 1993 estimate. Wth the exception of
1994 data from Alturas Lake, Stanley Lake exhibits the |owest total population,
density, and biomass of the four basin |lakes investigated. These data have been
consistently low since the initiation of Stanley Lake trawing in 1992. Biomass
estimates for Stanley |ake are anpng the lowest in the State for oligotrophic
waters supporting kokanee (R eman and Mers 1991). Age 0+ and 1+ fish conprised
100% of the 1994 trawl sanple. In 1992 and 1993, no age 0+ fish were captured
in the trawl, however, age 1+ fish accounted for 90% and 54% of the catch for
both years, respectively. The absence of ol der age-classes in our trawl catch
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be lower. The trawl population estimate for age 2+ and 3+ fish (conbined) was
5,785 (£ 6,919) fish and accounted for 100% of the total estimate.

Adult escapenent and trawl popul ation data suggest that 1995 recruitnent to
Alturas Lake will be conparatively high. Mch of this production should also be
detected in the Septenber popul ation estimate of age 0+ fish. Alturas Lake 0.
nerka year-class distribution, however, has not |ooked full for the past three
years. The apparent failure of young-of-the-year, beginning in 1992, should
begin to inpact escaperment beginning this year (age 3+ fish) and continue to
effect recruitnent through at |east 1998. Koeni ngs and Burkett (1987) and
Koeni ngs and Kyle (1994) docunented sinilar responses in |akes where zoopl ankton
resources had beconme depressed by excessive planktivory. Del ayed recovery of
over-grazed zooplankton resources caused reduced rearing efficiency for ensuing
broods.

Pettit Lake

Pettit Lake trawl data from Septenber 1994 indicate the total 0. nerka
popul ati on has increased approximately four-fold from 1992; the first year of
Pettit Lake data collection. Age O+ fish captured in the tram were snall in
conpari son to Redfish and Alturas |ake young-of-the-year. These data suggest the
possibility of late energence and recruitnent to the limetic community. The SBT
has not been able to docunment spawn timng for Pettit Lake 0. nerka. Their
hypothesis that Pettit Lake supports a |ate season, beach spawning comunity is
supported by our observation of small age O+ fish. Septenber trawl data from
1992 and 1993 al so indicate that young-of-the-year 0. nerka were conparatively
smal | . We captured two age 3+ ©. nerka during the Septenber 1994 traw .
Subsequent inspection during the renoval of ageing structures and tissues for
genetic evaluation identified one of these fish as a pre-spawn fenuale. The
relatively advanced stage of egg devel opnment we observed supports the hypothesis
of a |late-spawning population.

Pettit Lake is relatively productive in conparison to Redfish and Alturas
| akes (Teuscher and Taki 1994). Conparatively fast growh is observed in older
| ake year-classes captured in the Septenber trawl; this growh is reflected in
Pettit Lake's conparatively high estimated | ake biomass (4.40 kg/ha). Redfish
and Pettit |ake 0. nerka densities, estimted from Septenber 1994 trawl data,
were conparable (125.1 and 128.2 fish/hectare, respectively). However, the
estimted 0. nerka biomass of Pettit Lake was approximately two tinmes greater
than the estimated bi omass of Redfish Lake (2.1 kg/hectare).

The trend of increasing nunmbers of fish, density, and bi onass observed in
Pettit Lake since 1992 has, to date, been acconmodated by the lake's ability to
produce food resources. We have not observed density-dependent growth
conpensation or year-class failure as reported above for the Alturas Lake 0.

pokaul ati on.

Stanl ey Lake

The estimated 1994 total 0. nerka Septenber population of Stanley Lake
increased approximately two-fold over the 1993 estimate. Wth the exception of
1994 data from Alturas Lake, Stanley Lake exhibits the lowest total population,
density, and biomass of the four basin |akes investigated. These data have been
consistently low since the initiation of Stanley Lake trawling in 1992. Bionass
estimates for Stanley |ake are anong the lowest in the State for oligotrophic
waters supporting kokanee (R eman and Mers 1991). Age 0+ and 1+ fish conprised
100% of the 1994 trawl sanple. In 1992 and 1993, no age O+ fish were captured
in the traw, however, age 1+ fish accounted for 90% and 54% of the catch for
both years, respectively. The absence of ol der age-classes in our trawl catch
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Trawl estimates of population and density inprove with increasing precision.
To achieve reliable estimates of nunmber and density of fish by age-class,
nultiple traw transects are generally required. R eman (1992) suggests that a
m ni num of seven transects be enployed whenever possible. Generally, increasing
the nunber of trawl transects has the effect of reducing the sanple variance

associated with estimtes of total population and density. As the nunber of
transects increase, poor individual transect variance is frequently conpensated
for. In 1994, we generally fished five transects per |ake, per night.

Outmiqrant Fnuneration

Moni toring 0. nerka outmigrant runs from Stanley Basin | akes will play an
increasingly inportant roll in recovery efforts as captive broodstock progeny are
outplanted to mature and mgrate volitionally. Information collected from

Redfish and Alturas |ake outmigrants has contributed to our know edge of
outm grant characteristics and provided insight into continuing efforts to
differentiate stocks. CQutmigrant 9. nerka captured between 1991 and 1993 al so
represent a najor element in the captive broodstock recovery program

Redfish Lake Creek Trap

The nunber of o. nerka estimated to have outnigrated from Redfish Lake in
1994 increased three-fold over the 1993 estimate. As no anadronpus sockeye
sal mon have spawned in Redfish Lake since 1989, outmigrants from 1993 and 1994
are progeny of either the beach-spawning residual sockeye sal non or Fishhook
Cr eek- spawni ng kokanee stocks of Redfish Lake (assunmes that outnigration year
1992 is the last year associated with the production of outmgrants with direct

i neage to anadronous parents). At the present time, we do not know what
relative contributions are being nade by residual sockeye sal nbn or resident
kokanee with respect to the production of outmgrants. However, the current |ine

of thinking is that residual progeny represent a significant conponent of the
outmigration. The three-fold increase observed in 1994 outnigration run size is
difficult to speculate on wi thout further know edge of outnigrant |ineage or
residual spawner escapenent. |f outmigrants are largely the progeny of residual
beach spawners, their nunbers should remain depressed as fewer than 100 adults
were estimated to have spawned in 1993 and 1994 (Teuscher and Taki 1995).

Efforts to enunerate outmgration from Stanley Basin lakes prior to 1991 are
scarce. Between 1955 and 1966, Bjornn et al. (1968) operated a two-way weir on
Redfish Lake Creek collecting information on adult escapenment as well as juvenile
out m gration. During this period, they observed a range in Redfish Lake
outmgrant run size from 2,133 fish (1960) to 65,000 fish (1957). Estimates of
outmigrant run size exceeded 20,000 fish in seven of their 12 years of
i nvestigation. Bjornn et al. (1968) observed peak outmgration to occur during
the first three weeks of May. In 1994, we observed the l|argest nunbers of fish
| eaving Redfish Lake during this same tine period. Cutnmigration data from 1991
through 1993 generally conform to this pattern as well.

Mich has been witten on the relationship between the age at which juvenile
sockeye salmon nigrate and their growh during their first summer in the |ake.
Foerster (1968) noted that the nunber of sockeye salnmon that remain in |akes for
more t han one year prior to seaward migration are not nunerous in most of the
prom nent sockeye salnon rivers of British Col unbia. In cases where age 2+
smolts are observed, the evidence suggeststhat the rate of growh is so slow
that the young sockeye salnmon are not sufficiently developed at the end of their

first year to be stimulated to mgrate seaward. Koeni ngs and Burkett (1987)
presented an enpirical classification of sockeye sal nbn smolt producti on rel ated
to population characteristics for coastal and interior Al askan Lakes. They

determ ned that sockeye salnmon snolts fromrearing-limted |ake systens were
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Table 8. Relative species conposition and catch rates for six trap net
| ocations in Redfish Lake, October 26-27, 1994.

Specieg Compogition® (Nunbers of Fish)

Hou}s

Site Fished MW RS MS NS BLT BKT HRS VRS
1 16 0 9 7 4 3 1 0 1
2 16 0 3 2 3 0 0 0 0
3 16 0 0 0] 0 0 o] 0 (o]
4 16 62 18 o o 1 1 1 0
5 16 7 0 o] 0] (0] o 0] o]
6 16 41 0 0 o 0 1 2 (o]
TOT. 96 110 30 9 7 4 3 3 1
Speci es CPUE® 1.15 0.31 0.09 0. 07 0. 04 0.03 0.03 0.01
% Speci es comp® 65. 8 18.0 5.4 4.2 2.4 1.8 1.8 0.6
Total CPUE = 1.74
Total fish captured = 167
* MW = pnountain whitefish RS = redside shiner

M5 = nountain sucker NS = northern squawfish

BLT = bull trout BKT = brook trout

WRS = wld residual sockeye HRS = hatchery residual sockeye

> Catch per unit effort (CPUE) expressed as the number of fish caught per trap
net hour.

¢ Percent conmposition of the total catch by species.
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outmgrants, it is reasonable to assune that the 1995 outmigration fromAlturas
Lake will renain depressed.

The availability of |lower Snake River PIT tag detection data for Saw ooth
FH weir releases is limted to 1992 and 1994 when total detection rates of 11%
and 0%, respectively, were noted for 0. nerka snolts presumably of Aturas Lake
origin. Aturas Lake outnmigrant detections in 1992 were 50% |ower than Redfish
Lake detections for the same year. In 1994, no Alturas Lake outm grants were
detected downstream conpared to a 21% total detection rate for Redfish Lake
out m grants. Al though only two years of data are available for direct
conparison, this difference in detection rates suggests that 0. nerka emgrants
from Alturas Lake do not survive nmigration to mainstem dans as well as
outmgrants from Redfish Lake (assunming sinmlar outnmigration and arrival timng).

Natural Spawning Investiqations

Tel enmetry investigations conducted on Redfish Lake in 1994 generated
information relevant to evaluating performance differences observed anong adult
broodstock releases with differing life histories and broodstock origins. In
addition, the future direction and design of this release strategy wll depend,
in part, on the data collected to date.

Tel enetry investigations of 24 ultrasonic-tagged, captive broodstock adults
rel eased to Redfish Lake in 1993 identified three general areas of site
selection: (1) Sockeye Beach, (2) Point Canpground, and (3) the southwest shore
(Kl'ine 1994). During Novenmber 1993 snorkel investigations, one pair of
broodstock outplants was observed guarding a redd near the southwest shore of the
| ake (ToCc Mnutes - Novenber, 1993). Two transmitters were subsequently |ocated
in the vicinity of this activity.

During 1994 telemetry efforts, we nade no observations of sustained site
associ ation or spawning-related activities for any of the 37 ultrasonic-tagged
release fish. Additionally, no stationary tags were located near areas of known
or suspected spawning activity. At the ternmination of 1994 telenetry efforts,
29.7% of the transmtters (11 of 37 tags) were still active. Kline (1994)
reported simlar findings (33.3% active, eight of 24 tags) at the termnation of
the 1993 tracking investigation. Active signals nost |ikely represent broodstock
fish that did not mature. While very linited observations of spawning-rel ated
activity were observed during both years of investigation, we can not assume that
additional activity and spawning success did not occur. The weekly periodicity
of SBT and |DFG spawni ng surveys does suggest that spawning-activities could
sinmply have been m ssed. Recovered transmtters represent the only known
nortalities. Absent transmitter signals could represent additional nortality,
tag failure, poor or obscured signal strength, fish nmigration to tracking-
restricted |locations (e.g., inlet and outlet streanms), or out-of-I|ake
transmtters. Predation and illegal angler harvest are suspected as possible
explanations for absent transmitter signals. One report of one angler catching
and releasing what was reportedly a broodstock outplant was received by IDFG in

1994 (Brent Snyder, |DFG Stanley, |daho). Al t hough Redfish Lake receives
limted angling effort, the possibility remmins that additional broodstock
outplants were lost to illegal angling harvest. Stationary signals could

represent additional nortality, out-of-fish transmitter status, or stationary
fish. The latter condition was carefully investigated during both years of this
effort. Transmitters identified as stationary rarely initiated novenent
following three successive weeks of stationary status. We suggest that
stationary signals represent out-of-fish transmtter status. However, W t hout
knowing if tag expulsion occurred (or to what degree), we cannot specul ate
further as to whether out-of-fish signals represent nortalities.

The performance differences we identified with respect to final transnmitter
status for brood year 1991 and outm grant 1991 outplants are significant, yet,
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W were unable to identify any clear pattern of fish distribution during the
1994 telenetry effort. No consistent assenblages of individual fish or
association with specific |ake regions were observed from week to week. Wth
very few exceptions, we recorded active fish in new locations on each survey
dat e.

No observations of sustained site selection or fidelity with areas of known
or suspected |ake spawning activity were nade in 1994. Snorkel and boat surveys
of beach spawni ng areas conducted in October and Novermber were unsuccessful in
recordi ng any observations of pairing or spawning for either 1994 broodstock
rel eases or for the two surviving 1993 outpl ants. No observations of the 19
brood year 1992 residual outplants were recorded during October and Novenber
snor kel and boat surveys of known and suspected spawni ng | ocations.

We recovered three (8.1% of the 37 transmitters inplanted in broodstock
outplants in 1994 (Table 7). One transnmitter was recovered from a carcass
Septenber 9 in 1 m deep water near the southwest shore of the |ake. Subsequent
tag identification and carcass inspection identified this individual as a brood
year 1991 fenale. W observed no indication that this fish had spawned based on
the large nunmber of eggs present in the body cavity. This individual represents
our only known nortality within the 1994 release groups as the other two
recovered tags were not associated with carcasses.

At the term nation of 1994 tracking efforts on November 22, 12 of the 37
transmtters (32.49% inplanted in 1994 were not enitting signals from Redfish
Lake (Table 7). Ei ght of these transnmitters had been inplanted in brood year
1991 progeny. Three and one of these transnmitters had been inplanted in
outmgrant 1991 and 1992 fish, respectively. Twenty-two of the 37 transnitters
were enmtting in-lake signals on the final day of tracking (Table 3). E even of
these signals (29.7% were stationary and had been for a mninmum of three
consecutive tracking dates. The remaining 11 transmitter signals (29.7% were
still active. O the 11 stationary transmitters, seven and four had been
implanted in brood year 1991 progeny and outm grant 1991 fish, respectively.
Eight and three of the active transnitters had been inplanted in outmgrant 1991
fish and brood year 1991 progeny, respectively.

A significant difference was found between nean fork lengths (t = 3.353, P
= .002) and weights (t = 2.291, P = .028) of outmigrant 1991 and brood year 1991
adult broodstock fish inplanted with ultrasonic transmitters. CQutm'grant 1991
and brood year 1991 broodstock outplants averaged 579 g and 538 g in weight and
2,916 mm and 2,443 mm in fork length, respectively. Qutm grant 1991 fish were
al so approximately 2 years older than brood year 1991 fish. W detected a
significant difference in the final transmitter status of release groups (x* =
4.953, P = .026) with respect to our conparison of the nunber of fish wth
stationary and nmissing transmitter status conpared to active status at the end
of the tracking effort.

Predat or Investiqgations

We captured 167 fish in 96 hr of trap netting on Redfish Lake. The total
catch per unit effort (CPUE) was 1.74 fish per trap net hour for the two night
survey (Table 8). Mountain whitefish conprised the mpjority of the catch
(65.8% . Nort hern squawfish and bull trout represented 4.2% and 2.4% of the
total catch, respectively. Redside shiners, nountain suckers, brook trout, and
0. nerka conprised the remai nder of the catch. O these four species, redside
shiners were the nost preval ent representing 18.0% of the total catch.

Bull trout fork lengths ranged from 120 mmto 288 nm all northern squawfish
captured during the survey were less than 190 mmin fork I|ength. We di d not
attenpt to lavage the stomach contents of these two species as we felt, due to
their small size, they would not withstand the procedure.
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Trap netting following ice-out mght also prove unacceptable as 0. nerka
recruit to the | ake from Fi shhook Creek and | ake shore spawni ng areas in early
spring. Sockeye and kokanee fry remain littoral for an unknown period of tine
following their emergence and introduction to the lake comunity. During this
time, they could be particularly susceptible to capture gear set in shallow water
adj acent to the shore. Trap nets typically have smaller nesh in the containment
area than on the lead or at the opening. Juvenile ©O. nerka that do not avoid the
larger entry nesh could becone trapped in the containnent area.

Future efforts to estimate the bull trout population in Redfish Lake shoul d
concentrate on looking at specific life history aspects of the species during its
association wth Fishhook Creek. Adult spawner counts, redd counts, fecundity
and egg-to-fry survival estimates could provide enough information to formulate
an index of production. By answering questions about consecutive year spawning,
term of stream residency by juveniles, and in-stream nortality, an estimate of
bull trout recruitnent to the lake could be generated.

Par ent al Lineage Investigations

During the devel opnent of ova, vitellogenesis in anadronous fish begins
while the fermale parent is in the ocean. Conversely, this process occurs
entirely in freshwater for non-anadronous, non-marine species. Strontium can
partially substitute for Ca in the fornmation of vitellogenin, the precursor to
yolk in developing ova. As developnent continues, Sr can partially substitute
for Ca in the aragonite matrix of the first calcified structures to form the
otolith prinordia. As fish grow, Sr continues to interchange with Ca in the
depositional process of otoliths (Kalish 1989,1990; Radtke 1989). Kalish (1990)
and Reman et al. (1993) concluded that sr/ca ratios in otoliths and ova reflect
the relative amounts of Sr and Ca in the environment. Typically, Sr/cCa ratios
are higher for marine waters than for fresh waters (Kalish 1990; R enman et al.
1993).

Qolith mcrochenistry has been used to discrimnate individual fish from
femal e parents of known anadronmous and freshwater origin. Kalish (1990) reported
that differences between sr/ca ratios in otolith prinordia of sea-farned and
freshwater juvenile rainbow trout were great enough to identify individual life
history (with respect to habitat location) during egg developnent. Mean nuclear
Sr/ca ratios reported by Kalish (1990) were between 0.0022 and 0.0052 for the
progeny of sea-farmed rainbow trout. Rieman et al. (1993) reported nean nuclear
Sr/Ca ratios between 0.0011 and 0.0020 for ©O. nerka progeny w th known |ineage

to anadronpus adults. Secor et al. (1994) wused otolith microchemistry to
describe the environnental life history of individual striped bass Morone
saxatilis across a salinity gradient. They reported that nean nucl ear Sr/cCa

rati os between 0.0020 and 0.0030 were indicative of estuarine salinities and
ratios >0.0035 were indicative of marine salinities.

Rieman et al. (1993) observed nmean nuclear Sr/Ca ratios >0.0014 in otoliths
of the five anadronmous adults that returned to Redfish Lake in 1991 and 1992.
They concluded that all five adult sockeye salnmn were direct descendants of

femal e anadronous parents that conpleted egg devel opment in saltwater. Kline
(1994) reported, however, that two of the eight anadronpbus adults that returned
in 1993 exhibited mcrochemstry results suggesting direct lineage to freshwater

femal e parents (<0.0008). Kline (1994) speculated these data could 1ink
anadromous adults to the freshwater residual 0. nerka conponent of Redfish Lake.
One of the eight anadronmpus adults analyzed by Kline (1994) exhibited nean,
nucl ear Sr/ca results indicative of uncertain |ineage (0.0008 - 0.0014).

Qolith mcrochemstry results from the one anadronous female sockeye sal non

that returned to Redfish Lake in 1994 reflected direct lineage to an anadronous
femal e parent (nmean nuclear Sr/Ca >0.0014). The age of this individual (4+)
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Table 6. Median travel tines and downstream detection rates for PIT-tagged
0. nerka outmgrants rel eased from Redfish Lake Creek in 1994.

Nunmber of Tr avel
fish time
Det ection lLocation det ect ed (d)

Lower Granite Dam 38 12.0

Littl e Goose Dam 49 16.7

Lower Monumental Dam 32 21.5

McNary Dam 33 21.5
Total Detections 151

Total nunber of PIT-tagged O. nerka released = 717

Total detection rate = 21%
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3)

susceptible to capture by trap nets and gill nets are presently restricted
from use by NWS. As an immediate neans of tracking bull trout
reproduction potential and trend, we recomrend that adult spawner counts
and redd counts be initiated in Fishhook Creek to establish baseline data
in this regard.

We reconmend that additional otolith microchem stry data be collected for
0. nerka progeny associated with known |ife history to help refine our
interpretation of the origin of Stanley Basin Q. nerka with uncertain life
hi story.
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Appendi x A Length, weight, lineage, and sex information for 1994 ultrasonic-
tagged adult captive broodstock ©O. nerka outplants to Redfish Lake
OM91 = 1991 outnmigrants. OWB2 = 1992 outmgrants. BY91 = progeny
of 1991 anadronous adults.

Codes' Lenath® (mm) Wei aht (a) Li neaae Sex
97 555 2898 OM91 FM
13-3 610 3480 oM91 FMm?
266 570 3070 OM91 FM
366 590 3074 OM91 M
455 570 2920 OM91 M
464 575 2910 OM91 FM
473 555 2580 OM91 FM
2228 595 3346 OM91 FM
2237 610 2000 oM91 M
2345 600 2732 OM91 M
2354 560 2862 OM91 M
2363 670 4310 OoM91 M
2435 555 2372 OM91 M
2543 540 2410 OM91 FM
2633 528 2778 oM91 M
14-2 490 1516 Oowe2 FM
356 538 2118 Oowe2 FM
88 520 2200 BY91 FM
10-6 540 2250 BY91 FM
11-5 520 2190 BY91 FM
12-4 520 2215 BY91 FM
239 540 2440 BY91 M
248 540 2278 BY91 FM
285 480 1520 BY91 FM
293 510 1980 BY91 FM
338 595 3220 BY91 FM
347 515 2158 BY91 FM
374 580 3200 BY91 M
365 535 2092 BY91 FM
446 537 2704 BY91 FM
554 590 2890 BY91 M
555 580 2860 BY91 M
2273 535 2286 BY91 FM
2426 590 3090 BY91 M
3335 454 2642 BY91 M
3344 545 2390 BY91 FM
3434 530 2250 BY91 FM

* Frequencies are 70 to 76 Khz t 2 Khz
* Fork length
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Appendix B. Age, weight, and fork length of ©. nerka captured in fall 1994
midwater trawls of four Stanley Basin |akes. RFL = Redfish Lake,
ALT = Alturas Lake, PET = Pettit Lake, STA = Stanley Lake.

Lake/ Fish No Aae Wei aht  (a) Fork Lenath (mm)
RFL/01 0+ 0.5 36
RFL/02 o+ 0.7 41
RFL/03 o+ 0.8 42
RFL/04 o+ 1.1 42
RFL/0S o+ 0.8 42
RFL/06 0+ 0.8 43
RFL/07 0+ 0.8 43
RFL/08 o+ 0.8 44
RFL/09 O+ 0.9 44
RFL/10 O+ 0.9 44
RFL/11 O+ 1.1 45
RFL/12 o+ 0.9 45
RFL/13 0+ 1.2 46
RFL/14 0+ 1.1 47
RFL/15 0+ 0.9 47
RFL/16 0+ 1.0 47
RFL/17 0+ 1.2 52
RFL/18 0+ 1.3 53
RFL/19 o+ 1.5 54
RFL/20 o+ 1.9 55
RFL/21 o+ 1.8 55
RFL/22 O+ 2.2 58
RFL/23 0+ 2.2 60
RFL/24 0+ 2.5 62
RFL/25 O+ 2.1 62
RFL/26 0+ 3.3 66
RFL/27 1+ 4.8 78
RFL/28 . 1+ 5.3 81
RFL/29 1+ 5.8 82
RFL/30 1+ 7.5 89
RFL/31 1+ 18.2 118
RFL/32 2+ 34.6 144
RFL/33 2+ 41.6 150
RFL/34 2+ 43. 7 154
RFL/35 2+ 47.8 156
RFL/36 2+ 48. 6 157
RFL/37 2+ 53.1 161
RFL/38 2+ 49. 163
RFL/39 2+ 51.6 165
RFL/40 2+ 54.2 167
RFL/41 2+ 56.1 168
RFL/42 2+ 54.9 174
RFL/43 2+ 65.1 179
RFL/44 2+ 63.7 183
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Appendi x B.

Cont i nued.

Lake/ Fi sh No Aae VWi aht (aq) Fork lenath (mm)
ALT/O1 2+ 17.8 123
ALT/02 2+ 20.4 125
ALT/03 2+ 21.2 129
ALT/04 2+ 22.2 136
ALT/05 2+ 24.0 138
ALT/06 2+ 25.4 139
ALT/0Q7 3+ 25.6 137
ALT/O08 3+ 27.3 138
ALT/09 3+ 28.1 138
ALT/10 3+ 27.3 139
ALT/11 3+ 29. 3 143
ALT/12 3+ 29.6 146
PET/01 o+ 0.1 24
PET/02 o+ 0.4 35
PET/ 03 o+ 0.4 39
PET/ 04 o+ 0.5 39
PET/ OS o+ 0.5 39
PET/ 06 o+ 0.5 39
PET/ 07 0+ 0.6 40
PET/ 08 o+ 0.6 40
PET/ OS o+ 0.7 40
PET/10 o+ 0.7 41
PET/11 o+ 0.8 43
PET/12 o+ 0.9 43
PET/ 13 o+ 1.1 44
PET/ 14 o+ 0.8 44
PET/15 o+ 1.5 54
PET/ 16 o+ 0.9 44
PET/ 17 1+ 18.3 11.6
PET/18 1+ 24. 3 125
PET/19 1+ 21.6 126
PET/20 1+ 24.7 128
PET/21 1+ 28.0 129
PET/ 22 1+ 28.7 129
PET/ 23 1+ 26. 7 130
PET/ 24 1+ 27.9 131
PET/25 1+ 29.6 131
PET/ 26 1+ 29.2 132
PET/ 27 1+ 28.9 133
PET/ 28 1+ 29.2 134
PET/ 29 1+ 28.6 135
PET/ 30 1+ 38.0 137
PET/ 31 1+ 30.1 139
PET/ 32 1+ 32.6 140
PET/ 33 1+ 34.8 142
PET/ 34 1+ 37.3 142
PET/ 35 1+ 34.2 144
PET/ 36 1+ 35.6 144
PET/ 37 1+ 38.4 144
PET/ 38 1+ 33.8 144
PET/ 39 1+ 42.6 145
PET/ 40 1+ 39.7 146
PET/ 41 1+ 37.5 147
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Appendi x Conti nued.
Lake/ Fi sh _No Aae Wi aht (a) Fork lenath (mm)
PET/ 42 2+ 44.9 150
PET/ 43 2+ 43.9 150
PET/ 44 2+ 42. 1 150
PET/ 45 2+ 42.7 151
PET/ 46 2+ 48. 3 153
PET/ 47 2+ 46.0 153
PET/ 48 2+ 43. 1 154
PET/ 49 2+ 43. 1 154
PET/ SO 2+ 52.5 156
PET/ 51 2+ 53.5 159
PET/ 52 2+ 54.0 159
PET/ 53 2+ 54.5 159
PET/ 54 3+ 189. 4 237
PET/55 3+ 305. 9 265
STA/01 0+ 1.4 52
STA/02 o+ 2.2 54
STA/03 0+ 2.7 69
STA/04 0+ 3.1 70
STA/05S o+ 4.3 73
STA/06 o+ 5.1 75
STA/07 o+ 6.3 76
STA/08 o+ 5.2 78
STA /09 0+ 6.8 82
STA/10 o+ 6.7 83
JAa/11 o+ 7.8 85
TA/12 o+ 6.5 85
5TA/13 o+ 6.7 85
STA/14 0o+ 8.1 88
STA/15S 1+ 36.1 150
STA/16 1+ 40.0 154
STA/17 1+ 41.6 155
STA/18 1+ 47.0 162
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Appendix C. Mean sr/Ca ratios and standard deviations neasured in otolith
nucl ei from Redfish Lake 0. nerka with differing life histories.
Fish ID indicates life history (BY91 = brood year 1991 progeny of
1991 anadronous adult returns, BY93 = brood year 1993 progeny of
1993 adult returns, AN94 = 1994 ferale adult return).

Fish ID Nucl ear Sr/Ca SD

AN94-565 0. 001456 0. 000142
BY91-1 0. 001774 0. 000094
BY91-2 0. 001715 0. 000132
BY91-3 0. 001937 0. 000200
BY91-8 0.001812 0. 000081
BY91-9 0. 001669 0. 000142
BY91-10 0. 001832 0. 000124
BY91-11 0. 001929 0. 000103
BY91-12 0. 001849 0. 000149
BY91-13 0. 002104 0. 000099
BY91-14 0. 001839 0. 000115
BY91-15 0. 002061 0. 000063
BY91-16 0. 001953 0. 000140
BY91-17 0. 001787 0. 000124
BY91-18 0. 001729 0. 000148
BY91-19 0. 001964 0. 000103
BY91-20 0. 001972 0. 000082
BY91-21 0.001888 0. 000131
BY91-22 0. 001870 0. 000163
BY91-24 0. 001911 0. 000103
BY91-25 0. 001913 0. 000078
BY91-26 0. 001937 0. 000142
BY91-27 0. 001896 0.000140
BY91-28 0. 001934 0. 000124
BY91-29 0. 002009 0. 000124
BY91-30 0. 001828 0. 000154
BY91-31 0. 001935 0. 000115
BY91-32 0. 001909 0. 000078
BY91-33 0. 001755 0. 000117
BY91-34 0. 001840 0. 000096
BY91-35 0. 001945 0. 000084
BY91-36 0. 001906 0. 000094
BY91-37 0. 001924 0. 000117
BY91-38 0. 001875 0. 000094
BY91-39 0. 001887 0. 000133
BY91-40 0. 001961 0. 000096
BY91-41 0. 002001 0. 000115
BY91-42 0. 001936 0. 000096
BY91-43 0. 002020 0. 000073
BY91-44 0. 001827 0. 000141
BY91-45 0.001768 0. 000113
BY91-46 0. 002058 0. 000082
BY91-47 0. 001935 0. 000157
BY91-48 0.001818 0. 000132
BY91-49 0. 001969 0. 000141
BY91-50 0. 001973 0. 000082
BY91-304 0. 001894 0. 000081
BY91-305 0.001787 0. 000091
BY91-307 0. 001846 0. 000117
BY91-308 0. 001772 0. 000070
BY91-309 0. 001791 0. 000119
BY91-310 0.001794 0. 000073
BY91-312 0.001878 0. 000078
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Appendix C.  Cont.

Fish ID Nucl ear Sr/Ca SD

BY91-313 0. 001697 0. 000155
BY91-314 0. 001940 0. 000115
BY93-1 0.001734 0. 000094
BY93-3 0. 001645 0. 000117
BY93-4 0. 001665 0. 000105
BY93-5 0. 001770 0.000188
BY93-6 0. 001307 0. 000144
BY93-7 0. 001089 0. 000115
BY93-8 0. 001083 0. 000109
BY93-9 0. 000801 0.000128
BY93-10 0.001742 0. 000126
BY93-11 0. 001625 0. 000296
BY93-12 0. 001560 0. 000117
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