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ABSTRACT

This project nonitored the daily passage of chinook sal non_oncorhynchus
tshawytscha and steelhead trout Oncorhynchus mykiss snelts during the 1991 spring
outmgration at mgrant traps on the Snake River and the Clearwater River. -

Chi nook sal non catch at the Snake River trap was simlar to 1987, 1988, and
1990, drought years, but considerably |ess than 1989, a near normal flow year.
Trapping effort was the same during the five-year period. Hatchery steelhead
trout catch was simlar to 1988 through 1990. WId steelhead trout catch was 20%
greater than in any previous year. In 1991, operations at the Snake River trap
and a new screw trap were extended through August to collect sumer-migrating age
O chinook. Operation of the screw trap began on July 2. The screw trap did not
col lect any age O chinook due to extrenely |ow discharge after that date. The
differentiation of age O chinook from spring and sunmer chinook (age 1) using
physi cal characteristics did not begin until June 16 and 93 age O chinook were
collected at the Snake River trap.

Chinook salmon catch at the Clearwater River trap was the second |owest in
the past five years. Hatchery steelhead trout trap catch was sinmlar to the
second highest catch, which occurred in 1988, but about three times |ower than
in 1990, which had the highest trap catch. WId steelhead trout trap catch was
simlar to the second highest and about half of the highest.

Fish tagged with Passive Integrated Transponder (PIT) tags at the Snake
River trap were recovered at the three dams with PIT tag detection systens (Lower
Ganite, Little Goose, and McNary dans). Cumulative recovery at the three dams
for fish marked at the Snake River trap was 68.2% for chinook sal non, 89.7% for
hatchery steel head trout, and 83.3% for wild steelhead trout. Cumul ative
recovery at the three dans for fish PIT-tagged at the Clearwater River trap was
60.5% for chinook salnon, 83.8% for hatchery steelhead trout, and 74.1% for wld
steel head trout.

Travel tinme (d) and migration rate (km'd) through Lower Ganite Reservoir
for PIT-tagged chinook salnmon and steel head trout, marked at the head of the
reservoir, were affected by discharge. Statistical analysis showed that a two-
fold increase in discharge increased mgration rate by 2.3 times for PIT-tagged
chinook sal non rel eased fromthe Snake River trap and for PIT-tagged chinook
salnmon released fromthe Clearwater River trap. A two-fold increase in discharge
increased migration rate by 3.1 times for PIT-tagged hatchery steel head trout
rel eased fromthe Snake River trap. Hatchery steelhead trout marked at the
Clearwater River trap migrated 1.5 tines faster with a two-fold increase in
discharge. A two-fold increase in discharge increased migration rate by 2.2
times for PIT-tagged wild steelhead trout released from the Snake River trap and
by 2.1 times for PIT-tagged wild steelhead trout released from the C earwater
River trap.



Chi nook sal nmon, hatchery steelhead trout, and wild steelhead trout captured
in the Snake River trap had a mninmum survival estimate to Lower Ganite Dam that

was 5.9 to 7.9 percentage points higher than fish that were collected in the
Clearwater River trap. This difference may be attributed to the distance fish

travel ed before encountering the traps or other unknown factors.
Aut hor :

Edwin W Buettner
Seni or Fishery Research Biologist



INTRODUCTION

The Pacific Northwest Electric Power Planning and Conservation Act of 1980
(p.L. 96-501) directed the Northwest Power Planning Council (NPPC) to devel op
prograns to mtigate for fish and wildlife losses on the Colunbia River system
resulting from hydroelectric projects. Section 4(h) of the Act explicitly gives
the Bonneville Power Admnistration (BPA) the authority and responsibility to use
its resources “to protect, nmitigate, and enhance fish and wildlife to the extent
affected by the devel opment and operation of any hydroelectric project on the
Col unbia River system”

Water storage and regulation for hydroelectric generation severely reduces
flows necessary for downstream snmelt nigration. In response to the fishery
agencies and Indian tribes recomendations for migration flows, theNPPC Col unbia
River Basin Fish and Wldlife Program proposed a “Water Budget” for augnenting
spring flows.

The NPPC S water budget in the Colunmbia s Snake River tributary is
1.19 mllion acre-feet of stored water for use between April 15 and June 15 to
enhance the snelt migration. This is the first year since the establishnent of
the water budget that over a million acre-feet of water were nade available. In

the past, only about a third of the requested 1.19 mllion acre-feet has been
provi ded.

To provide information to the Fish Passage Center ({Fpc) on snelt novenment
prior to arrival at the lower Snake River reservoirs, the Idaho Departnent of
Fish and Game (IpFG) nonitors the daily passage of snelts at the head of Lower
Ganite Reservoir. This information allows the FPC to request the limted Snake
River water budget for optimal use to provide inproved passage and migration
condi tions.

Smelt nonitoring is beneficial for water budget managenent under all flow
conditions and beconmes critical when |ow flow conditions reduce migration rates
In years of low flow (drought years), know edge of when nost snelts have |eft
tributaries and entered areas that can be affected by releases of stored water
all ows managers to make the nost tinmely use of the limted water budget resource
Four low flow years (1987, 1988, 1990, and 1991) have occurred during this smelt
nonitoring project. The indications are that judicious use of the water budget
can greatly enhance the timng and mgration rate of juvenile chinook salnmon and
steel head trout.

Additionally, the IDFG snelt nonitoring project collects other useful data
on relative species conposition, hatchery steelhead trout vs. wild (natural)
steel head trout ratios, travel time, and migration rate. Al age O chinook are
PIT-tagged to determine mgration rate through Lower Ganite Reservoir and
mninumsurvival. Al wld steelhead trout snelts are PIT-tagged to deternine
timng of wild adult steelhead trout one and two years later as they return to
spawn. By monitoring smelt passage at the head of Lower Ganite Reservoir and
at Lower Ganite Dam mgration rates (knfd) under various riverine and reservoir
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conditions can be estimated and conpared. Mnitoring sites, on both the Snake
and Clearwater arms of Lower Granite Reservoir, pernmt nigration timng to be
determned for snelts fromeach drainage. Al though not yet achieved, relative
abundance of hatchery and wild stocks of steelhead trout can be determ ned and
used to document wild stock rebuilding progress. The Smelt Monitoring Program s
information is conplenentary of other Snake River and Col unbia Ri ver NPPC-
supported projects.

OBJECTI VES

1. Provide daily trap catch data at the head of Lower Ganite Reservoir for
wat er budget and fish transportation managenent purposes.

2. Determine riverine travel time fromthe point of release to the smelt traps
(index sites) at the upper end of Lower Ganite Reservoir for freeze brand and
Passive Integrated Transponder (PIT) tagged smelts.

3 Provide an interrogation site for PIT-tagged smelts, marked on other
projects, at the end of their mgration in a riverine environment and the
beginning of their migration in a reservoir environment.

4. Determne reservoir travel time for spring/sumer chinook sal non, age O
chinook salnon, hatchery steelhead trout, and wild steelhead trout from the head
of Lower Ganite Reservoir to Lower Ganite Damand to Little Goose Dam using
PIT-tagged smelts marked at the traps and PIT-tagged snelts passing the traps
fromupriver hatchery releases and rearing areas.

5. Determine mininum survival during the spring outmigration period for PIT-
tagged spring/summer and age O chinook salmon, hatchery, and wild steel head trout
in Lower Ganite Reservoir.

6. Correlate smelt migration rate with river flow for fish moving in riverine
and reservoir environnents.

7. Determine trap efficiency for each species at each trap over a range of
di schar ges.

8. Test the new screw trap to determne effectiveness of the trap to collect
age O chinook sal mon snelts.

9. PIT tag all age O chinook collected in the Snake River trap and screw trap
and determine travel time and mininmum survival to Lower Ganite and Little Goose
dans.

10. Evaluate timng of returning adult wild and natural steelhead crossing Lower
Ganite Dam



METHODS

Rel eases of HatcherV-Produced Snelts

Rel ease information was reported for hatcheries in the Snake River drainage
upstream of Lower Ganite Dam that released chinook salmon and steel head trout
juveniles which may have contributed to the 1991 outmigration. This information
I ncl uded species, number released, date and |ocation released, and the group-
identifying freeze brand, if used.

Snelt Mbnitoring Traps

During the 1991 outmigration, two snelt monitoring traps were enployed to
nonitor the passage of juvenile chinook salmon and steelhead trout. A scoop trap
(Raymond and Collins 1974) was stationed on the Cearwater River and a dipper
trap (Mason 1966) was located on the Snake River (Figure 1). A third trap, a
screw trap, was installed on July 2 to increase the collection of summer-
mgrating age O chinook. Snelts were captured and renoved daily fromthe traps
for exam nation, enuneration, and released back to the river. Fork Iength of up
to 100 snelts for each species was nmeasured to the nearest mllimeter and up to
2,000 fish were examned for hatchery brands. Snelts were anesthetized before
handling with tricaine nethanesul fonate (Ms-222). These fish were allowed to
recover fromthe anesthesia before being returned to the river.

At each trap, water tenperature (C) and turbidity were recorded daily using
a centigrade thernometer and 20 cm secchi di sSk. The U.S. Weather Service
provided daily information on river discharge (cfs). The Snake River trap
di scharge was neasured at the U S. Geological Survey (USGS) Anatone gauge
(#13334300), 44.4 kmupstream fromthe trap. The Cearwater River trap discharge
was neasured at the USGS Spal ding gauge (#13342500), 8.8 km upstream from the
trap.

Snake River Traps

The Snake River mgrant dipper trap was positioned approxi mately 40 m
downstream from the Interstate Bridge, between Lew ston, |daho and clarkston,
Washi ngton, and was attached to bridge piers just east of the draw bridge span
by steel cables. This location is at the head of Lower Granite Reservoir, 0.5
km upstream from the convergence of the Snake and Clearwater arns. River width
and depth at this location are approximtely 260 mand 12 m respectively.

A new screw trap was added to the Snake River trap location. It was
attached to the Interstate Bridge but was attached to bridge piers just west of
the draw bridge span.



Figure 1. Mp of study area.
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A juvenile steelhead trout radio tracking study was conducted in 1987
(Liscom and Bart|ett 1988). The study showed that during 1987, 7% of the radio-
tagged steel head trout passed the bridge under the span west of the drawbridge,
where the trap was positioned, and 30% passed the bridge under the span
imediately east of the drawbridge span. Because at [east four times more fish
were noving under the span of the bridge just east of the drawbridge, the dipper
trap was noved to that location on April 27, 1988, after conpleting installation
of an electrical line to the new trap |ocation.

Di pper trap operation in 1991 began March 11 and continued until August 12

There were two major interruptions in trap operation, one due to an extrenely
heavy debris |oad from May 20-22 and one due to a nechanical breakdown from
June 8-11. There were also 12 times when the trap did not function properly due
to a heavy debris build-up in the trap or when the shear pin broke on the dipper
pan. The trap was out of operation for less than 15 h on each occasion. There
was one occasion when the trap was shut down from 0100-0300 h on May 10 because
too many fish were entering the trap and we could not remove themfromthe |ive
wel | fast enough.

The screw trap operation began on July 2 and continued until August 9.
There was no downtime during the operation season although velocities were so |ow
late in the season that the screw did not turn continuously.

Chi nook salnmon and steelhead trout smelts were tagged with PIT tags
(prentice et al. 1987) at the Snake River trap to estimate travel time fromthe
head of Lower Ganite Reservoir to Lower Ganite Dam Up to 150 chinook sal non,
60 hatchery steelhead trout, all wild steelhead trout, and all age O chinook were
PIT-tagged daily, when available. Median travel time of the daily PIT-tagged
rel ease groups was converted to migration rate. This was correlated with nmean
Lower Ganite Reservoir inflow for the median travel tine to determ ne how
changes in discharge affected snelt mgration rate through Lower Ganite
Reservoir.

Al fish captured in the Snake Ri ver dipper trap were passively
interrogated for PIT tags as they entered the live well. Al fish captured in
the screw trap were interrogated when they were examned. The recovery and
tagging information was sent to the PTAG S Data Center (managed by Pacific States
Marine Fisheries Commission) daily.

The PIT tag interrogation system on the Snake River trap consists of an 8-
inch PVC pipe with two interrogation coils (D4 and D-6). Each coil is connected
to an exciter card and a PIT tag reader. The system does not have the capability
to provide exact tine of capture. Since it is checked once daily, the
interrogation time is set to 00:00 h.
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Clearwater River Trap

The Clearwater River scoop trap was installed 10 km upstreamfrom ‘the
convergence of the Clearwater River and Snake River arms of Lower Granite
Reservoir (4.5 km upstream from slack water). The river channel at this location
forms a bend and is 150 to 200 mwide and 4 mto 7 m deep, depending on
di schar ge.

Trap operation began March 13 and continued until My 12. Trappi ng was
di scontinued because of high discharge and/or debris for four d this season,
April 26-30.

Chinook salmon and steel head trout smelts were tagged with PIT tags at the
Clearwater River trap to estimate travel time fromthe head of Lower Ganite
Reservoir to Lower Ganite Dam for Clearwater River fish. Up to 150 chinook
salmon, 60 hatchery steelhead trout, and all wld steelhead trout were PIT-tagged
daily, when available. Median travel time of the daily PIT-tagged rel ease groups
was converted to migration rate. This was correlated with nmean Lower Ganite
Reservoir inflow for the nmedian travel time to determ ne how changes in discharge
affected smelt migration rate through Lower Granite Reservoir.

Al fish were interrogated for PIT tags as the fish were renoved fromthe
live well. The tagging and interrogation files were sent to the PTAGIS Data
Center daily.

The PIT tag interrogation systemon the Clearwater River trap consists of
a 4-inch PVC pipe with two interrogation coils (D-O and D-2). Each coil is
attached to an exciter card and a PIT tag reader. This systemis battery
operated. The systemwas tested by passing 1,543 test tags through the system
The efficiency for both coils was 98.8% conbined.

Trap Efficiency

The proportion of the migration run being sanpled is termed trapping
efficiency. Since trap efficiency may change as river discharge changes,
efficiency has been estimted several times through the range of discharge at
which the trap was operated. A linear regression equation (Ot 1977) describing
the relation of trap efficiency and discharge was derived to estimte efficiency
at any given discharge.

During the 1991 trap operations, no trap efficiency tests were conducted
at either of the traps. vyearly trap efficiency estinates are reported in
Buettner and Nel son (1990).



Travel Tine and Migration Rates

Mgration statistics were calculated for hatchery release groups from
rel ease sites to traps. Travel tine and nigration rates to the traps were
calculated using median arrival times at the Snake River and Cearwater River
traps. Median arrival (or passage) date is the sanple date the 50th percentile
fish arrived at the trap or collection facility. Snelts were PIT-tagged at the
Snake River and Clearwater River traps as the primary nethod to determine travel
time fromthe head of Lower Ganite Reservoir to Lower Ganite and Little Goose
dans. Distances fromrelease point to recovery location are listed in Table 1.
Daily individual arrival times of these fish at Lower Granite and Little Goose
danms collection facilities were determ ned. A mi ni num recapt ure nunber,
sufficient for use in travel time and mgration rate estimations, was derived
froman enpirical distribution function of the travel tinme for each individual
rel ease group (Steinhorst et al. 1988). |If recapture nunbers were less than five
or less than the nunber derived fromthe enpirical distribution function, the
daily data were conbined with another day’s data or the data were not used. I|f
it was conmbined, it was added to daily data from an adjacent rel ease day that had
simlar discharge and travel tine.

Smelt mgration rate/discharge relations through Lower Ganite Reservoir
were investigated using linear regression analysis after both variables were |og
(in) transformed (Zar 1984). The 0.05 level was used to determine significance.
This analysis was performed for the hatchery freeze-branded chinook sal non and
steel head trout groups and for the PIT-tagged spring/sunmer chinook sal non, age
O chinook sal mon, hatchery steelhead trout and wild steelhead trout groups marked
at the Snake River or Clearwater River traps.

To remove sone of the “noise” often associated with biological data and
better show the underlying biological relation, migration rate was stratified
into 5-kefs discharge intervals (Mosteller and Tukey 1977). A |inear regression
anal ysis was conducted on the grouped data.

A linear regression analysis was performed on the migration rate/discharge
data for PIT-tagged fish released fromthe Snake River and Clearwater River traps
and interrogated at Little Goose Dam Data that had been stratified into 5-kefs
di scharge intervals and log transfornmed were used in the analysis.

The migration rate/discharge relations, for PIT-tagged chinook sal nmon,
hat chery steelhead trout, and wild steelhead trout were individually examned for
1987-1991 to determne if the relations were different between years. Using an
analysis of covariance, with the mgration rate data stratified by 5-kecfs groups,
the first underlying assunption of equality of slopes was tested. If the
hypothesis of equality of mgration rate/discharge slopes among years was not
rejected, then the subsequent analysis of covariance was conpleted. This was
basically a test of whether the regression lines relating migration rate and
di scharge for each year had a common intercept, or whether one regression |ine
was higher than another. If the final hypothesis of conmon intercepts was not
rejected, there was not a significant difference in the migration rate/discharge
relations anong years, and the yearly data were pooled. After pooling, a |inear

10



regression analysis was run to provide the best fitting equation to describe the
relation between mgration rate and discharge for an individual species over
several years.

M ni mum Survival of PIT-Tagged Fi Sh

Estimates of mninum survival of PIT-tagged fish, marked at the head of
Lower Granite Reservoir, to Lower Granite Dam collection facility included data
from 1988-1991 for the Snake River trap and 1989-1991 for the Cearwater River
trap. Using both chinook salmon and steelhead trout smelts marked throughout the
sanpling season, a “MninunBurvival Estimate” fromthe trap to Lower Ganite Dam
was derived. This mninumestimte consists of fish that were interrogated at
Lover Ganite, Little Goose, or MNary dams. The data have been exam ned to
ensure that nultiple interrogations within a dam and between dans have been
removed. The basis for the mnimum survival estinmate at Lower Ganite Damis
that fish that were interrogated at Lower Ganite, Little Goose, or MNary dans
were alive when they passed Lower Granite Dam This estimate is held to be a
“mnimuni estimte because there are fish that passed all three dams w t hout
being detected and due to nortality that occurs downstream of Lower Ganite Dam

RESULTS AND DI SCUSSI ON

Hat cherv_Rel eases

Chi nook Sal non

Chi nook salnon rel eased into the Snake River drainage upstream from Lower
Ganite Damwere reared at nine locations in Idaho and two in Oregon.  The
Washi ngton Department of Fisheries released no chinook salmon juveniles in the
Snake River drainage upstream from Lower Ganite Dam that contributed to the 1991
outmgration. A total of 9,645,205 chinook salnmon snelts were rel eased at
16 locations in ldaho and two locations in Oregon (Table 2).

During the late summer and fall of 1990, four groups of chinook sal non
juveniles were released from Idaho hatcheries. Al other chinook salmon releases
for the 1991 outmigration were nade in the spring of 1991 (Table 2).

St eel head Trout

Steelhead trout were reared at four locations in Idaho, one in Washington,
and two in Oregon for release into the Snake R ver drainage upstream from Lower
Ganite Dam  Atotal of 9,893,980 steelhead trout snelts were released at
16 locations in ldaho, nine locations in Oegon, and one |ocation in \Wshington

11



Tabl e 2. Hat chery chinook salnon released into the Snake River system
upriver from Lower Granite Dam contributing to the 1991 outmgration.

Rel ease site Rel ease No. rel eased
(hatchery) St ock date (No. branded) Brand

Sal non_Ri ver

East Fork Spring 35 98, 300
Sal mon Ri ver
( Sawt oot h)
Little Sal non Spring 3121 100, 100
Ri ver at
Hazard Creek
(Rapid River)
Sal non River at Spring 8/ 16/ 90 2,000
Hel | Roaring
Creek Bridge
( Sawt oot h)
South Fork Spring 3/18-21 708, 600
Sal non River 3120 20, 122 RD>0-1
(McCall) 3120 22,608 RA>0-1
3120 20, 097 LA>0-1
Pahsi neroi River Spring 3/13-22 227,500
(Pahsimeroi)
Rapid River Spring 3/ 15-4/5 2,564,900
(Rapid River) 3/ 28 20, 417 RA>1-1
328 21, 398 RD>1-1
3/28 19,871 RD>1-3
Sal non River at Spring 3/8-3/13 650, 600
Sawt oot h Weir 3/13 18, 190 LA>1-1
(Sawt oot h) 313 19, 238 LD>1-1
313 17,696 LD>1-3
Yankee Fork Spring 10/ 10/ 90 491, 290
( Sawt oot h)
Drai nage Tot al 4,843,290
Snake River and Non-ldaho Tributaries
Hel I's Canyon Dam Spring 3/19-22 500, 500
(Rapid River)
Imnaha River Spring 3/ 22 267,670
(Imnaha) 3122 20, 441 RDJ-2
322 20,676 LDJ-2
322 20, 668 RDJ-4
(3/22) 20, 777 LDJ-4
4/9 31,239

12



Tabl e 2. Cont i nued.

Rel ease site Rel ease No. rel eased
(hat chery) St ock date (No.branded) Brand .
Looki nggl ass Creek Spring 4/ 1 331,636
(Lookingglass) 4/1 20,799 RDJ-1
4/1 20, 819 LDJ-1
41 22,083 RDJ- 3
41 19, 375 LDJ-3
/2 04, 668
6/ 13 17, 404
Drai nage Tot al 1,753,117
Cl earwater River
Cear Creek Spring 4/ 16 396, 619
(Kooskia)
Crooked River Spring 10/ 17/ 90 339, 100
(Crooked River)
Eldorado Creek Spring 3/ 25- 26 199, 456
{(Dworshak)
N.F. O earwater Spring 4/ 3 1,094, 884
(Dworshak) 43 19, 704 RDIK-1
24/3 16, 884 RAIK-1
Papoose Creek Spring 3/ 25- 26 70, 000
(Dworshak)
Red River .
(Dworshak) Spring 3125 63, 004
Kooskia) Spring 3127 124,071
éRed River) Spring 10/ 23/ 90 273, 800
Powel | .
Kooskia) Spring 3/12-4/ 1 180, 764
%Powel 1) Spring 10/ 23/ 90 307, 100
Drai nage Total 3,048, 798
G and Tot al 9,645, 205
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(Table 3). Fall releases of steelhead trout juveniles have not been included in
this total.

Snel t Monitoring Traps

Snake River Trap Qperation

The Snake River trap caught 3,834 age 1 chinook salnon, 95 age O chinook
sal mon, 19,020 hatchery steel head trout, 4,136 wild steel head trout, and 801
sockeye/kokanee Ssal nDN Oncorhynchus nerka. Chinook salnon catch at the Snake
River trap for 1991 was simlar to other low flow years (1987, 1988, and 1990)
and considerably |ower than 1984-1986 or 1989, normal or above normal flow years
There appears to be a threshold velocity required within the trap to collect
chinook salmon effectively. Below this threshold velocity, which is about 1.6
to 1.8 ft/s, trap efficiency is very Iow and chinook salmon trap catch may not
be representative of the chinook salnon popul ation passing the trap. The
threshol d velocity is generally exceeded when discharge is above 27,000 to 33,000
Cfs. The outmigration pattern was simlar to other years (Figure 2).

This was the first year that physical characteristics were used to
differentiate between age O chinook salnmon and other chinook salnon. The peak
novement of age O chinook salmon was during md-June. Age O chinook catch in the
Snake River trap had virtually stopped by July 14. The lack of age O chi nook
salmon in the Snake River trap catch was due to either a lack of fish novenent
or to low velocities in the trap reducing trap efficiency.

There were three mjor peaks in hatchery steelhead trout passage. The
first began in late April and lasted until the end of the nonth (Figure 3). The
second began on May 7 and lasted until My 14. This period had the highest daily
catch for the season of 3,122 snelts which occurred on May 10. This daily peak
was the highest ever encountered at the Snake River trap and was two times
greater than the highest ever previous daily catch of hatchery steel head trout.
The trap was al so out of operation for three h during this night (0001-0300 h),
because fish were conming into the trap faster than we could work them up. The
third peak began on May 18 and lasted until May 26. During this period the trap
was out of operation for three days (May 20-22) due to an extrenely heavy debris
| oad.

Twel ve percent of the hatchery steelhead trout were captured in April, 85%
in My, and 3% in June, 1991 The early portion of the run was shifted fromlate
April to early May probably due to a late runoff in the Salmon River drainage
Generally, wild steelhead trout passage is earlier than hatchery steelhead trout,
but this year they mgrated out of the systemat the same tine. Eleven percent
of the wild steelhead trout were captured in April, 88%in My, and 1% in June
(Figure 3). Simlar to the hatchery steelhead trout timng, the wild steel head
arqut timng was delayed due to the late spring runoff in the Sal non River

rai nage.
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Table 3. Hat chery steel head trout released into the Snake River system upriver
from Lower Granite Damcontributing to the 1991 outmigration.

Rel ease site Rel ease No. rel eased
(hat chery) St ock date (No.branded) Brand -

Sal non_River

East Fork B 4/ 13 967, 800
Sal non River
(Magi ¢ Vall ey)

Sal mon River at A 4/ 15-17 174, 400
Ellis Bridge
(Niagara Springs)

Sal non River at A 4] 22- 25 186, 300
Hamer Creek
(Magi ¢ Valley)

Little Sal non

Ri ver at

Hazard Creek

Hagerman) 4/ 17-29 457,110
fNag| c Valley) 4] 26 310, 300

Sal non River at A 4/ 19- 22 158, 400
North Fork
(Niagara Springs)

o

Pahsi neroi_ River
ENI agara Springs) A 4/ 9- 14 475, 000
Magic Valley) 4/ 18- 19 135, 100

>

Sal non River at
Sawt oot h Hat chery

Hagerman) A 4/ 3-16 979, 799
?lvagm Val | ey) A 4/9-19 364, 700
Sal ron _River at
Shoup Bridge
ENI agara Springs) A 4/ 18 48, 200
Magic Valley) A 4/ 20- 21 97, 800
Drai nage Tot al 4,354,909
Snake River and Non-ldaho Tributaries
Bi g Canyon Pond A 4] 26-5/ 6 47,187
(Irrigon)
Cat herine Creek A 4/11- 16 111, 464
(Irrigon)
Deer Creek A 4] 26 271,980
(Irrigon) 4/ 26 20, 654 RAJ- 2
4/ 26 20, 946 LAJ-2
4] 26 20, 289 W- 4
4] 26 20, 798 LAJ-4

15



Table 3. Cont i nued

Rel ease site Rel ease No. rel eased
(hat chery) St ock date (No.branded) Brand
G ande Ronde R-2 A 4/8-11 200, 466
above La 6rande, OR
(Irrigon)
G ande Ronde A 4/ 16- 30 252,799
River km 41
(Lyons Ferry)
G ande Ronde A 4/ 30 52,500
River km 67
(Lyons Ferry)
Hel | s Canyon Dam A 4/ 22-5/ 2 912, 000
(Niagara Springs)
Imnaha Ri ver A 5/1-5/3 86, 235
(Irrigon)
Little Sheep Creek A 4/ 23 242,982
(Irrigon) 4/ 23 19, 953 RAA-3
4/ 23 20, 499 LAA- 3
4/ 23 20, 000 RAA-1
4/ 23 19, 890 LAA- |
Spring Creek A 4] 22 497,148
(Wallowa) 4/ 22 20, 161 RAJ-1
4/ 22 20, 777 LAJ-1
4] 22 20, 100 RAJ-3
4/ 22 20, 989 w- 3
A 5/2 09, 529
W ldcat Creek A 4/ 30 98, 783
(Irrigon) 4/ 30 27,055 RAA-2
4/ 30 26, 124 LAA-2
Drai nage Tot al 2,883,073
Cl earwat er _River
Ameri can River B 4/ 15- 24 210, 874
(Dworshak)
Cear Creek B 4/ 15- 24 369, 190
(Dworshak)
Clearwater River B 4/ 29-5/1 1,192,503
at DNFH 4/ 29-5/1 §4, 603 LA7U-1
{(Dworshak) 4/29-5/1 (14,698 RD7U-1
4/29-5/1 §5, 280 LD7U-1
4/29-5/1 (14,015 RA7U-1
4/29-5/1 4, 864 LA7U-3
4/29-5/1 9,361 RD7U-3
4/29-5/1 4,740 LD7U-3
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Tabl e 3. Cont i nued

Rel ease site Rel ease No. released
(hat chery) St ock date (No.branded) Brand .
Eldorado Creek B 4/ 15- 26 201, 847
(Dworshak)
s.F. Clearwater R at B 4] 15-24 290, 421
M1l Creek Bridge
(Dworshak)
s.F. Clear\ter R at B 4/ 15- 24 177, 336
Mount | daho Bridge
{Dworshak)
Red River B 4/ 15- 24 213, 827
(Dworshak)
Drai nage Total 2,655,998
G and Total 9,893,980
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The Snake River trap catch for wild steelhead trout was 1.2 times greater
than in any previous year. The daily trap catch of 711 fish on May 10 was nore
than two times greater than any previous day. The Snake River trap was out of
operation from 0001-0300 h that day because fish were coming into the trap faster
than we coul d renove them This reflects a simlar outmgration in wld
steel head trout to 1990 which was greater than in previous years. WI|d steelhead
trout had three major periods of novenent. These coincided with the three mgjor
periods of movenment for hatchery steelhead trout (Figure 3). Each nmajor period
of nmovenment was associated with a substantial increase in Snake River discharge

Snake River discharge, neasured at the Anatone gauge, ranged from 16, 300
cfs to 29,100 cfs and averaged 19,100 cfs in March (Figure 3), which was 5,000
cfs lower than in 1990 and 21,500 cfs lower than in 1989. The average Apri
di scharge was 20,100 cfs, with a peak of 28,800 cfs on April 26. The April
average was 10,800 cfs lower than in 1990 and 38,400 cfs |ower than in 1989.
Fl ows remained bel ow 25,000 cfs until My 7. After May 7, discharge began to
increase and peaked on My 20 at 72,500 cfs for the nmonth and for the year. The
average May discharge was 45,400 cfs, which was 6,600 cfs higher than 1990 and
6,700 cfs lower than in 1989. Flows had dropped to 47,400 cfs by the first of
June and began to increase again. A second peak for the season occurred on
June 13 at 67,600 cfs. The average June flow was 48,500 cfs and was simlar to
the 1990 average June flow of 46,100 cfs. The discharge remained fairly high
until July 15. After this date, it dropped rapidly to summer |ow flow conditions
of less than 15,000 cfs.

Runoff during the 1991 outmi gration season in the Snake River above the
mouth of the Clearwater River was delayed in April due to a very cold spring
This increased the amount of runoff which occurred in My, June, and July. The
1991 outm gration season had the best flow conditions late in the season since
the drought started in 1987.

Water tenperature in the Snake River at the trap steadily increased
throughout the sanpling season (Figure 4). By the end of the season, August 12,
water tenperature had risen to 23°c. \Water tenperatures were sinmilar to 1990
except for May, 1991 when water tenperature was slightly |ower than My, 1990.

Secchi disk transparency fluctuated throughout the sanpling season
(Figure 4). Influenced mainly by localized rain or thunderstormevents, secch
transparency shows no biological correlation to discharge (r*= 0.130, N = 101
P<0.001). The |owest secchi disk transparency of 0.1 mon My 19 was associ ated
with the maxi num discharge for the season

Clearwater River Trap QOperation

The Clearwater River trap caught 39,522 chinook sal mon, 9,231 hatchery
steelhead trout, 824 wild steelhead trout, and 44 sockeye/ kokanee salnon in 1991
The chinook salnon trap catch for 1991 was about 30% less than in 1990 but three
tinmes greater than the lowest trap catch of 9,938 in 1989. The 1991 hatchery
steel head trout trap catch was equivalent to the second highest catch which
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occurred in 1988 but three times less than the highest which occurred in 1990.
The wild steelhead trout trap catch was simlar to the second highest trap catch
in 1987 and about half the highest catch which occurred in 1990.

Two mej or peaks of chinook sal non passage were observed at the C earwater
River trap (Figure 5). The first began on April 3 and peaked on April 5. This
peak was associated with chinook sal mon passing the trap from Dworshak Nationa
Fi sh Hatchery (pnFH) rel eases. The second peak was on April 18 through 20 and
was probably associated with the rel eases from kooskia National Fish Hatchery
(knFe) and fall-released smelts from Powel |, Crooked River and Red River rearing
ponds. Numbers remmined relatively high for several weeks after the second peak
The latter part of the outmigration was not sanpled because trap operation was
term nated on May 12 due to high discharge.

Hat chery steel head trout began showing up in the trap catch in |ow nunbers
(<100 fish per day) on April 17. There was a nmgajor novenent of hatchery
steel head trout prior to the DNFH rel ease and was due to novenent of snelts
outplanted in the Cearwater River upstreamfrompnrd. The major peak, which
occurred on My 2, was associated with the DNFH release (Figure 6). Overal
hat chery steelhead trout capture was |ower in 1991 than in 1990, because the trap
was operated fewer days in the optinum position near the thalweg in 1991, and
trap operation was termnated on My 12, 1991 and on My 25, 1990.

WIld steelhead trout were present in the trap catch in low nunbers (one to
six fish per day) from March 21 until April 6. The first of four peaks began on
April 7 and lasted until April 12 (Figure 6). The second began on April 17
through April 19. The third and mjor peak began on April 22 and was still in
progress when trap operation was interrupted on April 26 due to high flow The
| ast peak began on May 6 through May 11. Trap catch of wild steelhead trout in
1991 was considerably lower than in 1990. This is probably a function of trap
| ocation rather than |ower number of wild steelhead trout mgrating out of the
system  The trap was operated fewer days in the optinum location near the
thalweg i N 1991 due to high flows.

Water tenperature at the Clearwater River trap at the beginning Of the
season was 4.5°C and gradual ly increased to 10"C by April 23 (Figure 7). Water
tenperature dropped to 7°C by April 26 and then gradual |y clinbed back to 9°C by
the end of the trapping season on May 12.  \ter tenperatures were severa
degrees cool er than normal throughout the season.

Secchi disk transparency in the Cearwater River fluctuated throughout the
trappi ng season and ranged from0.4 mto 2.6 m (Figure 7). There was a
significant statistical correlation between secchi disk transparency and
di scharge (r®= 0.171, N =61, P = 0.001), but the relation was weak.
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Trap FEfficiency

Snake River Trap

Chi nook Sal non-Trap efficiency for chinook salmon snelts at the Snake River
trap was not tested in 1991. Due to a reduced nunber of chinook salnon smelts
in the trap, sufficient numbers of fish were not available for trap efficiency
estimates. The nean trap efficiency for chinook salmon at the Snake River trap,
with four yearly estimtes during the past seven years, is 1.39% a1l four of
these estimtes were made when the trap was in use on the west side of the river
Trap efficiency estimates for chinook salmon have not been conducted with the
trap in use on the east side of the river.

Steelhead trout-No trap efficiency tests were conducted for steelhead trout
smelts in 1991. The 1990 data yielded a mean trap efficiency of 0.49% and 95%
confidence linmts of 0.13% and 1.08%

The anal ysis of covariance, to test if trap efficiency varies anong years
when adjusted for discharge, was not valid due to the limted data available in
1985 and 1986. The anal ysis was conducted using data from 1988-1990. No
significant difference was observed for the three years of data, and the data
were pooled. A regression analysis was conducted on the pooled data to determne
if there was a relation between discharge and trap efficiency. The analysis
failed to show a significant relation (r*= 0.001, N = 10, P = 0.937).

To provide a grand nean trap efficiency, all five years of data (1985,
1986, and 1988-1990) were pooled. The five-year grand nean. of the Snake River
trap efficiency for hatchery steelhead trout was 0.68%with a 95% confi dence
interval of 0.43%and 0.97%

Clearwater River Trap

Chi nook salnon-In 1991, two groups of freeze-branded chinook sal mon were
rel eased fromDNFH.  The Cearwater River trap efficiency estimate using these
two groups was 1.16% which was down from the 1990 estimate, but was within the
confidence limts of the 1990 estimate. The 1990 nean trap efficiency was 1.41%
with 95% confidence limts of 1.03% and 1.86% Bet ween 1984 and 1989, an
additional 42 trap efficiency tests were conducted on the Clearwater River trap
for chinook salnon snelts (Table 4). These data were not added to the previous
years information for statistical analysis due to the |ow nunbers of brand
groups.  The determination of the height of the line within the analysis of
covariance on the 1984-1990 log transformed data reveal ed a significant
difference in trap efficiency anong years (F = 3.666, N = 51, P = 0.005). Upon
exam nation of the yearly efficiency data 1989 appeared to be significantly
different. The 1989 data were renoved and the anal ysis of covariance rerun
Wthout the 1989 data, the slopes of the other years data were not significantly
different (F=1.295 N =142, P=0.292). Continuing with the analysis, the
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Tabl e 4.

Clearwater River trap efficiency tests for chinook sal mon

snelts, 1984-1991.
Sanpl e Rel ease  Recaptures/ o Di schar ge

Year Oigin Dat es Mar k Efficiency (kefs) .
1991 DNFH 4/3 360/ 19, 704 0.0183 12
413 204/ 16, 884 0.0121 12
1990 Hw 95 3/ 21 2171 2,609 0.0103 22
boat 3/ 26 28 2, 266 0.0124 13
| aunch 3/ 28 37/ 2,195 0.0169 13
3/ 30 56/ 2, 061 0.0272 12
4/ 2 33/ 2, 136 0.0154 17
DNFH 4/5 23/1,418 0.0162 21
45 180/ 20, 239 0. 0089 21
4/5 163/ 19, 900 0. 0082 21
415 282/19, 730 0.0143 21
1989 Hwy 95 3/ 21 712,076 0.0034 17
boat 3/ 23 10/ 2, 065 0.0048 15
| aunch 4/ 3 39/ 2,094 0.0186 20
415 41/ 2,075 0. 0200 21
DNFH 3/ 29 66/ 34, 795 0.0019 24
rel ease 3/ 29 73/ 30, 503 0. 0024 24
3/ 30 41/ 19, 087 0.0021 23
3/ 30 48/ 19, 545 0. 0025 23
3/ 30 78/ 20, 084 0. 0039 23
1988 Hwy 95 3/ 14 51/ 2,197 0. 0232 6
boat 317 93/ 2,197 0. 0423 6
| aunch 3/21 83/ 2,197 0.0378 6
4/ 1 27/ 2,195 0.0123 9
4/ 6 18/ 2, 194 0. 0082 11
4/ 13 31/2,193 0.0141 14
DNFH 3/ 30 1711/ 60, 631 0. 0282 10
rel ease 3/ 30 252/ 8, 731 0. 0289 10
3/ 30 181/ 6, 163 0. 0294 10
3/ 30 788/ 20, 642 0. 0382 10
3/ 30 573/ 22, 935 0. 0250 10
Trap 3/ 24 17/ 2086 0.0081 9
caught 3/ 28 27/ 1695 0.0159 12
41 16/ 1631 0. 0098 9
4/ 2 38/ 2257 0.0168 8
1987 DNFH 3/ 20 43/ 2, 160 0.0199 13
rel ease 4] 22 50/ 2, 000 0. 0250 6
4l 7 165/ 1, 945 0.0848 10
4/ 13 74/?2,000 0. 0370 13
4/20&28 103/ 4,000 0. 0258 18
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Table 4. Cont i nued.
Sanpl e Rel ease  Recaptures/ o Di scharge
Year Oigin Dat es Mar k Efficiency (kcfs)
1987 Trap 4/ 2 33/1,926 0.0171 6
caught 4/ 3 11/1,458 0. 0075 8
4/ 6 15/1, 872 0.0080 9
a7 15/1,163 0.0129 10
419 9/450 0. 0200 12
1986 Trap 3127 9/ 1,555 0.0058 22
caught 4/ 2 8/1,714 0. 0047 29
1985 Trap 3125 14/ 607 0. 0230 9
caught 3/ 30 45/ 1,511 0. 0298 9
4/5 6/1,079 0. 0056 18
4/ 9 21940 0.0021 15
4/ 16 71929 0. 0075 33
1984 Trap 4/ 5 4/ 418 0. 0096 21
caught 4/ 21 13/ 806 0.0161 33
4] 25 3/ 489 0.0061 31
5/ 10 14/ 453 0. 0309 24
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intercepts (height) of the lines were not found to be significantly different (F
= 1.514, N =42, P =10.211). The data were pooled, and a linear regression
anal ysis was conduct ed. The analysis indicated there was a significant
statistical correlation between trap efficiency and discharge but only 18% of the
variation in efficiency can be attributed to changes in discharge (r* = 0.183,
N= 42, P= 0.005). The mean chinook salmon trap efficiency for the pooled data,
excluding 1989 and 1991, was 2.02% with 955 confidence linmits of +0.43%. The
mean trap efficiency for 1989 was 1.04% which was considerable |ower than that
of the pooled years but simlar to the 1991 estimate (1.16%.

The trap efficiency during the first portion of the season was probably
simlar to the 1989 efficiency which would account for the | ow nunbers of fish
captured fromthe DNFH rel ease. Trap efficiency probably inproved after md-
April which is reflected in large trap catches from the KNFH release and the off-
site releases. The cause of the low trap efficiency during the first portion of
the sanple season i s unknown. A sinilar phenonenon occurred in 1989 and 1990.

Steel head trout-No trap efficiency tests were conducted in 1991. The 1990
mean trap efficiency was 1.90% with 95% confidence limts of 1.42% and 2.46%
This is the highest trap efficiency observed for the Clearwater trap. One
possi bl e explanation for this increased efficiency is the trap was in an ideal
fishing location, with respect to water conditions, during the test period. This
type of positioning is difficult to maintain throughout a sanpling season,
because such fast water passes through the trap that slight increases in
di scharge or debris load could be detrinental to the trap’s integrity.

During the past six years, Clearwater River trap efficiency for steelhead
trout has been tested 20 times. Only 14 of these tests yielded valid results.
The other six had recovery nunbers less than five and could not be used in the
analysis.  an analysis of covariance shows a significant difference in trap
efficiency anmong years (F = 30.439, N = 14, p<0.001). Therefore, data fromall
years were not pooled to derive any statistical inference. Hatchery steelhead
trap efficiency ranged fromO0.12% to 3.03% during the six years efficiency was
tested and is generally bel ow 0.5%

Travel Time and Migration Rates

Rel ease Sites to Snake River Trap

Chi nook sal non- There were nine groups of freeze-branded chinook sal non
released in the Salnon River drainage: three each at Sawtooth Hatchery, South
Fork Salmon River and Rapid River Hatchery. Four groups were released in the
Imaha River, Oregon and four groups were released in Lookingglass Creek, Oegon

Because of the extrenmely low brand recovery at the Snake River trap (146
branded chinook salnmon were captured out of the approxinmately 381,863 branded
fish released in 1991), nmigration rate statistics were calculated for only three
rel ease sites; South Fork Salmon River, Imnaha River, and G ande Ronde River.
The migration rate for the South Fork Salnon River brand group was the slowest
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recorded to date (6.9 kmd). The low mgration rate is explained by the late
runoff from the upper Salnmon River drainage which provided the second |owest mean
discharge for the mgration period in the Salmon River and the |owest nean
discharge in the Snake River (Table 5). The Imaha River brand release had the
slowest mgration rate for the two years of data (4.0 kmd). The 1991
Looki nggl ass Creek brand rel ease had the slowest mgration rate of six years of
data (26.8 kmd). The nean discharge for the mgration period for both the
I maha and Looki nggl ass brand groups was the |owest since this project was
initiated (Table 5). This low discharge was due to the drought situation and to
the late spring runoff.

Steelhead trout-In 1991, there were no freeze-branded steel head trout
groups released above the Snake River trap from Idaho hatcheries. Fourteen
groups of freeze-branded hatchery steelhead trout were released upstream from the
Snake River trap by Oregon hatcheries: two groups of two replicates each from
Little Sheep Creek, two groups of two replicates each from Spring Creek, two
groups of two replicates each from Deer Creek, and one group of two replicates
from Wldcat Creek. Recapture nunbers were high enough for the seven conbi ned
replicate groups released in Oregon to provide travel time information to the
Snake River trap (Table 6).

The two groups released fromSpring Creek differed in size at release.
Mgration rates for the two paired release groups were 17.9 kmd for the four-to-
the-pound and 13.1 knid for the five-to-the-pound group. Mgration rate for the
conbi ned four groups was 38% sl ower than for the brand groups from 1990 and the
nmean discharge for the mgration period was down 28% The mgration rate for the
Little Sheep Creek groups that were acclimated was 6.6 km'd and the mgration
rate for the groups that were a direct streamrelease was 8.0 knmfd. The average
mgration rate for these groups was about half of the |owest year-to-date and
mean discharge for the mgration period was less than half (Table 6). The
Wldcat Creek release traveled about three times slower in 1991 than in previous
years (13.2 knmd) although discharge during the mgration period was only about
20% | ess. Added to the standard freeze brand releases were two groups of
steel head trout released in Deer Creek. One group was acclimated and travel ed
at 4.6 kmd and the other group was a direct streamrelease and it traveled at
6.5 km'd (Table 6). Average discharge during the migration period was sinilar
for both groups.

Rel ease Sites to the Clearwater Trap

Chinook salnmon-1n 1991, there was one group of two replicates of freeze-
branded chinook sal mon released from DNFH on April 3 (Table 7). Travel tine for
the age 1 chinook salnon was 1 d. This conpares to a travel time of 1 d in 1985,
1986, 1988 and 1989, and 4 d in 1987. Average discharge during the mgration
period in 1987 was 7,200 cfs, and was 25%to 76%less than in previous years.
The extreme |ow discharge in 1987 is nost |ikely responsible for the 75%
reduction in travel time that year.
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Table 5. Migratiorig%?ta for freeze-branded chinook salnon smelts from release sites tothe Snake River trap,

1984
Medi an Medi an Trave 1 Mgration
. release  passage  Nunber time rate Mean 0 (kcfs
Rel ease site Year date date captured  (days) (kni day) Salnmon R Snake R
Rapi d River 1991 ..
1990 - - - - - - - - - - - - - -
1989  3/30 4/ 18 181 19 12.0 9.0 52.6
1988 - - -- -- - - - _— -
1987 - - - - - - - - - - - - -
1986 3/ 27 4/ 10 237 14 16. 3 15. 4 82.9
1985  4/2 412 320 10 22.8 10.6 67.6
1984  4/1 4/ 18 197 17 13. 4 10.1 79.3
Hel | s Canyon 1991 o - -
1990  b-- -
1989 - - -
1988 o - -
1987 b - - - - - - - -
1986  3/26 4/3 269 8 21.6 83.8
1985  3/19 4/ 3 544 14 12. 4 43.0
1984 3/ 20 3/ 29 704 9 19.2 81. 4
S.F. Sal non River %88(1) 3/ 20 5/ 19 80 60 6.9 8.2 24. 6
1989  3/21 5/ 11 21 51 8.1 6.5 57.1
1988 - - - .- - - - - - -
1987 - - -- - - - - - -
1986  3/28 4] 23 229 26 15.8 16.5 78.6
1985  4/2 4/ 17 76 15 27.1 14.0 71.0
1984  4/10 4] 24 238 14 29.0 14.5 91.7
Sawt oot h Hatchery 1991 - -
1990  --- - - - - - - - - -
1989  3/15 4/ 20 14 36 19. 4 6.1 51.0
1988 - - - .- - - .- -
1987  --- -- - - - - -
1986  3/17 4/ 14 49 28 24.9 13.6 81.4
1985 3/ 27 4/ 14 165 18 38.7 9.6 60.1 ,
1984  3/28 4] 21 136 24 29.0 11.8 84.0
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Tabl e 5. Cont i nued

Medi an Medi an Travel Mgration
. release  passage  Nunber time rate Mean 0 (kcfs
Rel ease site Year date date captured  (days) (km day ) Sal mon R Snake R
Lookingglass Cr. %88% 4/01 4/ 08 26 T 26.8 19._Q
1989  4/03 4/ 06 212 3 62.5 46. 1
1989  4/03 4/ 05 173 2 93.7 45.9
1989  5/15 5/18 131 3 62.5 50. 2
%83? 5/13 5/ 16 52 3 62.5 - 40. 6
1986  4/2 45 114 3 62.5 82.1
1985 o - " - - -
1984 o -
| maha River %886 3/ 22 4112 31 21 4.0 " 18.0
1989  4/05 4/ 10 247 5 16. 8 51.6
: | nsufficient recaptures nunbers at the Snake River trap.
b No freeze brand rel eases made in that year.
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Tabl e 6. qb%ration data for freeze-branded steelhead trout smelts fromrelease sites to the Snake River trap

5 - 1991.
Medi an Medi an Travel Mgration Mean
rel ease passage Nunber time rate di schar ge

Rel ease site’ Year date date captured (d) (knt d) (kcfs)
Deer Creek 1991 4] 26 5/10 79 14 4.6 27.1
4] 26 5/6 88 10 6.5 24.7
Spring Creek 1991 4/ 22 5/ 6 35 14 17.9 24.8
4] 22 5/10 38 19 13.1 26. 4
1990 4/ 17 4/ 30 115 13 18.6 35.6
4/ 19 4] 26 116 7 34.6 36.1
4/ 17 4] 28 125 11 22.0 35.0
1989 4] 24 51 84 ! 34.6 62.0
4] 22 5[5 70 13 18.6 62. 4
4] 22 52 83 10 24. 2 63. 8
1988 4/ 17 4] 25 28 8 30.3 34. 5
4/ 17 4] 23 28 6 40. 4 35.7
4/ 17 4] 25 30 8 30.3 34.5
4/ 17 4]/ 23 14 6 40. 4 39.7
4/ 18 4] 25 38 1 34.6 35.0
4/ 18 4/24 21 6 40. 4 35.7

1987 4] 26 --b " " . .
1986 5/1 5/27 14 26 9.3 72.9

4/ 30 -t 1 - T T

473 -P 2 - - -
1985 519 5/19 36 10 24. 2 46. 4

5/9 5/ 20 31 11 22.0 47.
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Table 6. Continued.

Medi an Medi an Travel M gration Mean
_ rel ease passage Nurber time rafe di schar ge

Rel ease site’ Year date date capt ured (days) (km day) (kcfs)
Little sheep 1991 4] 23 5/11 59 18 8.0 27.2
Creek 4/ 23 5/15 70 22 6.6 29.9
1990 4117 4] 26 33 9 16.1 35.2
1989 4123 4/25 93 2 72.3 70. 7

1987 52 —=b |- - .- -
1986 4] 28 5/8 16 10 14.5 72.1

41 27 -=b 2 - - - - -
Wl dcat Creek 1991 4/ 30 5/10 121 10 13.2 28. 2
1990 4] 25 4] 28 84 3 44, 2 34.7
1989 4] 26 4/ 30 134 4 33.2 60. 7
1988 41 23 4] 26 152 3 44,2 32.7

'only freeze brand dgroups from oregon and Washington were used in 1989 and 1991 because |daho did not release
any freeze-branded steel head trout above the Snake River trap during those years.

*Insufficient recaptures at the Snake River trap to derive fish movement data.



Table 7. Mgration data for freeze-branded chinook sal non and steelhead trout snelts fromrel ease sites to
the Clearwater River trap, 1987 - 1991.
Medi an Medi an Travel ?r ation Mean
_ rel ease passage Nunber time afe di scharge
Rel ease Site Year S date date capt ured (d) n d) (kcfs)
Dworshak NFH 1991 St 4/ 30 5/02 98 2 27.6 37. 4
ch 4/ 03 41 04 465 1 55.1 11.9
Dwor shak NFH 1990 St 53 5/4 1,060 1 55.0 22.3
ch 415 4/ 6 625 1 55.0 21.1
pworshak NFH 1989 St 5/1 5/2 123 1 55.0 31.2
ch 3/ 29 33 139 1 55.0 23.5
Ch 3/30 3/31 167 1 55.0 23.3
- 3/30 413 48 4 13.8 22.2
W ch 9/ 28/ 88 3/30 2 183 .- -
7 Red River 1989 ch 10/ 17/ 88 4/ 17 19 182
pworshak NFH 1988 St 53 5/4 283 1 55.0 16.9
St 5/ 4 55 202 1 55.0 16.9
Ch- 3/30 4] 1 239 2 27.5 9.8
ch 3/ 30 3/ 31 1,711 1 55.0 9.6
ch 3/30 331 1,359 1 55.0 9.6
ch 3/30 3/ 31 434 1 55.0 9.6
ch 9/ 28/ 87 3/ 27 16 182 - - -
Red River 1988 ch 9/ 30/ 87 41 14 18 198 --
Crooked River 1987 St 4/ 14 2
Dwor shak NFH 1987 g% g;gl 4122 58 o S S
ch 4/ 1 41 4 1,416 3 18.3 7.2
Clear Creek 1987 St 41 17 4/ 20 59 3 38.3 14.1




Steel head trout-There were eight groups of freeze-branded steel head trout
rel eased from DNFH in 1991 totaling 57,561 fish. The nedian rel ease date was
April 30 and nedi an passage date at the Clearwater trap was May 2 (Table 7).
Percent brand recovery at the trap was very low, only 0.17% because of poor trap
| ocation caused by very high discharge during this period and poor brand quality.
The actual trap recovery of branded steelhead trout was 98 fish, which is a large
sanple for conputing nedian date of passage. But the |ow recovery proportion may
give an unrepresentative sanple from the popul ation. Therefore a 2-day travel
time may be biased high since in all other years a |-day estinmate was observed.
It appears safe to say that DNFH steelhead trout travel time was |less than or
equal to 2 days.

Head of Lower Granite Reservoir to Lower Ganite Dam

Chi nook salnon PIT taggroups-In 1991, sufficient numbers of chinook sal mon
were PIT-tagged daily at the Snake River trap to provide 25 daily release groups
(2,131 total plT-tagged chinook salnon) for estimating travel time and migration
rates through Lower Granite Reservoir. The nunber of PIT-tagged chinook sal mon
at the Snake River trap was simlar to 1990 but was down considerably from norm
flow years due to poor trap catch associated with low river flows. Median trave
time ranged from16.4 d early in the mgration season to 2.4 d in md-My (Table
8). Travel time increased again, as discharge dropped after the peak discharge
in md-My. Travel tine early in the mgration season was sinmlar to the
previous year for that same period.

Upon exanmi nation of the linear regression analysis of mgration rate and
discharge a correlation was found. The Iinear regression of the logof nmigration
rate and log discharge provided the best fit for PIT-tagged chinook sal mon groups
rel eased from the Snake River trap (r’= 0.85t, N = 26, P = 0.000):

in (mgration rate) = -2.739 + 1.152 in (average discharge).

This analysis indicates that PIT-tagged chinook salnmon nmigration rate
increased in Lower Granite Reservoir as discharge increased.

The linear regression analysis on the data stratified by 5-kefs intervals
provided the following best linear regression equation (r°= 0.821, N = 14,
P<0.001):

in (mgration rate) = -3.015 + 1.215 in (mean discharge).

The resulting r®shows there is a strong relation between migration rate
and discharge. As discharge increases mgration rate increases

I'n 1991, chinook salmon snelts were PIT-tagged at the Clearwater River trap
to provide travel time information through Lower Ganite Reservoir for C earwater
River chinook salnmon. Twenty-nine daily groups (totaling 3,976 chinook sal mon)
were rel eased fromthe Clearwater River trap fromApril 3 through April 26, and
fromMy 8 through May 12 (Table 9). The linear regression analysis of the
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Tabl e 8. PIT-tagged chinook salmon travel time, with 95% confidence
Hgéfrva s, fromthe Snake River trap to Lower Ganite Dam

Medi an
travel Confi dence Per cent Aver age
Rel ease t ime Interval Number  captured  discharge
date (day ) Lower Upper captured (% (kcfs)
4/ 667, 8 16. 40 14.10 18. 30 43 35.8 32. 37
4/ 8 16. 45 14. 30 19.00 36 36.0 31.84
4/ 9 16. 20 14.50 17.60 42 42.0 31.89
4/ 10 14. 20 13.10 14. 60 63 41.7 31.23
4/11, 12 12. 05 10. 20 13. 30 32 33.7 30.74
4[Tf , 13,16 14.10 12. 30 16. 00 58 42.3 34.12
4/158>¢ 16. 00 13. 20 18. 40 69 46.6 41.18
4/17° 10. 60 9.50 13. 00 66 36. 7 38.21
a/18° 11.50 9.70 11. 80 47 35.6 42. 38
4/19* 15. 40 10. 50 17.50 55 35.9 48. 08
4/22° 8. 00 7.80 11.20 65 43.0 48. 68
4/23° 8.25 7.30 11.20 62 40. 8 52.14
4/ 25 6.45 4.60 7.80 36 36.4 57.48
4/25° 8. 45 7.40 11.50 54 35.5 58. 30
4] 26 7.50 6. 70 8.50 63 41.7 60. 16
4/26" 7.30 3.70 14.30 21 39.6 60. 07
41 27 7.80 7.50 9.50 81 53.3 60. 49
4/2862%#%9, 8. 20 6. 50 9.40 53 42. 4 56.78
an

4/29%,30° 8.50 7.50 9.10 71 35.3 56. 58
5/7,9 3.70 3.40 4.70 30 57.7 68. 37
5/ 10 3. 60 3.00 4. 80 63 40. 4 81.14
5/11, 12,13 5.00 4. 60 5.30 89 51.1 83.38
5/18,19 2.40 2.20 2.60 72 36. 5 120. 48
5/ 20 3.20 2.80 4.20 50 35.2 108. 92
5/ 23,24, 25 4.90 4. 30 6. 30 61 16.3 93. 56
5/ 26 6. 00 5.10 7.80 67 48. 6 88. 74
5/ 27, 28, 29 6. 90 5.20 9.80 29 33.7 87.15
6/ 6’ 10. 65 5.70 23.10 8 44. 4 89. 53
6/%&,%% %% 6.90 4.90 10. 10 28 37.8 77.98
6/20° 12. 80 0.00 0. 00 1 100.0 65. 88
6/25° 4. 30 0.00 0. 00 1 50.0 65. 34
aE R wmosm 2l dn
7/1° . . . . .
713 21.00 0.00 0.00 1 50.0 45,11

“Confidence intervals calculated with nonparametric statistics.
*purse Se€i ne tagging groups.
‘ot used in statistical analysis because analysis showed too few recaptures
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Table 9. PI T-tagged chinook sal mon travel time, with 95% confidence
Hgéfrva s, fromthe Cearwater River trap to Lower Ganite Dam

Medi an

travel Confi dence Percent  Average
Rel ease time Interval ® Nunber captured discharge
date (day ) Lower  Upper captured (% (kcfs)
4/ 03 17.00 14.00 21. 60 39 43. 8 32.43
4/ 04 27. 60 23.50 31.00 43 28.7 38. 96
4/ 05 25. 05 23. 30 28. 20 52 34.4 37.60
4/ 06 23.05 21.50 25. 30 54 36.0 36. 92
4/ 07 27.55 21.30 31.50 58 38.7 41. 88
4/ 08 20. 90 18. 40 28.10 64 42. 7 36. 87
4/ 09 19. 85 18.10 23.00 50 33.1 36. 85
4/ 10 18. 40 16. 40 22.30 57 38.0 35. 68
4/11 21.40 18. 30 24. 30 62 32.8 40. 21
4/ 12 22. 80 20. 50 25.10 47 24. 6 43.19
4/ 13 18.50 15. 00 22.50 46 31.9 41.03
4/ 14 20. 15 15. 10 24.70 30 30.6 43.58
4/ 15 15.90 13.50 23.50 30 29.7 41.18
4/ 16 17. 60 14.10 21.50 58 38.7 45.04
4117 20. 60 18. 00 22.10 51 34.0 47.11
4/ 18 12.20 11.20 14.10 50 32.1 42. 38
4/ 19 13. 65 10. 80 16. 00 60 40.0 47. 17
4/ 20 13.10 10. 30 15.50 47 31.3 48. 52
4] 21 14. 80 11.90 17.00 51 34.0 51.33
4] 22 13.45 11.90 16. 90 56 37.8 53.15
4/ 23 11.00 10.10 15. 30 47 31.3 54.50
4] 24 11.70 9.40 13.70 57 37.7 56. 09
4] 25 13.10 11.50 14. 40 59 39.3 56. 62
4] 26 13.25 12. 20 15. 50 64 42. 4 57.71
5/01° 9.10 6.70 15.10 9 47. 4 58. 94
5/07° 5.20 3.50 13.20 8 28. 6 69. 94
5/ 08 5.30 4. 60 9.80 22 53.7 75.03
5/09 6. 90 5.60 10. 20 44 47.3 82. 20
5/ 10 8. 30 6.90 9.40 73 47. 4 83. 07
5/11 8. 00 7.30 8.70 69 56. 6 85. 36
5/12 7.65 7.00 8.50 26 56.5 90. 86

'confidence intervals calculated with nonparanmetric statistics.
'Not used in statistical analysis because analysis showed too few recaptures
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Clearwater River chinook salmon PIT tag data showed a strong correlation between
mgration rate and discharge. (r = 0.759, N = 29, P<0.001). The regression
equation after stratifyingby S5-kcfs groups was again significant and was fairly
strong (r* = 0.821, N = 10, P«0.001):

in (mgration rate) = -3.247 + 1.201 in (nean discharge).

Simlar to previous years, 1991 Clearwater River chinook salnon mgrated
sl ower than Snake River chinook sal non. There are 18 rel ease groups with
conparabl e release dates for the two traps. The median nmigration rate for these
days was 5.7 kmd for chinook salnon released fromthe Snake River trap and 4.3
kmd for chinook salnon released fromthe Cearwater River trap. The reasons
that the Cl earwater River chinook salnmon migrate slower through Lower Ganite
Reservoir than Snake River fish during the same time period are unclear at this
tine.

Prelimnary ATPase data, collected by the U S. Fish and Wldlife Service,
from chinook salmon snelts collected in the Clearwater and Snake River traps in
1990 (Rondorf et al. in press) were examned. There were only four data points
from the Snake and Clearwater River traps that were conparable. The data
indicate that snelts fromthe Snake River trap had significantly higher weekly
ATPase |evels (umoles P-mg Prot™'-h’') than smelts fromthe Cl earwater River trap.
This denmonstrates that Snake River chinook salnon were at a higher |evel of
smoltification than C earwater River fish. Mean seasonal ATPase |evels for the
four conparable data points were 13.3 umoles for the Clearwater River snelts and
22.2 umoles for the Snake River snelts. These ATPase differences probably
explain some, but not all, of the difference in mgration rate between Snake
River and Cearwater River trap-caught chinook sal mon.

The chinook sal mon nmigration rate/discharge relation for Snake River trap
PIT tag groups was examned to determine if there was a difference in this
relation between years (1987-1991). The analysis of covariance was used with the
data averaged by 5-kcfs groups. The analysis showed a significant difference in
the mgration rate/discharge relation between years (slope of the lines) at the
0.05 level of significance (F = 12.212, N = 48, P<0.001). A graph of the data
showed that 1989 data had a slightly steeper slope (Figure 8). After renoving
the 1989 data the analysis was rerun. A significant difference in the slopes
could not be detected at the 0.05 level of significance (F = 1.887, N= 38, P =
0.153). The analysis of covariance was continued to test for a difference in the
hei ght of the lines for the four years of data. Again, no difference could be
detected (F = 2.398, N =38, P = 0.086), indicating a common mgration
rate/ di scharge relation for chinook salnon for the four years.

Upon graphing the 1987 through 1991 migration rate/discharge equations for
chinook, it becomes very apparent that in the discharge range between 60 and 100
kefs, all years showed the same basic relation. The anount of increase between
60 and 100 kcfs is consistent for 1987, 1988, 1990, and 1991 (two-fold) but
slightly higher for 1989 (three-fold). The same trend exists in all five years;
increased flow in Lower Ganite Reservoir increases mgration rate through the
reservoir.
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Percent recovery (interrogation) at Lower Granite Dam of daily groups of
chinook salnon PIT-tagged at the Snake River trap ranged between 16.3% and 53. 3%
Seasonal cunul ative recovery (# recaptured/# marked) of Pl T-tagged chinook sal non
to Lower Ganite Damwas 43.6%  Cunul ative recovery progressing downstream to
Little Goose Dam was 62.8% and to MNary Damwas 68.2%

Percent recovery of Clearwater River trap daily release PIT-tagged chinook
sal mon groups at Lower Granite Dam ranged between 24.6% and 73.2%  Seasonal
cumul ative recovery of PIT-tagged chinook salnon to Lower Ganite Damwas 37.6%
Cunul ative recovery progressing downstreamto Little Goose Dam was 54.5% and to
McNary Dam was 60. 5%

Hatchery steelhead trout PIT tag groups-Sufficient nunbers of hatchery
steelhead trout were PIT-tagged daily at the Snake River trap to provide 50 daily
rel ease groups (2,577 individual fish) to be used in nedian migration rate
cal culations through Lower Ganite Reservoir. Median travel time ranged from
11.5to 1.8 d (4.5 kmld to 28.7 kmd mgration rate) and averaged 4.5 d, which
was the same as 1990 (Table 10).

The linear regression analysis showed a significant relation between
mgration rate in Lower Ganite Reservoir and average Lower Ganite discharge
(inflow for PIT-tagged hatchery steel head trout groups (r°= 0.849, N = 50,
P<0.001). The best linear regression equation was:

in (mgration rate) = -4.359 + 1.577 in (mean discharge).

The linear regression equation for the daily release groups stratified into
s-kefs di scharge intervals was (r’= 0.938, N = 13, P<0.001):

in (mgration rate) = -4.523 + 1.610 in (mean discharge).

The equation shows that as discharge increases, migration rate increases
for PIT-tagged hatchery steel head trout marked at the Snake River trap.

Twenty-two groups of hatchery steelhead trout (1,215 individual fish) were
PIT-tagged at the Clearwater River trap in 1991 for use in nedian mgration rate
cal culations through Lower Ganite Reservoir (Table 11). Median travel time
ranged from9.9 to 4.9 d (6.2 kmld to 12.7 km'd) and averaged 7.5 d (8.2 knid).
Average inflow discharge to Lower Granite Reservoir during the migration season
was 60.2 kcfs and ranged from 35.8 to 85.0 kefs.

The linear regression analysis detected a significant relation between
mgration rate in Lower Ganite Reservoir and average Lower Ganite inflow
discharge for Oearwater River PlT-tagged hatchery steelhead trout (r’= 0.412,
N= 22, P =0.001). The data, stratified by s-kcfs di scharge groups, |ikew se,
detected a significant relation between discharge and migration rate after
stratification (r°= 0.634, N= 11, P = 0.003):

in (mgration rate) = -0.054 + 0.537 in (nean discharge).

Hat chery steelhead trout migration rate/discharge relation anong years for
fish PIT-tagged at the Snake River trap was examned to see if the relation was
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Table 10. Pl T-t agged hatchery steelhead travel time, with 95% confidence
igéfrvals, fromthe Snake River trap to Lower Granite Dam

Medi an

travel Confi dence Percent  Average
Rel ease time Interval* Nunber captured discharge
date (day ) Upper  Lower captured (9 (kcfs)
4/ 16 11.50 8. 60 16. 00 25 73.5 37.55
4/ 25 7.90 5.70 9.60 57 89.1 58. 29
4/ 26 7.70 4.90 9.40 45 72.6 60. 16
4/ 27 6. 55 5.60 9. 60 48 76.2 60. 67
4/ 28 6. 80 6. 30 9.00 48 78.7 59.901
4] 29 5.90 4.70 9.80 52 85. 2 59. 95
4/ 30 6. 10 4. 80 10. 50 57 81.4 58. 37
51 7.80 5.60 11.00 47 55. 3 56. 40
5/2 6. 10 4.70 8. 80 33 45.2 55. 27
5/3 7.30 6. 00 8.80 46 76.7 58. 43
5/4 7.10 5.60 8.50 44 73.3 61. 05
55 7.55 5.50 9.20 46 85. 2 65. 59
5/6 6. 40 5.10 8. 60 45 75.0 65. 93
57 5.05 4.10 5.70 44 73.3 69. 94
5/8 4.70 3. 80 5.00 49 79.0 75.03
5/9 3.70 3.50 4.70 48 80.0 78.78
5/10 3.90 3. 60 4.70 52 82.5 81. 14
5/ 11 3.90 3. 60 4.70 46 75. 4 82. 15
5/12 3.90 3.20 4.50 51 85.0 85. 18
5/13 3.80 3.40 5.60 50 83.3 86. 17
5/ 14 3.65 2. 80 5.40 48 80.0 85. 00
5/15 4. 45 3.70 5.10 50 82.0 88. 58
5/ 16 3.50 3.00 3.70 48 80.0 96. 53
5/ 17 3.00 2.70 3.20 56 78.9 100. 57
5/ 18 2.00 1.90 2.10 43 86. 0 108.84
5/19 1.80 1.60 1.90 55 83.3 120. 48
5/ 20 2.10 1.90 3.50 51 85.0 113. 47
5/ 23 2.00 1.70 3.00 50 83.3 105. 32
5/ 24 2. 55 2.10 3.20 52 86. 7 104. 21
5/ 25 3.00 2. 80 3.80 41 65. 1 98. 85
5/ 26 3.20 3.00 4,50 45 75.0 91. 68
527 2.90 2.70 3.50 54 80. 6 86. 74
5/ 28 3.35 2. 80 3.80 50 83.3 85. 70
5/ 29 3.10 2. 60 5.50 21 35.0 85. 80
5/ 30 4.15 3.20 4.50 38 63.3 85. 66
5/31 3.75 3.20 4,50 52 86. 7 88. 23
6/1 3. 45 2.70 4,30 24 85.7 89. 12
6/ 2 3.20 2. 80 4.90 21 77.8 96. 08
6/3 4. 65 1.90 7.10 10 55. 6 95. 52
6/ 4 3.15 2. 80 3.70 36 81.8 95. 92
6/5 3.15 2. 80 4.00 30 75.0 92.41
6/ 6 3.20 2. 80 4.20 31 83.8 90. 84
6/ 11 3.20 2.20 4.20 19 76.0 101. 81
6/ 12 3.10 2.90 3.40 47 77.0 98. 49
6/ 13 3.10 2. 50 4.00 31 81.6 90. 98
6/ 14 3.95 3.50 4.20 28 93.3 77.00
6/ 15 3.80 1.80 4,30 9 75.0 71.31
6/ 16 4,35 2.90 9.30 6 60. 0 68. 24
6/ 17 4.20 2.70 5.80 8 61.5 67.74
6/ 21 3.65 2.90 4.00 16 53.3 65. 85

“Confidence intervals calcul ated with nonparametric statistics.
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Table 11. PIT-tagPed hatchery steelhead trout travel time, wth 95% confidence
S,

interva fromthe CearVWater River trapto Lower Ganite Dam 1991.

Medi an .

travel Confi dence Percent  Average
Rel ease time Interval’ Nunber captured discharge
date (day) Lower  Upper captured (9 (kcfs)
4/ 17 9.85 8.20 11.10 40 65. 6 35. 58
4/ 18 8.95 8.10 10. 40 40 66. 7 36. 23
4/ 19 8. 25 7.00 9.10 38 59.4 37.06
4/ 20 7.65 6.90 9.70 48 73.8 41. 44
4] 21 8.15 6.90 9.20 42 70.0 45. 20
4] 22 6. 35 5.60 7.90 46 75. 4 45. 25
4] 23 7.30 5.90 8.30 48 80.0 51.03
4] 24 8. 40 5.50 9.70 44 80.0 55. 30
4/ 25 8.30 6. 90 10. 60 49 83.1 58. 29
41 26 7.10 6. 40 8.70 45 78.9 60. 07
5/1 9.30 5.90 12.50 29 74.4 58. 94
5/ 2 8. 05 6. 30 10. 30 52 85. 2 58. 87
5/3 9.25 7.40 11.70 44 73.3 62. 71
5/4 7.70 6.70 8. 60 52 85. 2 62. 94
55 7.75 6. 70 9.50 48 80.0 65. 59
5/6 6. 50 5. 60 8. 60 42 68. 9 68. 01
57 7.30 5.50 9.90 46 73.0 74.13
5/8 5.70 4.70 7.30 63 94. 0 17. 32
5/9 4. 85 4.50 6. 40 50 82.0 80. 77
5/ 10 5.30 3. 80 7.50 47 79.7 81. 55
5/11 7. 40 2. 40 18.10 1 53.8 83. 63
5/12 5.05 2. 80 6. 40 6 75.0 85. 03

“Confidence intervals calculated with nonparanetric statistics.
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constant over years. Analysis of covariance on the |og transformed data was used
to determne if there was a significant difference between years (1987-1991) in
mgration rate averaged by 5-kefs intervals. The analysis did not detect a
difference anong years (slopes of the lines) for the hatchery steelhead trout
mgration rate/discharge relation at the 0.05 |evel of significance (F = 2.402,
N =59, P =0.062). The analysis was continued to determne if the intercepts
(heights) of the lines were different. The analysis showed there was a
significant difference in the intercepts of the lines. After examning a graph
of the data, the 1987 data were significantly higher than the other years
(Figure 9). when the 1987 data were removed and the analysis run again there was
not a significant difference in the height of the remaining years data. The 1988
through 1991 data were pooled and the linear regression analysis conducted (r°
= 0.906, N = 49, P<0.001):

in (mgration rate) = -4.028 + 1.517 in (mean discharge).

The equation shows that PIT-tagged hatchery steelhead trout from the Snake
River trap nove nore than five times faster through Lower G anite Reservoir at
120 kcfs as they do at 40 kcfs. The anal ysis shows that the mgration
rate/ discharge relation for these fish is not only consistent during the
outmgration season but consistent year to year.

Percent recovery of Snake River trap daily hatchery steelhead trout PIT tag
rel ease groups at Lower Granite Damranged from 35.0%to 93.3% Seasonal
curul ative recovery of PlIT-tagged hatchery steel head trout to Lower Ganite Dam
was 78.9% to Little Goose Dam 89.3% and to McNary Dam 89. 7%

Percent recovery of Clearwater River trap daily hatchery steel head trout
PIT tag release groups at Lower Ganite Dam ranged from 53.8% to 94.0% Seasonal
curul ative recovery of PIT-tagged hatchery steelhead trout to Lower Ganite Dam
was 76.2% to Little Goose Dam 83.5% and to McNary Dam 83.8%  This was 5.9%
less than for fish PIT-tagged at the Snake River trap.

W!d steelhead trout PIT tag groups-Sufficient nunbers of wld steel head
trout were PIT-tagged at the Snake River trap to provide 35 daily release groups
(3,570 individual fish) for estimating travel time and mgration rate in Lower
Ganite Reservoir (Table 12). Median travel time ranged from10.1 d (5.1 kmd)
to 1.5d (34.4 km/d) and averaged 3.8d (13.6 km/d). Linear regression analysis
showed a strong significant relation between median migration rate in Lower
Ganite Reservoir and nean discharge for PIT-tagged wild steel head trout groups
(1" = 0.867, N = 35, P<0.001). The best linear regression equation was:

in (mgration rate) = -2.004 + 1.091 in (mean discharge).

The anal ysis shows that as discharge increases mgration rate in Lower
G anite Reservoir increases.

Li near regression equation for PIT tag groups stratified into 5-kecfs
intervals (r’= 0.873, N = 15, P<0.001) was:

in (mgration rate) = -2.311 + 1.156 in (mean discharge).
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Table 12. PIT tagged wild steelhead trout travel tine, wth 95% confidence
interval's, fromthe Snake River trap to Lower Granite Dam 1991
Medi an .
travel Confi dence Percent  Average
Rel ease time Interval’ Nurber captured discharge *
date (day) Upper  Lower captured (% (kcfs)
04/ 06, 08, 09/ 91 7.25 5,90 22.20 8 57.1 33.34
04/ 10/ 91 8. 05 5.80 11.20 10 66. 7 31.45
04/11, 12,13, 16/ 91 10. 10 6.90 16.70 10 62.5 30. 24
04/ 25/ 91 4.25 3.70  5.50 30 71.4 56. 69
04/ 26/ 91 5.00 4.40 6.00 57 64. 8 59. 80
04/ 27/ 91 4.70 3.90 5*50 50 61.7 60. 38
04/28/91 4.50 4,10 5.10 49 61.3 59. 86
04/ 29/ 91 5.40 3.70 7.00 26 61.9 60. 08
04/ 30/ 91 3.85 3.50 5.30 18 58.1 60. 56
05/01/91 4.70 2.70  9.80 14 48. 3 58. 05
05/ 02, 04, 05/ 91 4. 40 3.60 6.10 11 64. 7 52.21
05/ 06/ 91 4.40 2.80 10.70 7 50.0 60. 05
05/ 07/ 91 3.70 3.50 4.30 42 76. 4 68. 37
05/ 08/ 91 3.50 2.90 3.80 21 72.4 73. 67
05/ 09/ 91 3. 40 2.90 3.60 47 68. 1 78. 22
05/ 10/ 91 3.10 3.00 3.40 358 55. 4 78. 61
05/11/91 3.10 2.80 3.40 188 60. 3 81*80
05/12/91 3. 20 2.80 3*50 113 61.7 84.13
05/13/91 3.00 2.70  3.50 59 18.5 86. 75
05/ 14/ 91 3. 20 2.80 3.50 84 67.2 85. 31
05/15/91 3.60 3.20 4.50 56 68. 3 88. 58
05/ 16/ 91 3.70 2.70  4.10 29 63.0 96. 53
05/17/91 2. 60 2.50 2.70 85 65. 9 100. 57
05/ 18/ 91 2000 1.90 2.20 152 64. 7 108. 84
05/ 19/ 91 1.50 1.40 1.50 339 73.5 120. 48
05/ 20/ 91 2.10 1.90 2.40 51 71.8 113. 47
05/ 23/ 91 2. 10 1.80 3.60 32 66. 7 105. 32
05/ 24/ 91 1.85 1.70  2.90 26 74.3 105. 93
05/ 25/ 91 2. 30 2.00 3.00 55 56. 7 103. 78
05/ 26/ 91 2. 80 2.50 3.70 35 72.9 91. 68
05/27/91 2.70 2.40  3.00 21 65. 6 86. 74
05/ 28/ 91 3.20 2.70  4.00 23 74.2 85. 70
05/ 29/ 91 2.55 1.80 3.50 10 71.4 85. 80
05/ 31-06/01, 02,03/91 4.10 2.60 5.20 10 71.4 95. 17
06/04,05,06[91 2.75 2.60 9.20 6 60. 0 92.41
06/11, 12/ 91 2.20 0.00 0.00 3 60. 0 101. 50
06/21,22/91* 4. 40 0.00 0.00 2 40.0 64.78

‘confidence intervals calculated with nonparametric Statistics.
"ot used in statistical analysis because analysis showed too few recaptures
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This indicates that 87% of the variation immgration rate is accounted for
by changes in discharge. In other words, mgration rate is very dependent on
di scharge; the higher the discharge, the faster wild steelhead trout mgrate.

Twenty-two wild steelhead trout PIT-tagged groups (713 individual fish)
were released fromthe Clearwater River trap in 1991 for use in median mgration
rate calculations through Lower Granite Reservoir (Table 13). Median travel tine
ranged from9.8 d to 3.4 d (6.3 to 18.1 km'd respectively) and averaged 6.3 d
(9.8 km/d). Average discharge for the PIT-tagged wild steelhead trout mgration
season was 51.1 kcfs.

The linear regression analysis showed a significant relation between
mgration rate in Lower Ganite Reservoir and average inflow discharge to the
Reservoir for wild steelhead trout groups released fromthe Cearwater River trap
(r2 = 0.924, N = 22, P<0.001). The best linear regression equation was:

in (mgration rate) = -1.395 + 0.967 in (mean discharge).

The linear regression equation for PIT tag groups stratified into S-kefs
intervals (r’= 0.921, N = 10, P<0.001) was:

in (mgration rate) = -1.820 + 1.066 in (nean discharge).

This indicates that 92% of the variation in wld steelhead trout mgration
rate for fish released fromthe Cearwater River trap is accounted for by changes
in discharge. Discharge is a very inmportant variable associated with the rate
of novenent of wild steelhead trout. As discharge increases so does mgration
rate.

WId steelhead trout mgration rate/discharge relation for fish released
from the Snake River trap was examned to see if this relation was constant over
years. The analysis of covariance was used to determne if there was a
significant difference anong years (1987-1991) in mgration rates using groups
averaged by 5-kefs intervals. The analysis showed no significant difference
among years for the slopes of the wild steelhead trout mgration rate/discharge
relations (F = 1.149, N= 55 P = 0.346) nor was there a significant difference
in mgration rate (intercept) between years (F = 1.682, N =55 P = 0.169). The
data were pooled and the |inear regression analysis was run using the |og
transformed data (r°= 0.821, N = 55, P<0.001). The best linear regression
equation was:

in (mgration rate) = -2.069 + 1.115 in (mean discharge).

The analysis indicates that 82% of the variation immgration rate for PIT-
tagged wild steel head trout released fromthe Snake River trap between 1987 and
1991 was accounted for by changes in discharge. The equation shows that a two-
fold increase in discharge will increase mgration rate 2.2 times.

Percent recovery at Lower Ganite Dam of daily wild steelhead trout PIT tag
groups released fromthe Snake River trap ranged from 18.5% to 76.4% Seasonal
curul ative recovery of PIT-tagged wild steelhead trout to Lower Ganite Dam was
63.9% to Little Goose Dam 81.5% and to MNary Dam 83. 3%
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Table 13. PIT-t qg ed W | d steelhead trout travel time, with 95% confidence
intervals,

nterv from the Ol earwater River trap to Lower Granite Dam 1991.

Medi an .

travel Confi dence Per cent Aver age
Rel ease time Interval’ Nunber captured discharge
date (day ) Upper  Lower captured (% (kcfs)
4/ 8 9. 80 7.70 13.20 13 59.1 32.38
4/ 9 9.55 6. 50 12. 20 10 58.8 31.62
4/ 10 9.25 6. 80 13. 20 8 57.1 31.25
4/ 11 9. 40 5.70 12. 80 8 40.0 30. 61
4/ 12 9.50 7.40 12. 50 10 50.0 30.24
4/ 13, 14 8. 30 5. 80 13.50 7 58.3 30. 05
4/ 15, 16 9.25 5. 40 19.70 8 57.1 31.51
4/ 17 7.20 0.00 0.00 5 41. 7 30.76
4/19, 21 6. 20 5.10 7.70 9 50.0 39.56
4] 22 5.70 5.00 8.30 17 56. 7 45. 25
4/ 23 5.60 4.90 6. 10 37 56. 9 49. 84
4] 24 4.70 4.40 5.40 56 57.7 52.95
4] 25 5.10 4.40 6. 10 69 56. 6 56. 99
4] 26 5.30 4.40 5.70 29 58.0 59. 80
5/1,2 4.60 0.00 0.00 5 50.0 58. 05
5/4,5 5.85 4.30 8.70 6 60. 0 61.35
516 4.90 3.70 6.70 7 58.3 63. 88
5/7 4.00 3.50 4.40 21 72.4 68. 37
5/8 3. 40 2. 60 4.30 17 47.2 72.83
5/9 3.65 3.20 3.90 32 65. 3 78.78
5/ 10 3.50 2. 60 3.80 26 66. 7 81.14
5/12 3.40 0.00 0.00 5 100.0 84.13

“Confidence intervals calculated with nonparanetric statistics.
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The percent recovery at the three dams for PIT-tagged hatchery and wild steel head
trout was about the sane, 89.7%for hatchery steelhead trout and 83.3%for wld
steel head trout marked at the Snake River trap. [Interrogation rates for hatchery
and wild steel head trout marked at the Cearwater River trap were 83.8% and
74.1% respectively. The cunulative recovery rates at the three dans for both
chinook salmon and hatchery and wild steelhead trout were slightly higher in 1991
than in previous years.

Percent recovery of daily wild steelhead trout PIT tag groups released from
the Clearwater River trap and interrogated at Lower Ganite Dam ranged from 40.0%
to 72.4% Seasonal cunul ative recovery of PIT-tagged wild steel head trout
released at the Clearwater River trap to Lower Granite Damwas 56.3% to Little
Goose Damwas 70.3% and to McNary Dam was 74.1%

Mgration rates for hatchery and wild steelhead trout PIT-tagged at the
Snake River trap were significantly different. The slopes of the mgration
rate/di scharge regression lines for hatchery and wild steelhead trout, grouped
by 5-kcfs intervals, were tested with the analysis of covariance and found to be
significantly different (F = 8.151, N =29, P = 0.009). 1n 1991, wild steelhead
trout fromthe Snake River trap mgrated 1.5 times faster than hatchery steel head
trout at |ow discharge (50,000 cfs) and at about the sane rate at 120,000 cfs
(Figure 10). In 1988 and 1989, there was no difference in the mgration rate
di scharge relation but wild steelhead trout consistently mgrated faster than
hatchery snelts (2.5 km'd, 3 knfd faster, respectively). It is uncertain as to
the reason for this difference. Possible explanations are that wild steel head
trout are stronger and/ormore fully smelted and therefore mgrate faster through
Lower Granite Reservoir at |ow discharge. At high discharge the ability of the
river to carry fish downstream nakes up for the difference in the ability to
mgrate between hatchery and wild steel head.

Mean ATPase activity level, an indicator of smoltification, was tested at
the Snake River trap between April 20 and June 1, 1990 (Rondorf et al. in press).
Prelimnary information indicates weekly ATPase levels for hatchery steel head
trout were about 50% | ower than wild steelhead trout at the beginning of this
period and at about the sanme level at the end of this period. Hatchery steel head
trout weekly nmean ATPase levels started out at 11.4 umoles P'mg Prot ~'-h”', peaked
at 25.0 umoles the week of May 25 and ended at 21.8 umoles. Wld steel head trout
weekly nmean ATPase levels fluctuated little during the sanple period, ranging
from18.0 to 23.7 umoles P'mg Prot™'-h7!.

Head of Lower Granite Reservoir to Little Goose Dam

Chinook salnmon PIT tag groups-The relation between migration rate and
di scharge was exam ned for PIT-tagged chinook sal mon rel eased fromthe Snake
River trap and interrogated at Little Goose Dam The linear regression analysis,
on the log transformed data stratified by 5-kcfs intervals (Table 14), showed
that 72% of the variation in PIT-tagged chinook salnon migration rate between the
Snake River trap and Little Goose dam was accounted for by
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Table 14. Mgration data, stratified by s-kefs intervals, for chinook sal nmon
from Snake and Clearwater River traps to Little Goose Dam 1991.

Snake River Clearwater River

. Trap Trap
Di schar ge M gration M gration
Interva Rate (kmd) Rate (knid)
30 - 35 - -
35 - 40 5.85 - -
40 - 45 - 4.24
45 - 50 - 5.00
50 - 55 - 5.73
55 - 60 9.67 5.37
60 - 65 8. 40 6. 05
65 - 70 - 6. 10
70 - 75 - - --
75 - 80 - - 5*50
80 - 85 - - -
85 - 90 12.70 8.10
90 - 95 11.20 9.67
95 - 100 11.40 10.10
100 - 105 12.90
105 - 110 24. 40 --
110 - 115 26. 30
115 - 120
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discharge (r’= 0.717, N= 9, P = 0.004). The sane analysis was conducted on the
PIT tag chinook salnmon data fromthe Cearwater River trap (Table 14). This
anal ysis showed that 83% of the variation in the mgration rate for chinook
salmon fromthe Clearwater River trap to Little Goose Dam was accounted for by
discharge (r* = 0.826, N = 10, P<0.001).

Hatchery steelhead trout PIT tag groups-The migration rate/discharge
relation for PIT-tagged hatchery steelhead trout released fromthe Snake River
trap and interrogated at Little Goose Dam was exam ned using the |inear
regression analysis. The data were stratified by 5-kcfs intervals and |og
transformed (Table 15).  Seventy-one percent of the variation in Pl T-tagrged
hat chery steelhead trout mgration rate is accounted for by discharge (rr =
0.710, N =10, P = 0.002). Not enough hatchery steelhead trout, PIT-tagged at
the Clearwater River trap, were interrogated at Little Goose Damin 1991 to
conduct this analysis.

Wld steelhead trout PIT tag groups-The nmigration rate/discharge relation
for wild steelhead trout PIT-tagged and released from the Snake River trap was
exam ned using the linear regression analysis. The data were stratified by 5-
kcfs intervals and log transformed (Table 16). The analysis showed that 93% of
the variation in mgration rate is accounted for by discharge (r°= 0.933, N =
10, pP<0.001). Not enough wild steelhead trout, that were PIT-tagged at the
Clearwater River trap, were interrogated at Little Goose Damto performthis
analysis. In those instances where enough data exist (Snake River trap data for
chinook salnmon, hatchery steelhead trout, and wild steelhead trout, and
Clearwater River trap data for chinook salnon), the regression shows a
significant relation.

Age O Chi nook vs. age 1 Chi nook Migration Rate and Survival

Five paraneters (mninum survival estinmate, travel time, mgration
rate/discharge relation, average length, and growth rate) were examned to
determne if age O and age 1 chinook sal non could be separated by external
physical characteristics at the traps. Mninmum survival estimate (age O chinook
= 51.1% age 1 chinook = 84.6% , mgration rate/discharge relation, and average
I ength at tagging showed a significant difference between those fish classified
as age O chinook and age 1 chinook. A t-test was used to determne if a
significant difference existed in the mean length of age O and age 1 chinook (t
= 3.41). The analysis of covariance detected a difference in the slopes of the
mgration rate/discharge relation equations (F = 6.399, N =12, P = 0.035).
Gowh rate (age O chinook = 1.12 mm d, age 1 chinook = 1.08 mm d) and mgration
rate are not reliable variables to separate these two groups of chinook.
Mgration rate may show a difference between age O and age 1 chinook (age O
chinook = 4.0 knfd at an average discharge of 64.3 kefs, age 1 chinook = 7.1 kmd
at an average discharge of 74.9 kcfs), but because the average mgration rates
were calculated over different average discharges, they are not easily conpared.
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Table 15. Mgration data, stratified by 5-kcfs intervals, for hatche[}/
steel head trout from Snake and Cl earwater Rver traps to Little
CGoose Dam 1991.

Snake River Clearwater River
, Trap rap
Di schar ge M gration M gration
Interva Raté (kn d) Rate (km d)
30 - 35
35 - 40 - - .-
40 - 45 - - 8.10
45 - 50 - - 9.05
50 - 55 - - 12.50
55 - 60 11.90 9.90
60 - 65 - -
65 - 70 8. 60 - -
70 - 75 8.70 8. 50
75 - 80 10. 90 9.80
80 - 85 16. 80 9.70
85 - 90 19. 25 13.50
90 - 95 21.75 9. 80
95 - 100 20. 50 -
100 - 105 18. 10
105 - 110 --
110 - 115 31.80
115 - 120 -
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Tahl e 16.

Mgration data,

1991.

stratified by 5-kcfs intervals, for
trout from Snake and Cl earwater River traps to Little Goose Dam

W

d steelhead

Snake River Clearvater River
. Trap Trap
Di schar ge M gration M gration
I nterva Rate (km d) Rate (km d)
30 - 35 8.10 9.10
35 - 40 - - 8.47
40 - 45 - - 10.00
45 - 50 - - 13.20
50 - 55 - - 9.60
55 - 60 16. 10 14.00
60 - 65 17.50 14.25
65 - 70 - - - -
70 - 75 - - 12.70
75 - 80 - - 16.90
80 - 85 22.10 18.20
85 - 90 23.05 - -
90 - 95 19.55 - -
95 - 100 29.50 - -
100 - 105 31.80 -
105 - 110 27.50 - -
110 - 115 31.90 - -
115 - 120 - - - -
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Not enough data are available to perform a statistical analysis between
mgration rate and discharge for age O and age 1 chinook salnon PIT tagged after
June 12.

M ni mum Survival of PIT-tagged Fi sh

M ni mum survival to Lower Granite Dam (the nunmber of fish that were
interrogated at Lower Ganite, Little Goose, or MNary dans) for fish PIT- tagged
at the Snake River and Clearwater River traps in 1991 was slightly higher than
m ni num survival estimates from previous years. Chinook salnon and both hatchery
and wild steelhead trout PIT-tagged at the Snake River trap survived at a rate
5.9 to 7.9 percentage points higher than fish taggedat the Cearwater River trap
(Table 17). This follows a simlar trend observed in 1989 and 1990. The
difference in mninumsurvival, in part, canbe accounted for by the presenceof
DNFH releases. Due to the close proximty of the Cearwater River trap to the
hatchery, the rigors of mgration have not as yet caused mortality of the weaker
fish.  Natural nortality of hatchery fish is believed to be greater at the
beginning Of their river existence as they acclimate to the hazards present in
the natural system The majority of the mortality of hatchery fish in the Snake
River takes place prior to the fish passing the trap site. This does not explain
the difference in mninmumsurvival for wld steel head.

M ni mum survival to Lower Ganite Damin 1991 for chinook sal mon (68.2%,
hat chery steelhead trout (89.7%, and wild steelhead trout (83.3% from the Snake
River trap was slightly higher than in 1989 or 1990. The m ni mum survi val
estimate to Lower Granite Damfor chinook salmon Pl T-tagged at the clearwater
River trap (60.5%, hatchery steelhead trout (83.8%, and wld steelhead trout
(74.1% was slightly higher than observed in 1989 and 1990.

SUMMARY

The nunber of hatchery-reared chinook sal mon and steel head trout released
above Lower Granite Dam was up considerably in 1991.  Chinook sal non rel eases
were down 35% and hatchery steel head trout rel eases were down 13% from 1990.
There was a major decrease in chinook salnmon production in the Salmon River
drainage and minor reductions in the Clearwater and Gande Ronde rivers in 1991,
The majority of the decrease in hatchery steelhead trout production occurred in
the Salnon River drainage. Hatchery production of chinook sal mon and steel head
trout released above Lower Ganite Damwas 19,539,185 (9, 645,205 chinook sal non
and 9,893,980 steelhead trout) in 1991. O these, 381,863 chinook sal mon and
355,796 steelhead trout (4.0% and 3.6% of the total releases, respectively) were
freeze-branded and rel eased as 19 uni que chinook sal mon groups and 21 unique
steel head trout groups.

The Snake River trap was operated on the east side of the river from March

11 through August 12. The Snake River trap captured 3,834 age 1 chinook sal mon,
95 age O chinook salnon, 19,020 hatchery steel head trout, and 4,136 wld
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Table 17. I nterrogation of PIT-t%gged fish fromthe Snake River trap, 1988-
1991, and dearwater ver trap, 1989-1991, at downstream
collection facilities.

Nunber Interouated/Site

. Number Lower LittTe
Ta?g|ng _ Tagged Ganite Goose McNary Total s
Site Year Speci es’ (% (% (% (¢
Snake 1991 CH 2131 929 409 115 1453
43. 6) (19.2) (5.4) (68.2)
SH 2577 2032 268 11 2311
(78.9) (10.4) (0.4) (89.7
Sw 3549 2266 625 66 2957
(63.9) (17.6) (1.9) (83.3)
O earwater 1991 CH 3943 1483 668 235 2386
(37.? (16.9) (6.0) (60.5)
SH 1215 926 89 1018
(76.2) (7.3) (0.3; (83.%
Sw 727 409 102 28 539
(56.3) (14.0) (3.9) (74.1)
Snake 1990 CH 2,245 956 310 180 1,446
(42.6 (13.8) (8.0) (64.4
SH 3,112 2,272 282 33 2,58
(73.0) (9.1) (1.1) (83.1)
Sw 3,078 2,016 356 60 2,432
(65.5) (11.6) (2.0) (79.0)
C earwater 1990 CH 4,242 1,359 674 281 2,314
(32.%2 (15.9) (6.6) (54. 6)
SH 1,228 880 63 10 953
(71.7) (5.1) (0.8) (77.6)
Sw 1,300 767 126 22 915
(59.0) (9.7) (1.7) (70.4)
Snake 1989 CH 6, 222 2,384 1,367 482 4,233
(38.3) (22.0) (7.7) (68.0)
SH 2,525 1,733 268 35 2,036
(68.6 (10.6) (1.4) (80.%)
Sw 1,798 1,170 240 52 1, 462
(65.1) (13.3) (2.9) (81.3)
Cl earwater 1989 CH 2,441 756 452 140 1,348
(31.0 (18.5) (5.7) (55.2)
SH 290 (5917f 16 2 (6518f
: (5.5) (0.7) :
Sw 104 53 16 72
(51.0) (15.4) (2.9; (69.2)
Snake 1988 CH 3,767 1,237 543 299 2,079
(32.8 (14.4) (7.9) (55.2
SH 1,743 1,069 190 12 1,271
(61.? (10.9) (0.7) (72.9)
Sw 1,186 698 166 20 884
(58.9) (14.0) (1.7) (74.5)

* cH = chinook, SH = hatchery steelhead, SW = wild steelhead.
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steelhead trout. The wild steelhead trout catch in the trap was greater than in
any previous year, up 121% from 1990 which was the second highest year.

The Clearwater River trap was operated from March 13 through May 12, with
4 d down tine in late-April and md-My when the trap was out of operation due
to high flow and heavy debris. Clearwater River trap catch was 39,522 age 1
chinook salmon, 9,231 hatchery steelhead trout, and 824 wild steelhead trout.
Chinook salnon trap catch was down slightly from 1990 but simlar to other
drought years. Hatchery steelhead trout trap catch was simlar to 1990 and wld
steel head trout trap catch was about half of 1990 but higher than other drought
years.

Fish were again PIT-tagged for mgration rate statistics at the Snake River
trap and Clearwater River trap in 1991. The nunber of fish PIT-tagged at the
Snake River trap was 8,363 and the number of fish PIT-tagged at the O earwater
River trap was 5, 904.

Snake River trap chinook salnmon efficiency tests were not conducted in 1991
due to the low catch of chinook in the trap. Previous years trap efficiencies
provide a pool ed average chinook salnmon trap efficiency of 1.39% at the Snake
River trap.

Snake River trap steelhead trout trap efficiency tests were conducted on
three occasions in 1990 and provided a nean trap efficiency of 0.49%

Chinook salmon trap efficiency at the Cearwater River trap in 1991 was
1.16% which was lower than other years except 1989. Cearwater River trap nean
efficiency for hatchery steelhead trout in 1991 was not tested but it was 1.90%
in 1990, which is significantly higher than in previous years when trap
efficiencies were below 0.4% The increase in trap efficiency for steel head
trout at the Clearwater River trap was probably due to several trap nodifications
which were made in 1988 and 1989 and the fact that the trap was fished closer to
the thalweg for a greater portion of the 1990 season.

Because of the low chinook salnon freeze brand recovery at the Snake River
trap in 1991, mgration rate statistics were calculated for only three of the
brand groups. The mgration rate for all three groups was considerably |ower
than in previous years due to the bel ow normal and |ate runoff. Freeze- branded
hatchery steelhead trout mgration rate to the Snake River trap was considerably
slower in 1991 than in previous years.

Mgration rates for Clearwater River freeze-branded chinook sal mon were
simlar to rates observed in 1985, 1986, 1988 through 1990. In 1987 mgration
rate was four times slower than in 1991. Flows were considerable |ower for a
maj or portion of the mgration in 1987 and probably was the reason for the slower
mgration that year. an accurate mgration rate for hatchery steelhead trout
rel eased from DNFH could not be determined in 1991, because the freeze brands
were very difficult to read.

PIT-tagged chinook salnon are anuchbetter nethodof determning mgration

rate through Lower Ganite Reservoir than using freeze brand groups. Statistical
anal ysis showed a strong relation between mgration rate and discharge for

57



chinook salmon PIT-tagged at either trap (Snake River trap: r? = 0.885, N = 13,
P<0.001; Clearwater River trap: r’= 0.821, N = 10, P = 0.008). as discharge
increased, mgration rate of PIT-tagged chinook salmon through the reservoir also
i ncreased. PI T-tagged chinook sal non nmoved about twi ce as fast through the
reservoir at 100 kcfs than at 50 kefs. Chinook salnon PIT-tagged at the
Clearwater River trap mgrated about 30% sl ower through Lower Granite Reservoir
than fish PIT-tagged at the Snake River trap.

Percent interrogation of PIT-tagged chinook salmon released from the Snake
River trap was simlar to 1989 and 1990. Cunulative interrogation of PIT-tagged
chinook salmon at all three dams (Lower Ganite, Little Goose, and McNary) was
68.2%1in 1991. Percent interrogation of PIT-tagged chinook sal mon rel eased from
the Clearwater River trap was slightly higher than in 1990.

There is a very strong statistical relation between mgration rate and
di scharge for Snake River trap PIT-tagged hatchery steelhead trout (r°= 0.938,
N= 13, P<0.001). PIT-tagged hatchery steelhead trout mgrated about three tines
as fast at 100 kcfs as they did at 50 kefs.

Hat chery steelhead trout PIT-tagged at the Clearwater River trap took three
days longer to mgrate through Lower Ganite Reservoir than fish tagged at the
Snake River trap. There was a relation between mgration rate and discharge for
the Clearwater River trap fish (r'=0.634, N= 11, P = 0.003). The relation was
not as strong as the one observed for the Snake River trap hatchery steel head due
to the limted data avail able.

The Snake River trap PIT tag data for hatchery steel head trout were
exam ned over years to see if there was a significant difference in the mgration
rate/discharge rel ation among years. The analysis showed there was a significant
difference anong years that was attributable to 1988. [f 1988 data were renoved,
there was no statistical difference in the mgration rate/discharge relation for
the remaining four years data for hatchery steel head PIT-tagged at the Snake
River trap.

Percent interrogation at all three dans (Lower Ganite, Little Goose, and
McNary dams) of PIT-tagged hatchery steelhead trout tagged at the Snake River
trap was 89.7%  This was slightly greater than in previous years. Per cent
interrogation at all three dams of PIT-tagged hatchery steelhead trout tagged at
the Clearwater River trap was 83.8% which was slightly higher than in 1990.

The introduction of the PIT tag has provided the opportunity to obtain
travel tinme data through Lower Ganite Reservoir for wild steelhead trout. This
IS because of the low nunmbers of fish required for marking due to the high
recovery rate at Lower Granite Dam WId steelhead trout PIT-tagged at the Snake
River trap mgrated at a rate of 13.6 kmd. The relation between mgration rate
and discharge for wild steelhead trout was very strong (r°= 0.873, N = 15,
P<0.001). These fish mgrated twice as fast through Lower Ganite Reservoir at
100 kcfs as they did at 50 kcfs. PIT-tagged wild steelhead trout mgrate
slightly faster through Lower Ganite Reservoir than did the PlT-tagged hatchery
steel head trout.
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W d steelhead trout were collected and PIT-tagged at the C earwater River
trap in 1991 at a rate to provide enough data to examne mgration rate through
Lower Ganite Reservoir. ClearWater River wild steelhead trout mean mgrated at
9.8 kmd through Lower Ganite Reservoir. This was 3.8 kmd slower than the nean
for wild steelhead trout PIT-tagged at the Snake River trap.

There was a very strong relation between migration rate and di scharge for
PIT-tagged wild steel head trout released from the Clearwater River trap (r’=
0.921, N = 10, P<0.001). Clearwater River wild steelhead trout mgrated twce
as fast at 100 kcfs as they did at 50 kcfs. Mgration rate through the reservoir
for Clearwater and Snake rivers wld steelhead trout at higher discharge was
about the same (e.g., at 100 kcfs, 22.0 km'd and 20.3 km'd, respectively).

The mgration rate/discharge relations for wild steelhead trout for 1987-
1991 were examned to see if there was a difference among years. There was no
significant difference among years (i.e., honpbgeneous slopes and common intercepts
were accepted) for wild steelhead trout, and the data were pooled. The |inear
regression analysis on this pooled data showed a very strong relation between
mgration rate and discharge (r°= 0.821, N = 55, P<0.001).

Percent interrogation of PIT-tagged wild steel head trout marked at the
Snake River or Clearwater River traps was slightly higher than in previous years.
Currul ative interrogation of PIT-tagged wild steelhead trout at the three dans
(Lower Ganite, Little Coose, and McNary) was 83.3% for Snake River trap fish and
74.1% for Clearwater River trap fish in 1991. Percent interrogation of pIrT-
tagged wild steelhead trout fromthe Cearwater River trap was significantly
| ower than for fish PIT-tagged at the Snake River trap.

The mgration rate/discharge relation for chinook sal mon between the traps
and Little Goose Dam was exanmined. The analysis showed that 72¢ of the variation
in mgration rate for chinook salnon PIT-tagged at the Snake River trap was
accounted for by discharge. It also showed that 83% of the variation in
mgration rate for Clearwater River chinook sal mon was accounted for by changes
in discharge.

The mgration rate/discharge relation for hatchery steelhead trout between
the traps and Little Goose Dam was exam ned. Seventy-one percent of the
variation in mgration rate of fish PIT-tagged at the Snake River trap was
accounted for by discharge. Not enough data were available to exam ne the
magration rate discharge relation of hatchery steelhead trout marked at the
Clearwater River trap.

The mgration rate/discharge relation for wild steelhead trout between the
traps and Little Goose Damwas exam ned. The analysis showed that 93% of the
variation in mgration rate of fish PIT-tagged at the Snake River trap was
accounted for by discharge. Not enough data were available to performthe
anal ysis on wild steelhead PIT-tagged at the Clearwater River trap.

Chi nook sal non, hatchery steel head trout, and wild steel head trout pIT-
tagged at the Snake River trap survived at a rate 6%to 9%greater than fish
tagged at the Clearwater River trap. This assunes simlar fish guiding
efficiency at the dams for fish fromthe both rivers.
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ABSTRACT

This project nonitored the daily passage of chinook sal non_oncorhynchus
tshawytscha and steel head trout 9. mykiss snmelts during the 1989 spring
outmigration at a migrant trap on the Snake River and the Cearwater River.

Chinook salnon catch at the Snake River trap was nuch higher in 1989 than
in either of the 1987 or 1988 drought years. The 1989 Snake River trap catch
was simlar to 1986. Effort was the same during the four years.  Steel head
trout catch was greater than in any previous year.

Chinook salnon and steel head trout catch at the Clearwater River trap was
simlar to 1986, even though effort was greatly reduced in 1989 due to high
runof f during nost of the season. The 1989 Cl earwater River trap catch was
| ower than in the two drought years (1987 and 1988) and was due to the mininma
nunber of days the trap was operated.

Fish tagged with Passive Interrogated Transponder (PIT) tags at the Snake
River trap were recovered at the three dans (Lower Ganite, Little Goose, and
McNary) With PIT tag detection systens. Cunul ative recovery was 68.5% for
chinook salmon, 82.5% for hatchery steelhead trout, and 81.5% for wild steelhead
trout.

Travel time (days) and migration rate (km'd) through Lower Ganite
Reservoir for PIT-tagged chinook sal non and steel head trout, marked at the head
of the reservoir, was affected by discharge. Statistical analysis showed that
as discharge increased from 40 kcfs to 80 kcfs, chinook salmon travel tine
decreased three-fold and steel head trout travel time decreased two-fold.

Aut hor s:

Edwin W Buett ner
Seni or Fishery Research Biol ogist

V. Lance Nel son
Seni or Fishery Technician



INTRODUCTION

The Pacific Northwest Electric Power Planning and Conservation Act of 1980
(P.L. 96-501) directed the Northwest Power Planning Council (NwPEC) tO devel op
prograns to mitigate for fish and wildlife losses on the Colunbia River system
resulting from hydroelectric projects. Section 4(h) of the Act explicitly gives
the Bonneville Power Administration (EPA) the authority and responsibility to
use its resources “to protect, mitigate, and enhance fish and wildlife to the
extent affected by the devel opment and operation of any hydroelectric project
on the Colunbia River system”

Water storage and regulation for hydroelectric generation severely reduces
flows necessary for downstream snelt mgration. In response to the fishery
agencies’ and Indian tribes’ recommendations for nigration flows, the NwppC
Col unbi a River Basin Fish and Wldlife Program proposed a “\Water Budget” for
augnenting spring flows.

The nwepc's Water Budget in the Colunmbia s Snake River tributary is
1.19 mllion acre-feet of stored water for use between April 15 and June 15 to
enhance the snelt migration. This anmount has never been provided, and actual
wat er nade available has been linited. To provide information to the Fish
Passage Center {Fpc) on smelt novenent prior to arrival at the |ower Snake River
reservoirs, the ldaho Department of Fish and Game (IDFG) nonitors the daily
passage of snelts at the head of Lower Ganite Reservoir. This information
allows the FPC to request the linited Snake River Water Budget for optimal use
to provide inproved passage and migration conditions.

Smelt nonitoring is beneficial for water budget managenent under all flow
conditions and becomes critical when low flow conditions reduce migration rates
In years of low flow, know edge of when nmost snelts have left tributaries and
entered areas which can be affected by releases of stored water allows managers
to make the nost timely use of the limted water budget resource. Two |ow flow
years (1987 and 1988) have occurred during this smelt nonitoring project. The
I ndications are that judicious use of the water budget can greatly enhance the
timng and mgration rate of juvenile chinook sal mon_Oncorhynchus tshawytscha
and steel head trout 0. mykiss.

Additional ly, the 1oFe snelt monitoring project collects other useful data
on relative species conposition, estimated fish passage index, hatchery
steel head trout vs. wld (natural) steelhead trout ratios, travel time, and
mgration rate. By nmonitoring smelt passage at the head of Lower Ganite
Reservoir and at Lower Granite Dam mgration rates (km'd) under various
riverine and reservoir conditions can be estinmated and conpared. Mbnitoring
sites on both the Snake and Clearwater arns of Lower Ganite Reservoir permt
mgration timng of snelts from each drainage to be determined. Al though not
yet achieved, relative abundance of hatchery and wild stocks of steel head trout
can be determned and used to document wiid stock rebuilding progress. The
Snelt Monitoring Programis information is conplinentary of other Snake and
Col unbia river NWPPC supported projects.



OBJECTIVES

L. Provide daily trap catch data and a snelt passage index at the head of
Lower Granite Reservoir for water budget and fish transportation nmanagenent
pur poses.

2. Determne riverine travel time fromthe point of release to the snelt traps

(index sites) at the upper end of Lower Ganite Reservoir for freeze-
branded and PIT-tagged snelts.

3. Provide an interrogation site for PIT-tagged smelts, marked on ot her
projects, at the end of their mgration in a riverine environment, and the
beginning, or their mgration in a reservoir environnent.

4, Determne reservoir travel time for chinook sal non, hatchery steel head
trout, and wild steelhead trout fromthe head of Lower Ganite Reservoir
to Lower Granite Damusing Pl T-tagged snelts marked at the traps, as well
as freeze-branded and PIT-tagged smelts passing the traps from upriver
hat chery rel eases and rearing areas.

5. Correlate snmelt travel time with river flow for fish noving in riverine
and reservoir environnments.
6. Determne trap efficiency for each species at each trap over a range of
di schar ges.
METHODS

Rel eases of Hatchery-Produced Snelts

Rel ease information was reported for hatcheries in the Snake River drainage
upstream of Lower Granite Damthat released chinook salnmon and steel head trout
juveniles. This information included species, nunber released, date and |ocation
rel eased, and the group identifying freeze brand, if used.

Snel t Monitoring Traps

During the 1989 outmigration, two snelt nonitoring traps were enployed to
monitor the passage of juvenile chinook salnmon and steelhead trout. A scoop
trap (Raymond and Collins 1974) was stationed on the Clearwater River and a
di pper trap (Mason 1966) was |located on the Snake River (Figure 1). Smolts were
captured and renoved daily fromthe traps for exam nation, enuneration, and
rel eased back to the river. Fork length of up to 100 snelts were measured to
the nearest mllimeter, and up to 2,000 fish were exam ned for hatchery brands.
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Smelts handl ed were anesthetized with Tricaine Methanesul fonate (Ms-222). These
fish were allowed to recover fromthe anesthesia before being returned to the
river.

At each trap, water tenperature (C) and turbidity were recorded daily
using a centigrade thermoneter and 20 cm Secchi disc. The US \\eather Service
provi ded daily information on river discharge (crs). The Snake River trap
di scharge was neasured at the USGS Anatone gauge (#13334300), 44.4 km upstream
fromthe trap. The Clearwater River trap discharge was measured at the USGS
Spalding gauge (#13342500), 8.8 km upstream from the trap.

Snake River Trap

The Snake River mgrant dipper trap was positioned approxinmately 40 m
downstream from the Interstate Bridge between Lew ston, |daho and Clarkston, and
Washington, and was attached to bridge piers just west of the drawbridge span
by steel cables. This location is near the head of Lower Ganite Reservoir, 0.5
km upstream from the convergence of the Snake and Clearwater arnms. River width
and depth at this location are approximtely 260 mand 12 m respectively.

A juvenile steel head radio-tagging study was conducted in 1987 (Liscom and
Bartlett 1988) which showed that 7% of the radio-tagged steel head trout passed
the bridge under the span the trap was attached to, and 30% passed the bridge
under the span immediately east of the drawbridge span. Because at |east four
times nore fish were noving under the span of the bridge just east of the
drawbri dge, the trap was noved to that |ocation on April 27, 1988, after
conpletion of installing of an electrical line to the new trap |ocation. Because
of the lack of information on water velocity and debris |oads at the east trap
| ocation during a normal flow year, the trap was operated on the west side of
the river in 1989. The debris and velocity information to be collected was not
since 1989 and had a slightly below normal snow pack and an artificially created
low runoff. Spring runoff was stored upriver to recharge reservoirs at low |eve
because of the two previous drought years. Snake River discharge did not exceed
76.8 kcfs, and a mininmal debris |oad occurred.

Trap operation in 1989 began March 7 and continued until June 23. There
were two interruptions in trap operation due to mechanical breakdown and power
outage, respectively. The first occurred for an undeterm ned nunber of hours
on April 18. The second occured from 1500 h May 7 to 1630 h May 8.

Chi nook sal nmon and steel head trout snelts were tagged with Passive
Integrated Transponder (PIT) tags (Prentice et al. 1987)at the Snake River trap
to estimate travel time from the headof Lower Ganite Reservoir to Lower Ganite
Dam Up to 150 chinook sal mon, 60 hatchery steelhead trout, and 60 wld
steel head trout were PIT-tagged daily, when available. Median travel tinme,
converted to migration rate, of the daily PIT-tagged release groups was
correlated with mean Lower Ganite Reservoir inflow discharge for the nedian
travel time to determine how changes in discharge affected travel time of snelts
through Lower Ganite Reservoir.



clearwater River Trap

The Clearwater River scoop trap was installed 10 km upstream from the
convergence of the Clearwater River and Snake River arns of Lower Ganite
Reservoir (4.5. kmupstream from slack water). The river channel at this
location forns a bend and is 150 to 200 mwide and 4 mto 7 m deep, depending
on discharge

Trap operation began March 15 and continued until June 5. Trapping was
di sconti nued because of high discharge and/or debris for 37 d this season
between April 7 to April 11, April 16 to May 1, and May 3 to May 22. The number
of days the trap was out of operation due to high discharge was much greater
than in past years. In 1985 and 1986, near normal flow years, the trap was down
only a few days (one to six) each year. The Cearwater River drainage |ow
el evation snow pack was above normal in 1989 and resulted in high flows early
in the runoff season. The remaining CearWater River drainage snow pack was
slightly below normal but provided enough runoff to prevent trap operation

Trap Efficiency

To estimate the nunmber of smelts passing a trap, it is necessary to know
what proportion of the mgration is being sanpled (trapping efficiency). This
efficiency may change as river discharge changes. To describe the relationship
between discharge and efficiency, efficiency must be estimated several times
through the range of discharge at which the trap is being operated. Wth
sufficient data, a regression equation correlating trap efficiency and discharge
can be derived. This regression approach allows efficiency to be estimted for
any given discharge.

The ratio of recaptures to marks released is the estimate of trap
efficiency (Te = recaptures/marks released). All trap efficiency tests
conducted on the Snake and Clearwater River traps yielded recapture rates |ess
than 20% These |ow proportions, or percentages, form a binomal rather than
normal distribution. To normalize the trap efficiency data an arcsin x
transformation (Zar 1984) was conducted where:

TE'(or P') = }l[arcsin X/n+1 + arcsin X+1/n+1].

Al subsequent analysis including the trap efficiency-discharge regressions were
conducted with the transfornmed data.

A one-way analysis of variance was used to determine if there was a
significant different-e in trap efficiencies anmong years. If no significant
difference existed, then the data was subjected to an analysis of covariance to
see if trap efficiency varies fromyear to year when adjusted for discharge.



If no statistical difference existed, the data were pool ed over years, and a
single regression line fitted between river discharge and trap efficiency. Each
test was performed at the 0.05 level of significance.

Trap efficiency tests were conducted with three different release
procedures. The first procedure utilized fish released directly from a hatchery
or part of a hatchery transported release group, when that hatchery or release
group was less than 80 km upriver from the trapping facility. The second
procedure utilized small groups of fish, approximately 2,000 fish for chinook
sal mon and 4,000 fish for steelhead trout, that had been nmarked at a hatchery
and held there until transported to a release site upstream of the trap for
rel ease at sunset. Sanple size differences between test groups of chinook sal mon
and steelhead trout juveniles relate to the trap efficiency of the species and
the nunber of recaptures needed for statistical reliability. Five or nore
recaptures per test were needed for trap efficiency estimtes tobe statistically
reliable. The third procedureof estimating trap efficiency utilized trap-caught
fish that were marked, transported back upstreamthe sane day, captured, and
rel eased to pass the trap a second tine.

Trap efficiency tests were conducted throughout the mgration season on
the Snake River by releasing trap-caught, marked snelts 8 km upriver fromthe
trap. Seven groups of trap-caught chinook salnmon snmelts were caudal clipped and
rel eased upriver of the trap for efficiency tests. One of these groups was
di sal | owed because the trap was not in operation during a portion of the test
period. Five groups of trap-caught steelhead trout were opercle punched and
rel eased upriver of the trap to estimate trap efficiency. Two of these groups
were disallowed; one because the trap was not in operation during a portion of
the test period, and the other because of |ow recapture nunbers (less than five
recaptures).

Trap efficiency tests were conducted throughout the mgration season on
the Cearwater River by releasing marked smelts 7 km upriver fromthe trap site
Four groups of chinook salnon, of approximtely 2,000 fish each, were freeze-
branded at Dworshak National Fish Hatchery (pNFH) and held there until
transported to the release site, 7 to 31 d later. Five groups of freeze-branded
age-1 chinook salnmon, three groups of freeze-branded age-O chinook sal non, and
two of the four groups of freeze-branded steelhead trout released with the DNFH
production rel ease were also used to estimate efficiency of the Cearwater River
trap.

Travel Tine and Migration Rates

Mgration statistics were calculated for hatchery release groups from
rel ease sites to traps and through Lower Ganite Reservoir. Travel time and
mgration rates to the traps and through Lower Ganite Reservoir were calcul ated
using median arrival tines at the Snake and Clearwater River traps, and at Lower
Ganite Damfor hatchery brand groups and brand groups used for trap efficiency
tests. Snelts were PIT-tagged at the Snake and Clearwater River traps as an
additional method to determne travel time. Daily individual arrival times of



these fish at Lower Granite Dam collection facility were determned. A nininum
recapture nunber, sufficient for use in travel time and migration rate
estimations, was derived froman enpirical distribution function of the travel
tinme for each individual release group (Steinhorst et al. 1988). Travel tine
and mgration rate estimtes were not calculated if mnimumrecaptures were not
attai ned.

A linear regression analysis was conducted on the migration rate-discharge
relationship through Lower Ganite Reservoir after both variables were |og
transformed. The 0.05 level was used to determine significance. This analysis
was performed for the hatchery freeze-branded chinook salnmon and steel head trout
groups and for the PIT-tagged chinook salnon, hatchery steelhead trout, and wild
steel head trout groups marked at the Snake or Clearwater River traps.

To renove some of the “noise” often associated wth biological data and
better show the underlying biological relationship, mgration rate was stratified
into five kcfs discharge intervals (Mosteller and Tukey 1977:75). A linear
regression analysis of the five kcfs grouped data was conducted.

The mgration rate-discharge relationship, for PIT-tagged chinook sal non
hat chery steelhead trout, and wild steelhead trout, was individually exani ned
for 1987-1989 to determine if there was a difference in this relationship between
years. Using the analysis of covariance, With the migration rate data averaged
by 5 kcfs groups, the first underlying assunption of equality of slopes was
tested. |f the hypothesis of equality of mgration rate-discharge slopes anong
years could not be rejected, then the subsequent analysis of covariance was
conpleted. This was basically a test of whether the regression lines relating
mgration rate and discharge for each year had a common intercept, or whether
one regression line was higher than another. If the final hypothesis of comon
intercepts could not be rejected, then there was not a significant difference
in the mgration rate-discharge relationship between years.

RESULTS AND DI SCUSSI ON

Hat cherv Rel eases

Chi nook Sal non

Chinook salnon released into the Snake River drainage upstream from Lower
Ganite Damwere reared at seven locations in Idaho and one in Oregon. The
Washi ngton Department of Fisheries released no chinook salmon juveniles in the
Snake River” drainage upstream from Lower Ganite Dam that contributed to the
1989 outmigration. A total of 11,479,606 chinook salmon smelts were released
at 14 locations in lIdaho and four locations in Oregon (Table 1).

During the fall of 1988, three groups of chinook sal non juveniles were
rel eased from Idaho hatcheries and two groups were released from O egon



Table 1. Hatchery chinook sal mon released into the Snake River
system upriver from Lower Ganite Dam contributing to

the 1989 outm gration.

(Looki nggl ass)

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Br and
Salnon River
Sawt oot h Hat . Spring 10/ 12-13/ 88 985, 100
( Sawt oot h) 3/15-21 1,101, 600
(3/15) (14,900) LAR- 1
(3/15) (14,900) LAR-2
(3/15) (16, 300) LAR-3
(3/15) (7,000) LAR-4
East Fork s.R. Spring 3/ 20 305, 300
( Sawt oot h)
Yankee Fork s.r. Spring 3/ 22 198, 200
( Sawt oot h)
South Fork S.R. Sunmer 3/20-23 . 975,000
(MeCall) (3/21) (14, 100) RAR- 1
(3/21) (13,725) RAR-2
(3/21) (15, 825) RAR-3
(321) (9,175) RAR-4
Pahsineroi R Sunmer 3/15 1, 016, 300
(Pahsimeroi)
Rapi d River Spring 3/ 15-30 2,319, 500
(Rapid River) (3/30) (17, 025) LD7H- 1
(3/30) (16, 975) LD7H 3
(3/30) (16, 025) LATH- 1
(3/30) (9, 525) LATH-3
Drai nage Tot al 6, 901, 000
Snake River and Non-1daho Tributaries
Hel | s Canyon Spring 3/21 -23 500, 000
(Rapid River)
Catherine Creek  Spring 4/ 4 83, 100
{Lookingglass)
Big Canyon Creek Spring 4/ 6 89, 102



Table 1.  (Continued)

10

Rel ease site Rel ease No. released
(hat chery) St ock date (No. branded) Brand
Lookingglass Cr.  Spring 9/ 23/ 88 85, 564
(Looki nggl ass) (9/23/88) (20, 248) RDJ- 1
(9/ 23/ 88) (20, 341) LoJ- 1
11/1/88 86, 310
4/ 3 417, 354
(413) (20,419 RDJ-2
24/ 3; (17,197) RDJ-3
4/3 (19, 817) LDJ-2
(4/3) (18,623) LDJ-3
(age-0 5/ 15 126, 700
(5/15) (22,757) LaJ- 1
(5/15) (22,106) RAJ- 1
Imnaha River Spring 415 142, 320
(Looki nggl ass) (415) (20, 153) RDJ- 4
(4/5) (20, 065) LDJ-4
Drai nage Tot al 1,530, 450
Clearwater River
Red River Pond Spring 10/ 10- 12/ 88 291, 200
(Red River Pond) (10/11/88) (18, 700) LDR- 1
(10/11/88) (23,875) LDR-2
(10/11/88) (13, 475) LDR-3
N.F. Clearwater  Spring 9/ 28/ 88 192,090
(Dworshak NFH) (9/28/88) . (19, 318) ROR- 1
(9/ 28/ 88) (18, 802) RDR-2
(9/28/ 88) (18,737) RDR- 3
3/ 29-30 1,252,923
(3/29) (30,503) RDLX~ 1
(3/29) (34,795) RDLT-1
(3/30) (19,545) RD7H-1
(3/30) (20,084) RD7H-3
(3/30) (19,087) RATH- 1
(age-0) 3/ 30 206,459
(3/30) (19,992) RDH- 1
(3/30) (20,716) RAH-1
(3/30) (21,051) RDH-2



Table 1.  (Continued)

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Brand
Clear\ter R Spring 3/21-4/5 8,310
Hwy 95 Boat (3/21) (2,076) RA4-3
Launch (3/23) (2,065) LD4-1
(Dworshak NFH) (413) (2,094) RD4-3
(4/5) (2,075) RA4-1
Crooked River Spring 3/27-30 199, 690
(Dworshak NFH)
White Sands Cr.
(Dwor shak NFH) Spring 3/ 28- 29 200, 639
(Rooskia NFH) Spring 3/ 27 102, 660
Cear Creek Spring 3/ 29 384,235
(Kooskia NFH)
Eldorado Creek Spring 3/ 29 209, 950
(Rooskia NFH)
Drai nage Tot al 3,048, 156
Gand Total 11,479,606

11



hatcheries. Al other chinook salnmon releases for the 1989 outmigration were
made in the spring of 1989 (Table 1).

Steelhead Trout

Steel head trout were reared at five hatcheries in Idaho, one in Washington,
and one in Oregon for release into the Snake River upstream from Lower Ganite
Dam A total of 8,750,148 steelhead trout smelts were rel eased at 17 |ocations
in ldaho, 8 locations in Oregon, and 2 locations in Wshington (Table 2).

The only fall release of steelhead trout that would have contributed
significantly to the 1989 outmigration occurred Novenber 11, 1988. This rel ease
consi sted of 94,327 juvenile steelhead trout reared by Oregon Department of Fish
and Wldlife at Irrigon Fish Hatchery and transported to the Snake River at
Hel I's Canyon. Al releases fromldaho and Washington occurred in the spring of
1989 (Table 2).

Smelt Mbnitoring Traps

Snake River Trap Qperation

The Snake River trap caught 32,131 age-1 chinook sal nmon, 235 age-O chinook
sal mon, 23,245 hatchery steel head trout, 2,194 wild steel head trout, and 331
sockeye/ kokanee _oncorhynchus nerka. A large portionof the chinook sal non (80%
were captured during April, while 9.4% were captured in March, 101%in My, and
0.5% in June (Figure 2). Thirty-two percent of the hatchery steelhead trout
were captured in April, 66% were captured in My, and 2% in June. WId steel head
trout passage was earlier than hatchery steelhead trout, with 1.3% captured in
March, 44.3%in April, 53.4%in May, and 1.0% in June (Figure 3).

Snake River discharge, nmeasured at the Anatone gauge, ranged from 18, 300
cfs to 53,600 cfs, and averaged 40,600 cfs in the nonth of March (Figure 3).
The average April discharge was 58,500 cfs, with a peak of 76,800 cfs April 22,
which was also the seasonal peak. Flows gradually declined through the first
few days of My, and another peak of 73,100 cfs occurred on May 9. After this
peak, discharge slowy decreased through early June, when a third peakof 61,800
cfs occurred on June 9. The average My discharge was 52,100 cfs. Flows after
the June peak continually dropped until the end of the sanpling season on June
23, when discharge was 41, 100.

Water tenperature in the Snake River at the trap steadily increased
t hroughout the sanpling season (Figure 4). By the end of the season, June 23,
water tenperature had risen to 16°c. \Water tenperatures were slightly cooler
t hroughout the season in 1989 than in previous years.

12



Table 2. Hatchery steelhead trout released into the Snake River
system upriver from Lower Ganite Dam contributing to
the 1989 outnigration.

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Br and

Sal non_Ri ver

North Fork s.R. A 4/13-16 208, 500
(Niagara Spri ngs)

Pahsi neroi River A 4/7-13 508, 300
(Niagara Springs)

East Fork S.R.

(Hagerman NFH) B 4/ 10- 19 436, 576

(Magic Valley) B 4/ 15-19 353, 300

Sawt oot h Hat chery

(Hagerman NFH) A 4/ 7-20 636, 551

(Magic Valley) A 4/ 10- 19 857, 600

Slate Creek A 4] 24- 27 300, 600

(Magic Valley)

Hamer Creek

(Magic Valley) A 4] 28- 29 136,000

(Niagara Springs) A 41 29 7,200

Yankee Fork s.R. A 4/ 17-20 104,400

(Magic Valley)

S.R. @ Shoup Br. A 4/ 17-20 206, 700

(Niagara Springs)

Hazard Creek A 4/19-26 450,900
Drai nage Tot al 4,206,627

Snake River and Non-Idaho Tributaries

Hel I s Canyon A 11/ 22/ 88 94, 327

(Irrigon)

Hel I's Canyon A 4] 25 735, 500

(Niagara Springs)

Little Sheep COr. A 4] 21-24 249, 456

(Irrigon) (4123) (26, 637) LD3- 1

13



Table 2. (Continued)

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Br and
Spring Creek A 4/ 24- 30 550, 876
{Irrigon) (41 24) (25,037) LAJ-1
(4 24) (25, 557) LAJ-2
(4 24) (25, 089) LAJ-3
(4 24) (24, 951) RAJ- 1
(4 24) (25, 463) RAJ-2
(4124) (24, 868) RAJ-3
W ldcat Creek A 4/ 25- 27 109, 603
(Irrigon) (41 26) 225, 458; LAJ-4
(4/26) 24,554 W- 4
G ande Ronde (Rr2) A 4/1 0-22 234,516
(Irrigon)
Cat herine Creek A 4/10-12 62, 601
(Irrigon)
Wallowa River A 4/ 19- 25 111,052
(Irrigon)
Big Canyon Creek A 4] 27- 29 273, 496
(Irrigon)
Cott onwood Creek A 4/18-27 222,050
(Lyons Ferry)
Asotin Creek A 4/ 18 29,975
(Lyons Ferry)
Imnaha River A 5/1-3 72, 367
(Irrigon)
Drai nage Tot al 2,745, 819
ClearWater River
Clearwater River B 5/1-4 1,073,900
(Dworshak NFH) (5/1) (16, 714) LDIU-1
(5/1 ) (15, 854) LDIS-1
(5/3) (15, 583) RDIU-1
(5/3) (15, 936) RDIS-1
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Table 2. (Continued)

Rel ease site Rel ease No. rel eased
(hat chery) St ock date (No. branded) Brand
South Fork Cc.R.
@ Crooked R B 4/ 24 83,431
e MIl Cr. B 4/ 24-5/3 60, 372
(Hagerman NFH)
Newsome Creek B 4/ 26-5/ 1 103, 273
(Hagerman NFH)
Cear Creek
(bworshak NFH) B 4/ 24- 25 208,201
(Hagerman NFH) B 5/8 49, 147
Crooked River B 4/ 25- 26 109, 898
(Dworshak NFH)
Eldorado Creek B 5/1-3 109, 480
(Hagerman NFH)
Drai nage Tot al 1,797,702
G and Tot al 8, 750, 148
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Secchi disc transparency fluctuated throughout the sanpling season (Figure
4).  Influenced mainly by localized rain or thunderstorm events, the secchi
transparency shows no obvious correlation to changes in discharge.

Clearwater River Trap Operation

The Clearwater River trap caught 9,938 chinook salnon, 1,135 hatchery
steel head trout, 141 wild steelhead trout, and 47 sockeye/kokanee in 1989. Only
one major peak of chinook sal non passage was observed at the Clearwater River
trap (Figure S). The peak began on March 29 and was associated with the DNFH
release. After this peak the trap was out of operation for three major periods
due to high flow, and little information about the 1989 chinook sal mon
outmigration fromthe C earwater River was gained fromthat point on.

Hatchery steel head trout began showing up in the trap catch in large
nunbers on May 2, the day after the DNFH release (Figure 6). On My 3, discharge
increased dramatically and trap operation was termnated until discharge dropped
bel ow 30,000 cfs. WId steelhead trout were present in the trap catch in |ow
nunbers beginning March 21 and continued to be sanpled through the end of My.
The peak trap catch of wild steelhead trout occurred May 23 (Figure 6).

Water tenperature at the Clearwater River trap was 4°C the beginning of
the season and gradual ly increased to |1°C by the first of My (Figure 7).
Water tenperatures throughout the season were sinmilar to previous years, although
1987 drought year tenperatures were slightly higher.

Di scharge at the beginning of the season was 13,500 cfs. Di schar ge
increased to 26,100 on April 7 and remained near or above 30,000 cfs until My
20. During this period there were two major peaks, one on April 23 when
di scharge reached 43,600 cfs and one on May 8 when discharge reached 49,500 cfs.

Secchi disc transparency in the Cearwater River fluctuated throughout the
trappi ng season and ranged from0.3 mto 1.9 m(Figure 7).

Trap Efficiency

Snake River Trap

Chi nook Sal non-Trap efficiency for chinook salmon smelts at the Snake
River smelt trap was tested six tines during the 1989 smelt outmigration (Table
3). These were the first chinook salnon efficiency tests conducted on the Snake
River snelt trap since 1986. Catch of chinook sal nmon juveniles during 1987 and
1988 was insufficient to estimate trap efficiency. a1l tests were conducted
using trap-caught fish.
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Table 3.

Snake River trap efficiency tests for chinook salmon snelts,

1985 - 1989.
Sanpl e Rel ease  Recapture/ Di schar ge
Year origin dat es mar k Efficiency (kcfs)
1984 trap 32 26/ 1, 388 0.0187 84
caught 3/ 28 1 0/545 0.0183 75
4/ 8 3/ 589* 0. 0051 77
4/ 12 7/ 309 0. 0227 81
4/ 16 9/ 806 0.0112 92
4/ 19 23/ 1,061 0.0217 104
4] 24 8/81 2 0.0098 101
4] 28 5/ 267 0.0187 86
5/4 4] 179* 0.0223 81
5/9 2/ 95* 0.0211 93
1985 trap 322 11/1, 124 0.0098 43
caught 41 23 11840 0. 0250 56
4/ 6 711,092 0. 0064 64
4/ 10 4/1,490% 0. 0027 79
4/ 12 15/ 1, 276 0.0118 77
4/ 16 12/ 915 0.0131 80
5/5 4] 338* 0.0118 42
1986 trap 3/ 29 23/ 1, 881 0.0122 86
caught 4/7 13/1, 237 0. 0105 80
4/ 12 26/ 1,530 0.0170 74
4/ 17 211, 141* 0.0018 67
4] 24 11/1, 417 0. 0078 80
4/ 28 31803* 0. 0037 72
5/ 19 4/ 703* 0. 0057 76
1987 No efficiency tests conducted for chinook in 1987
1988 No efficiency tests conducted for chinook in 1988
1989 trap 415 13/1, 054 0.0123 46
caught 4/ 10 23/ 1,076 0.0214 55
4/ 18 14/ 1,233 0.0114 66
4/ 19 9/1,719 0. 0052 73
41 23 10/2,001 0. 0050 73
4] 24 5/ 584 0. 0086 68

* Efficiency tests with less than five recaptures were not included
in mean trap efficiency estimates.
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Analysis of the 1989 data yielded a trap efficiency of 1.04% and 95%
confidence limts of 0.53% and 1.73% for chinook sal non snelts at the Snake
River trap. In addition to the six efficiency tests conducted in 1989, a total
of 16 other tests took place in 1984 through 1986. Analysis of variance of trap
efficiency anong years showed no statistical difference. Analysis of covariance
al so showed no significant differences from year to year when adjusted for
discharge. Wth no statistical difference shown at either level, the entire set
of 22 data points was pooled, and a single regression line was fit between
di scharge and trap efficiency in an attenpt to show a relationship between the
two . This relationship failed at the 0.05 |evel of significance (N=22,
r*=0.006, P=0.737). The pooled data was used to estimate a grand nean trap
efficiency of 1.39% with 95% confidence linits of 1.10% and 1.71%

Steelhead Trout-Trap efficiency for steelhead trout snelts was tested four
times during the 1989 snelt outmigration (Table 4). Al tests utilized trap
caught fish. One of the test groups yielded a recapture of l[ess than five fish
and was excluded from the analysis. The 1989 data yielded a nean trap
efficiency of 0.60% and 95% confidence limts of 0.03% and 2.90%

Because of insufficient data from 1985 through 1989, the analysis of
covariance t0 exam ne differences anong years could not be used (Table 4). The
four years of data were pooled to calculate a grand nean of 0.74% and 95%
confidence limts of 0.13% and 1.84% for trap efficiency of steelhead trout
smelts at the Snake River trap.

Clearwater River Trap

Chi nook Sal mon-During the 1989 field season, chinook salmon snelt trap
efficiency at the Clearwater River trap was tested nine tines. Five used freeze
brand groups that conprised part of the DNFH production release. The remaining
four tests used freeze brand marked fish from DNFH that were rel eased at the
H ghway 95 boat launch.  The 1989 nean trap efficiency was 0.55% wth 95%
confidence limts of 0.04%and 1.61% Between 1984 and 1988, an additional 33
trap efficiency tests were conducted on the Clearwater River trap for chinook
salmon snelts (Table 5). These data were added to the 1989 information. A one-
way analysis of variance revealed a significant difference in trap efficiency
anong years (N=42, r’=0.382, P=0.003). The data fromall years cannot be pool ed
to derive any statistical inference. The mean trap efficiency of the five
previous years at the Clearwater River trap was 2.0%

Steel head Trout-Steelhead trout trap efficiencies at the Clearwater River
trap were not tested in 1989. Due to the linmted tine the trap was operated
during the steel head trout outmigration, an insufficient nunmber of snelts were
captured to effect a mark-recapture estimate. Trap efficiency for steel head
trout smelts at the Clearwater River trap in previous years has averaged 0.28%
with 95% confidence limts of 0.15% and 0. 46%
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Tabhl e 4.

Snake River trap efficiency tests for steelhead trout

smelts, 1985 -
Sanpl e Rel ease Recapt ur e/ Di schar ge
Year origin dat es mar k Efficiency (kcfs)
1985 trap 5/4 8/81 1 0. 0099 55
caught 5/8 1/ 185 0.0054* 54
5/ 18 11492 0.0020* 50
5/21 2/ 314 0. 0064* 68
1986 trap 4] 24 1/179 0. 0056* 80
caught 4/ 30 12/ 874 0.0137 72
5/21 31,345 0. 0022 76
1987 No efficiency tests conducted for steelhead smelts in 1987
1988 trap 4/ 18 2/ 866 0.0023* 32
caught 5/ 13 7/ 2057 0. 0034 38
5/ 15 5/ 1822 0. 0027 42
hat chery 5/ 23 54/ 3977 0.0136 45
rel eases 5/ 23 32/ 3996 0. 0080 45
1989 trap 4/ 26- 28 6/ 1,916 0. 0031 60
caught 5/1&2 31/ 2,397 0.0129 55
5/3&4 712,137 0. 0033 57
5/9-12 3/ 2,535 0.0012* 70

* Efficiency tests with less than five recaptures were not included

in mean trap efficiency estimates.
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Table 5. Clearwater River trap efficiency tests for chinook sal mon
smelts, 1984 - 1989.

Sanpl e Rel ease Recapt ur es/ Di scharge
Year origin dat es mar k Efficiency (kcfs)
1984 trap 4/ 5 4/ 418 0. 0096* 21
caught 4/ 21 13/ 806 0.0161 33
4/ 25 3/ 489 0.0061* 31
5/10 1 4/ 453 0. 0309 24
1985 trap 3/25 14/ 607 0. 0230 9
caught 3/30 45/ 1,511 0. 0298 9
4/5 6/1 ,079 0. 0056 18
4/9 2/ 940 0.0021* 15
4/16 71929 0.0075 33
1986 trap 3/27 9/1 ,555 0. 0058 22
caught 412 8/1,714 0.0047 29
1987 DNFH 3/20 43/ 2,160 0.0199 13
rel ease 4122 50/ 2, 000 0.0250 6
4/7 165/ 1, 945 0.0848 10
4/13 74/ 2,000 0.0370 13
4/20&28 103/ 4, 000 0.0258 18
trap 4/2 33/ 1,926 0.0171 6
caught 4/3 11/1, 458 0.0075 8
4/6 15/ 1, 872 0. 0080 9
417 15/1, 163 0.0129 10
4/9 9/ 450 0. 0200 12
1988 Hwy 95 3/14 51/ 2,197 0. 0232 6
boat 3/17 93/ 2,197 0. 0423 6
| aunch 3/21 83/ 2,197 0.0378 6
4/1 27/ 2,195 0.0123 9
4/6 18/ 2, 194 0.0082 11
4/13 31/ 2,193 0.0141 14
DNFH 3/30 1711/ 60, 631 0. 0282 10
rel ease 3/30 252/ 8,731 0.0289 10
3/30 181/ 6, 163 0. 0294 10
3/30 788/ 20, 642 0.0382 10
3/30 573122, 935 0. 0250 10
trap 3/24 17/ 2086 0. 0081 9
caught 3/28 2711 695 0.0159 12
4/1 16/ 1631 0. 0098 9
4/2 38/ 2257 0.0168 8
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Table 5. (continued)

Sanpl e Rel ease Recapt ures/ Di scharge
Year origin dat es mar k Efficiency (kcfs)
1989 Hw 95 3121 712, 076 0. 0034 17
boat 3/23 10/ 2, 065 0. 0048 15
| aunch 4/ 3 39/2,094 0.0186 20
4/ 5 41/ 2,075 0. 0200 21
DNFH 3/29 66/ 34, 795 0.0019 24
rel ease 3129 73/ 30, 503 0. 0024 24
3/30 41/ 19, 087 0.0021 23
3/30 48/ 19, 545 0. 0025 23
3/30 78/ 20, 084 0. 0039 23

* Efficiency tests with less than five recaptures were not included
in mean trap efficiency estimates.
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Table 8. Migration data for f maze-branded steel head trout smolts f ran release sites to the

snake R ver trap, 1985-1989.

Medran  Madian Travel Mgration
rel ease passage MNunber  tine rats Mean Q ( kcfs)
Release site 1/ Year date date captured (days) (km/day) Salmon R. Snake R.
Spring Cr. 1989 4/24 5/01 84 7 34.6 62.0
1989 4/22 5/05 70 13 18.6 62.4
1989 4/22 5/02 83 10 24.2 63.8
1988 4/17 4/25 28 9 26.9 34.5
4/17 4/23 28 7 34.6 35.7
an7 4/25 30 9 26.9 34.5
an7 4/23 14 7 34.6 35.7
4/18 4/25 38 8 30.3 35.0
4/18 4124 21 7 34.6 35.7
1987 4/26 2/
1986  5/01 5/27 14 26 9.3 72.9
4/30 2/ 1
4/03 2/ 2
1985  5/09 5/19 36 10 24.2 46.4
5/09 5/20 31 1n 22.0 47.0
Cottonwood Cr. 1987 4/26 4/30 28 5 18.6 39.3
1986 4/28 5/05 111 7 13.0 72.3
Little Sheep Cr. 1989 4/23 4/25 93 2 72.3 70.7
1987  5/02 2/
1986 4/28 5/08 16 10 12.0 72.1
4/27 2/ 2
Wildcat Cr. 1989  4/26 4/30 134 4 33.1 60.7
1988  4/23 4/26 152 4 33.1 32.7

1/ Only freeze brand groups from Oregon and Washington were used in 1989 because Idaho did
not release any f reeze-branded steel head trout during 1989 above the Snake River trap.
2/ Insufficient recaptures at the Snake River trap to derive fish movement data.
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Table 9. M gr ati on date for freeze branded chinook salmon and steelhead trout smelts
rel eased upstream of the Clearwater River trap, 1987 - 1989.

Median  Median Number Migration  Travel Discharge
Release_site Year 5P. release passage captured rate km/day time mean kcfs
Crooked River 1987 St 04/14 2
Dworshak NFH 1987 St 04/21 04/22 58
St 05/05
Ch 04/01 04/04 1416 13.8 4 7.2
Clear Creek 1987 St 04/1 7 04/20 59 28.8 4 14.1
Dworshak NFH 1988 St 05/03  05/04 283 55.0 1 16.9
St 05/04  05/05 202 55.0 1 16.9
Ch-O 03/30  04/01 239 27.5 2 9.8
Ch 03/30  03/31 1711 55.0 ! 9.6
Ch 03/30  03/31 1359 55.0 1 9.6
Ch 03/30  03/31 434 55.0 1 9.6
Ch 09/28/87 03/ 27 16 182
Red River 1988 ch 09/ 30/ 87 o4/14 18 198
Dworshak NFH 1989 St 05/01 05/02 123 55.0 1 31.2
ch 03/29 03/30 139 55.0 1 23.5
ch 03/30 03/31 167 55.0 1 23.3
Ch-0  03/30 04/03 48 13.8 4 22.2
Ch 09/28/88 03/30 2 183
Red River 1989 c¢n 10/17/88 04/17 19 182
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Table 7. River mile & kilometer location for the Snake River Drainage.

Mouth of Mouth of Lower Snake River Clearwater R. Salmon River

Columbia R. Snake River Granite Dam Jrap site Trap site Trap Site

mi ‘km mi km mi km mi km mi km ml km
Mouth of Snake River 324.3 521.8 0.0 0.0 1075 1729 139.6 224.6 145.7 2345 241.4 388.4
Lower Granite Dam 431.8 694.8 107.5 173.0 0.0 0.0 321 51.6 38.3 61.5 133.9 215.4
ClearWater R. Trap Site 470.0 756.2 145.7 234.4 38.2 61.5 0.0 0.0
Highway 95 Boat Launch 473,2 761.4 148.9 239.6 415 66.8 3.2 5.1
Dworshak NFH 504,2 811.3 179.9 289.5 72.4 116.5 34.2 55.0
Kooskia NFH 541.6 871.4 217.3 349.6 109.8 176.7 71.5 115.0
Crooked River 604.3 972.3 280.0 450.5 1725 277.6 134.3 216.0
Red River Rearing Pond 618.0 994.4 293.7 472.6 186.2 299.6 148.0 238.1
Snake River Trap Site 463,9 746.4 139.6 224.6 32.1 51.6 0.0 0.0 101.8 163.8
Asotin Creek 469,6 755.6 145.3 233.8 37.8 60.8 5.7 9.2
Mouth of Grande Ronde R. 493.0 793.2 168.7 271.4 61.2 985 29.1 46.8
Cottonwood Creek 521.7 839.4 197.4 317.6 89.9 1446 57.8 93.0
Lookingglass Creek 580.4 933.9 256.1 412.1 148.6 239.1 116.5 187.4
Big Canyon Creek 585.9 942.7 261.6 420.9 1541 2479 122.0 196.3
Spring Creek 614.4 988.6 290.1 466.8 182.6 293.8 150.5 242.2
Catherine Creek 636,9 1024.8 312.6 503.0 205.1 330.0 173.0 278.4
Mouth of Salmon River 512.5 824.6 188.2 302.8 80,7 129.8 48.6 78.2 53.2 85.6
Imnaha River 516.0 830.3 191.7 309.1 84.2 1357 52.1 83.8
Little Sheep Creek 553,8 891.1 2295 369.3 122.0 196.3 89.9 1446
Imnaha Col 1. Faci 1 ity 565.6 910.2 241.3 388.3 133,8 2154 101.7 163.6
Hel 1s Canyon Dam 571.3 919.2 247.0 397,4 1395 2245 1074 172.8
Salmon River Trap Site 565.7 910.2 241.4 388.4 1339 2154 101.8 163.8 0.0 0.0
Rapid River Hatchery 605,8 974.7 281.5 4529 1740 280,0 1419 228.3 40.1 64.5
Hazard Creek 618.7 995.5 294.4 473.7 186.9 300.7 154.8 249.1 53.0 85.3
S.F. Salmon @ Knox Bridge  719.7 1158.0 395.4 636.2 287,9 463.2 255.8 411.6 154.0 247.8
Pahsimeroi Hatchery 817.5 1315.4 493.2 793.6 385.7 620.6 353.6 568.9 251.8 405.1
E.F.Salmon @ Trap Site 873.6 1405.6 549.3 883.8 441.8 710.9 409.7 659.2 307.9 495.4
Sawtooth Hatchery 896.7 1444.2 573.3 922.4 465.8 7495 433.7 697.8 331.9 534.0
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five conbined replicate groups to provide travel time information to the Snake
River trap (Table 8). Mgration rates for the Spring Creek groups were sinilar
to previous years. The migration rate for the Little Sheep Creek group was
estimated to be considerably higher than in 1986 (1989=72.3 knid, 1986=12.0
km'd), the only other year recaptures were great enough to estimate travel tinme.
The estimated median passage date in 1986 may not be accurate because only 16
branded fish were recaptured from that group. The Wldcat Creek groups travel ed
at the sane rate as in 1988 (33.1 knfd).

Release Site to the Cearwater Trap

Chi nook Sal non-In 1989, there was one group of two replicates of freeze-
branded chi nook sal non released on March 29, and two groups with three
replicates each released from DNFH on March 30. One of these latter sets of
three groups was age-O chinook sal non. Average travel time for the three age-
0 chinook sal mon groups was 4 d (13.8 kmd), and ranged from?2 to 8 d (Table 9)
This conpares to a travel time of 2 d for the age-O chinook group released in
1988. Travel tinme for the age-1 chinook salnmon was 1 d. This conpares to a
travel tinme of 1 din 1988, 4 d in 1987, and 1 d for 1986 and 1985. Average
di scharge during the mgration period in 1987 was 7,200 cfs, 69% less than in
1989 (23,500), 25%less than in 1988 (9,600), 76% less than in 1986 (29,000
cfs), and 58% less than in 1985 (17,300 cfs). The extrenely |ow discharge in
1987 is nost likely responsible for the 75% reduction in travel tinme that year

A group of age-O chinook salnmon was released from DNFH on Septenber 28
1988. This group’s nedian passage date at the Clearwater River trap could not
be cal cul ated because of the | ow nunbers of freeze brands that were recaptured.

Three duplicate groups of freeze-branded chinook salmon were released from
the Red River pond. Branded fish from these groups began arriving at the
Clearwater River trap on March 20, and the last recapture was on June 1 with the
nmedi an passage date of April 17. This estinmated median passage date nmay not be
accurate since only 19 branded chinook salmon from this group were recaptured
at’ the Clearwater River trap, and the trap was out of operation for 37 d during
the migration. The median passage date in 1988 was April 14

Steel head Trout-There were four groups of freeze-branded steel head trout
rel eased from DNFH, two on May 1 and two on May 3. The two groups rel eased on
May 1 hada travel time of 1 d to the trap (55 kmid). The Clearwater River trap
was forced to shut down operations on May 3 due to high discharge. Travel tine
to the trap cannot be estimted for the two groups released on May 3, although
it was probably 1 d as in previous years (Table 9).



Travel Tine and Miqration Rates

Rel ease Site to Snake River Trap

Chi nook Sal mon-There were 12 groups of freeze-branded chinook sal non
rel eased in the Salmon River drainage; four each at Sawtooth Hatchery, South
Fork Salnmon River, and Rapid River Hatchery. Two groups were released in the
Imnaha River, Oegon, and four groups were released in Lookingglass Creek,
Oregon.  Two groups of age-O spring chinook sal mon were released in Lookingglass
Creek (Table 6).

The Snake River trap captured approximately 0.28% (1,021) of the branded
fish rel eased. O the freeze-branded chinook sal non rel eases above Lower
Ganite Dam 45% originated in Idaho waters and 55% were released in Oregon.
The percentage of branded chinook salmon in the Snake River trap catch was 78%
Oregon fish and 22% I daho fish. This difference may be survival related. Idaho
chinook salnon have a greater distance to travel to the Snake River trap than
the Oregon chinook sal non. The weaker fish in the release group may have
perished before they reached the trap. The shortest migration distance for
branded fish fromldaho is 228 kmfor the Rapid River chinook sal non and the
| ongest is 698 km for the Sawtooth Hatchery chinook salnon. By contrast, the
Oregon chinook salmon travel from 164 kmin the Imnaha River to 187 kmfor the
Looki nggl ass Creek chinook salmon (Table 7). Another possible explanation is
tgart] tfhe rE)regon chinook salnon may have been in better overall health than the
I daho fish.

Mgration rate for the three representative Idaho hatchery groups was
| ower in 1989 than in previous non-drought years (1984-1986). I nsufficient
nunbers of branded fish were recovered at the Snake River trap in 1987 and 1988
drought years fromthe hatchery releases to estimate travel tine. Mgration
rates for the Rapid River freeze brand group was 12.0 km'd, and the South Fork
Sal mon River groups was 8.1 kmd. Insufficient nunbers of branded chinook
sal mon from Sawt ooth Hatchery were recaptured at the Snake River trap to
determne mgration rate. The reduction in mgration rate in 1989 for the
Sal mon River chinook salmon freeze brand groups may have been due to a 10-60%
reduction in Salmon River discharge and a 15-40% reduction in Snake River
di scharge during their mgration period from previous non-drought years (Table
6). The groups released in Lookingglass Creek traveled at about the same rate
as in previous years (62.5-93.7 kmid). In 1989 the 1mnaha River brand groups
mograted at 16.8 knfd. There is no data from previous years to conpare with the
1989 |maha dat a.

Steel head Trout-In 1989 there were no freeze-branded steelhead trout




Table 6. Migration data for freeze branded chinook salmon smolits from release sites to the
Snake River trap, 1984- 1989.

Median  Median Travel Migration
release passage  Number time rate Maan Q (kefs)
Release_site Year __date data captured (days) (lan/day) Salmon R. Snake R.
Rapid River 1989 3/30 4/18 181 19 12.0 9.0 52.6
1988 1/
1987 1
1986 3/ 27 4/10 237 14 16.3 15.4 82.9
1985 42 4/12 320 10 22.8 10.6 67.6
98s 41 4/18 197 17 13.4 10.1 79.3
Hel1s Canyon 1989 2/
1988 1/
1987 1/
1986  3/26 4/3 269 8 21.6 83.8
1985 3/19 4/3 544 14 12.4 43.0
1984  3/20 3/29 704 9 19.2 81.4
S. F. Salmon River 1989 321 5111 21 51 8.1 6.5 57.1
1988 1/
1987 1/
1986  3/28 4/23 229 26 15.8 16.5 78.6
1985 4/2 4/17 76 15 27.1 14.0 71.0
19&  4/10 4/24 238 14 29.0 145 91.7
Sawtooth Hatchery 1989  3/15 4/20 14 36 19.4 6.1 51.0
1988 1/
1987 1/
1986  3/17 4/14 49 28 24.9 13.6 81.4
1985  3/27 4/14 165 18 38.7 9.6 60.1
1984  3/28 4/21 136 24 29.0 11.8 84.0
Lookingglass Cr. 98 4/03 4/06 212 3 62.5 46.1
1989  4/03 4/05 173 2 93.7 45.9
515 5/18 131 3 62.5 50.2
1988  5/13 5/16 52 3 62.5 40.6
1987 1/
1986 4/2 4/5 114 3 62.5 82.1
1985 No marked release group.
1984  No marked release group.
Imnaha River 1989  4/05 410 247 5 16.8 51.6

1/ Insufficient recaptures numbers at the Snake River trap.
2/ No freeze brand release made in 1989.



Head of Lower Granite Reservoir to Lower Granite Dam

Chi nook Sal mon Freeze Brand Groups-in 1989, there were 27 groups of
freeze-branded age-1 chinook salmon rel eased above Lower Granite Reservoir.
Because of |ow recapture nunbers at the Snake River trap, replicate groups
rel eased fromthe sane hatchery were combined. After conbining, 11 groups were
used for calculating travel time through Lower Ganite Reservoir. The 11 groups
did not include the age-O chinook salmon releases, the spring chinook salnon
groups released in the fall of 1988, or the Sawtooth Hatchery groups. Median
travel tine through Lower Granite Reservoir for the age-1 chinook sal nmon freeze
brand groups ranged from 45 d for the earliest released groups fromthe
Clearwater River trap efficiency test (released on March 22), to 2 d for the
group released fromthe South Fork Salnon River (Table 10). Median travel time
for the age-O chinook salnmon ranged fromb58 d for the two groups released from
DNFH the first of April, to 27 d for the group rel eased from Lookingglass
Hatchery in m d- May.

A linear regression analysis of migration rate (kmd) through Lower
Ganite Reservoir and inflow discharge was run on the 11 conbined freeze brand
groups released in the spring. The linear regression of the log of mgration
rate and the log of discharge provided the best fit to the data (n=11, r*=0.806,
P=0.000). In the case of the freeze-branded chinook sal mon groups, the
regression equation was:

log mgration rate = -32.595 + 7.537 |og discharge.

The high coefficient of determi nation (r*) indicates a strong relationship
bet ween chinook salnmon mgration rate through Lower Ganite Reservoir and nean
di schar ge. The low probability (P) indicates this relationship is highly
significant. As discharge increased, mgration rate increased (travel time
through the reservoir decreased).

Chinook Salmon PIT Tag Goups-In 1989, sufficient nunbers of chinook
salmon were PIT-tagged daily at the Snake River trap to provide 47 daily release
groups (6,222 total PIT-tagged chinook salmon) for estimating travel tinme and
mgration rates through Lower Ganite Reservoir. Mdian travel time ranged from
19.5 d early in the mgration season to 3.6 d late in the season, and then 24.6
d at the end of the mgration season (Table 11). Medial travel tinme changed
substantially between April 11 and April 16. Prior to April 11, the average
median travel tinme through Lower Ganite Reservoir was 15.9 d (migration rate
= 3.2 knmd), and after April 16 the average nedian travel time was 5.4 d
(mgration rate = 9.6 knfd). The last two PIT tag release groups (released on
5/18 and 5/19) had the longest travel time of any group released. The mgjority
of the chinook salnmon in these two groups, which was determ ned from freeze
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Table 10. Chinook salmon smelt travel time and migration rate from the head of Lower Granite Reservoir to Lower Granite
dam using fish passing the Snake and Clearwater River traps from upriver releases, 1985 - 1989.

Snake River/

ClearWater River trap

Lower Granite Dam

Median Median Travel Migration Mean

passage Number arrival Number time rate Q(kefs)

Year Brand Release_site date Collected date collected (days ) (km/day) at LGD
1985 LDR-3 Hel 1s Canyon 4/3 544 4013 7,111 10 5.2 88
RDR-1 Sawtooth Hat. 4/14 165 5/4 4,313 20 2.6 89
RDR-3 S. F. Salmon River 4/17 76 5/14 4,193 27 1.9 85
LDR-1 Rapid River 4/12 370 4/25 9,422 13 4.0 98
LDR-4 Grande Ronde River 6/4 135 6/23 6,868 19 2.7 79
RDR-2 Oworshak NFH 4/4 248 4/27 6,403 23 2.7 94
1986 LOY-3 Hel 1s Canyon 4/3 269 4/16 9,898 13 4.0 100
RDY-1 Sawtooth Hat. 4/14 49 4/23 2,245 9 5.7 89
RDY-3 S. F. Salmon River 4/23 229 5/3 5,921 10 5.2 98
LDY-1 Rapid River 4/16 237 4/20 10,589 4 12.9 88
RAJ-2 Lookingglass Cr. 4/5 38 4/14 3,741 9 5.7 99
RAJ-3 Lookingglass Cr. 3/ 4/4 13 4/9 333 5 10.3 99
RAJ-4 Lookingglass Cr. 4/5 76 4/21 2,593 16 3.2 95
RAY-1 Oworshak NFH 4/2 312 4/21 4,703 19 3.2 97
1987 RAR-1 Oworshak NFH 4/4 1,416 4/24 11,069 20 3.1 37
RD4-1 Clearwater River 1/ 3/20 43 4/18 551 29 2.1 33
R04-3 Clearwater River 1/ 4/2 50 4/20 436 18 3.4 35
RA4-3 Clearwater River 1/ 47 165 4/19 438 12 5.1 3a
RA4-1 Clearwater River 1/ 4/1 3 74 4/29 334 16 3.8 46
1988 LAUD-1 Lookingglass Hat. 2/  5/15 29 6/11 3,913 27 1.9 68
LAUT-1 Lookingglass Hat. 2/ 5/16 25 6/12 3,973 27 1.9 68
ROT-3 Red River Pond 3/ 4015 18 5/13 1,071 28 2.2 58
LAH-1 Dworshak NFH 2/ 4N 239 5127 3,457 56 11 54
LAT-2 Oworshak NFH 3/31 1,711 4/20 17,510 20 3.1 38
LDT-1 Oworshak NFH 3/ 3/28 16 4/12 847 15 4.1 30
RA7N-1 Oworshak NFH 3/31 788 4/20 6,672 20 3.1 38
RA7N-3 Dworshak NFH 3/31 571 4/21 5,823 21 2.9 39
RAR-1 Dworshak NFH 3/31 253 4/20 2,040 20 3.1 38
RAR-3 Dworshak NFH 3/31 181 4/21 1,852 21 2.9 39
LDK-1 Clearwater R. Trap 1/ 3/15 51 4/19 736 35 1.8 32
LDK-3 Clear'water R, Trap 1/ 3/18 93 4119 643 32 1.9 33
RDK-1 Clearwater R. Trap 1/  4/2 27 4/23 499 21 2.9 42
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Table 10. (continued)

Snake River/

Clearwater River trap Lower Granite Dam
Median Median Travel Migration Mean
passage Number arrival Number time rate Q(kefs)
Year Brand Release site date Collected date collected  (days) (km/day) at LGO
RDK-2 Clearwater R. Trap 1/ 4/7 18 4/22 347 15 4.1 45
ROK-3 Clearwater R. Trap 1/ 3/22 83 4/19 575 28 2.2 34
ROK-4 Clearwater R. Trap 1/ 4/14 31 4/30 524 16 3.8 53
1989 RA4-3 ClearWater R. Trap 1/ 3/22 7 5/6 319 45 1.4 81
LD4-1 Clearwater R. Trap 1/ 3/24 10 4/25 368 32 1.9 80
RD4-3 Clearwater R. Trap 1/ 4/4 39 5/6 632 32 1.9 88
RA4-1 Clearwater R. Trap 1/ 4/6 4 5/7 324 31 2.0 90
RDL(T&X)-1Dworshak NFH 3/30 139 4/23 5,994 24 2.6 82
RDR-2 Dworshak NFH 3/ 3/30 2 6/1 127 63 1.0 83
>4 Dworshak NFH 3/31 167 4/25 13,346 25 2.5 83
8l Dworshak NFH 2/ 4/3 48 5/31 5,740 58 11 84
(R&L)DJI-4 Imnaha River 4/10 247 4/27 3,462 17 3.0 91
(R1? )LDJ-3 Lookingglass Hat. 4/5 173 4/24 3,038 19 2.7 87
(R&L)DJI-2 Lookingglass Hat. 4/6 212 4/22 4,171 16 3.2 86
(R&L)AJI-1 Lookingglass Hat. 2/ 5/18 131 6/14 11,622 27 1.9 75
w6l Rapid River 4/18 181 4/23 10,379 5 10.3 105
LDR-( 1 -3) Red River 3/ a/17 19 5111 2,579 24 2.6 99
RAR-( 1 -4) S. F. Salmon River 5/11 21 5/13 3,148 2 25.8 104
LAR-(1-4) Sawtooth Hat. 4/20 14 4/23 2,155 3 17.2 112

1/ Releases made on Clearwater River at U.S. Highway 95 launch (Rkm-15. 5).
2/ O-Age spring chinook salmon.

3/ Fal 1 release of spring chinook.

** 4l RATH~1. RD7H-1 » and Rp7H-3 combined.

** 5/ RAH-1, RDH~1, and RDH-2 combined.

»x 6/ LATH-1, | A7H-3, LD7H-1 . and {p7H-3 combined
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Table 11. PIT-tagged chinook salmon travel time, with 95% confidence
interval, fromthe Snake River trap to Lower Ganite Dam 1989.

Medi an

travel Per cent Aver age
Rel ease time Confidence Interval* Nurber captured di scharge

date (day) Upper Lower captured (% (kefs)

03/ 24/ 89 19.5 22 15 48 32.0 69. 20
03/ 27/ 89 16.2 18 14 61 40.1 70. 64
03/ 28/ 89 17.7 20 16 57 37.7 71.67
03/29/ 89 19.1 20 16 55 36. 2 73.07
03/ 30/ 89 18.6 22 14 45 29.8 74.29
03/ 31/ 89 17.7 21 13 57 38.0 74.39
04/ 01/ 89 16.2 18 13 54 36.0 73.46
04/ 02/ 89 16.7 19 14 57 38.0 76. 24
04/ 03/ 89 17.8 20 15 47 31.3 79.15
04/ 04/ 89 15.5 18 13 52 34.7 78.87
04/ 05/ 89 14.5 17 12 45 30.0 79.81
04/ 06/ 89 12.8 16 9 33 21.2 80. 21
04/ 07/ 89 14.2 15 12 43 28.3 83. 80
04/ 08/ 89 12.8 16 11 34 21.9 84. 67
04/ 09/ 89 15.0 17 13 54 35.3 90. 75
04/ 10/ 89 14.2 20 11 43 28.3 91. 26
04/ 11/ 89 11.4 14 10 55 36. 4 87.93
04/ 12/ 89 9.7 12 8 48 31.4 89.08
04/ 13/ 89 8.7 10 8 53 35.3 90. 77
04/ 14/ 89 8.3 9 7 66 44.0 92.92
04/ 15/ 89 9.1 10 7 51 34.0 99. 63
04/ 16/ 89 5.9 7 5 68 45.3 97. 48
04/ 17/ 89 5.7 6 5 64 43.0 102. 22
04/ 18/ 89 5.1 6 4 66 44. 6 103. 48
04/ 19/ 89 4.7 5 4 63 40.1 107. 80
04/ 20/ 89 4.6 5 4 59 39.3 109. 80
04/ 21/ 89 4.8 6 4 62 41.3 107. 76
04/ 22/ 89 5.5 6 5 60 40. 3 99. 83
04/ 23/ 89 5.5 7 5 69 45.1 94. 95
04/ 24/ 89 6.1 8 5 61 40.9 90. 53
04/ 25/ 89 7.1 8 6 70 46.7 87.70
04/ 26/ 89 6.3 T 6 66 43.7 87.00
04/ 27/ 89 6.5 T 6 66 44.0 85. 63
04/ 28/ 89 6.4 7 5 37 56. 1 86. 03
04/ 29/ 89 5.7 6 5 34 39.5 87. 43
04/ 30/ 89 5.4 9 5 15 46.9 87.42
05/01/89 4.8 6 4 18 51.4 89.78
05/ 02/ 89 3.8 6 2 8 50.0 90.98
05/ 03/ 89 4.4 6 3 11 42.3 95. 50
05/09/ 89 3.6 4 3 64 42. 4 111.60
05/ 10/ 89 6.2 7 5 62 41.3 96. 32
05/ 11/ 89 5.9 7 5 65 43.3 91.08
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Table 11.  (continued)

Medi an

travel Per cent Aver age
Rel ease tine Confidence Interval* Nunber captured di schar ge

date (day) Upper Lower captured (% (kefs)

05/ 12/ 89 6.4 8 6 61 40.7 85. 57
05/ 13/ 89 7.4 9 6 84 50.0 83. 07
05/ 14/ 89 6.8 8 6 37 44. 6 80. 16
05/ 18/ 89 24.6 27 19 34 42.0 74.71
05/ 19/ 89 23.2 26 13 24 57.1 73. 64

* Confidence intervals calculated with nonparametric statistics
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and ranged from80 to 112 kefs. The average daily discharge for the two age-O
chinook salmon groups was 74.2 kefs. The percent recovery of daily PIT tag
groups at the Lower Granite Collection Facility increased from 32.6% prior to
April 11, to 44. 7% after April 16. G || Na+k+ ATPase activity level, an
i ndi cator of smoltification, was tested three times prior to April 11 and after
April 16 (Rondorf et al. In Press). The nean gill ATPase activity (umoles P,'mg
protein”*hr™") prior to April 11 was 11.5 (range 10.7-12.9), and after April 16
increased to 21.2 (range 17.5-24.1). This indicates a substantial increase in
smoltification after April 16.

The mgration rate for chinook salmon marked at the Snake River trap, both
prior to md-April and after md-April, was greater in 1989 than in 1988 or
1987.  The increase in mgration rate in 1989 was probably associated with
hi gher discharge. Average daily discharge prior to and after md-April was
approxi mately 38,000 cfs higher in 1989 than in 1988.

The linear regression of the log of mgration rate and |og discharge
provided the best fit for pIT-tagged chi nook sal non groups (N=47, r®*=0.663,
p=0.000):

log migration rate = -14.478 + 3.635 | og average discharge.

This analysis indicates that PIT-tagged chinook salnon nmigration rate increased
in Lower Granite Reservoir as discharge increased.

The linear regression analysis on the data stratified by 5 kcfs intervals
was conducted and found that the best |inear regression equation (N 10,
r*=0.951, P=0 000) was:

log mogration rate = -13.204 + 3.373 | og nean discharge.

Stratifying by 5 kcfs intervals renmoves sonme of the noise associated with
bi ol ogi cal data, and the equation shows there is a very strong relationship
between migration rate and ‘discharge. As discharge increases mgration rate
i ncreases.

In 1989 chinook salnon smelts were PIT-tagged at the Clearwater R ver trap
to provide travel time information through Lower Granite Reservoir for
Cl earwater River chinook sal non. Seventeen groups (totaling 2,441 chinook
sal mon) were released fromthe Clearwater River trap from March 29 through April
16 and from May 24 to May 31 (Table 12). No PIT-tagged groups were released
over a five-week period frommd April to the later part of My because the trap
was out of operation. Early in the 1989 season, Cearwater River chinook salmon
mgrated slower than Snake River chinook salmon. Prior to april 17, chinook
sal mon marked at the Snake Rver trap took 14.2 d to mgrate through Lower
Ganite Reservoir, while chinook salnmon marked at the Clearwater River trap took
20.1 d. Conparable information for both traps is not available after April 16.
The reason that the Clearwater River chinook salnon mgrate slower through Lower
Ganite Reservoir is not known at this tinme. Hopefully additional data from
futures years will help answer this question.
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Table 12. PIT-tagged chinook salnmon travel time, with 95% confidence
interval, fromthe Cearwater River trap to Lower Ganite pam 1989

Medi an

travel Per cent Aver age
Rel ease tine Confidence Interval* Nunber captured di scharge
date (day ) Upper Lower capt ured (% (kefs)
03/ 29/ 89 23.2 24 19 47 32.0 77.00
03/ 30/ 89 26.7 31 22 33 20. 4 82. 86
03/ 31/ 89 26.1 30 22 51 34.0 83. 25
04/ 01/ 89 23.6 29 20 39 26.0 83. 54
04/ 02/ 89 20.7 26 20 40 26.7 81.96
04/ 03/ 89 23.6 28 22 51 34.0 85. 56
04/ 04/ 89 26.1 29 21 48 32.2 86. 61
04/ 05/ 89 23.1 28 20 43 28.7 87. 47
04/ 06/ 89 21.9 27 13 33 22.0 88. 63
04/ 07/ 89 17.6 24 14 42 28. 4 90.01
04/ 12/ 89 11.2 15 8 23 26. 4 91.61
04/ 13/ 89 12.6 17 9 37 29.1 95. 54
04/ 15/ 89 13.8 18 10 28 27.5 96. 60
04/ 16/ 89 11.0 16 8 35 33.0 99. 99
05/ 03/ 89 10.1 37 3 6 42.9 104.72
05/ 23/ 89 6.9 9 6 10 30.3 62. 34
05/ 24/ 89 7.4 8 7 39 42.4 61. 86
05/ 25/ 89 7.4 9 7 51 37.5 61. 66
05/ 30/ 89 6.1 7 6 62 40. 3 67. 47
05/ 31/ 89 7.1 9 6 38 46. 3 73.90

* Confidence intervals calculated with nonparanetric statistics
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The linear regression analysis of the Cearwater River chinook salmon PI'T
tag data showed the migration rate-discharge relationship was relatively weak
(N=17, r*=0.277, P=0.030). The strength of the relationship did not increase
greatly when the data was stratified by 5 kcfs groups (N=8, r’=0.368, P=0.111).
Wien the data was pooled, the migration rate-discharge relationship was not
significant at the 0.05 level. The lack of PIT tag data from April 16 to My
24, the effect of stock differences, and smoltification status of the |ate-Muy
mgrants are likely causes the relationship was not significant when the data
was pool ed. These same reasons could account for the low r’in the unpooled
anal ysi s.

The chinook salmon migration rate-discharge relationship for Snake River
trap PIT tag groups was examned to determine if there was a difference in this
relationship between years (1987-1989). The analysis of covariance was used
with the data averaged by 5 kcfs groups. The analysis showed a significant
difference in the mgration rate-discharge relationship between years (slope of
the lines) at the 0.05 level of significance (N=25, F=21.886, P=0 000).

Percent recovery (integration) of Snake River trap daily release PIT-tagged
chinook salnmon groups at Lower Ganite Dam ranged between 21.2% and 57.1% and
averaged 39.3%  Seasonal cumul ative recovery (# recaptured/# nmarked) of piT-
t agged chinook salnmon to Lower Granite was 38. 4% Cumul ative recovery
progressing downstreamto Little Goose Dam was 60.8% and to MNary Dam was
68. 5%

Percent recovery of Clearwater River trap daily release PIT-tagged chinook
salnon groups at Lower Ganite Damranged between 20.4% and 46.3%, and averaged
32. 0% Seasonal cunul ative recovery of PIT-tagged chinook salmon to Lower
Ganite Dam was 31.0%  Cumul ative recovery progressing downstream to Little
Goose Dam was 49.9% and to McNary Dam was 55.6% Percent recovery of PlIT-tagged
chinook salmon at Lower Ganite Dam that were released from the Cearwater River
trap was considerably less than PlIT-tagged chinook salnon released from the Shake
River trap. There was sufficient data prior to April 17 to conpare the percent
recovery at Lower Ganite Dam of chinook salmon released fromthe two traps
Using a t-distribution the HO The nean of the percent recovery at Lower Ganite
Dam from t he beginning of the sanple season to April 16 was the same for chinook
salmon PIT-tagged at the Snake River trap as it was for chinook sal mon PIT-tagged
at the Clearwater River trap, was tested. The null hypothesis was rejected,
indicating that there was a significant difference at the 0.05 level, between
the mean percent recovery of the two groups. Snake River PIT-tagged chinook
sal mon were recovered at a nean of 33.9% while Clearwater River PIT-tagged
chinook sal non were recovered at a mean of 28.6% There was not enough data at
the Clearwater River trap to conpare percent recovery after April 16.

The difference in percent recovery is nost likely due to the fact that
chinook salmon in the Snake River drainage have much farther to travel. The
weak fish may have already perished, whereas the mgjority of the chinook sal non
inthe Clearwater River were released fromthe DNFH only 55 km upstream of the
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Clearwater River trap and the weaker fish had not died yet. The slower trave

time of the Clearwater PIT-tagged chinook salnon (20.1 d) conpared to the Snake
River PIT-tagged fish (14.2 d) indicated the CearVWater River chinook salmon may
not have been as snelted as the Snake River chinook sal non.

The percent recovered at Little Goose Dam for chinook salmon marked at the
Snake River trap was 1.5 times greater in 1989 than in 1988, and nore than two
times greater than in 1987. The increase was probably due to nore chinook salmon
passing Lower Ganite through a bypass pipe that was accidentally left partially
open until discovered on April 24.

Hat cherv Steel head Trout Freeze Brand Groups-Median passage dates were
calculated for nine groups of freeze-branded steel head trout at the Snake River
trap and two groups at the Clearwater River trap. These groups were used to
determine migration rate and travel time through Lower Granite Reservoir (Table
13). The slowest noving group through Lower Ganite Reservoir was the Little
Sheep Creek group (15 d travel time), followed by the six groups released in
Spring Creek (ranging from9 to 15 d), the Wldcat Creek groups (8 d), and the
Clearwater River brand groups (5 d).

The relationship between hatchery steelhead trout migration rate through
Lower Granite Reservoir and discharge was analyzed using a |inear regression

nodel .  The anal ysis showed no statistically significant relationship at the
0.05 level between mgration rate and discharge (N=11, r?=0.108, P=0.324). In
past years, this relationship had been significant. In 1989, the nunber of

groups of freeze-branded steelhead trout that were released decreased because
the | daho Department of Fish and Gane did not freeze-brand steel head trout. The
data did not show a relationship between mgration rate and di scharge, probably
because all the brand groups moved through Lower Ganite Reservoir over a very
narrow discharge range (95,000-107,000 cfs). Therefore, when the analysis was
conducted there was little variation in the discharge variable.

Hatcherv Steelhead Trout PIT Tag Goups-Sufficient nunbers of hatchery
steel head trout were PIT-tagged daily at the Snake River trap to provide 42
daily release groups (2,525 individual fish) to be used in nmedian mgration rate
cal culations through Lower Granite Reservoir. Median travel tinme ranged from
6.8 to 1.9 d (7.6 kmd to 27.2 knfd mgration rate) and averaged 3.7 d, which
was about 1.5 times faster than in 1988 (Table 14). Discharge was about 1.4
tinmes higher than in 1988, which probably accounts for the increased mgration
rate in 1989.

The linear regression analysis showed a significant relationship between
mgration rate in Lower Ganite Reservoir and average Lower Ganite discharge
(inflow) for PIT-tagged hatchery steel head trout groups (N=42, r?*=0.728,
P=0.000). The best linear regression equation was:

log nmigration rate = -4.602 + 1.633 |og discharge.
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Table 13. Steel head trout smelt travel time and migration rate f ran the head of Lower Granite Reservoir to Lower Granite
dam using fish passing the Snake and Clearwater River traps from upriver releases, 1985- 1989.

Snake River/

Clearwater River trap Lower Granite Dam
Median Median Travel Migration Mean
passage Number arrival Number time rate Q(kefs)
Year _ Brand Release_site date Collected date collected (days) (km/day) at LGD
1985 LDY-1 Hel 1s Canyon 5/3 44 5111 2,821 8 6.5 88
RDY-1 Sawtooth Hatchery 5/7 23 5/28 3,510 21 2.5 92
RDY-3 E. F. Salmon River 5/9 22 5/28 2,454 19 2.7 93
RA17-1 Grande Ronde River 5/20 36 5/22 12,710 2 25.8 102
RA17-3 Grande Ronde River 5/19 31 5/21 12,022 2 25.8 95
LDY-2 Dworshak NFH 4/29 88 5/4 6,699 5 12.3 83
1986  RDT-2 Hel 1s Canyon 5/1 38 5/8 5,033 7 7.4 94
LDT-2 Sawtooth Hatchery 5/21 11 5/29 3,772 8 6.5 120
LDT-4 E. F. Salmon River 5/23 9 5/29 1,552 6 8.6 119
RAJ-4 Little Sheep Cr. 5/8 16 5/30 1,340 22 2.3 114
RAJ-1 Spring Creek 5/27 14 5/26 1,628 Median arrival date at LGD one
day before median passage date
at Snake R. trap.
RAIJ-1 Cottonwood Cr. 5/5 39 5/21 4,468 16 3.2 98
RAIJ-3 Cottonwood Cr. 5/5 43 5/22 5,151 17 3.0 100
RAIJ-4 Cottonwood Cr. 5/6 29 5/18 4,114 12 4.3 99
ROT-4 Dworshak NFH 5/8 18 5117 7,194 9 6.8 99
1.04-1 Clearwater R. Trap 1/ 5/8 2 5/14 1,003 6 10.3 100
LD4-3 Clearwater R. Trap 1/ 5/13 5 5/22 869 9 6.8 98
RD4-1 Clearwater R, Trap 1/ 4/16 7 4/23 371 7 8.8 103
RD4-3 Clearwater R. Trap 1/ 5/1 1 5/8 751 7 8.8 94
1987 RAIC-1 Cottonwood Cr. 4/30 7 5/4 4,886 4 12.9 86
RAIC-2 Cottonwood Cr. 4/30 6 5/4 5,529 4 12.9 86
RAIC-3 Cottonwood Cr. 4/30 7 5/4 5,971 4 12.9 86
RAIC-4 Cottonwood Cr. 4/30 8 5/5 4,936 5 10.3 84
RAR-3 Clear Cr. 4/20 59 5/1 3,500 11 4.7 59
RDR-3 Dworshak NFH 4/22 58 5/1 4,917 9 6.8 63
RDK-1 Clearwater R. Trap 1/ 4/13 6 4/26 1,192 13 4.7 41
RDK-2 Clearwater R. Trap 1/ 4/20 9 4/30 999 10 6.2 56
RDK-4 Clearwater R. Trap 1/ 4/20 2 5/4 692 6 10.3 84
1988 LDT-3 Hel 1s Canyon 517 38 5/15 6,631 8 6.5 69
LDT-2 Sawtooth Hatchery 517 19 5/25 5,332 18 2.9 68
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Table 13. (continued)

Snake River/

Clearwater River trap Lower_Granite Dam
Median Median Travel Migration Mean
passage Number arrival Number time rate Q( kcfs)
Year Brand Release_site date Collected date coll ected (days) (km/day) at LGD
LAI(F&M)-1 Spring Creek 4/25 59 5117 8,711 22 2,3 61
LAI(F&M)-3 Spring Creek 4/24 42 5/1 2 7,895 18 2.9 58
RAI(F&M)-3 Spring Creek 4/24 61 5/9 11,562 15 3.4 58
1988 RAI( F&M)-1 wildcat Creek 4/26 155 511 28,569 15 3.4 59
LD4-3 Snake River @ Asotin 5/24 30 5/30 854 6 8.6 76
RD4-1 Snake River @ Asotin 5/24 55 5/30 994 6 8.6 76
RAT-1 Dworshak NFH 5/3 107 511 10,792 B 7.7 72
RAT-2 Dworshak NFH 5/3 95 511 7,225 8 7.7 72
RAT-3 Dworshak NFH 5/3 81 5/9 5,928 6 10.3 73
RAT-4 Dworshak NFH 5/3 202 5/10 25,335 7 8.8 78
RA4-1 ClearWater R. Trap 1/ 4/14 28 4/22 1,335 8 7.7 57
RA4-3 Clearwater R. Trap 1/ 4/23 8 5/1 1,394 8 7.7 49
RD4-3 Clearwater R. Trap 1/  4/29 16 5/6 743 7 8.8 50
1989 LDI(S&U)-1 Dworshak NFH 5/2 123 5/7 23,573 5 12.3 93
(R&L)DJ-1  Little Sheep Creek 4/25 93 5/10 4,420 15 3.4 95
(R&L)AJ-2 Spring Creek 5/1 84 5/12 12,362 11 4.7 101
(R&L)AJI-1  Spring Creek 5/2 83 5/1 2 10,168 10 5.2 103
(R&L)AJ-3 Spring Creek 5/5 70 5/14 10,877 9 5.7 104
(R&L)AJ-4 Wildcat Creek 4/30 134 5/8 15,037 8 6.5 95

1/ Releases made on Clear-water River at U.S. Highway 95 launch (Rkm-15. 5).
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Table 14. PIT-tagged hatchery steelhead trout travel time, wth 95%
confidence interval, fromthe Snake River trap to Lower
Ganite Dam 1989.

Medi an
travel Per cent Aver age

Rel ease time Confi dence Interval* Nunber captured di scharge

date (day ) Upper Lower capt ured (% (kecfs)
04/ 12/ 89 2.2 0 0 ! 50.0 73.70
04/ 16/ 89 6.8 11 5 26 55.3 100. 26
04/ 17/ 89 3.9 6 3 19 63.3 95. 68
04/ 18/ 89 3.0 3 2 48 73.8 95. 60
04/ 19/ 89 2.5 3 2 44 69. 8 102.70
04/ 20/ 89 2.1 2 2 49 81.7 107.90
04/ 21/ 89 2.0 4 2 45 75.0 115. 30
04/ 22/ 89 2.1 4 2 41 68. 3 115. 45
04/ 23/ 89 2.5 4 2 44 73.3 102. 73
04/ 24/ 89 3.2 3 3 40 65. 6 94.70
04/ 25/ 89 3.3 5 3 41 67.2 88. 60
04/ 26/ 89 2.8 5 2 35 58.3 87.17
04/ 27/ 89 4.8 7 3 29 46.8 86. 42
04/ 28/ 89 3.9 5 4 34 54.8 87.03
04/ 29/ 89 4.0 5 3 43 1.7 85. 55
04/ 30/ 89 3.0 4 3 49 79.0 84.90
05/01/ 89 3.0 4 3 42 70.0 84. 37
05/ 02/ 89 3.1 4 3 46 76.7 88.03
05/ 03/ 89 3.1 4 3 47 77.0 94. 07
05/ 04/ 89 2.8 4 3 47 75.8 98. 53
05/ 05/ 89 2.9 4 2 49 81.7 102. 37
05/ 06/ 89 2.5 3 2 45 75.0 103. 65
05/ 07/ 89 2.3 3 2 48 80.0 109. 40
05/ 08/ 89 1.9 3 2 45 75.0 112. 25
05/ 09/ 89 2.0 4 2 46 73.0 113.50
05/ 10/ 89 2.6 3 2 53 75.7 111. 07
05/ 11/ 89 2.0 3 2 48 72.7 109.70
05/ 12/ 89 3.2 4 3 35 58.3 91. 87
05/ 13/ 89 3.2 4 3 46 75.4 81.57
05/ 14/ 89 3.8 6 3 47 77.0 79.33
05/ 15/ 89 3.5 4 3 40 66.7 79. 27
05/ 16/ 89 3.8 5 3 45 67.2 84. 20
05/ 17/ 89 3.8 5 4 41 68.3 81. 62
05/ 18/ 89 4.6 6 3 44 73.3 74. 34
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Table 14.  (continued)

Medi an

travel Per cent Aver age
Rel ease time Confidence Interval* Nunber captured di schar ge

dat e (day ) Upper Lover caDt ured (% {kcfs)

05/ 19/ 89 6.8 7 5 40 67.8 69. 20
05/ 20/ 89 6.8 8 5 38 64. 4 66. 01
05/ 21/ 89 5.8 7 5 48 80.0 65. 00
05/ 22/ 89 5.1 6 4 41 68. 3 64. 86
05/ 23/ 89 5.8 8 4 45 75.0 62.50
05/ 24/ 89 6.0 7 4 41 68. 3 61. 30
05/ 25/ 89 6.1 8 5 44 73.3 61. 37
05/ 26/ 89 5.2 6 5 43 71.7 60. 72
06/ 08/ 89 3.1 4 3 36 59.0 97. 47

* Confidence intervals calculated with nonparanetric statistics
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The linear regression analysis conducted on the daily release groups
stratified into 5 kcfs discharge intervals showed a significantly higher «r*
val ue because some of the noise which is often associated with biological data
was removed (N=12, r2?=0.916, P=0.000). The best linear regression equation was:

log mgration rate = -4.655 + 1.661 |og nean discharge.

The equation shows that as discharge increases migration rate increases for PIT-
tagged hatchery steelhead trout marked at the Snake River trap

Hat chery steelhead trout were PIT-tagged at the Clearwater River trap in
1989 (Table 15). Since only five groups were marked, no regression analysis was
conducted. Nevertheless, they seem to follow the migration rate-discharge trend
observed with the Snake River releases, nanely groups mgrating under higher
flows (May 2-3 releases), took fewer days to travel to Lower Ganite Dam than
those groups mgrating under |ower flows (May 23-25 rel eases).

Hat chery steel head trout migration rate-discharge relationship between
years was examned to see if the relationship was constant over years. Analysis
of covariance was used to determine if there was a significant difference between
years (1987-1989)in migration rate averaged by 5 kcfs intervals. The analysis
showed there was no significant difference between years (slopes of the Iines)
for the hatchery steelhead trout mgration rate-discharge relationship (N=30,
F=2.782, P=0.082), but there was a significant difference in nmigration rate
(intercepts) between years (N=30, F=8.822, P=0.001).

Percent recovery of daily hatchery steelhead trout PIT tag rel ease groups
at Lower Granite Damranged from 46.8% to 81.7% and averaged 70.1%  Seasona
cunul ative recovery of PIT-tagged hatchery steel head trout to Lower Granite Dam
was 68.6% to Little Goose Dam 79.3% and to MNary Dam 80.7%  This was
consi derably higher than 1987 or 1988 when the seasonal recovery at Lower Ganite
Dam was only 39.2% and 61.3% respectfully. The higher recovery rate at Lower
Ganite Dam nost likely reflects increased fish guiding efficiency from raised
operating gates at the project in 1988, and also increased survival due to nore
favorabl e discharge conditions during the migration period in 1989.

Insufficient numbers of hatchery steel head trout were marked at the
Clearwater River trap to determne percent recovery at any of the collection
facilities.

WIld Steelhead Trout PIT Tag G oins-Sufficient numbers of wild steel head
trout were PIT-tagged at the Snake River trap to provide 36 daily release groups
(1,798 individual fish) for estimating travel time and migration rate in Lower
Ganite Reservoir (Table 16). Median travel time ranged from5.4 d (9.5 km d)
to 1.7 d (30.4 kmd), and averaged 3.9 d (13.7 km d).

Linear regression analysis showed a significant relationship between nedian
mgration rate in Lower Ganite Reservoir and nmean discharge for PlIT-tagged wild
steel head trout groups (n=36, r’=0.702, P=0.000). The best |inear regression
equation was:
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Table 15. PIT-tagged hatchery steelhead trout travel time, with 95%
confidence interval, fromthe Clearwater River trap to
Lower Granite Dam 1989.

Medi an

travel Per cent Aver age
Rel ease time Confidence Interval* Nunber captured di schar ge

dat e (day) Upper Lower captured (% (kcfs)

05/ 02/ 89 4.6 6 4 47 78.3 92.74
05/ 03/ 89 4.9" 6 4 45 75.0 97.90
05/ 23/ 89 8.8 11 6 29 38.7 62.78
05/ 24/ 89 7.0 9 6 41 69.5 61. 86
05/ 25/ 89 7.6 12 5 11 31.4 61. 69

* Confidence intervals calculated with nonparametric statistics
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Table 16. PIT-tagged wild steel head trout travel time, with 95% confidence
intervals, fromthe Snake River trap to Lower Granite Dam 1989.

Medi an
travel Per cent Aver age

Rel ease time Confidence Interval* Number  captured di schar ge

date (day ) Upper Lower capt ured (% (kefs)
04/ 08/ 89 4.1 0 0 4 57.1 80. 90
04/ 09/ 89 5.4 8 5 10 66. 7 77.38
04/ 10/ 89 6.9 12 3 6 54.5 78.61
04/ 11/ 89 7.8 10 3 6 66. 7 82. 39
04/ 12/ 89 2.8 0 0 1 16.7 75.00
04/ 13/ 89 5.8 0 0 4 57.1 84.80
04/ 14/ 89 3.1 0 0 2 33.3 82. 33
04/ 15/ 89 3.4 0 0 5 71.4 88. 43
04/ 16/ 89 3.3 5 2 16 69. 6 92.27
04/ 17/ 89 4.3 5 3 21 56. 8 95. 68
04/ 18/ 89 2.8 4 2 27 67.5 95. 60
04/ 19/ 89 2.3 3 2 43 69. 4 97. 20
04/ 20/ 89 2.3 3 2 26 65. 0 107.90
04/ 21/ 89 2.2 4 2 40 66. 7 115.30
04/ 22/ 89 2.1 3 2 45 72.6 115.45
04/ 23/ 89 2.3 3 2 40 65. 6 108.15
04/ 24/ 89 2.5 3 2 24 60. 0 94.70
04/ 25/ 89 2.4 3 2 37 58.7 90.90
04/ 26/ 89 2.4 3 2 26 50.0 86.95
04/ 27/ 89 2.7 4 2 15 39.5 86.37
04/ 28/ 89 3.4 5 3 17 43. 6 87.70
04/ 29/ 89 2.6 3 2 17 54.8 86.83
04/ 30/ 89 3.1 4 2 18 81.8 84.90
05/ 01/ 89 2.9 3 3 30 88.2 84.37
05/ 02/ 89 3.0 3 2 29 67.4 88.03
05/ 03/ 89 2.7 3 2 34 64. 2 94.07
05/ 04/ 89 2.4 3 2 40 70.2 97.90
05/ 05/ 89 1.9 2 2 39 68. 4 99.80
05/ 06/ 89 2.1 2 2 79 73.8 103.65
05/ 07/ 89 1.9 2 2 117 68. 8 109.40
05/ 08/ 89 1.8 3 2 8 57.1 112.25
05/ 09/ 89 1.7 2 2 80 63.5 113.50
05/ 10/ 89 1.8 2 2 87 65. 9 114.80
05/11/89 2.0 3 2 25 59.5 109.70
05/ 12/ 89 2.5 3 2 37 60. 7 98.05
05/ 13/ 89 2.8 3 2 20 62.5 81.57
05/ 14/ 89 2.8 5 2 13 72.2 78.20
05/ 15/ 89 3.9 5 2 14 82. 4 80.78
05/ 17/ 89 2.8 0 0 5 62.5 84.80
05/ 18/ 89 3.1 0 0 2 100.0 81.27
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Table 16.  (continued)

Medi an

travel Per cent Aver age
Rel ease time Confidence Interval* Nunber captured discharge

date (day ) Upper Lower captured (% (kcfs)

05/19/89 3.4 5 3 19 73.1 74.73
05/20/89 4.8 7 4 10 71.4 66. 68
05/21/89 4.6 9 3 7 53.8 65. 18
05/22/89 3.7 5 2 6 66. 7 65. 05
05/ 24/ 89 4.3 6 3 12 92.3 62. 65
05/ 26/ 89 5.7 0 0 2 50.0 61. 17
06/08/89 5.9 0 0 5 71.4 90. 95

* Confidence intervals calculated with nonparametric statistics
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log mgration rate = -3.655 + 1.461 | og nean discharge.

Again the analysis shows that as discharge increases, mgration rate in Lower
Granite Reservoir increases.

Li near regression analysis conducted on average migration rates for PIT
tag groups stratified into 5 kcfs intervals to renove noise which is often
associ ated with biological data had a higher r’value (N=12, r?=0.933, P=0.000).
The equation that best fit the data was:

log mgration rate = -3.052 +1.341 | og average di schar ge.

This indicates that 93% of the variation in mgration rate is accounted for by
changes in discharge. In other words, migration rate is very dependent on
di scharge; the higher the discharge, the faster wild steel head trout mgrate.

WId steelhead trout were PIT-tagged at the Clearwater River trap in 1989
(Table 17). Insufficient groups were marked for travel time analysis or to
conpare travel time between the Snake and Clearwater River wild steelhead trout.

W!d steelhead trout migration rate-discharge relationship was exam ned
to see if the relationship is constant over years. The analysis of covariance
was use to determine if there was a significant difference between years (1987-
1989) in migration rates using groups averaged by 5 kcfs intervals. The
anal ysis showed no significant difference between years for the slopes of the
wild steelhead trout migration rate-discharge relationships (N=25, F=| .214,
P=0.319), nor was there a significant difference in nmigration rate (intercept)
bet ween years (N=25, r=1.301, P=0 293).

Percent recovery of daily wild steelhead trout PIT tag rel ease groups at
Lower Granite Damranged from 39.5% to 92.3% and averaged 65.8%  Seasonal
cunul ative recovery of PIT-tagged wild steelhead trout to Lower G anite Dam was
65.1% to Little Goose Dam 78.7% and to McNary Dam 81.5% The percent recovery
at the three dams for PIT-tagged hatchery and wild steel head trout was about the
sane; 82.5% for hatchery steelhead trout, and 81.5% for wild steelhead trout.
This is slightly higher than in 1988 (10% higher for hatchery steelhead trout
and 7% higher for wild steelhead trout), and considerably higher (44% higher for
hat chery steel head trout and 25% hi gher for wild steelhead trout) than in 1987.
The increase in interrogation of both hatchery and wild steelhead trout may be
due to increased survival associated with better water conditions during the
1989 migration period than were available in the drought years 1988 and 1987.
The dramatic increase over 1987 is partially due to an increased fish guiding
efficiency fromraising the operating gates at Lower Ganite Dam prior to the
1988 migration season.

Mgration rates for hatchery and wild steelhead trout were significantly
different. The slopes of the migration rate-discharge regression lines for
hat chery and wild steel head trout, grouped by 5 kcfs increments, were tested
with the analysis of covariance and found to not be significantly different
(N=24, F=2.677, P=0.117). Since the nmigration rate-discharge relationships for
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Table 17. PIT-tagged wild steelhead trout travel time, with 95%
confidence intervals, fromthe Cearwater trap to Lower
Ganite Dam 1989.

Medi an

travel Per cent Aver age
Rel ease tine Confidence Interval* Nunber captured di schar ge

date (day ) Upper Lower capt ur ed (% (kefs)

04/ 04/ 89 6.7 0 0 ! 100.0 72.93
04/ 05/ 89 8.0 0 0 ! 100.0 74.50
04/ 06/ 89 12.6 0 0 1 100.0 80. 21
04/ 07/ 89 7.7 0 0 ! 50.0 77. 64
04/ 12/ 89 3.8 0 0 2 28.6 76. 47
04/ 13/ 89 8.1 0 0 2 66. 7 87.90
04/ 15/ 89 4.1 7 2 6 75.0 89. 43
04/ 16/ 89 3.2 7 2 8 72.7 92.27
05/ 03/ 89 4.4 5 2 7 87.5 95. 50
05/ 23/ 89 4.0 5 2 9 37.5 65. 52
05/ 24/ 89 5.2 0 0 5 50.0 61.28
05/ 25/ 89 6.5 0 0 3 27.3 61. 37
05/ 30/ 89 4.8 0 0 4 36. 4 66. 04
05/ 31/ 89 3.8 0 0 3 100.0 66. 25

* Confidence intervals calculated with nonparametric statistics
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hat chery and wild steel head trout had a conmon slope, the heights of the two
lines were tested to determine if there was a significant difference in the
mgration rate of hatchery vs. wld steelhead trout. The hei ghts (or
intercepts) of the two regression lines did differ (N=24, F=18.613, P=0.000).
WIld steel head trout consistently mgrated approximately 3 kmd faster, over the
range of discharge observed in 1989, than their hatchery counterparts (Figure
8). This sane phenomenon was observed in 1988 when wild steel head trout
consistently mgrated about 2.5 kmd faster, over the range of discharge
observed in 1988, than their hatchery counterparts.

It is uncertain as to the reason for this difference. Possi bl e
expl anations are that wild steel head trout are stronger and/or nore fully
snelted and therefore nmigrate faster through Lower Granite Reservoir. Mean
ATPase activity level, an indicator of smoltification, was tested three tines
at the Snake River trap between April 20-27, 1989 (Rondorf et al. In Press).
Prelimnary information indicates mean ATPase |levels for hatchery steel head
trout were 32% lower than wild steelhead trout during this period (hatchery
steel head trout = 13.5, wld steelhead trout = 17.8).
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SUMMARY

The nunber of chinook salnon released in 1989 was up 2.7% and the nunber
of steelhead trout released was down 19.0% from 1988. Hatchery production of
chinook salmon and steel head trout released above Lower G anite Dam was
20, 229, 754 (11,479,606 chinook salrmon and 8,750,148 steelhead trout) in 1989.
O these, 674,114 chinook salnon and 291,728 steelhead trout (5.9% and 3. 3% of
the total releases, respectively) were freeze-branded and rel eased as 40 unique
chinook sal non groups and 13 unique steel head trout groups.  The nunber of
freeze-branded chinook salmon and steelhead trout was down 6.7% and 46.9%
respectively, from1988. Idaho did not brand steel head trout at any facilities
except DNFH in 1989.

The Snake River trap was operated on the east side of the river from March
8 through June 23. The Snake River trap captured 32,131 age-1 chinook sal non,
23,245 hatchery steelhead trout, and 2,194 wild steelhead trout. The hatchery
steel head trout trap catch was better than in any previous year, up 139% from
1988, which was the best previous year.

The Clearwater River trap was operated from March 15 through June 3 with
about a one-nonth period fromnid-April to nmid-My when the trap was out of
operation due to high flow Clearwater River trap catch was 9,938 chinook
sal mon, 1,135 hatchery steelhead trout, and 141 wild steelhead trout. Total
trap catch of all three species was considerably less than 1988 due to the
month-1ong period in April and May when the trap was out of operation. Fish
were again PIT-tagged for migration rate statistics at the Snake River trap and,
for the first time, at the Clearwater River trap in 1989.

Tests at the Snake River trap produced a chinook salnmon trap efficiency
of 1.04%for 1989. Differences in the trap efficiencies in 1989 from previous
years were not statistically significant. Al the years of chinook salnon trap
efficiencies provide a pooled average chinook salmon trap efficiency of 1.39%
at the Snake River trap.

Steel head trout trap efficiency of three test groups at the Snake River
trap was 0.6%  The four years of efficiency data were pooled to provide a
steel head trout trap efficiency of 0.74% at the Snake River trap. Wth the
limted data available, year and discharge must be discounted as having any
significant effect on trap efficiency of steelhead trout smelts at the Snake
River snelt trap.

Chinook salnon trap efficiency tests at the Clearwater River trap in 1989
were significantly different from those of previous years. The 1989 trap
efficiency was 0.55% which is considerably lower than the previous five-year
pool ed efficiency of 2.0%

Steel head trout trap efficiency was not tested at the Cearwater River
trap in 1989.
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Mgration rates (travel time) from points of release to the Snake River
trap in 1989 were slower than in previous non-drought years, probably due to a
10-60% reduction in Sal mon River discharge anda 15-40% reduction in Snake River
di scharge from previous years (1984 through 1986). Mgration rates for freeze-
branded steel head trout, released in the Gande Ronde River, to the Snake River
trap in 1989 were simlar to 1988. No branded steel head trout were released in
the Salmon River in 1989.

Mgration rates for Clearwater River branded chinook salnon were simlar
to rates observed in 1985, 1986, and 1988. In 1987, nmigration rate was 75%
slower than in 1989. Fl ows were considerably |ower for a major portion of the
mgration in 1987 and is probably the reason for the slower migration that year
Steel head trout migration rate was the same as in previous years.

Mgration rates through Lower Ganite Reservoir ranged from 45 d for early
freeze brand release groups in the Cearwater River, to 2 d for the South Fork
Sal non River freeze brand group. The slow migration rates for chinook sal mon
moving through the reservoir early in the mgration season was probably due to
the fish being at a lower level of snoltification, and river discharge was |ower
at that time. The South Fork Sal mon River group noved through the reservoir
about three weeks later, when the snelts would have been at a higher |evel of
snol tification, and discharge was 20-30 kcfs higher

PIT-tagged chinook salnon are amuchbetter nethodof determining migration
rate through Lower Granite Reservoir than freeze brand groups. Pl T-t agged
chinook salmon migrated considerably slower early in the migration season (nean
travel time 159d prior to April 11) conpared to later in the nmigration season
(mean travel time 5.4 d after April 16). Prior to April 11, average discharge
was 79 kcfs, and after April 16average discharge was 95 kcfs. Chinook sal non
mgration rate through Lower Ganite Reservoir was greater in 1989than in 1988
or 1987, probably due to higher discharge in 1989. Statistical analysis_showed
a very strong relationship between migration rate and discharge (N=10, r?=0.951,
P=0.000). As discharge increases, mgration rate of chinook salmon through the
reservoir also increases. PIT-tagged chinook salnon moved about six times faster
through the reservoir at 100 kcfs than at 60 kcfs.

A strong migration rate-discharge relationship was not obvious for the
PI T-tagged chinook sal non groups released fromthe Clearwater River trap. Not
enough data was available in 1989 at the Clearwater River trap to test this
relationship because of the extended period the trap was inoperative in April
and May.

Percent interrogationof PIT-tagged chinook salnon was higher in 1989than
in previous years. Cunul ative interrogationof PIT-tagged chinook salnmon at al
three dams (Lower Ganite, Little Goose, and McNary) was 68.5% in 1989.

Mgration rate through Lower Ganite Reservoir for hatchery steel head
trout PIT-tagged at the Snake River trap was 1.5 times faster in 1989 than in
1988 (3.7 km'd and 5.6 km'd, respectively). Discharge was 1.4 times higher in
1989, which probably accounts for the increased mgration rate. There is a very
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strong statistical relationship between migration rate and di scharge for PpIT-
tagged hatchery steelhead trout (N=12, r*=0.916, P=0.000). Pl T-tagged hatchery
steel head trout migrated about twice as fast at 100 kcfs as they did at 60 kcfs.

Percent interrogationof PIT-tagged hatchery steelhead trout taggedat the
Snake River trap was 10% higher in 1989 than in 1988. Cunulative interrogation
of PIT-tagged hatchery steelhead trout at all three dams (Lower Ganite, Little
Goose, and McNary) was 80.7% in 1989.

The introduction of the PIT tag has provided the opportunity to obtain
travel tine data through Lower Granite Reservoir for wild steelhead trout. This
is because of the |low nunbers of fish required for marking due to the high
recovery rate at Lower Granite Dam PIT-tagged wild steel head trout, tagged at
the Snake River trap, mgrated at the sane rate in 1989 and 1988 (3.9 d). The
rel ationship between migration rate and discharge for wild steelhead trout is
very strong (N=12, r®=0.933, P=0.000). These fish nmigrated tw ce as fast
through Lower Granite Reservoir at 100 kcfs as they did at 60 kcfs. PIT-tagged
wild steelhead trout also mgrate about 1.5 times faster through Lower Ganite
Reservoir, at 100 kcfs, than did the PIT-tagged hatchery steel head trout.

Percent interrogationof PlT-tagged wild steel head trout was approxi mately
7% hi gher in 1989 than in 1988. Curul ative interrogation of PIT-tagged
steelhead trout at the three dams (Lower Granite, Little Goose, and McNary) was
81.5% in 1989.
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ABSTRACT

This project nonitored the daily passage of chinook sal mon_oncorhynchus
tshawvtscha and steelhead trout Oncorhynchus mykiss spelts during the 1990 spring
outmgration at mgrant traps on the Snake River and the Clearwater River. -

Chinook sal non catchat the Snake River trap was simlar to 1987 and 1988,
drought years, but considerably |ess than 1989, a near nornmal flow year.
Trapping effort was the same during the four years. Hatchery steelhead trout
catch was similar to 1988 and 1989. WId steelhead trout catch was greater than
in any previous year.

Chinook salnon catch at the Clearwater River trap was slightly less than
in 1987 or 1988 and considerably higher than in 1989. Hatchery steel head trout
trap catch was 3 to 26 times greater than in previous years. WId steel head
trout trap catch was 2 to 11 tines greater than in previous years.

Fish tagged with Passive Integrated Transponder (PIT) tags at the Snake
River trap were recovered at the three danms with PIT tag detection systems (Lower
Ganite, Little Coose, and McNary dans). Cunulative recovery at the three dans
for fish marked at the Snake River trap was 64.4%for chinook sal mon, 83.1% for
hatchery steel head trout, and 79.0%for wld steel head trout. Cumul ative
recovery at the three dans for fish PIT-tagged at the Clearwater River trap was
54.6% for chinook salnmon, 77.6% for hatchery steelhead trout, and 70.4% for wld
steel head trout.

Travel time (days) and mgration rate (kmd) through Lower Granite
Reservoir for PIT-tagged chinook sal mon and steel head trout, marked at the head
of the reservoir, was affected by discharge. Statistical analysis showed that
a two-fold increase in discharge increased migration rate by 2.2 times for pIT-
tagged chinook sal non released fromthe Snake River trap and 1.8 times for
chinook salnon released fromthe Clearwater River trap. A two-fold increase in
di scharge increased mgration rate by 3.1 times for Pl T-tagged hatchery steelhead
trout released from the Snake River trap. Not enough data were available to
provide a migration rate discharge relations for hatchery steel head trout
rel eased fromthe Clearwater River trap. A two-fold increase in discharge
increased migration rate by 2.0 tines for PIT-tagged wild steel head trout
rel eased fromthe Snake River trap and by 2.2 times for PIT-tagged wild steel head
trout released fromthe Clearwater River trap.

Chi nook sal mon, hatchery steelhead trout, and wild steel head trout captured
in the Snake River trap had a mininmum survival estimate to Lower Granite Dam that
was 5% to 10% greater than fish that were collected in the Clearwater River trap.
This difference may be attributed to the distance fish travel ed before
encountering the traps or other unknown factors.



The relation between fish length at time of tagging and m ni mum survival
to Lower Granite Dam was examined at the Snake River trap in 1988-1990. The
relation was significant for chinook salnon and hatchery steelhead trout in 1988
and for wild steelhead trout in 1990. This relation was also examned at the
Clearwater River trap in 1989 and 1990 for chinook salmon and in 1990 for
hat chery steel head and wild steelhead trout. only the hatchery steelhead trout
showed a significant relation.

Aut hor s:

Edwin W Buettner
Seni or Fishery Research Biol ogi st

V. Lance Nelson
Seni or Fishery Technician



INTRODUCTION

The Pacific Northwest Electric Power Planning and Conservation Act of 1980
(P.L. 96-501) directed the Northwest Power Planning Council (NwPPC) to deveiop
progranms to mtigate for fish and wildlife losses on the Colunbia R ver system
resulting from hydroelectric projects. Section 4(h) of the Act explicitly gives
the Bonneville Power Adm nistration (BPA) the authority and responsibility to.
use its resources “to protect, mtigate, and enhance fish and wildlife to the
extent affected by the devel opnent and operation of any hydroel ectric project
on the Colunbia River system”

Water storage and regulation for hydroelectric generation severely reduces
flows necessary for downstream snelt mgration. In response to the fishery
agencies’ and Indian tribes’ recomrendations for mgration flows, the NWPPC
Col unbia River Basin Fish and Wldlife Program proposed a “Water Budget” for
augmenting spring flows.

The Northwest Power Planning Council’s “Water Budget” in the Colunbia’'s
Snake River tributary is 1.19 mllion acre-feet of stored water for use between
April 15 and June 15 to enhance the snelt mgration. This amount has never been
provided, and actual water made avail able has been limted. To provide
information to the Fish Passage Center (FPC) on snelt movenent prior to arriva
at the lower Snake River reservoirs, the Idaho Department of Fish and Game (IDFG)
monitors the daily passage of snelts at the head of Lower Granite Reservoir.
This information allows the FPC to request the limted Snake River water budget
for optimal use to provide inproved passage and mgration conditions.

Snelt monitoring is beneficial for water budget nanagement under all flow
conditions and becones critical when low flow conditions reduce migration rates
In years of low flow (drought years), know edge of when nost snelts have |eft
tributaries and entered areas which can be affected by rel eases of stored water
al l ows managers to make the most timely use of the limted water budget resource
Three low flow years (1987, 1988, and 1990) have occurred during this snelt
nmonitoring project. The indications are that judicious use of the-water budget
can greatly enhance the timng and mgration rate of juvenile chinook salmn and
steel head trout.

Additionally, the IDFG Smolt Mbnitoring project collects other useful data
on relative species conposition, hatchery steelhead trout versus wild (natural)
steel head trout ratios, travel time, and migration rate. Al wld steel head
trout smelts are PIT-tagged (Passive Integrated Transponder) to determine timng
of wld adult steelhead trout one and two years later as they return to spawn.
By nmonitoring snelt passage at the head of Lower Granite Reservoir and at Lower
G anite Dam, migrationrates (knmd) under various riverine and reservoir
conditions can be estimated and conpared. Monitoring sites, on both the Snake
and Clearwater arns of Lower Ganite Reservoir, permt mgration timngof smelts
from each drainage to be determ ned. Al though not yet achieved, relative
abundance of hatchery and wild stocks of steelhead trout can be determ ned and
used to docunment wild stock rebuilding progress. The Snelt Monitoring Progranis



information is conplinentary of other Snake and Col unbia river NWPPC supported
proj ects.

OBJECTIVES

L Provide daily trap catch data at the head of Lower Granite Reservoir for
wat er budget and fish transportation management purposes.

2. Determine riverine travel time fromthe point of release to the
smelt traps (index sites) at the upper end of Lower Ganite
Reservoir for freeze-branded and Pl T-tagged snelts.

3. Provide an interrogation site for PIT-tagged snmelts, narked on other
projects, at the end of their mgration in a riverine environnent and the
beginning of their mgration in a reservoir environnent.

4. Determne reservoir travel time for chinook sal non, hatchery steel head
trout, and wild steelhead trout fromthe head of Lower Ganite Reservoir
to Lower Granite Dam and to Little Goose Dam using PlIT-tagged snelts
marked at the traps, as well as freeze-branded and PIT-tagged snelts
passing the traps from upriver hatchery releases and rearing areas.

5. Correlate smelt travel time with river flow for fish noving in
riverine and reservoir environments.

6. Determine trap efficiency for each species at each trap over a range
of discharges.

METHODS

Rel eases of Hatchery- Produced Snelts

Rel ease information was reported for hatcheries in the Snake River
drai nage upstream of Lower Ganite Dam that rel eased chinook sal mon and
steel head trout juveniles which may have contributed to the 1990 outmigration.
This information included species, nunber rel eased, date and |ocation rel eased,
and the group-identifying freeze brand, if used.

Snel t Monitoring Traps

During the 1990 outmigration,two smeltnonitoring traps were enployed to
nmonitor the passage of juvenile chinook salnon and steelhead trout. A SCOOp
trap (Raymond and Collins 1974) was stationed on the Clearwater River and a
di pper trap (Mason 1966) was |ocated on the Snake River (Figure 1). Snelts were



» Dworshak Res.
C)
tWate .
fo| (oMUY N
> 0
%
.
s.""y R‘
outh Fork
Salmon 0"’0,.
e
o
E
o
m .
i ¥
0
| '8
£
- |
-]
B

Figure 1. Map of study area,



captured and renoved daily fromthe traps for examination, enuneration, and
rel eased back to the river. Fork length of up to 100 snelts for each species
were measured to the nearest mllimeter, and up to 2,000 fish were exanm ned for
hatchery  brands. Smelts handled were anesthetized wth Tricaine
Met hanesul fonate (Ms-222). These fish were allowed to recover fromthe
anesthesia before being returned to the river.

At each trap, water tenperature (C) and turbidity were recorded daily
using a centigrade thernometer and 20 cm Secchi disc. The U.S. Wather Service
provi ded daily information on river discharge (cFs). The Snake River trap
di scharge was measured at the USGS Anatone dgauge (#13334300) 44.4 km upstream
fromthe trap. The Clearwater River trap discharge was neasured at the USGS
Spalding gauge (#13342500) 8.8 km upstream from the trap.

Snake River Trap

The Snake River mgrant dipper trap was positioned approxi mately 40 m
downstream fromthe Interstate Bridge, between Lew ston, |daho and Clarkston,
Washington and was attached to bridge piers just east of the draw bridge span
by steel cables. This location is at the head of Lower Ganite Reservoir, 0.5
km upstream from the convergence of the Snake and Clearwater arns. River width
and depth at this |ocation are approximtely 260 mand 12 m respectively.

A juvenile steelhead trout radio tracking study was conducted in 1987
(Liscom and Bartlett 1988). The study showed that during 1987, 7%of the radio-
tagged steelhead trout passed the bridge under the span west of the draw bridge
where the trap was positioned, and 30% passed the bridge under the span
imedi ately east of the draw bridge span. Because at least four times nore fish
were nmoving under the span of the bridge just east of the draw bridge, the trap
was noved to that location on April 27, 1988 after conpleting installation of
an electrical line to the new trap location. The trap was fished at the east
location in 1990 because of the bel ow normal snow pack and subsequent predicted
| ow spring runoff.

Trap operation in 1990 began March 9 and continued until June 19. There
were five interruptions in trap operation due to nechanical breakdown, each of
an undetermned length of time. There were also three tines when the trap did
not function properly due to a heavy debris build-up in the trap. The trap was
out of operation for less than 15 h on each occasi on.

Chinook salmon and steel head trout smelts were PIT-tagged (Prentice et
al. 1987) at the Snake River trap to estimate travel time from the head of Lower
Ganite Reservoir to Lower Ganite Dam Up to 150 chinook sal non, 60 hatchery
steelhead trout, and all wld steelhead trout were PIT-tagged daily when
avai | abl e. Median travel tine of the daily PIT-tagged rel ease groups was
converted to mgration rate. This was correlated with mean Lower cranite
Reservoir inflow for the nedian travel tine to determne how changes in
di scharge affected smelt mgration rate through Lower Ganite Reservoir.



Al fish captured in the Snake River trap were passively interrogated for
PIT tags as they entered the livewell. The recovery and tagging information was
sent to the PTAG S Data Center (managed by Pacific States Marine Fisheries
Commi ssion) daily.

The PIT tag interrogation system on the Snake River trap consists of-an
8-inch PVC pipe with two interrogation coils (D4 and D-6). Each coil is
connected to an exciter card and a PIT tag reader. The system does not have
the capability to provide exact time of capture. Since it is checked once
daily, the time of sanpling is used as the interrogation tine.

Coi|l efficiency tests were conducted on the interrogation system  Four
hundred test tags were sent through the system Coil D4 mssed 24 of the test
tags and coil D-6 missed 5. Two were missed by both coils so the systemhad a
99. 5% reading efficiency.

Clearwater River Trap

The Cearwater River scoop trap was installed 10 km upstream fromthe
convergence of the ClearWater River and Snake River arns of Lower Ganite
Reservoir (4.5 km upstream from slack water). The river channel at this
location fornms a bend and is 150 to 200 mwide and 4 mto 7 m deep, depending
on discharge.

Trap operation began March 14 and continued until My 29. Trapping was
di scontinued because of high discharge and/or debris for 15 d this season; April
22-26, May 9-16, and My 26-27. The trap was operated in extreme high flows on
May 28 and 29 near the north shore where trap efficiency was greatly reduced.
Effective trap operation was termnated on May 25.

Chi nook sal non and steel head trout snelts were tagged with PIT tags at
the Clearwater River trap to estimate travel time from the head of Lower Ganite
Reservoir to Lower Ganite Dam for Clearwater River fish. Up to 150 chinook
sal non, 60 hatchery steel head trout, and all wld steelhead trout were pIr-
tagged daily when available. Median travel tinme of the daily PIT-tagged release
groups was converted to mgration rate. This was correlated with mean Lower
Ganite Reservoir inflow for the median travel tinme to deternm ne how changes in
di scharge affected snelt migration rate through Lower Ganite Reservoir.

Al fish were interrogated for PIT tags as the fish were removed fromthe
livewell. The tagging and interrogation files were sent to the Pracis Data
Center daily.

The PIT tag interrogation systemon the Cearwater River trap consists of
a 4-inch PVC pipe with two interrogation coils (DO and D-2). Each coil is
attached to an exciter card and a PIT tag reader. This systemis battery-
operated. Prelimnary data shows reading efficiency of the systemis sinilar
to that of the Snake River trap.



Trap Efficiency

The proportion of the mgration run being sanpled is termed trapping
ef ficiency. Since trap efficiency may change as river discharge changes,
efficiency was estimted several times through the range of discharge at which
the trap was operated. A linear regression equation (Ot 1977) describing the
relation of trap efficiency and discharge was derived to estimate efficiency at
any given discharge.

The ratio of recaptures to marks released is the estinmate of trap
efficiency (TE = recaptures/marks released). Al trap efficiency tests
conducted on the Snake and Cl earwater River traps yielded recapture rates |ess
than0. 2 (20%. These |low proportions, (or percentages), foma binomial rather
than normal distribution. To normalize the trap efficiency data, an arcsin ¥x
transformation (Zar 1984) was used where:

TE'(or P') = i[arcsin ¥x/(n+1) + arcsin ¥(x+1)/(n+1)].

Al subsequent analyses, including the trap efficiency-discharge regressions,
were conducted with the transformed data.

The analysis of covariance was used to detemine if there was a

significant difference in trap efficiencies anong years. If no significant
difference existed, the analysis of covariance was continued to deternine if
trap efficiency varies from year to year when adjusted for discharge. [If no

statistical difference existed, the data were pooled over years and a single
regression line fitted between river discharge and trap efficiency. Each test
was performed at the 0.05 level of significance.

Trap efficiency tests can utilize three different release procedures.
The first procedure utilizes fish released directly froma hatchery or part of
a hatchery-transported release group, when that hatchery or release group was
l ess than 80 km upriver fromthe trapping facility. The second procedure
utilizes small groups of fish, approximately 2,000 fish for chinook sal mon and
4,000 fish for steelhead trout, that have been freeze branded (Mighell 1969) at
a hatchery and held there until transported to a release site upstream of the
trap for release at sunset. Sanple size differences between test groups of
chinook salnon and steel head trout juveniles relate to the trap efficiency of
the species and the nunber of recaptures needed for statistical reliability.
Five or nore recaptures per test were needed for trap efficiency estimates to
be statistically reliable. The third procedure of estimating trap efficiency
utilizes trap-caught fish that were marked, transported back upstream the sane
day, and released to pass the trap a second tine.

Trap efficiency tests were conducted for steelhead trout throughout the
mgration season on the Snake River by releasing trap-caught nmarked snmelts 8 km
upriver fromthe trap. Due to the |ow chinook salnon catch at the Snake River
trap in 1990, no chinook salnon trap efficiency tests were conducted



Trap efficiency tests were conducted throughout the migration season on
the Clearwater River by releasing marked snelts 7 kmupriver fromthe trap site

Travel Tinme and Migration Rates

Mgration statistics were calculated for hatchery release groups from
release sites to traps and through Lower Ganite Reservoir. Travel time and
mgration rates to the traps and through Lower Ganite Reservoir were calcul ated
using median arrival times at the Snake and Clearwater river traps and at Lower
Ganite Damfor hatchery brand groups and brand groups used for trap efficiency
tests. Median arrival (or passage) date is the sanple date the 50th percentile
fish arrived at the trap or collection facility. Snelts were PIT-tagged at the
Snake and Clearwater river traps as the primary method to determne travel tine
fromthe head of Lower Ganite Reservoir to Lower Ganite and Little Goose dans.
Distances fromrelease point to recovery location are listed in Table 1. Daily
i ndividual arrival times of these fish at Lower Granite and Little Goose dam
collection facilities were determned. A mninum recapture nunber, sufficient
for use in travel tinme and migration rate estimations, was derived from an
enpirical distribution function of the travel time for each individual release
group (Steinhorst et al. 1988). If recapture nunbers were less than five or
l'ess than the nunber derived from the enpirical distribution function, the daily
data were combined with another days data or the data were not used. If it was
combined, it was added to daily data from an adjacent release day which had
simlar discharge and travel tine.

Smelt mgration rate-discharge relations through Lower Ganite Reservoir
were investigated using linear regression analysis after both variables were
log (in) transformed (Zar 1984). The 0.05 | evel was used to determ ne
signi ficance. This analysis was performed for the hatchery freeze-branded
chinook salmon and steel head trout groups and for the PIT-tagged chinook sal nmon,
hat chery steelhead trout and wild steel head trout groups marked at the Snake or
Clearwater river traps.

To renmove sone of the “noise” often associated with biological data and
better show the underlying biological relation, mgration rate was stratified
into five kcfs discharge intervals (Mosteller and Tukey 1977:75). A |inear
regression analysis was conducted on this grouped data.

A linear regression analysis was perfomed on the migration rate discharge
data for PIT-tagged fish released fromthe Snake and Cl earwater River traps and
interrogated at Little Goose Dam Data that had been stratified into five kcfs
di scharge intervals and |og transformed were used in the analysis.

The mgration rate-discharge relations for PIT-tagged chinook sal non,
hat chery steelhead trout, and wild steelhead trout were individually exan ned
for 1987-1990 to detemine if the relations were different between years. Using
an analysis of covariance, with the migration rate data averaged by S-kefs
groups, the first underlying assunption of equality of slopes was tested. If
the hypothesis of equality of migration rate-discharge slopes among years was
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Table 1. River mile and kilometer l|ocation for the Snake

River drainage.

Mouth of Mouth of Lower Snake River Clearwater River Salmon River
Columbia River Snake River Granite_Dam trap site trap_site trap site
mi km mi km ml km mi km mi km mi km

Mouth of Snake River 324.3 5218 0.0 0.0 1075 172,9 139.6 2246 1457 2345 2414 388.4
Lower Granite Dam 431.8 694.8 107.5 173.0 0.0 0.0 32.1 51.6 38.3 61.5 1339 2154
Clearwater R. trap site 470.0  756.2 1457 2344 382 615 0.0 0.0
Highway 95 boat launch  473.2 7614 148.9 2396 415 668 3.2 5.1
Dworshak NFH 504.3 8114 180.0 289.6 725 116.6 34.3 55.2
Kooskia NFH 541.6  871.4 217.3 3496 109.8 176.7 715 115.0
Crooked River 604. 3 972.3 280.0 460.5 1725 277.6 134.3  276.0
Red River Rearing Pond  618.0 994.4 2937 4726 186.2 299.6 148.0 238.1
Snake River trap site 463.9 746.4 1396 224.6 321 51.6 0.0 0.0 101.8 163.8
Asotin Creek rel. site 470.3 756.7  146.0 234.9 385  61.9 6.4 10.3
Mouth of Grande Ronde R. 493.0 793.2 1687 2714 61.2 985 29.1 46.8
Cottonwood Creek 521.7 839.4 197.4 317.6 89.9 1446 57.8 93.0
Lookingg1ass Creek 580. 4 933.9 2561 4121 1486 2391 1165 187.4
Big Canyon Creek 585.9 942.7 261.6 4209 1641 247.9 122.0 196.3
Spring Creek 614.4  988.6 290.1 466.8 182.6 293.8 150.5 2422
Catherine Creek 636.9 1024.8 3126 503.0 2051 330.0 173.0 278.4
Mouth of Salmon River 512.5 8246 1882 302.8 80.7 129.8  48.6 78.2 53.2 85.6
Imnaha River 516.0  830.3 191.7 309.1 84.2 1357 52.1 83.8
Little Sheep Creek 553.8 8911 2295 369.3 122.0 1963 89.9 1446
Imnaba col 1. faci 1 ity 665. 6 910.2 2413 388.3 133.8 2154 101.7 163.6
Hal 1s Canyon Dam 571.3 919.2 247.0 397.4 1395 2245 107.4 17238
Salmon River trap site 565.7 9102 2414 3884 1339 2154 101.8 163.8 0.0 0.0
Rapid River Hatchery 605. 8 974.7 2815 4529 1740 280.0 141.9 2283 40.1 64.5
Hazard Creek 618.7 9955 294.4 4737 186.9 300.7 154.8 249.1 53.0 85.3
SF Salmon @ Knox Bridge 719.7 1158.0 3954 636.2 287.9 4632 2558 4116 154.0 2478
Pahsimeroi Hatchery 817.5 13154 4932 7936 3857 620.6 3536 668.9 251.8 405.1
EF Salmon @ trap site 873.6 14056 649.3 8838 4418 710.9 409.7 659.2 3079 4954
Sawtooth Hatchery 896.7 14442 573.3 9224 4658 7495 4337 697.8 3319 534.0




not rejected, then the subsequent analysis of covariance was conpleted. This
was basically a test of whether the regression lines relating mgration rate and
di scharge for each year had a conmon intercept, or whether one regression line

was higher than another. [If the final hypothesis of common intercepts was not
rejected, then there was not a significant difference in the mgration rate-
discharge relations anobng years, and the yearly data were pool ed. After

pooling, a linear regression analysis was run to provide the best fitting
equation to describe the relation between migration rate and discharge for an
i ndi vidual species over several years.

M ni mum Survival of PIT-tagged Fish

Estimates of mininum survival of PIT-tagged fish, marked at the head of
Lower Granite Reservoir, to Lower Granite Damcollection facility included data
from 1988, 1989, and 1990 for the Snake River trap and 1989 and 1990 for the
Clearwater River trap. Using both chinook sal non and steel head trout snelts
marked throughout the sanpling season, a “Mninum Survival Estimate” from the
trap to Lower Ganite Damwas derived. This mninum estimate consists of fish
that were interrogated at Lower Ganite, Little Goose, or MNary dams. The data
has been exam ned to insure that nultiple interrogations within a dam and
bet ween danms have been renoved. The basis for the mnimumsurvival estimte at
Lower Granite is that fish that were interrogated at Lower Ganite, Little
Goose, or MNary danms were alive when they passed Lower Ganite. This estimte
is held to be a “mninun’ estimte because there are fish that passed all three
dams without being detected and nortality that occurs downstream of Lower
Ganite Dam

Lengths of fish tagged at the Snake and Clearwater River traps, and |ater
interrogated downstream were grouped by 5-mmintervals for an analysis of
m ni mum survival versus length for PIT-tagged fish. The relations between the
size of the fish PIT-tagged and their mninumsurvival to Lower Ganite Dam was
exanmined using 1988, 1989, and 1990 data for the Snake River trap. The data
from 1987 was not used in the anal ysis because it was biased, as only ‘quality’
| ooking fish were tagged that year. The Cearwater River trap analysis
consisted of 1989 and 1990 dat a.

RESULTS AND DI SCUSSI ON

Hat cherv Rel eases

Chi nook Sal non

Chinook salnon rel eased into the Snake River drainage upstream from Lower
Ganite Damwere reared at seven locations in Idaho and three in Oregon. The
Washi ngton Department of Fisheries released no chinook salnon juveniles in the
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Snake River drainage upstreamfrom Lower Granite Damthat contributed to the
1990 outmigration. A total of 13,282,545 chinook salnmon snelts were rel eased
at 17 locations in Idaho and 8 locations in Oregon (Table 2).

During the late sumer and fall of 1989, four groups of chinook sal mon
juveniles were released from Idaho hatcheries. Al'l other chinook salmon
rel eases for the 1990 outmigration were made in the spring of 1990 (Table 2).

St eel head Trout

Steel head trout were reared at four locations in ldaho, one in \Wshington
and three in Oregon for release into the Snake River drainage upstream from
Lover Granite Dam A total of 11,377,967 steelhead trout snelts were rel eased
at 16 locations in Idaho, 8 locations in Oregon, and 2 locations in Vashington
(Table 3). Fall releases of steelhead juveniles have not been included in this
total.

Snelt Monitoring Traps

Snake River Trap Qperation

The Snake River trap caught 5,258 age 1 chinook salmon, 29 age O chinook
sal mon, 19,940 hatchery steelhead trout, 3,427 wild steelhead trout, and 325
sockeye/ kokanee _oncorhynchus nerka. Chinook sal non catch at the Snake River
trap for 1990 was simlar to other low flow years (1987 and 1988) and
consi derably |ower than 1984-1986 or 1989, normal or above normal flow years.
There appears to be a threshold velocity within the trap required to effectively
col lect chinook salnmon. Below this threshold velocity, which is about 1.6 to
1.8 feet per second, trap efficiency is very |ow and chinook salmon trap catch
may not be representative of the chinook sal mon popul ati on passing the trap.
The threshold velocity is generally exceeded when discharge is above 27,000 to
33,000 Cf's. The outmigration pattern was sinmilar to other years (Figure 2).

There were three major peaks in hatchery steelhead trout passage. The
first began in md-April and lasted until the end of the month (Figure 3).The
second began on May 6 and lasted until My 19. This period had the second
hi ghest daily catch for the season of 1,321 hatchery steel head trout, which
occurred on May 7. The third peak began on May 25 and lasted until June 2.
This period had the highest daily catch of 1,637 hatchery steelhead trout on
May 30.

Thirty percent of the hatchery steel head trout were captured in April
63% in My, and 7% in June. This is simlar to 1989, although 5% nore hatchery
steel head trout mgrated in June 1990, indicating that the hatchery steelhead
trout migration was slightly delayed this year. WId steelhead trout passage
was earlier than hatchery steelhead trout, with 0.7% captured in March, 44.7%
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Table 2. Hatchery chinook salnon released into the Snake River system
upriver from Lower Granite Dam contributing to the 1990
outmigration.

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Brand

Sal non_Ri ver

Sawt oot h Hat chery Spring 10/ 12/ 89 395, 400
( Sawt oot h) 3/17-21 1,500, 200
(3/17) (19, 875) LaT- 1
(3/17) (18, 675) LAT-3
(3/17) (18, 775) LAT-4
East Fork
Sal non R ver Spring 3/21 514,600
( Sawt oot h)
Yankee Fork
Sal mon Ri ver Spring 3/ 20 200, 000
( Sawt oot h)
South Fork
Sal non River Summer 3/20-22 1,032,500
(McCall) (3121 ) (20, 200) LDT-1
(3122) 521,100) LDT-3
(3/21) 20, 900) LDT-4
Johnson Creek Summer 8/9-10/ 89 290, 000
(McCall)
Pahsi meroi River Summer 3/19 1, 058, 000
(Pahsimeroi)
Rapi d River Spring 3/ 22- 26 2,520, 400
(Rapid River) (3/22) (20, 600) RAT- 1
(3122) (20, 175) RAT- 2
(3/22) (19, 975) RAT- 3
Little Salmon River Spring 3/ 20 250, 000
Drai nage Tot al 7,761,900

Snake River and Non-ldaho Tributaries

Hel I's Canyon Spring 3122 551,200
(Rapid River)

Cat herine Creek Spring 4/ 9 70,002
(Lookingglass)

Big Canyon Creek Spring 331 91, 433

(Looki nggl ass)

13



(Rooskia NFH)
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Table 2. Continued.
Rel ease site Rel ease No. released
(hat chery) St ock date (No. branded) Brand
Lookingglass Creek Spring 4/ 2 619, 630
(Lookingglass) (412) (20, 406) LAA-2
412 (20, 841) RAA-2
24/ 2; (20,738) LAA- 4
(4/2) (20,801) RAA- 4
Imnaha River
(Imnaha Pond) Spring 331 249, 793
(3/31) 20, 815) LAA- 1
(3/31) 20, 170) RAA- |
(Looki nggl ass) 4/ 2-4 114,722
Bi g Sheep Creek Spring 4/ 2 79, 947
(Looki nggl ass)
G and Ronde R-2 Spring 4/9 80, 043
(Looki nggl ass)
Hurricane Creek Spring 4/ 10 26, 438
(Looki nggl ass)
wallowa River Spring 4/ 10 26,442
(Looki nggl ass)
Drai nage Tot al 1,909, 650
O earVater River
Red River Pond Spring 10/ 18/ 89 240, 500
(Red River Pond)
N.F. Cl earwat er Spring 4/ 4-5 1, 240, 161
(Dworshak NFH) (415) (1,418) LAK-2
(4/5) (20, 239) RATU- 1
(4/5) (19, 900) RA7U-3
(415) (19, 730) LD7U- 1
Clearwater River Spring 3/21-4/2 11,266
HWY 95 Boat (3/21) (2,609) LDK- 1
Launch (3/26) (2,266) LDK~3
(Dworshak NFH) (3/28) (2,195) LAK- 1
(3/30) (2,061) LDK-2
(412) (2,135) LDK-4
Crooked River Spring 3/ 28 300, 400



Table 2. Continued,

Rel ease site Rel ease No. rel eased
(hat chery) St ock date (No. branded) Brand
Wi te Sands Creek
(Dworshak NFH) Spring 3/ 26- 28 236, 000
(Kooskia NFH) Spring 3/ 29 53, 300
Valton Creek
(Powel | Pond) Spring 10/ 19/ 89 314,500
Clear Creek Spring 412 403, 700
(Kooskia NFH)

Eldorado Creek Spring 3/ 26- 28 256, 900
(Dworshak NFH)
Papoose Creek Spring 3/ 29 50, 100
(Kooskia NFH)
Drai nage Tot al 3,610, 995
Gand Total 13, 282, 545
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Table 3. Hatchery steelhead trout released into the Snake River system
upriver from Lower Ganite Dam contributing to the 1990

outmigration.

Rel ease site Rel ease No. rel eased
{hatchery) St ock dat e (No. branded) Brand
Salmon River
Sal mon River
g North Fork A 4/18-20 199, 602
(Hagerman NFH)
Pahsi meroi River A 4/5-15 501, 600
(Niagara Springs)
East Fork
Sal non River
(Hagerman NFH) B 4/11 64,150
(Magi c Val | ey) B 4/14-20 924,200
(4/14) (40,907) RA) (-1
Sawt oot h Hat chery
(Hagerman NFH) A 4/4-9 301, 156
(Magi ¢ Valley) A 4/12-20 1,198, 700
(4/12) (39, 454) LA) (-1
Hamer Creek A 4/9-20 229, 000
(Niagara Springs)
Sal non River
@ Ellis A 4/9-11 200, 295
(Hagerman NFH)
Sal mon River
@ shoup A 4/12-16 200, 246
(Hagerman NFH)
Hazard Creek
(Niagara Springs) A 4/9-17 225, 500
(Hagerman NFH) A 4/23-5/1 80, 465
B 4/23-5/1 393, 352
Dr ai nage Tot al 5,743,700
Snake River and Non-1daho Tributaries
Hel I's Canyon A 4] 22- 29 947, 200
(Niagara Springs)
Little Sheep Creek A 4/ 17 249, 564
(Irrigon) (4/17) (26, 522) LDJ-3
(4/17) (24, 500) RDJ-3
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Table 3. Continued.

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Brand
Spring Creek A 4/ 15-23 495, 875
(Irrigon/Wallowa (4/17) 24,233 LDa- 1
accl. pond) (4117) 25,478 RDA- 1
(4117) (24,903) LDA-3
(4/17) (25, 426) RDA-3
(Irrigon) 4/ 19 53, 747
(4/19) (24, 569) LDA-2
(4/19) (24,228) RDA-2
Wl dcat Creek A 4] 24- 26 97, 605
(Irrigon) (4125) (24,739) LDA- 4
(41 25) (22, 983) RDA-4
Grande Ronde (R2) A 4/12-17 199, 013
(Irrigon)
Cat herine Creek A 4/ 18- 23 112,412
(Irrigon)
Wl | owa River A 4/18-27 83, 137
(Irrigon)
Big Canyon Creek A 4/19 & 30 273,415
(Irrigon)
Imnaha River A 4/ 25- 26 81,902
(Irrigon)
Asotin Creek A 4/17-30 137, 847
(Lyons Ferry) (4/17) (20, 142) LAIC-4
(4/18) (19, 905) RAIC-4
Cot t onwood Creek 4/15-30 239, 000
(Lyons Ferry)
Drai nage Tot al 2,970, 717
Clearwater Ri ver
Clearwater R ver B 5/3-4 1, 166, 664
(Dworshak) (5/3) (30, 000) RAT- 1
(5/3) (30, 000) RAZ-1
(5/3) (4,120) RDK- 1
(5/3) (4,010) RDK-2
(5/3) (4,160) RDK-3
(5/3) (4,080) RDK-4
(5/3) (4,052) RAK- 1
(5/3) (4,410) RAK-2
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Table 3.  Continued.

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (No. branded) Brand
M1l Creek B 4/ 16- 25 287, 830

( Dwor shak NFH)

Newsone Creek B 4] 16- 24 210, 836
(Dworshak NFH)

C ear Creek B 4/1 6-25 374, 040
(Dworshak NFH)

Crooked River B 4/16- 20 214, 633
(Dworshak NFH)

Eldorado Creek B 4] 23- 25 199, 700
(Dworshak NFH)

Anerican River B 4/17-19 209, 847
(Dworshak NFH)

Dr ai nage Tot al 2,663, 550
Gand Tot al 11, 377. 967

18



6=

DAILY OATOH DISCHARC

1649

000 \"'\

400

800

200 -

O )
3/9 3/18 3/29 4/8 4/18 4/28 6/8 6/18 6/28 8/

DATE

B CHINOOK ~DISCHARGE

Figure 2. Snake River trap daily catch of age 1 chinook sal non
by the Snake niver discharge, 1990.



"0661 ‘obaeyostp

IoATY o3eus Aq pIeTISA0 3INOI} peayIsal3s pPlTM pue 3noxjl
peayresas Axsyolzey 3o yojed Artep deal IoATYy 9jeus g 2anbrg

JOHVHOSIQ e  PEBOYI00IS AJOUOIBH [ ]  PEOYI0GIS PIIM
| diva
L/9 L/9 8¢/8 8L/9 8/8 8¢/v 8BL/y 8/vy 6¢/2 6L/€ 6/©
o -w-.::q::-: 1 o
q——q 111 —-— | |
Ol -
L 003
03¢ -
om 4 p OO*
ov - 009
09 4
- 008
08 -+ 128'L
[']
0. 2891 - oool

(81%) 3OUVYHOSIO

HOLYO Aliva

20



in April, 50.9%in My, and 3.7%in June (Figure 3). The outmigration tining
was simlar to 1989, but as with hatchery steelhead trout, it was slightly
del ayed.

The Snake River trap catch for wild steelhead trout was 1.3times greater
than in any previous year. This reflects an increase in wld steelhead trout
smelt outmigration. A simlar trend was observed at Lower Ganite Dam wth the
1990 wild steelhead trout collection being 1.3 times greater than in previous
years (Ceballos et al. In Press). WId steelhead trout had three major periods
of novenent.  These coincided with the three major periods of movenent for
hat chery steel head trout (Figure 3).

Snake River discharge, neasured at the Anatone gauge, ranged from 18,500
cfs to 29,800 cfs and averaged 24,100 cfs in the nonth of March (Figure 3),
which was 16,500 cfs lower than in 1989. The average April discharge was 30,900
cfs, with a peak of 41,300 cfs on April 30. The April average was 27,600 cfs
| ower than in 1989. Flows gradually declined through the first half of My to
a monthly |ow of 24,900 cfs on May 20. Discharge began gradually increasing
through the end of May to the season’s peak of 65,400 cfs on May 31.  The
average My discharge was 38,800 cfs, which was 13,300 cfs |ower than in 1989.
Flows continually dropped after the end of May until the end of the sanpling
season on June 19, when discharge was 39,800 cfs. Discharge during the 1990
outmgration season in the Snake River above the mouth of the Cearwater River
was slightly greater than discharge during the 1988 drought year and
consi derably |ower than in 1989.

Water tenperature in the Snake River at the trap steadily increased
t hroughout the sanpling season, except for a decrease of 3°C from April 20
through May 2 and another depression of 3°C in early June (Figure 4). By the
end of the season, June 19, water tenperature had risen to 15°c. \ater
temperatures were slightly higher in April and May 1990 than in those months of
1989.

Secchi disc transparency fluctuated throughout the sanpling season (Figure
4). Influenced nmainly by localized rain or thunderstorm events,. secchi
transparency shows no biological correlation to discharge (N=101, r?=0.130,
P=0.000).

Clearwater River Trap Qperation

The Clearwater River trap caught 58,838 chinook salnon, 29,459 hatchery
steel head trout, 1,520 wild steelhead trout, and 89 sockeye/kokanee in 1990.
The chinook salmon trap catch for 1990 was about 10 tines greater than in 1989
and simlar to 1988. The 1990 hatchery steelhead trout trap catch was 3 tines
greater than in any previous year. The wild steelhead trout trap catch was 1.7
tinmes greater than in previous years. The reason hatchery and wild steel head
trout trap catch was greater in 1990 was because the trap was fished in faster
wat er and because nmore wild steelhead trout snelts outmgrated this year.
Steel head trout had |ess chance to avoid the trap with higher velocity, and the
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trap was fished in the thalweg for a greater portion of the season. The radio
taggi ng study conducted by Liscom and Bartlett (1988) in 1987 showed that radio-
t agged hatchery steel head trout followed the thalweg as they passed the
Clearwater River trap location. Chi nook sal non probably also follow the
thalweg, and so by operating the trap in that location for a greater anmount of
tinme, the trap will collect nore chinook salnon. This is substantiated by the
ten-fold increase in chinook salnon trap catch from 1989 to 1990. During the
1989 field season, the trap was not operated as aggressively as it was in the
1990 field season and, therefore, was not located in the thalweg as |ong.
During the 1987and 1988 |ow flow years, when the trap could be fished in the
thalweg during nmost of the outmgration, chinook salnon trap catch was sinlar
to 1990.

Four major peaks of chinook salmon passage were observed at the C ear\ter
River trap (Figure 5). The first began on March 30 and peaked on April 2. This
peak may have been associated with chinook salnon passing the trap from
outplants and fall releases fromthe rearing ponds at Powel| and Red River. The
second peak was on April 5 and 6 and was associated with the bpworshak National
Fi sh Hatchery (DNFH) rel ease. The third peak was on April 13-16 and was
probably associated with fish from the Kooskia National Fish Hatchery (xnFH)
rel ease on April 12. The last peak was of |ow nagnitude and fairly broad,
lasting from May 18 through May 25. It is uncertain as to the origin of these
fish. After this peak, the trapping operation was termnated for the season due
to high flows.

Hat chery steel head trout began showing up in the trap catch in |ow nunbers
(»30 fish per day) on April 18. A mjor peak occurred on May 4 and 5 and was
associated with the DNFH release (Figure 6). Discharge increased dramatically
on May 8, and trap operation was termnated until discharge dropped bel ow 30, 000
(s . The trap was put back into operation on May 16. Fish were collected at
250 to 500 fish per day until the end of the season on My 25.

WId steelhead trout were present in the trap catch in |ow nunbers (one
to four fish per day) fromMarch 20 until April 3. Three major peaks of passage
occurred. The first began on April 4 and lasted until April 15 (Figure 6). The
second began on April 27 and was still occurring when trap operation was
termnated due to high flow on May 8.  The last and major peak was occurring
when the trap was put back into operation on May 17. The peak continued unti
trap operation was termnated for the season on May 25. This peak nmy have been
a continuation of the peak that occurred in early May. The highest daily trap
catch of wild steelhead trout occurred May 23 and 24 (Figure 6).

Water tenperature at the Clearwater River trap was 5*C the beginning of
the season and gradually increased to 13*C by the end of May (Figure 7). Water
tenperatures throughout the season were simlar to previous years, although 1987
drought year tenperatures were slightly higher.

Discharge fluctuated between 10,400 cfs and 22,600 cfs and averaged 17,100
cfs fromthe beginning of the season until April 14. Discharge increased to
33,200 cfs on April 21 and then dropped back down to 22,000 cfs by May 3.
Di scharge remained at this level for several days, and on May 5 it began to
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increase, peaking on May 8 at 46,300 cfs. This last peak was associated with
the “water budget.”

Secchi disc transparency in the Cearwater River fluctuated throughout
the trapping season and ranged fromO0.1 meters to 2.2 neters (Figure 7).  There
was little statistical correlation between secchi disc transparency and
di scharge (N=61, r?=0.171, P=0.001).

Trap Efficiency
Snake River Trap

Chi nook Sal mon-Trap efficiency for chinook salnon snelts at the Snake
River trap was not tested in 1990. Due to a reduced nunber of chinook sal non
snelts in the trap, sufficient nunbers of fish were not available for trap
efficiency estimates. The nmean trap efficiency for chinook salmon at the Snake
River trap, with four yearly estimtes during the past seven years, is 1.39%
(Table 4). Al four of these estimates were made when the trap was fishing on
the west side of the river. Trap efficiency estimates have not been conducted
yet for chinook salnon snelts with the trap fishing on the east side of the
river.

Steel head Trout-Trap efficiency for steelhead trout snelts was tested
three times during the 1990 snelt outmigration (Table 5). Al tests utilized
trap-caught fish.  Seven groups of trap-caught steelhead trout were opercle
punched and rel eased upriver of the trap to estimte trap efficiency. Four Of
these groups were disallowed; two because of |ow mark numbers and two because
of low recapture numbers (less than five recaptures). The 1990 data yielded a
mean trap efficiency of 0.49% and 95% confidence limts of 0.13% and 1.08%

The analysis of covariance, to test if trap efficiency varies anong years
when adjusted for discharge, was not valid due to the limted data available in
1985 and 1986. The anal ysis was conducted using data from 1988-1990. No
significant difference was observed for the three years of data, and the data
were pool ed. A regression analysis was conducted on the pooled data to
determine if there was a relation between discharge and trap efficiency. The
analysis failed to showed a significant relation (N=10, £?=0.001, P=Q 937).

To provide a grand nean trap efficiency, all fveyears of data (1985,
1986, and 1988-1990) were pooled. The five-year grand nmean of the Snake River
trap efficiency for hatchery steel head trout was 0.68%w th a 95% confi dence
interval of 0.43%and 0.97%
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Table 4. Snake River trap efficiency tests for chinook sal non snelts,

1984 - 1990.
Sanpl e Rel ease Recapt ur e/ Di schar ge
Year Origin Dat es Mar k Efficiency (kefs)
1990 No efficiency tests conducted for chinook in 1990
1989 trap 415 13/ 1,054 0.0123 46
caught 4/ 10 23/ 1,076 0.0214 55
4/ 18 14/1, 233 0.0114 66
4/ 19 9/1,719 0.0052 73
41 23 10/ 2,001 0. 0050 73
4] 24 5/ 584 0. 0086 68
1988 No efficiency tests conducted for chinook in 1988
1987 No efficiency tests conducted for chinook in 1987
1986 trap 3/ 29 23/ 1, 881 0.0122 86
caught 417 13/ 1, 237 0. 0105 80
4/ 12 26/ 1,530 0.0170 74
4] 24 11/1, 417 0.0078 80
1985 trap 3122 11/ 1,124 0.0098 43
caught 4/ 2 31 /840 0. 0250 56
4/ 6 711,092 0.0064 64
4/ 12 15/ 1, 276 0.0118 77
4/ 16 12/ 915 0.0131 80
1984 trap 3/2 26/ 1, 388 0.0187 84
caught 3/ 28 10/ 545 0.0183 75
4/ 12 7/ 309 0. 0227 81
4/ 16 9/ 806 0.0112 92
4/ 19 23/ 1,061 0.0217 104
4] 24 8/ 812 0.0098 101
4/ 28 5/ 267 0.0187 86
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Tabl e 5.

Snake River trap efficiency

tests for steel head trout

snelts, 1985 - 1990.
Sanpl e Rel ease Recapt ur e/ Di scharge
Year Origin Dat es Mar k Efficiency (kefs)
1990 trap 4] 23 10/ 1, 484 0. 0067 38
caught 4] 26 11/ 2, 400 0. 0046 38
5/7 712,306 0. 0030 43
1989 trap 4] 26- 28 6/1,916 0.0031 60
caught 5/1&2 31/ 2,397 0.0129 55
5/3&4 712, 137 0.0033 57
1988 trap 5/ 13 712057 0.0034 38
caught 5/ 15 5/ 1822 0.0027 42
hat chery 5/ 23 54/ 3977 0.0136 45
rel eases 5/ 23 32/ 3996 0. 0080 45
1987 No efficiency tests conducted for steelhead snelts in 1987
1986 trap 4/ 30 12/ 874 0. 0137 72
caught
1985 trap 5/4 8/81 1 0. 0099 55
caught
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Clearwater River Trap

Chi nook Sal mon-During the 1990 field season, chinook salmon snelt trap
efficiency at the Clearwater River trap was tested nine times. Four of the
tests used freeze brand groups that conprised part of the DNFH production
release. The remaining five tests used freeze brand marked fish from DNFH t hat
were rel eased at the Hghway 95 boat launch. The 1990 nean trap efficiency was
1.41% with 95% confidence Iimts of 1.03% and 1.86% Between 1984 and 1989, an
additional 42 trap efficiency tests were conducted on the C earWater River trap
for chinook salnon snmelts (Table 6). These data were added to the 1990
information.  The analysis of covariance revealed a significant difference in
trap efficiency anong years (N=51, F=4.334, P=0.002). Upon exami nation of the
yearly efficiency data, the 1989 appeared to be significantly different. The
1989 data were renoved and the analysis of covariance rerun. Wthout the 1989
data, the slopesof the other years data were not significantly different (N=42,
F= 0.696, Pp=0.630). Continuing with the analysis, the intercepts (height) of
the lines were not found to be significantly different (N=42, F=1.081, P=0.388).
The mean chinook salmon trap efficiency for the pooled data, excluding 1989, was
1.87% with 95% confidence limts of 1.51%and 2.26% The nean trap efficiency
for 1989 was 1.04% which was considerably |ower than that of the pooled years.

Steelhead Trout-Steelhead trout trap efficiency at the Cearwater River
trap was tested with six groups of freeze-branded steel head snelts, of
approxi mately 4,000 fish each, in 1990. Al six of these groups were rel eased
the same day from DNFH, along with the general hatchery production release.
Raceway screens to keep the groups separate did not work and the groups m xed.
Because the groups were mxed, they had to be released on the sane day to be
used for efficiency tests, so they were released with the general hatchery
production.  There were two other groups of freeze-branded hatchery steel head
trout, representative of the general hatchery production, released from DNFH.
They were branded in Decenmber 1989,and the brands had faded to the point where
these two groups could not be used for efficiency tests. The 1990 nean trap
efficiency was 1.90% with 95% confidence limts of 1.42% and 2.46% (Table 7).
This is the highest trap efficiency observed for the Cearwater trap. One
possi bl e explanation for this increased efficiency is the trap was in an ideal
fishing location, with respect to water conditions, during the test period.
This type of positioning is difficult to maintain throughout a sampling season
because the trap fishes such fast water that slight increases in discharge or
debris load could be detrimental to the traps integrity.

During the past six years, Clearwater River trap efficiency for steel head
trout has been tested 20 tinmes. Only 14 of these tests yielded valid results
(Table 7). The other six had recovery nunbers |ess than five and coul d not be
used in the analysis. An analysis of covariance shows a significant difference
intrap efficiency anong years (N=14, F=30.439, P=0.000). Therefore, data from
all years were not pooled to derive any statistical inference.

30



Tabl e 6.

Clearwater River trap efficiency tests for chinook sal non

smelts, 1984 - 1990.
Sanpl e Rel ease Recapt ur e/ Di schar ge
Year Origin Dat es Mar k Efficiency {kefs)
1990 Hwy 95 3/21 27/ 2,609 0.0103 22
boat 3/26 28/ 2, 266 0.0124 13
launch 3/28 37/ 2,195 0.0169 13
3/30 56/ 2, 061 0.0272 12
4/2 33/ 2,136 0. 0154 17
DNFH 4/5 23/ 1, 418 0.0162 21
4/5 180/ 20, 239 0. 0089 21
4/5 163/ 19, 900 0.0082 21
4/5 282/ 19,730 0.0143 21
1989 Hwy 95 3/21 712,076 0.0034 17
boat 3/23 10/ 2, 065 0.0048 15
launch 4/3 39/ 2,094 0.0186 20
4/5 41/ 2,075 0.0200 21
DNFH 3/29 66/ 34, 795 0.0019 24
release 3/29 73/ 30, 503 0.0024 24
3/30 41/ 19, 087 0.0021 23
3/30 48/ 19, 545 0.0025 23
3/30 78/ 20, 084 0. 0039 23
1988 Hw 95 3/14 51/2,197 0.0232 6
boat 3/17 93/ 2,197 0. 0423 6
| aunch 3/21 83/ 2,197 0.0378 6
4/1 27/ 2,195 0.0123 9
4/6 18/ 2,194 0. 0082 11
4/13 31/2,193 0.0141 14
DNFH 3/30 1711/ 60, 631 0. 0282 10
rel ease 3/30 252/ 8, 731 0.0289 10
3/30 181/ 6, 163 0. 0294 10
3/30 788/ 20, 642 0. 0382 10
3/30 573/ 22, 935 0. 0250 10
trap 3/24 17/ 2086 0.0081 9
caught 3/28 27/ 1695 0. 0159 12
4 | 1 16/ 1631 0.0098 9
4/2 38/ 2257 0.0168 8
1987 DNFH 3/20 43/ 2, 160 0.0199 13
rel ease 4/22 50/ 2, 000 0. 0250 6
417 165/ 1, 945 0. 0848 10
4/13 74/ 2,000 0. 0370 13
4/20&28 103/ 4, 000 0. 0258 18
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Table 6. Continued.
Sanpl e Rel ease Recapt ur e/ Di scharge
Year Origin Dat es Mar k Efficiency (kefs)
trap 412 33/ 1,926 0.0171 6
caught 4/3 11/1, 458 0.0075 8
4/ 6 15/ 1, 872 0. 0080 9
47 15/ 1, 163 0.0129 10
419 9/ 450 0. 0200 12
1986 trap 3/ 27 9/1 ,555 0.0058 22
caught 412 8/1,714 0. 0047 29
1985 trap 3/ 25 14/ 607 0. 0230 9
caught 3/30 45/1, 511 0.0298 9
415 6/ 1,079 0. 0056 18
4/9 2/ 940 0.0021* 15
4/ 16 71929 0. 0075 33
1984 trap 415 4/ 418 0. 0096* 21
caught 4/21 13/ 806 0.0161 33
4/25 3/ 489 0.0061* 31
5/10 14/ 453 0.0309 24

* Efficiency tests with less than five recaptures were not included
in mean trap efficiency estimates.
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Table 7. Clearwater River trap efficiency for steelhead trout

smelts, 1985 - 1990.
Sanpl e Rel ease Recapt ur e/ Di schar ge
Year Origin Dat es Mar k Efficiency (kefs)
1990 DNFH 5/3 66/ 4, 052 0.0163 22 -
rel ease 5/3 76/ 4, 410 0.0172 22
5/3 75/ 4,120 0.0182 22
5/3 62/ 4,010 0.0155 22
5/3 126/ 4, 160 0.0303 22
5/3 72/ 4,080 0.0176 22
1989 No efficiency tests conducted for steelhead smelts in 1989
1988 DNFH 4/ 13 29/ 4,000 0.0073 14
rel ease 4] 22 8/ 3,998 0. 0020 27
4/ 28 16/ 3, 994 0. 0040 16
1987 DNFH 4/ 13 6/ 4,071 0. 0015 13
rel ease 4] 20 9/ 4,060 0. 0022 16
4/ 28 2/ 4,000 0. 0005* 26
trap 4] 21- 22 6/1 ,604 0. 0037 13
caught 4] 24 21775 0. 0026* 15
1986 4/ 14 714,140 0.0017 20
4/ 30 1/4,190 0. 0002* 20
57 2/ 4,260 0. 0005* 29
511 5/ 4, 247 0.0012 29
1985 517 2/ 464 0. 0043* 29
5/11 1/ 384 0. 0026* 33

*Efficiency tests with less than five recaptures were not included in nean

trap efficiency estimtes.
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Travel Tine and Miqration Rates

Rel ease Site to Snake River Trap

Chi nook Sal non- There were nine groups of freeze-branded chinook sal nmon
released in the Salnon River drainage: three each at Sawtooth Hatchery, South
Fork Salmon River, and Rapid River Hatchery. Twogroups were released in the
Imnaha River, Oregon, and four groups were released in Lookingglass Creek,
Oregon.

Because of the extrenely |ow brand recovery at the Snake River trap (34
branded chinook salnmon were captured out of the approximately 304,000 branded
fish released in 1990), nmigration rate statistics could not be calcul ated.

Steel head Trout-In 1990, there were two freeze branded steel head trout
groups released above the Snake River trap from Idaho hatcheries: one as part
of the Sawtooth release and one as part of the East Fork Salnon River release.
Ten groups of freeze-branded hatchery steel head trout were rel eased upstream
fromthe Snake River trap from Oregon hatcheries: one group of two replicates
each from Little Sheep Creek, three groups of two replicates each from Spring
Creek, and one group of two replicates from Wldcat Creek. One group of two
replicates was released in Asotin Creek from the Washington hatchery at Lyons
Ferry. Recapture nunbers were high enough for the five conbined replicate
groups released in Oregon and the one group released in Asotin Creek to provide
travel time information to the Snake River trap (Table 8). No recaptureswere
made fromthe Sawtooth and East Fork Sal mon River rel eases.

The three groups released from Spring Creek differed in release strategy
and size at release. Mgration rates for the three paired rel ease groups from
Spring Creek were 34.6 kmid for the five to the pound direct streamrel ease
group reared at Irrigon Hatchery, 18.6 kmd for the five to the pound group that
was acclimted at Wallowa Hatchery (release site), and 22.0 kmd for the four
to the pound group that was acclimated at wallowa Hatchery. These nigration
rates were very simlar to 1989 releases and slightly faster than the 1988
releases. The migration rate for the Little Sheep Creek group (16.1 knfd) was
near that of 1986 (14.5 km'd), no information is available for 1987 and 1988,
and four times faster than 1989 (72.3 knmd). The Wldcat Creek release traveled
at the sane rate as in 1988 (44.2 kmid), with a travel tine one day faster than
1989 (33.2 kmid). Added to this years freeze brand releases is a group of
steel head trout rel eased by Washington at asotin Creek. Travel time for this
group was 1 d to the Snake River trap, 9.2 km (Table 8).

Rel ease Site to the Clear’water Trap

Chi nook Sal non-In 1990, there was one group of three replicates of freeze-
branded chinook salnmon released from DNFH on April 5 (Table 9). Travel tine
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Table 8. Migration data for freeze-branded steel head trout smelts from release sites to the Snake Rive

1985-1990.
Median Median Travel Migration
release passage Number time rate Wean QO (|
Release site’ Year date date captured (days) (lan/day) Salmon R. S
Spring Creek 1990 4/17 4130 115 13 18.6
4/19 4126 116 1 34.6
417 4128 125 11 22.0
1989 4/24 5101 84 7 34.6
4/22 5/ 05 70 13 18.6
4/22 502 83 10 24.2
1988 417 4/25 28 8 30.3
a7 4/23 28 6 40.4
4/17 4/25 30 8 30.3
4/17 4/23 14 6 40.4
4/18 4/25 38 7 34.6
4/18 4624 21 6 40.4
1987 4/26
1986 5/01 5@7 14 26 9.3
4/30 1
4/03 b 2 -
1985 5/09 5/19 36 10 24,2
5/09 5/20 31 1 22.0
Cottonwood Creek 1987 4/26 4130 28 4 23.3
1986 4/28 5/ 05 111 7 13.3
Little Sheep Creek 1990 417 /26 33 9 16.1
1989 4/23 4@5 93 2 72.3
1987 5/02
1986 4/28 56)8 16 10 14.5
4/27 2
Wildcat Creek 1990 4/25 4/ 28 84 3 44.2
1989 4/26 4130 134 4 33.2
1988 4/23 4/26 152 3 44.2
Asotin Creek 1990 417 4/18 88 | 9.2

aOn]y freeze brand groups from Oregon and Washington were used in 1989 because Idaho dld not release any
freeze-branded steel head trout during 1989 above the Snake River trap.
Tnsuffitient “‘recaptures at the Snake River trap to derive fish movement data.
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Table 9. Migration data for f raeze-branded chinook salmon and steel head trout smelts released upstream of the

Clearwater River trap, 1987-1990.

Median Median Number Migration Travel Mean

Release site Year Sp. re 1 ease passage captured rate km/day time discharge

Dworshak NFH 1990 St 05/03 05/04 1,060 55.0 1 22.3
Ch 04/05 04/06 625 55.0 1 21.1

Dworshak NFH 1989 St 05/01 05/02 123 55.0 1 31.2
Ch 03/29 03/30 139 55.0 1 23.5
Ch 03/30 03/31 167 55.0 1 23.3
Ch-0 03-30 04/03 48 13.8 4 22.2
Ch 09/28/88 03/30 2 183

Red River 1989 Ch 10/17/88 04/1 7 19 182

Dworshak NFH 1988 St 05/03 05/04 283 55.0 1 16.9
St 05/04 05/05 202 55.0 1 16.9
Ch-0 03/30 04/01 239 27.5 2 9.8
Ch 03/30 03/31 1,711 55.0 1 9.6
Ch 03/30 03/31 1,359 55.0 1 9.6
Ch 03/30 03/31 434 55.0 1 9.6
Ch 09/28/87 03/27 16 182

Red River 1988 Ch 09/30/87 04/14 18 198

Crooked River 1987 St 04/1 4 2

Dworshak NFH 1987 St 04/21 04/22 58
St 05/05
Ch 04/01 04/04 1,416 18.3 3 7.2

Clear Creek 1987 St 04/1 7 04/20 59 38.3 3 14.1




for the age 1 chinook salmon was 1 d. This conpares to a travel time of 1 d in
1985, 1986, 1988, and 1989 and 4 d in 1987.  Average discharge during the
mgration period in 1987 was 7,200 cfs, 66%|ess than in 1990 (21,100), 69% | ess
than in 1989 (23,500), 25% less than in 1988 (9,600), 76%less than in 1986
(29,000 cfs), and 58% | ess thanin 1985 (17,300 cfs). The extrene |ow discharge
in 1987 is nost likely responsible for the 75% reduction in travel tine that
year.

Steel head Trout-There were eight groups of freeze branded steel head trout
rel eased from DNFH in 1990 totaling 84,832 fish. The nmedian rel ease date was
Nay 5, and nedian passage date at the Clearwater trap was May 6. This 1 d
travel time is consistent with past years data (Table 9).

Head of Lower Granite Reservoir to Lower Ganite pam

Chi nook Sal non Freeze Brand (G oups-Because of |ow recapture nunbers at
the Snake River trap, no brand groups could be used for travel time analysis
through Lower Granite Reservoir. There were nine freeze brand groups fromthe
Clearwater River drainage used for calculating travel time through Lower Ganite
Reservoir.  Median travel time through Lower Ganite Reservoir for the age 1
chinook salmon freeze brand groups ranged from 28 d for the earliest two release
groups fromthe Cearwater River trap efficiency tests (released on March 22 and
27) to 14 d for a group released from DNFH on April 5 (Table 10).

A linear regression analysis of migration rate (kmd) through Lower
Granite Reservoir and inflow discharge was run on the nine conbined freeze brand
groups which passed the Clearwater River trap. The analysis failed to show a
relation between migration rate and di scharge (N=9, r’=0.004, p=0.872). This is
l'i kel y because the range of discharge for the brand groups was only 44.5-58.2
kefs . A wide range of variation in migration rate within the narrow discharge
interval contributed to the lack of an observed relation between mgration rate
and discharge.

Chinook Salmon PIT Tagq Groups-In 1990, sufficient nunbers of chinook
salmon were PIT-tagged daily at the Snake River trap to provide 23 daily release
groups (2,242 total PIT-tagged chinook salmon) for estimating travel tinme and
mgration rates through Lower Ganite Reservoir. The nunber of PIT-tagged
chinook salnon at the Snake River trap was down considerably this year due to
poor trap catch associated with low river flows. Median travel time ranged from
11.4 d to 2.4 d late in the season (Table 11). The slowest nedian travel tine
was not as lowin 1990 as in previous years. Chinook salnon were not captured
in large enough nunbers to be PIT-tagged until April 9. In past years, tagging
began on about March 24. These early PIT tag groups typically had very slow



Table 10. Chi nook salmon smelt travel time and migration rate from the head of Lower Granite Reservoir to Lower Granite
Oam using fish passing the Snake and ClearWater River traps from upriver releases, 1985-1990.
Snake River/
Clearwater River trap Lower Granite Dam
Median Median Travel Migration Mean
passage  Number arrival Number time rate Q(kefs)
Year Brand Release site date collected date collected (days) (km/day) at LGO
1990 LOX-1 Clearwater River trap® 3/22 27 4/19 1,027 28 2.2 46.0
LDK-3 Clearwater River trap® 3/27 28 4/24 762 28 2.2 50.5
LAK-1 Clearwater River trapa 3/28 37 4/16 265 19 3.2 445
LDK-2 Clearwater River trap 3/31 56 4/22 502 22 2.8 50.6
LDK-4 Clearwater River trap 4/3 33 4/24 681 21 2.9 54.9
LAK-2 Dworshak NFH 4/5 37 4/19 150 14 4.4 51.3
LD7U-1 Dworshak NFH 4/6 2B2 5/6 4*554 26 2.4 58.2
RA7U-1 Dworshak NFH 4/6 180 4/29 4,922 24 2.6 57.8
RA7U-3 Dworshak NFH 4/6 163 4/26 5,500 21 2.9 56.7
Collection numbers of branded chinook at the Snake River trap in 1990 was too low to derive medi an passage values.
1989 RA4-3 Clearwater River trap® 3/22 7 5/6 319 45 1.4 81
LD4-1 Clearwater River trap® 3/24 10 4/25 368 32 1.9 80
RD4-3 ClearWater River trap® 4/4 39 5/6 632 32 1.9 88
RAG-1 Clearwater River trap? 4/6 41 5/7 324 31 2.0 )
ROL(T&X)-1 Dworshak NFH 3/30 139 4/23 5,994 24 2.6 82
B*[ -2 Dworshak NFH" 3/30 2 6/1 127 63 1.0 83
- Pworshak NFH 3/31 167 4/25 13,346 25 2.5 83
Dworshak NFH" 4/3 48 5/31 5,740 58 1.1 84
(R&L)DJ-4 Imnaha River 4/10 247 4/27 3,462 17 3.0 91
(RE&LILDI-3 Look1ingg1ass Hatchery 4/5 173 424 3,038 19 2.7 87
(R&L)DJI-2 Lookingglass Hatchery, 4/6 212 4/22 4,17 16 3.2 86
(R§L)AJ-1 Look1ngglass Hatchery 5/18 131 6/14 11,622 27 1.9 75
*x Rapid River 4/18 181 4/23 10,379 5 10.3 105
LDR-(1-3) Red River® 4/17 19 511 2,579 24 2.6 99
RAR-( 1-4) S.F. Salmon River 5/11 21 5/13 3,148 2 25.8 104
LAR-(1-4) Sawtooth Hatchery 4/20 14 4/23 2,155 3 17.2 112
1988 LAUD-L Looki ngglass Hatchery® 515 29 611 3,913 27 1.9 68
LAUT-1 Looki ngglass Hatchery 5/16 25 6/12 3,973 27 1.9 68
RDT-3 Red River Po 415 18 5/13 1,071 28 2.2 58
LAH-1 Dworshak NFH 4/1 239 5/27 3,457 56 2.1 54
LAT-2 Dworshak NFH 3/31 1,711 4/20 17,510 20 3.1 38
LDT-1 Dworshak NFH" 3/28 16 4/12 847 15 4.1 30
RA7N-1 Dworshak NFH 3/31 788 4/20 6,672 20 3.1 38
RA7N-3 Dworshak NFH 3/31 571 4/21 5,823 21 2.9 39
RAR-1 Dworshak NFH 3/31 253 4/20 2,040 20 3.1 38
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Table 10. Continued.

Snake River/
Clearwater River_trap Lower Granite Dam

Median Median Travel Migration  Mean
passage  Number arrival Number time rate Q(kefs)

Year Brand Release_site date collected date collected (days) (km/day) at LGO
1988 RAR-3 Dworshak NFH 3131 181 4/21 1,852 21 2.9 39
LDK-1 Clearwater River trap® I15 51 4/19 736 35 1.8 32
LDK-3 ClearWater River trap® 3/18 93 4/19 643 32 1.9 33
RDK-1 Clearwater River trap® 412 21 4/23 499 21 2.9 42
RDK-2 Clearwater River trap? 47 18 422 347 15 41 45
RDK-3 Clearwater River trap* 322 83 4/19 575 28 2.2 34
ROK-4 Cl earwater River trap® 4114 3 4/30 524 16 3.8 53
1987 RAR-1 Dworshak NFH 414 1,416 4124 11,069 20 3.1 37
RD4-1 Clearwater River® 3120 43 4/18 551 29 2.1 33
RD4-3 Clearwater River® 412 50 4/20 436 18 3.4 35
RA4-3 Clearwater River® 47 165 a/19 438 12 5.1 38
RA4-1 Cl earwater R iver® 4113 74 429 334 16 3.8 46
1986 LDY-3 Hel 1s Canyon 413 269 4/16 9,898 13 4.0 100
RDY-1 Sawtooth Hatchery 4114 49 423 2,245 9 5.7 89
ROY-3 S.F. Salmon River 4/ 23 229 5/3 5,921 10 5.2 98
LDY-1 Rapid River 4116 237 4/20 10,589 4 12.9 88
RAJ-2 Lookingglass Creek 415 38 4/14 3,741 9 5.7 99
RAJ-3 Look1ngglass Creek’ 44 13 4/9 333 5 10.3 99
RAJ-4 Lookingglass Creek 4/5 76 4/21 2,593 16 3.2 95
RAY-1 Dworshak NFH 412 312 4/21 4,703 19 3.2 97
1985 LDR-3 Hel 1s Canyon 43 544 413 7,111 10 5.2 88
RDR-1 Sawtooth Hatchery 4114 165 5/4 4,313 20 2.6 89

RDR-3 S.F. Salmon River 417 76 5/14 4,193 27 1.9 85
LDR-1 Rapid River 4112 370 4/25 9,422 13 4.0 98
LDR-4 Grande Ronde River 6/4 135 6/23 6,868 19 2.7 79

RDR-2 Dworshak NFH 414 248 4127 6,403 23 2.7 94

AReleases made on Clearwater River at U.S. Highway 95 launch (rkm-15, 5).
0 age spring chinook salmon.
SFall release of spring chinook.

d .
-1_RN7H-1 d -
ox SR Fand RRLSOLE R, STy ned:

"; LATH.7, LATH-3, LD7H-1, and LD7H-3 combi ned.
**FLAK-2, LD7U-1 » RA7U-1 . and RA7U-3 COmbi ped,



Table 11. PIT-tagged chinook salnon travel time, with 95% confidence
intervals, fromthe Snake River trap to Lower Ganite Dam

1990.
Medi an
travel Per cent Average -

Rel ease time Confidence Interval* Number  captured discharge

date (_dav) Upper. Lower captured (% (kcfs)
04/ 09/ 90 9.13 11.15 7.05 37 48.1 49.92
04/ 10/ 90 8. 27 11.33 6. 68 22 34.9 50.29
04/ 11/ 90 7.55 10.02 6.81 12 32.4 52.22
04/ 16/ 90 6. 69 10.31 4,52 7 46.7 63.46
04/17/90 5.53 6.08 5.18 73** 40.3 64.33
04/ 18/ 90 5.28 5.64 4,97 39 36.8 64.82
04/ 19/ 90 5. 60 6.46 4,57 54 35.8 68.47
04/ 20/ 90 5.58 6.35 5.19 59 39.6 69.12
04/ 21/ 90 6.75 7.42 6. 10 59 39.3 67.84
04/ 22/ 90 6. 38 7.65 5.80 66 44.6 68.35
04/ 23/ 90 7.47 9.67 5. 82 62 41.6 67.27
04/ 24/ 90 8. 05 9.63 6. 95 70 46.7 64.97
04/ 25/ 90 11. 43 14.25 8.59 36 40.4 62.08
04/ 26/ 90 8.84 11.69 6. 45 44 46.3 61.37
04/ 27/ 90 8.42 11.22 5.11 16 42.1 61.15
04/ 28/ 90 8.04 10.75 5.69 12 31.6 61.50
04/ 29/ 90 7.79 9.56 6.77 24 50.0 61.55
04/ 30/ 90 8.30 12.00 6. 30 14 70.0 62.43
05/01/90 8. 66 10.97 7.16 22 42.3 67.12
05/ 02/ 90 6. 30 0.00 0.00 5 55.6 62.75
05/ 04/ 90 6. 43 0.00 0.00 4 40.0 71.13
05/ 05/ 90 7.17 0.00 0.00 3 30.0 77.14
05/ 07/ 90 5.14 6.72 3.80 13 36.1 82.38
05/ 08/ 90 4,88 5.48 4,12 18 50.0 85.10
05/09/90 4,22 5.44 3.29 22 53.7 85.27
05/10/ 90 3.22 6.12 2.07 10 40.0 85.67
05/ 11/ 90 3.30 0.00 0.00 3 42.9 83.73
05/ 12/ 90 4.10 11.31 2.93 9 64.3 81.67
05/13/90 3.72 0.00 0.00 4 80.0 72.70
05/ 30/ 90 2.41 2.94 2.06 66 46.2 117.30
05/31/90 4,31 6.78 3.52 23 43.4 106.00
06/ 01/ 90 5.11 7.21 3.15 18 50.0 100.40
06/ 02/ 90 5.27 0.00 0.00 4 40.0 97.30
06/ 03/ 90 5. 47 22.39 3.62 11 55.0 94.26
06/ 04/ 90 5.26 9.06 2.77 6 42.9 94.34
06/ 05/ 90 4,85 17.41 3.35 7 50.0 92.46
06/ 07/ 90 23.28*** 0.00 0.00 2 66.7 73.03

* Confidence intervals calculated wth nonparametric statistics.
** |ncludes both trap caught and purse seine caught fish.
*x*Maximum travel times listed for observations of two or less.
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The average discharge for the chinook sal non nmigration season was 21,300 cfs
| ower in 1990 than in 1989. Wth the |ower discharge in 1990, it was expected
that migration rate would be less than in 1989. There is a lack of conparable
data between years during late March, early April, and May because of |ow
nunbers of fish that were tagged at the trap in 1990. Also, 15 of the 23 data
points fall within the discharge rangeof 60-70 kcfs, indicating data is limted
over a wide range of discharge. The lack of data during these periods and over
a wi de range of discharge could possibly explain why the mgration rate in 1990
was not |ess than 1989.

The linear regression of the log of mgration rate and |og discharge
provi ded the best fit for PIT tagged chinook sal non groups rel eased fromthe
Snake River trap (N=23, r?=0.669, p=0.000):

log migration rate = -3.283 + 1.266 | og average discharge.

This analysis indicates that PIT-tagged chinook sal mon nmigration rate increased
in Lower Ganite Reservoir as discharge increased. The slightly poorer relation
in 1990 may be due to a lack of data over a wide range of discharge. Fifteen
of the 23 release groups had average discharges between 60 and 70 kcfs for the
mgration period.

The linear regression analysis on the data stratified by 5- kcfs intervals
provided the followng best |inear regression equation (N=10 r?=0.806, P=0.000):

log migration rate = -2.834 + 1.161 | og nmean di scharge.

Stratifying by 5-kcfs intervals renmobves some of the noise associated with
biological data. The resulting r’shows there is a strong relation between
mgration rate and discharge. As discharge increases, nigration rate increases.
This relation is not as strong as in pervious years.

I'n 1990, chi nook salrmon snelts were PIT-tagged at the Cearwater River
trap to provide travel time information through Lower Ganite Reservoir for
Cl earwater River chinook sal mon. Thirty-five daily groups (totaling 4,242
chinook salmon) were released fromthe Cearwater River trap from March 30
through April 21, and then sporadically throughout May (Table 12). During 1990,
Clearwater River chinook salmon nigrated slower than Snake River chinook sal mon.
There are only 13 release groups with conparable release dates for the two
traps. The nedian migration rate for these days was 7.9 kmd for chinook salnmon
rel eased from the Snake River trap and 6.0 knfd for chinook salmon released from
the Clearwater River trap. The reasons that the Clearwater River chinook salmon
mgrate slower through Lower Ganite Reservoir than do Snake River fish is
unclear at this tine.

Preliminary ATPase data, collected by the U S. Fish and Wldlife Service,
from chinook sal mon snelts collected in the Cearwater and Snake River traps in
1990 (Rondorf et al. In Press) were examined. There were only four data points
from the Snake and Clearwater River traps that were conparable. The data
indicates that snelts fromthe Snake Rlver trap had significantly higher weekly
ATPase |evels (umoles P-mg Prot™'-h™') than smelts fromthe O earwater River

41



Table 12. PIT-tagged chinook salnon travel time, with 95% confidence
intervals, fromthe Clearwater River trap to Lower Ganite Dam

1990.
Medi an
travel Per cent Average “

Rel ease time Confidence Interval* Nunber  captured discharge
date (day ) Upper Lower captured (% (kcfs)
03/30/90 21.54 24. 56 18. 77 46 30.7 48. 43
03/31/90 20. 61 23. 86 18.33 51 34.0 49. 06
04/01/90 20. 49 21. 44 18.75 40 26.7 49.76
04/ 02/ 90 17.17 20. 56 14.55 42 28.0 48.99
04/ 03/ 90 18. 96 21.63 15. 62 46 30.7 52. 07
04/ 04/ 90 16. 40 18.90 11. 66 45 29.8 50. 89
04/ 05/ 90 24. 96 31.35 19. 14 44 29.3 57.44
04/ 06/ 90 18. 24 29. 54 16. 21 37 24.8 55. 02
04/07/90 16.70 20. 60 15.50 42 28.4 55. 41
04/ 08/ 90 16. 56 23.03 13.10 48 32.0 57.13
04/ 09/ 90 11.70 15.10 10. 10 47 31.8 57.10
04/ 10/ 90 12.17 13.32 10. 39 43 28.5 54. 80
04/11/90 12.03 16. 15 9.68 42 27.8 56. 52
04/ 12/ 90 15. 86 21. 86 11.24 45 30.0 60. 85
04/ 13/ 90 16. 59 25. 37 12.95 48 32.0 62. 39
04/ 14/ 90 18. 45 22.81 14,17 43 28.7 63. 32
04/ 15/ 90 21.50 23. 65 14.79 58 38.7 63. 55
04/ 16/ 90 11.40 18. 34 8. 96 55 36. 4 65. 96
04/ 17190 10. 88 18.50 6. 77 29 32.2 66. 12
04/ 18/ 90 9.02 17.55 6.91 29 35.8 67. 28
04/19/90 13.98 25.73 7.48 7 23.3 64. 97
04/ 20/ 90 8. 69 20. 31 7.42 13 28.9 66. 97
04/21/90 9.40 15.10 6.90 20 41.7 66. 83
04/ 28/ 90 11.69 17.88 8.79 10 41.7 66. 46
05/ 02/ 90 8. 39 11.80 7.04 23 44,2 68. 12
05/03/90 8. 34 9.76 6. 86 28 32.9 72.20
05/ 06/ 90 9.85 15. 27 7.36 13 43.3 80. 40
05/ 17/ 90 9.05 9.40 7.78 30 38.5 48. 39
05/ 18/ 90 7.40 8.01 7.01 41 30.6 45.04
05/19/90 7.21 7.59 6. 28 36 23.8 48.91
05/ 20/ 90 6.21 6. 45 5.88 35 23.3 49. 63
05/21/90 5.52 5.61 5. 42 58 38.2 54.25
05/ 22/ 90 4.54 4,59 4,44 37 24.7 56. 84
05/23/90 3. 68 4.16 3.55 46 30.9 60. 78
05/ 24/ 90 5.38 5.98 4.34 61 35.9 67.24
05/ 25/ 90 5.58 6.91 4.54 27 32.9 81. 15
*Confidence intervals calculated with nonparametric statistics.
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trap. Mean seasonal ATPase levels for the four conparable data points were 13.3
pmoles for the Clearwater River snelts and 22.2 umoles for the Snake R ver
smelts. These ATPase differences probably explain some, butnotall,of the
variation in mgration rate for Snake and C earwater river trap-caught chinook
sal non.

Prior to stratification of the data, the linear regression analysis of
the Clearwater River chinook salmn PIT tag data showed the migration rate-
di scharge relation was nonsignificant (N=35, r?=0.041, P=0.243). After renovin9
some of the biological noise by stratifying b 5-kefs groups, the relation
became Si gni ficant and was fairly strong (N=7, % =0 782, P=0.008). The |ack of
PIT tag data over a wi de range of discharge, the effect of stock di fferences,
and smoltification status of the migrants appearad to influence the outcone of
the regression analysis prior to stratification.

The chinook sal mon migration rate-discharge relation for Snake River trap
PIT tag groups was examned to determine if there was a difference in this
relation between years (1987-1990). The analysis of covariance was used with
the data averaged by 5-kcfs groups. The analysis showed a significant
difference in the mgration rate-discharge relation between years (slope of the
lines) at the 0.05 level of significance (N=35, F=24.763, P=0.000). Agraphof
the data showed that the 1987 and 1988 data followed the same pattern (Figure
8). The 1989 data had aslightly steeper slope. The 1990 migration rate data
bﬁl ow 95 Id<cfs fol lowed the 1987-1988 data, and the data above 95 kcfs follows
the 1989 data.

Percent recovery (interrogation) of Snake River trap daily rel ease pIT-
tagged chinook salnmon groups at Lower Granite Dam ranged between 31.6% and
70. 0% Seasonal cunul ative recovery (# recaptured/# marked) of PIT-tagged
chinook salnon to Lower Ganite was 42.6%  Cunul ative recovery progressing
downstreamto Little Coose Dam was 56.4% and to MNary Dam was 64.4%

Percent recovery of Clearwater River trap daily release PIT-tagged chinook
sal mon groups at Lower G anite Damranged between 23.3% and 60.1%.  Seasonal
curmul ative recovery of PIT-tagged chinook salnon to Lower Ganite Dam was 32.0%
Cunul ative recovery progressing downstream to Little Goose Dam was 47.9% and to
McNary Dam was 54.6%  Percent recovery of PIT-tagged chinook salmon at Lower
Ganite Damthat were released fromthe Cearwater River trap was considerably
less (32.09% than PIT-tagged chinook salnon released from the Snake River trap
(42.6% .

The difference in percent recovery is nost likely due to the fact that
chinook salnon in the Snake River drainage have nuch farther to travel. The
weak fish have already perished prior to trap interception, whereas the najority
of the chinook salmon in the Cearwater River were released fromthe DNFH only
55 km upstream of the Clearwater River trap, and the weaker fish have not died
yet. The slower travel tinme of the Cearwater PIT-tagged chi nook sal mon
conpared to the Snake River PIT-tagged fish indicated the Cearwater River
chinook sal mon may not have been as snelted as the Snake River chinook sal non.
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Figure 8. Chinook sal non migration rate/discharge relations for Smake River trap
PIT tag groups, 1987-1990.



Hatcherv Steel head Trout Freeze Brand Groups- Medi an passage dates were
calculated for five groups of freeze-branded steelhead trout at the Snake River
trap and three groups at the Cearwater River trap. These groups were used to
determne mgration rate and travel time through Lower Ganite Reservoir (Table
13).  The slowest-noving group through Lower Ganite Reservoir was the WIdcat
Creek group (12 d travel tine) followed by one of the Spring Creek groups (10
d. The rest of the groups mgrated ataboutthe same rate(6-8 d).

The relation between hatchery steelhead trout migration rate through Lower
Granite Reservoir and discharge was analyzed using a l|inear regression nodel.
The analysis failed to detect a statistically S|gn|f|cant relation, at the 0.05
|l evel , between migration rate and discharge (N=8, r’=0.227, P=0.233).

The data did not show a relation between migration rate and di scharge,
probably because all the brand groups moved through Lower Ganite Reservoir over
a very narrow di scharge range (60-78 kefs). Therefore, when the analysis was
conducted, there was little variation in the discharge variable.

Hatcherv Steel head Trout PIT Tag G ens-Sufficient nunbers of hatchery
steel head trout were PIT-tagged daily at the Snake River trap to provide 58
daily release groups (3,112 individual fish) tobe used in nmedian nmigration rate
cal cul ations through Lower Ganite Reservoir. Median travel tinme ranged from
11.9 to 1.7 d (4.3 kmd to 27,4 km'd mgration rate) and averaged 4.8 d, which
was about 25% slower than in 1989 (Table 14). Discharge was about 18% less in
135)00 than in 1989, which probably accounts for the slower mgration rate in
1990.

The linear regression analysis showed a significant relation between
mgration rate in Lower Ganite Reservoir and average Lower Ganite di scharge
(inflow) for PIT-tagged hatchery steel head trout groups (N=58, r?=0.700,
P=0.000). The best linear regression equation was:

log mgration rate = -4.247 + 1.576 | og discharge.

The linear regression analysis conducted on the daily release groups
stratified into 5-kefs di scharge intervals showed a significantly higher r
val ue because some of the noise which is often associated with biological data
was renoved (N=16, r°=0.914, P=0.000). The best |inear regression equation was:

log mgration rate = -4.396 + 1.607 | og nean discharge.

The equation shows that as discharge increases, mgration rate increases for
PIT-tagged hatchery steel head trout marked at the Snake River trap.

Twenty-two groups of hatchery steelhead trout (1,228 individual fish) were
PIT-tagged at the Clearwater River trap in 1990 for use in nmedian mgration rate
cal culations through Lower Ganite Reservoir (Table 15). Median travel tine
ranged fronB.5 to 3.7 d (6.0 knfalto 14.1 kmd) and averaged 4.8 d (13.1 km d).
Average inflow discharge to Lower Granite Reservoir during the migration season
was 63.4 kcfs and ranged from 45 to 82.9 kcfs.
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Table 13. Steel head trout smelt travel time and migration rate from the head of Lower Granite Reservoir to Lower Granite
Dam using fish passing the Snake and Clear-water River traps from upriver releases, 1985-1990.

Snake River/
Clearwater River trap Lower Granite Dam

Median Median Travel Migration  Mean
passage  Number arrival Number time rate Q(kcfs)
Year Brand Release site date Collected date collected (days) (km/day) at LGO
1990 LA) (-1 Sawtooth Hatchery 5/27 5,581
RA&(-l E.F. Salmon River 5/27 5,899
*x Dworshak NFH 5/4 487 5/10 12,493 7 8.8 174
RAZ-1 Dworshak NFH 5/4 434 5/11 12,066 8 1.1 15
RAT-1 Oworshak NFH 5/5 139 5/12 11,150 8 .7 78
LAIC-4 Asotin Creek 418 58 424 12,020 1 1.4 68
RAIC-4 Asoti n Creek a/19 30 4/25 12,166 7 7.4 68
(R&L)OA-183 Spring Creek 4/30 240 5/5 26,978 6 8.6 60
(R&L)OA-2 Spring Creek 4/26 116 5/5 10,951 10 5.2 62
(R&L)O0A-4 Wildcat Creek 4/28 120 517 12,470 12 4.3 63
(R&L)0J-3 Little Sheep Creek 4126 33 5/3 4,607 8 6.5 62
1989 LDI(S&Y)-1 Dworshak NFH 5/2 123 5/7 23,573 5 12.3 93
(R&L)DJ-1 Little Sheep Creek 4/25 93 5/10 4,420 15 3.4 95
(R&L)AJ-2 Spring Creek 5/1 84 5/12 12,362 1 4,7 101
(R&L)AJ-1 Spring Creek 5/2 83 5/12 10,168 10 5.2 103
(R&L)AJ-3 Spring Creek 5/5 70 5/14 10,877 9 51 104
(R&L)AJ-4 Wildcat Creek 4/30 134 5/8 15,037 8 6.5 95
1988 LDT-3 Hel 1s Canyon 5/7 38 5/15 6,631 8 6.5 69
LOT-2 Sawtooth Hatchery 5/7 19 5/25 5,332 18 2.9 68
LAI(FEM)-1 Spring Creek 4/25 59 5/17 8,711 22 2.3 61
LAI(F&M)-3 Spring Creek 4124 42 5/12 7*895 18 2.9 58
RAI(F&M)-3 Spring Creek 4/24 61 5/9 11,562 15 3.4 58
RAI(F&M)-1 Wildcat Creek 4126 155 5/11 28,569 15 3.4 59
LD4-3 Snake River at Asot i n 5/24 30 5/30 854 6 8.6 76
RD4-1 Snake River at Asot i n 5/24 55 5/30 994 6 8.6 76
RAT-1 Dworshak NFH 5/3 107 511 10,792 8 1.1 72
RAT-2 Dworshak NFH 5/3 95 5111 7,225 8 1.1 72
RAT-3 Dworshak NFH 5/3 81 5/9 5,928 6 10.3 73
RAT-4 Dworshak NFH 5/3 202 5/10 25,335 I 8.8 78
RA4-1 Clearwater River trap* 4/14 28 4/22 1,335 8 1.1 57
RA4-3 Clearwater River trap? 423 8 5/1 1,384 8 1.1 49
RD4-3 Clearwater River trap® 4129 16 5/6 743 I 8.8 50
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Table 13. Continued.

Snake River/

Clearwater River trap

Lower Granite Dam

Median Median Travel Migration  Mean
passage  Number arrival Number time rate Q(kcfs)
Year Brand Release_site date collected date collected (days) (km/day) at LGO
1987 RAIC-1 Cottonwood Creek 4/30 7 5/4 4,886 4 12.9 86
RAIC-2 Cottonwood Creek 4/30 b 5/4 5,529 4 12.9 86
RAIC-3 Cottonwood Creek 4/30 i 5/4 5,971 4 12.9 86
RAIC-4 Cottonwood Creek 4/30 8 5/5 4,936 5 10.3 84
RAR-3 Clear Creek 4/20 59 5/1 3,500 11 4.7 59
RDR-3 Dworshak NFH 4/22 58 5/1 4,917 9 6.8 63
RDK~1 Clearwater River trap® 4/13 b 4/26 1,192 13 4.7 41
ROK-2 Clearwater River trap® 4/20 9 4/30 999 10 6.2 56
RDK-4 Clearwater River trap 4/28 2 5/4 692 6 10.3 84
1986 RDT-2 Hel 1s canyon 5/1 38 5/8 5,033 1 7.4 94
LDT-2 Sawtooth Hatchery 5/21 11 5/29 3,112 8 6.5 120
LDT-4 E. F.Salmon River 5/23 9 5/29 1,552 b 8.6 119
RAJ-4 Little Sheep Creek 5/8 16 5/30 1,340 22 2.3 114
RAJ-1 Spring Creek 5/27 14 5/26 1,628 Median travel time at ieoone
RAIJ-1 Cottonwood Creek 5/5 39 5/21 4,468 16 3.2 98
RAIJ-3 Cottonwood Creek 5/5 43 5/22 5,151 17 3.0 100
RAIJ-4 Cottonwood Creek 5/6 29 5/18 4,114 12 4.3 99
RDT-4 Dworshak NFH 5/B 18 5117 7,194 9 6.8 99
LD4-1 Clearwater River trap® 5B 2 5/14 1,003 6 10.3 100
Lb4-3 Clearwater River trap® 5/13 5 5/22 869 9 6.8 98
RD4-1 Clearwater River trap’ 4/16 7 4/23 3n 7 8.8 103
RD4-3 Clearwater River trap® 5/1 1 5/8 751 7 8.8 94
19B5 LDY-1 Hel 1s Canyon 5/3 44 5111 2,821 8 6.5 88
ROY-1 Sawtooth Hatchery 5/7 23 5/28 3,510 21 2.5 92
ROY-3 E. F. Salmon River 5/9 22 5/28 2,454 19 2.7 93
RA17-1 Grande Ronde RI ver 5/20 36 5/22 12,710 2 25.8 102
RA17-3 Grande Ronde River 5/19 31 5/21 12,022 2 25.8 95
LDY-2 Dworshak NFH 4/29 88 5/4 6,699 5 12.3 83

3Raleases made on Clear-water River at U.S. Highway 95 launch (rkm-15. 5).

RAK-1 & 2 and RDK-1, 2, 3, & 4 combined.



Table 14. PIT-tagged hatchery steelhead trout travel tine, with 95%
confidence intervals, fromthe Snake River trap to Lower Ganite

Dam 1990.
Medi an
travel Per cent Aver age
Rel ease time Confidence Interval* Nunber  captured discharge
date (_dav ) Upper Lower captured (%A (kefs)
04/16/90 4.00 5.12 2.87 11 100.0 61.95
04/17/90 4,92 5.90 2.99 30%x 85.7 63. 44
04/18/90 5.13 6.71 4.83 49 80.3 64. 82
04/19/90 4.03 4.76 3.82 44 72.1 65. 10
04/20/90 3.92 4.90 3.69 50 78.1 67. 60
04/21/90 4,11 6. 32 3.51 43 71.7 71.00
04/22/90 4.89 7.38 3.09 39 73.6 70. 04
04/23/90 5.21 7.67 3.25 48 77.4 68. 26
04/24/90 5.59 6.81 4,71 43 1.7 66. 15
04/25/90 4.89 7.41 4,39 45 75.0 64.10
04/26/90 5.82 7.13 4.68 47 78.3 62.58
04/27/90 6. 96 8. 50 5.72 43 1.7 61.51
04/28/90 5.82 6. 49 4.69 50 78.1 61.78
04/29/90 6. 45 7. 40 4,91 44 67.7 60. 72
04/30/90 5.91 6.74 4.66 40 66. 7 60. 40
05/01/90 4.85 5.77 4.30 47 78.3 59.72
05/02/90 6. 04 7.76 4.75 42 70.0 62. 75
05/03/90 5.53 7.00 4.13 40 65. 6 67.58
05/04/90 5.55 9.22 4.66 44 73.3 71.13
05/05/90 4.95 6.33 3.80 50 74.6 73.64
05/06/90 4.03 6. 06 3.37 48 80.0 76. 38
05/07/90 5.83 7.01 4,26 43 72.9 82.85
05/08/90 4,28 6. 49 2.96 46 76.7 85. 08
05/09/90 4.76 5.56 3.76 41 68. 3 84. 66
05/10/90 4.05 6. 45 3.77 42 70.0 84. 80
05/11/90 6. 03 13.76 2.99 39 66. 1 76. 63
05/12/90 6. 00 8.90 3.04 42 70.0 70.13
05/13/90 10. 52 13.48 7.88 41 68. 3 54.11
05/14/90 11. 89 12. 37 6. 84 43 1.7 53. 68
05/15/90 9.87 11. 20 6. 96 44 73.3 48. 81
05/16/90 8.32 10. 44 4.86 46 76.7 44,21
05/17/90 8.90 9.39 7.75 42 70.0 48. 39
05/18/90 8.43 8.52 8.17 46 76.7 48. 84
05/19/90 7.24 7.43 7.00 49 81.7 48.91
05/20/90 6. 28 6. 65 6.07 27 75.0 49. 63
05/21/90 5.12 5.77 4.50 26 68. 4 51. 44
05/22/90 4,14 4.72 4.01 47 72.3 53.98
05/23/90 3.24 3.39 3.12 40 67.8 58. 27
05/24/90 3.12 3.60 2.73 38 63.3 66. 47
05/25/90 3.49 4.08 3.19 41 68. 3 69. 20
05/26/90 3.13 3.91 2.89 35 58.3 68. 37
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Tabl e 14. Cont i nued.

Medi an

travel Per cent Aver age
Rel ease time Confidence Interval* Nunber captured discharge
date (day ) uDDer Lower captured (% (kcfs)
05/ 27/ 90 3.01 3.42 2.64 45 77.6 74. 67
05/ 28/ 90 2.71 2.89 2.48 47 78.3 93.10
05/ 29/ 90 1.88 2.12 1.75 49 83.1 103. 20
05/30/90 1.70 2.05 1.51 47 75.8 117. 30
05/31/90 2.08 2.67 1.77 51 85.0 112. 05
06/01/90 2.34 2.79 1.99 49 81.7 107. 65
06/ 02/ 90 2.12 2.71 1.96 45 75.0 99.95
06/ 03/ 90 2.23 2.82 2.10 43 69. 4 94.10
06/ 04/ 90 2.71 3.61 2.05 20 66. 7 95. 53
06/ 05/ 90 2.98 3.82 2.79 37 68. 5 94. 37
06/ 06/ 90 3.50 0.00 0.00 4 100.0 90. 95
06/ 07/ 90 3.19 4.88 2.33 13 76.5 90. 20
06/ 08/ 90 2.91 4,13 2.54 9 81.8 88.10
06/ 09/ 90 2.93 4.68 2.37 8 66. 7 86. 97
06/10/ 90 2. 54 3.72 1.64 11 73.3 90. 57
06/11/90 2.74 3.17 2.06 31 58.5 92.33
06/ 12/ 90 3.05 4.19 2.64 38 63. 3 91.17
06/ 13/ 90 2.99 7.81 2.23 10 66. 7 82.53

* Confidence intervals calculated with nonparanetric statistics.
**|'ncludes both trap caught and purse seine caught fish.
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Table 15. PIT-tagged hatchery steelhead trout travel time, with 95%
confidence intervals, fromthe Clearwater River trap to Lower
Ganite Dam 1990.

Medi an
travel Per cent Average -
Rel ease time Confidence Interval* Nunber  captured discharge
date (dav ) Upper Lower capt ured (% (kcfs)
04/ 04/ 90 4, 45** 0.00 0.00 1 100.0 47.48
04/ 12/ 90 3. 49%* 0.00 0.00 1 100.0 44.30
04/ 15/ 90 6. 24** 0.00 0.00 1 100.0 60.97
04/ 18/ 90 5.70 7.91 4,52 19 65.5 66.35
04/19/90 6.17 8.50 4.18 42 72.4 68.47
04/ 20/ 90 3.98 5.14 3.54 27 65.9 67.60
04/21/90 6.30 11. 40 3.70 20 76.9 67.84
04/ 27/ 90 5. 46 7.09 4.52 30 69.8 62.48
04/ 28/ 90 7.50 8.90 6.78 62 76.5 61.33
04/29/ 90 7.76 8.82 6. 60 62 83.8 61.55
05/ 02/ 90 6. 86 8. 26 4.87 28 70.0 65.84
05/ 03/ 90 6. 00 7.56 5.21 50 79.4 67.58
05/ 04/90 5.41 8.12 4.83 47 79.7 68.54
05/ 05/ 90 5.99 7.96 4.51 44 73.3 76.03
05/ 06/ 90 3.67 4,34 3.20 47 78.3 76.38
05/07/90 6.21 6. 87 5. 47 46 76.7 82.85
05/17/90 7.95 9.12 7.56 44 72.1 45.01
05/18/90 8. 14 8.80 7.59 46 76.7 48.84
05/19/90 7.13 7.64 6. 86 27 45.0 48.91
05/ 20/ 90 6. 42 6.90 5.89 28 46.7 49.63
05/21/90 6. 14 6. 62 5.32 41 65.1 54.25
05/ 22/ 90 4.50 4. 86 4.05 31 50.8 56.84
05/ 23/ 90 3.92 4,23 3.58 54 88.5 60.78
05/ 24/ 90 4,23 5.17 3.71 51 83.6 65.83
05/ 25/ 90 5.08 5.89 4,87 25 71.4 73.54

* Confidence Intervals calculated with nonparanmetric statistics.
**Maximum travel {1 MES listed for observations of two or 1less.
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The linear regression analysis failed to detect a significant relation
between mgration rate in Lower Ganite Reservoir and average Lower Ganite
inflow discharge for Cearwater River PIT-tagged hatchery steelhead trout (N=22,
r’=0.166, P=0.060). The data were stratified by 5-kefs di scharge groups, and the
analysis was run again. The analysis failed to detect a significant relation
between discharge and migration rate after stratification (nN=8, r’=0. 205,
P=0.260). The data were graphed, and an obvious relation was observed (Figure
9). There were two outliers. Each outlier was an average of only one data
point for that 5-kefs discharge interval. There probably was a mgration rate
discharge relation for hatchery steelhead trout PIT-tagged at the C earwater
River trap, but there was not enough data and the discharge range was to narrow
to show the rel ation.

Hat chery steel head trout mgration rate-discharge relation among years
for fish PIT-tagged at the Snake River trap was examned to see if the relation
was constant over years. Analysis of covariance on the |og-transfornmed data was
used to determne if there was a significant difference between years (1987-
1990) in magration rate averagedby 5-kcfs intervals. The analysis showed there
was a significant difference anong years (slopes of the lines) for the hatchery
steelhead trout mgration rate-discharge relation (N=46, F=3.052, P=0.040). A
graphic representation of the data showed one year’'s data (1988) was causing the
difference (Figure 10). The slope of the 1988 data was considerably different
fromthe other three years. The 1988 data were renoved, the anal ysis re-run,
and the slopes were not found to be significantly different (N=38, F=2.979,
P=0.065). The analysis was continued on the three years of data to determ ne
if the intercept (height) of the [ines were different. The analysis showed
there was a significant difference in the intercept of the three lines. After
exam ning a graph of the data, the 1987 data were significantly higher than the
other two years. \en the 1987 data were renoved and the analysis run again,
there was not a significant difference in the height of the remaining two years
data. The 1988 and 1990 data were pooled and the |inear regression analysis
conduct ed (N=28, r?=0.915, P=0.000):

log migration rate = -4.427 + 1.612 | og nean discharge.

The equation shows that PIT-tagged hatchery steelhead trout from the Snake River
trap nove about six tines faster through Lower Ganite Reservoir at 120 kcfs as
they do at 4okcfs.

Percent recovery of Snake River trap daily hatchery steelhead trout PIT
tag rel ease groups at Lower Ganite Dam ranged from 58.3% to 100% and averaged
73.0%. Seasonal cumulativer ecovery of PIT-tagged hatchery steel head trout to
Lower Granite Dam was 73.0%, to Little Goose Dam 82.1%, and to MNary Dam 83. 1%

Percent recovery of Clearwater River trap daily hatchery steel head trout
PIT tag rel ease groups at Lower Ganite Dam ranged from 45.0% to 88.5% and
averaged 71.7%. Seasonal cunulative recovery of PIT-tagged hatchery steel head
trout to Lower Ganite Damwas 71.7% to Little Goose Dam 76.8%,and to MNary
Dam 77.6% This was 5.5% less than for fish PIT-tagged at the Snake River trap.
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Ta -Sufficient nunbers of wild steel head
trout were PIT-tagged at the Snake River trap to provide 50 daily release groups
3,076 individual fish) for estimating travel time and migration rate in Lower
anite Reservoir (Table 16). Median travel time ranged from7.3 d (7.1 knfd)
to 1.7 d (30.1 kmd) and averaged 3.9 d (14.6 km/d).Linear regression analysis
showed a significant relation between nedian mgration rate in Lower Ganite
Reservoir and mean discharge for PIT-tagged wild steelhead trout groups (N=50,
r’=0.646, P=0.000). The best linear regression equation was:

log migration rate = -1.001 + 0.867 |og nean discharge.

Again the analysis shows that as discharge increases migration rate in Lower
Granite Reservoir increases.

Linear regression analysis conducted on average mgration rates for PIT
tag aroups stratified into 5-kefs intervals to renove noise which is often
associated With biol ogical data had higher r®value (N=15, r’=0.830, P=0.000).
The equation that best fit the data was:

log migration rate = -1.481 + 0.976 |og average discharge.

This indicates that 83%of the variation in mgration rate is accounted for by
changes in discharge. In other words, mgration rate is very dependent on
di scharge; the higher the discharge, the faster wild steelhead trout mgrate.

Twenty-nine wild steelhead trout PIT-tagged groups (1,300 individual fish)
were released fromthe Cearwater River trap in 1990 for use in median mgration
rate calculations through Lower Ganite Reservoir (Table 17). Median travel
time ranged from7.5 d to 3.5 d (8.2 to 17.8 knmd, respectfully) and averaged
5.0 d (12.3 kmd). Average discharge for the PIT-tagged wild steel head trout
mgration season was 58.0 kcfs.

The linear regression analysis showed a significant relation between
mgration rate in Lower Ganite Reservoir and average inflow discharge to the
reservoir for wild steel head trout groups released fromthe C earwater R ver
trap (N=29, r’=0.635, P=0000). The best linear regression equation was:

log migration rate = -2.103 + 1.134 |og discharge.

Li near regression analysis conducted on averaged migration rates for PIT
tag groups stratified into 5-kcfs intervals had a considerably higher r’value
(N=8, r°=0.947, P=0.000). The best linear regression equation was:

log migration rate = -1.849 + 1.063 | og di scharge.



Table 16. PIT-tagged wild steelhead trout time, with 95% confidence
intervals, fromthe Snake River trap to Lower Ganite Dam

1990.
Medi an
travel Per cent Average -
Rel ease time Confidence Interval* Nunber  captured discharge
date (day ) Upper Lower captured (% (kcfs)
04/ 09/ 90 4.41 0.00 0.00 3 75.0 45.90
04/10/ 90 4.39 0.00 0.00 3 30.0 45.10
04/11/90 4.19 0.00 0.00 3 60. 0 44.70
04/ 15/ 90 3.98 9.38 2. 80 7 87.5 59.75
04/ 16/ 90 3.18 6.18 2.39 7 63. 6 61. 27
04/ 17/ 90 3.08 4.25 2.57 25%* 69. 4 63. 20
04/ 18/ 90 3.56 4.24 3.27 36 69. 2 63. 83
04/19/ 90 3.59 4.09 3. 42 51 63.7 65. 10
04/ 20/ 90 3.13 3.33 2.93 37 59.7 65. 47
04/ 21/ 90 3.12 3.45 2.75 69 62.7 69. 20
04/ 22/ 90 2.82 3.14 2.53 72 74.2 73.07
04/ 23/ 90 3.42 4,31 2.81 52 59.1 72.77
04/ 24/ 90 3.62 3.82 3. 44 111 64. 5 66. 83
04/ 25/ 90 3.93 4,37 3.70 86 61. 4 63.98
04/ 26/ 90 3.95 4,17 3.77 95 66. 4 63.15
04/ 27/ 90 3.70 4.93 2.96 22 55.0 63. 33
04/ 28/ 90 4,42 4,54 4.15 66 60. 6 63.12
04/29/ 90 4,57 5.33 3.88 55 67.9 61.14
04/ 30/ 90 4,54 5.24 4.18 50 66. 7 59.94
05/01/90 4,47 5.31 3.73 49 64. 5 58.98
05/ 02/ 90 3.74 4,32 3.41 27 64.3 59. 88
05/03/90 3.67 4,61 3.52 45 72.6 62. 38
05/ 04/ 90 3. 86 4.55 3.27 27 67.5 64. 58
05/ 05/ 90 3.57 3.99 3.42 53 73.6 71.03
05/ 06/ 90 3.14 3.70 2. 80 80 70.2 73.80
05/07/90 3.47 3.65 3.38 147 65. 3 80. 03
05/ 08/ 90 3.53 3.97 3.14 87 67. 4 85.08
05/ 09/ 90 3.16 3.56 2.84 55 57.3 85. 30
05/ 10/ 90 3.07 3.65 2.68 36 67.9 85.67
05/ 11/ 90 3.92 6. 05 2.73 16 72.7 82.95
05/ 12/ 90 3.43 5.16 2.72 23 56. 1 82. 67
05/ 13/ 90 5.57 7.05 4.18 45 68. 2 63. 98
05/ 14190 5.76 6. 59 4.79 50 61.0 57.72
05/ 15/ 90 5.20 6. 47 4,64 17 50.0 53.14
05/ 16/ 90 4,84 7.14 4,42 27 75.0 45. 52
05/17/ 90 4,65 4. 89 3.85 30 76.9 43.92
05/18/ 90 7.29 9.03 4.75 11 64.7 45. 04
05/ 19/ 90 6.21 7.11 5.58 20 66. 7 44.50
05/ 20/ 90 6. 29 0.00 0.00 4 100.0 49. 63
05/21/90 4,43 5.92 3.83 10 62.5 45, 45
05/ 22/ 90 4.00 5.21 3.10 8 57.1 53.98
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Table 16. Conti nued.

Medi an
travel Per cent Aver age
Rel ease time Confidence Interval* Number  captured  discharge
date (day) Upper Lower captured (% (kcfs)
05/23/90 3.06 3.62 2.53 14 56.0 58. 27
05/ 24/ 90 3. 54 5.12 2.31 8 61.5 65. 83
05/ 25/ 90 3.41 4,32 2.96 32 64.0 69. 20
05/ 26/ 90 3.58 4.14 2.99 28 50.0 73.08
05/27/90 3.07 4,26 2. 54 11 45. 8 74.67
05/ 28/ 90 2.55 2.69 2.41 41 70.7 93.10
05/29/ 90 1.98 2.92 1.66 16 72.7 103. 20
05/ 30/ 90 1.7 1.97 1.61 62 77.5 117.30
05/ 31/ 90 1.90 4.41 1.45 8 53.3 112. 05
06/ 01/ 90 2. 49 3.18 1.98 36 85.7 107. 65
06/ 02/ 90 3. 40 4.00 1.90 22 73.3 98. 27
06/ 03/ 90 1.87 0.00 0.00 3 75.0 94.10
06/ 05/ 90 5. 06%** 0.00 0.00 2 100.0 92. 46
06/ 08/ 90 9. Q7*** 0.00 0.00 2 66. 7 85. 48
06/ 09/ 90 3.53 0.00 0.00 4 100.0 89. 30
06/ 12/ 90 3.55 0.00 0.00 4 50.0 85. 97
06/ 13/ 90 2.97 0.00 0.00 3 75.0 82.53
06/ 14/ 90 3.07 0.00 0.00 3 100.0 76. 00

* Confidence intervals calculated with nonparanmetric statistics

** |ncludes both trap caught and purse seine caught fish
***Maxi mum travel time listed for observations of two or less.
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Tabl e 17.

PIT-tagged wild steel head trout travel time, wth 95% confidence
intervals, fromthe Clearwater River trap to Lower Ganite Dam

1990.
Medi an
travel Per cent Aver age

Rel ease time Confidence Interval* Nunmber  captured discharge
date (day) Upper Lower captured (% (kefs)
04/ 04/ 90 6. 80 9.44 3.53 8 72.7 47.50
04/ 05/ 90 7.54 12.83 5. 66 6 54.5 46. 92
04/ 07/ 90 7.20 13.60 4. 36 8 57.1 52. 45
04/ 09/ 90 7.50 9.40 5.70 9 47. 4 51. 30
04/ 10/ 90 7.19 9.48 5.37 11 47.8 48. 63
04/ 11/ 90 5.33 8. 06 4. 47 10 47.6 46. 80
04/ 12/ 90 6. 58 10. 61 4. 45 10 41.7 53.13
04/ 13/ 90 7.94 0.00 0.00 4 50.0 57.02
04/ 14/ 90 5.10 10. 38 4.41 6 35.3 57.12
04/ 15/ 90 4.73 6. 33 3.80 36 56. 2 60. 60
04/ 16/ 90 4.37 0.00 0.00 4 57.1 61. 95
04/17/ 90 5. 36%* 0.00 0.00 2 33.3 63. 44
04/ 18/ 90 3.49 0.00 0.00 3 42.9 63. 50
04/ 19/ 90 6. 82 0.00 0.00 4 66. 7 68. 39
04/ 20/ 90 4.90 0.00 0.00 3 100.0 69. 36
04/21/90 10 . 00** 0.00 0.00 2 66. 7 66. 83
04/ 27/ 90 5. 68 0.00 0.00 5 45.5 61. 30
04/ 28/ 90 5.51 6. 16 4.61 21 65. 6 61.78
04/ 29/ 90 5.60 6. 87 4.75 48 64.0 60. 72
04/ 30/ 90 4.91 7.03 4. 42 9 90.0 59. 94
05/01/90 4.61 6. 98 3.90 7 70.0 59. 72
05/ 02/ 90 4.39 6.57 3.39 6 60. 0 59. 88
05/ 03/ 90 4.29 5.44 4.23 13 52.0 62. 38
05/ 04/ 90 4,22 4,94 3.46 10 55.6 64. 58
05/ 05/ 90 4.33 16. 08 2. 84 7 46.7 71.03
05/ 06/ 90 3. 46 18.51 2.78 6 75.0 73. 80
05/07/90 3.50 5.45 3.26 17 58. 6 82.03
05/17/90 6.92 7. 64 5.43 53 60. 9 43. 49
05/18/ 90 7.36 8.29 6. 43 37 46.3 45.04
05/ 19/ 90 6. 58 6.91 6. 23 47 62.7 48.91
05/20/ 90 5.83 6. 44 5.55 42 43.3 49. 63
05/21/90 4.81 5.12 4. 48 55 56. 7 51.44
05/ 22/ 90 4.31 4. 54 4.14 42 48.3 53.98
05/23/90 3.50 3.73 3.43 118 78.7 60. 78
05/ 24/ 90 3.83 4.22 3.35 90 63. 4 65. 83
05/ 25/ 90 3.93 8.00 3.07 8 66. 7 70. 12

* Confidence Intervals were calculated with nonparanetric statistics.
**Maximum travel

time 1isteg fOr observations o
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W d steelhead trout migration rate-discharge relation for fish released
from the Snake River trap was examined to see if this relation was constant over
years. The anal ysis of covariance was used to determine if there was a
significant difference anmong years (1987-1990) in migration rates using groups
averaged by 5-kefs intervals. The analysis showed no significant difference
among years for the slopes of the wild steelhead trout migration rate-discharge
rel ati ons (N=40, F=1 .588, P=0.211), nor was there a significant difference in
mgration rate (intercept) between years (N=40, F=I .340, P=0329). The data
wer e pool ed, and the linear regression analysis was run using the log-
transformed data (N=40, r®=0.811, P=0.000). The best linear regression equation
was:

log mgration rate = -1.970 +1.097 |og discharge.

The analysis indicates that 81% of the variation in mgration rate for pIT-
tagged wild steelhead trout released fromthe Snake River trap between 1987 and
1990 was accounted for by changes in discharge. The equation shows that a two-
fold increase in discharge will increase mgration rate two-fold.

Percent recovery at Lower Ganite Dam of daily wild steelhead trout PIT
tag groups released fromthe Snake River trap ranged from 45.8%to 85.7% and
averaged 65.5% Seasonal cumulative recovery of PIT-tagged wild steel head trout
to Lower Ganite Damwas 65.5% to Little CGoose Dam 77.1% and to McNary Dam
79.0% The percent recovery at the three dans for PIT-tagged hatchery and wld
steel head trout was about the same; 83.1 for hatchery steelhead trout and 79.0%
for wild steelhead trout. The cunulative recovery rates at the three dans for
both hatchery and wild steelhead trout was simlar to 1989.

Percent recovery of daily wild steelhead trout PIT tag groups rel eased
fromthe Cearwater River trap and interrogated at Lower Granite Dam ranged from
41.7 to 89.5% and averaged 59.2%  Seasonal cumulative recovery of PIT-tagged
wild steelhead trout released at the Clearwater River trap to Lower Granite Dam
was 59.0% to Little CGoose Dam was 68.7% and to McNary Dam was 70.4%

Mgration rates for hatchery and wild steelhead trout PIT-tagged at the
Snake River trap were significantly different. The slopes of the mgration
rate-discharge regression lines for hatchery and wild steelhead trout, grouped
by 5-kefs intervals, were tested with the analysis of covariance and found to
be significantly different (N=31, F=12.277, P= 0.002). In 1990 wild steel head
trout fromthe Snake River trap migrated faster than hatchery steel head trout
at |ow discharge (50,000 cfs), at the sane rate at 100,000 cfs, and slightly
slower at 120,000 cfs (Figure 11). In 1988 and 1989, there was no difference
inthe mgration rate discharge relation, but wild steelhead trout consistently
mgrated faster than hatchery snelts (2.5 kmid, 3 knfd faster, respectively).

It is uncertain as to the reason for this difference. Possi bl e
explamions are that wild steelhead trout are stronger and/or more fully
smelted and, therefore, mgrate faster through Lower Ganite Reservoir. Mean
ATPase activity level, an indicator of snoltification, was tested at the Snake
River trap between April 20 and June 1, 1990 (Rondorf et al. In Press).
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Figure 11. Hatchery and wild steelhead trout migration rate/discharge relations for
Snake River trap PIT tag groups, 1990.



Prelimnary information indicates weekly ATPase |evels for hatchery steelhead
trout were about 50% [ ower than wild steelhead trout at the beginning of this
period and at about the sane level at the end of this period. Hat chery
st eeI head trout weekly nmean ATPase levels started out at 11.4 wumoles P'mg Prot”

!, peaked at 25.0 umoles the week of May 25, and ended at 21.8 umoles. W !d
steel head trout weekly mean ATPase |evels fluctuated ||tt|e during the sample
period, ranging from18.0 to 23.7 umoles P'mg Prot™'<h’

Head of Lower Granite Reservoir to Little Goose Dam

Chinook Salnobn PIT Tag G oins-The relation between mgration rate and
di scharge was exam ned for PIT-tagged chinook sal non rel eased fromthe Snake
River trap and interrogated at Little Goose Dam The |inear regression
analysis, on the log transformed data stratifiedby 5-kcfs intervals (Table 18),
show that 53% of the variation in PIT-tagged chinook salmn mgration rate
between the Snake River trap and Little Goose Dam was accounted for by discharge
(N=10, r°=0.534, P=0.016). The sane analysis was conducted on the PIT tag
chinook salnon data fromthe Clearwater River trap (Table 18). This analysis
showed that 88% of the variation in the mgration rate for chinook salnon from

the Clearwater River trap to Little Goose Damwas accounted for by discharge
(N=7, r°=0. 879, P=0.002).

Hatcherv Steel head Trout PIT Tag G oups-The migration rate discharge
relation for PIT-tagged hatchery steelhead trout released fromthe Snake River
trap and interrogated at Little Goose Dam was exami ned using the |inear
regression analysis. The data were stratified by 5-kefs intervals and |og
transformed (Table 19). Eighty-seven percent of the variation in PlIT-tagged
hatchery steel head trout migration rate is accounted for by discharge (N=13,
r?=0.874, P=0.000). The same analysis was conducted on PIT-tagged hatchery
steel head trout released fromthe O earwater River trap (Table 19). The
relation is not significant at the 0.05 level (N=6, r’=0.205, P=0.367). The
|l ack of significance for the CearWater River data is probably due to a low
nunber of data points (N=6) and because the data is linmted to a very snall
range in discharge. Only 63 PIT-tagged hatchery steel head trout released from
the Clearwater River trap were interrogated at Little Goose Dam whereas 282
hat chery steel head trout fromthe Snake River trap were interrogated.

WId steelhead Trout PIT Tag Groups-The migration rate discharge relation
for wild steelhead trout PIT-tagged and released fromthe Snake River trap was
exam ned using the linear regression analysis. The data were stratified by 5-
kcfs intervals and log transforned (Table 20). The analysis showed that 75% of
the variation in mgration rate is accounted for by di scharge (N=14, r’=0. 749,



Table 18. Mgration data, stratified by 5-kcfs intervals,
for chinook salnon from Snake and O earwater River
traps to Little Goose Dam, 1990.

Snake River Cearwater River

trap trap
Di schar ge mgration mgration
i nterval rate (kmd) rate (kmd)
50 - 55 9.00 5.62
55 - 60 7.35 6. 96
60 - 65 6. 87 7.33
65 - 70 7.22 6. 88
70 - 75 9.24 11.00
75 - 80
80 - 85 14. 60 14. 80
85 - 90 7.90
90 - 95 10. 65 14.10
95 - 100 12.70
100 - 105

105 - 110 21. 80




Table 19. Mgration data, stratified by 5-kcfs intervals,
for hatchery steelhead trout fromthe Snake and
Clearwater River traps to Little Goose Dam 1990.

Snake River Cearwater River
trap trap
Di schar ge mgration mgration
i nterval rate (kmd) rate (km/d)
50 - 55 9.70
55 - 60 7.42 11. 95
60 - 65 9.84 10. 27
65 - 70 9.04 11. 80
70 - 75 13. 83 8. 80
75 - 80 10. 57 12.55
80 - 85 16. 90 16. 50
85 - 90 21.00
90 - 95 20. 47
95 - 100 27.85
100 - 105 24.30
105 - 110 32.95

110 - 115 27.10




Table 20. Mgration data, stratified by 5-kcfs intervals,
for wild steelhead trout fromthe Snake and
Clearwater River traps to Little Goose Dam 1990.

Snake River Cl earwater River

trap trap
Di scharge mgration mgration
interval rate (kmd) rate (kmd)
45 - 50 14. 25 16. 70
50 - 55 11. 45 11. 42
55 - 60 9.30 13.10
60 - 65 12. 89 15. 14
65 - 70 15. 53 11.41
70 - 75 15.13 19. 40
75 - 80 15. 37 15. 05
80 - 85 17.04 15. 50
85 - 90 15. 80 17. 10
90 - 95 18. 65
95 - 100 31.15
100 - 105 26.70
105 - 110 26.90
110 - 115 31.60
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Clearwater River snelts probably does exist, but because of a |ack of data, the
anal ysis does not show the relation. In those instances where enough data exist
(Snake River trap data for chinook sal non, hatchery steelhead trout, and wld
steel head trout, and Cearwater River trap data for chinook salnon), the
regression does show a significant relation. Only when interrogation numbers
are low at Little Goose Dam does the regression analysis fail to detect a
significant relation.

M ni mum Survival of PIT-taggqed Fi sh

M ni mum Survival EStinates

M ni num survival to Lower Ganite Dam (the nunmber of fish that were
interrogated at Lower Ganite, Little Goose, and McNary dams) for fish PIT-
tagged at the Snake and Clearwater River traps in 1990 was simlar to mninmum
survival rates observed in previous years. Chinook sal mon and both hatchery
and wild steelhead trout PIT-tagged at the Snake River trap survived at a rate
5% to 10% higher than fish taggedat the Cearwater River trap (Table 21). This
follows a simlar trend observed in 1989, when mninum survival of Snake River
trap PIT-tagged fish ranged from approximtely 12% to 16% hi gher than fish PpIT-
tagged at the Clearwater River trap. The difference in mninumsurvival, in
part, can be accounted for by the presence of DNFH releases. Due to the close
proximty of the Cearwater River trap to the hatchery, the rigors of mgration
have not as yet caused nortality of the weaker fish. Natural nortality of
hatchery fish is believed to be greater at the beginning of their river
existence as they acclimate to the hazards present in a natural system  The
majority of the nortality of hatchery fish in the Snake River takes place prior
to the fish passing the trap site. Mninum survival to Lower Ganite Damin
1990 for chi nook sal mon (64.49%, hatchery steelhead trout (83.1%, and wld
steelhead trout (79.0% fromthe Snake River trap was simlar to that of 1989
and greater than 1988 or 1987. The mninmum survival estimate to Lower Ganite
Dam for chinook salnon PIT-tagged at the Clearwater River trap (54.6% was
simlar to 1989. [Insufficient numbers of hatchery and wild steel head trout were
PIT-tagged at the Clearwater River trap to nake a conparison.

M ni num Survival Versus Length of PIT-tagged Fish

Snake River Trap-PIT tag interrogations of groups of chinook salmon from
the Snake River trap were tested with an analysis of covariance to determne if
all years (1988, 1989, and 1990) data could be combined. The analysis failed
(N=63, F=19.075, P=0.000), indicating the data coul d not be conbined overbears.
Combi ning data over years was desirable to increase sanple nunbers at the
smal ler and larger fish lengths. The hatchery and wild steel head trout data
were subjected to the sanme analysis. Neither hatchery nor wild steel head trout
data could be conbined over years (hatchery steelhead trout: N=72, F=13.939,
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Tabl e 21. Interrogation of PIT-tagged fi sh from the Snake River

collection facilities.

trap,
1987-1990, and Clearwater River trap, 1989-1990, at downstream

Nunber Interogated/Site

Lower Little
Taggi ng Nunber Ganite Goose McNary Total s
site year _ spetie* tagged (% (N (% (%
Snake 1990 CH 2,245 956 310 180 1,446
(42.6) (13.8) (8.0) (64.4)
SH 3,112 2,272 282 33 2,587
(73.0) (9.1) (1.1) (83.1)
Sw 3,078 2,016 356 60 2,432
(65.5) (11.6) (2.0) (79.0)
Cl earwat er 1990 CH 4,242 1,359 674 281 2,314
(32.0) (15.9) (6.6) (54.6)
SH 1,228 880 63 10 953
(71.7) (5.1) (0.8) (77.6)
Sw 1,300 767 126 22 915
(59.0) (9.7) (1.7) (70.4)
Snake 1989 CH 6,222 2,384 1,367 482 4,233
(38.3) (22.0) (7.7) (68.0)
SH 2,525 1,773 268 35 2,076
(70.2) (10.6) (1.4) (82.2)
Sw 1,798 1,170 240 52 1,462
(65.1) (13.3) (2.9) (81.3)
C earwat er 1989 CH 2,441 756 452 140 1,348
(31.0) (18.5) (5.7) (55.2)
SH 290 173 16 2 191
(59.7) (5.5) (0.7) (65.9)
Sw 104 53 16 3 72
(51.0) (15.4) (2.9 (69.2)
Snake 1988 CH 3,767 1,237 543 299 2,079
(32.8) (14.4) (7.9) (55.2)
SH 1,743 1,069 190 12 1,271
(61.3) (10.9) (0.7) (72.9)
Sw 1,186 698 166 20 884
(58.9) (14.0) (L.7) (74.5)
Snake 1987**  CH 3,275 1,067 338 308 1,713
(32.9) (10.3) (9.4) (52.3)
SH 827 324 52 6 382
(39.2) (6.3) (0.7) (46.2)
Sw 464 229 48 8 285
(49.4) (10.3) (1.7) (61.4)

* CH= chinook, SH = hatchery steel head, SW= wild steel head.
**bias may exist as only ‘quality’ fish were tagged.
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P=0.000; wild steelhead trout: N=54, F=8.953, P=0.000). Therefore, all analysis
of Snake River trap data were done on a by year basis, only.

The linear regression analysis failed to detect a relation between length
and chinook salmon mninum survival to Lower Ganite Damin 1988, 1989, and 1990
(1988: N=32, r’=0.304, P=0.001; 1989: N=18, r*=0. 166, P=0093; 1990: N=13,
r’=0.237, Pp=0.092). The relation between mi ni mum survival and | ength was
significant for 1988 chinook sal non (N=27, r°=0.616, P=0.000) after five outliers
were renmoved fromthe data set using the St udent i zed Resi dual (Myers 1990).

The linear regression analysis of hatchery steel head trout m ninum
survival versus length for 1989 and 1990 failed to show a statlstlcally
significant relation (1989: N=25, r?=0.110, P=0 106; 1990: N=27, r’=0. 102,
P=0 10(). The 1988 hatchery st eel head trout data did show a st atlst|cally
significant relation between mninum survival and length at tagging, N=20,
r‘=0. 668, P=0.000. When the Studentized Residual was run on the hatchery
steel head trout dat a, one outlier was found in the 1988 data. The |inear
regression inproved after the renoval of this data point, N=19, r°=0.747,
P=0.000. WId steelhead trout mninum survival versus length showed a different
pattern than the chinook salnon or hatchery steelhead trout. It was the 1990
data that yielded a statistically significant relation (N=17, r’=0. 665, P=0. 000).
No outliers were renoved fromthis data set. The 1988 and 1989 wild steel head
trout mninmum survival versus |ength regressmn failed to detect a stat|st|cally
significant relation (1988: N=18, r’=0.273, P=0.002; 1989: N=19, r’=0. 010,
P=0.683).

Clearwater River Trap-The 1989 and 1990 chinook salnon PIT tag m ni mum
survival versus length data fromthe Cearwater River trap were subjected to the
anal ysis of covariance to determne if there was a significant difference
between years. There was not a significant difference between years (N=33,
F=0. 641, p=0.429). The analysis also indicated that there was not a difference
in the slopes (N=33, F=0.049, P=0.826) Or intercepts (N=33, F=0.551, P=0 463)
of the two lines. Wen a regression analysis was run on the conbined data (1989
and 1990), no relation between mininum survival and length was shown (N=33,
r’=0. 046, P=0.232).

The nunbers of hatchery and wild steelhead trout PIT-tagged at the
Clearwater River trap in 1989 were too low, 290 fish and 104 fish, respectively,
to provide a reliable sanple size. For this reason, the 1989 nini num survival
versus length data were not used. Hatchery steelhead trout mininum survival
versus length in 1990 for fish PIT-tagged at the CLearwater River trap showed
a very strong statistical relation (N=18, r’=0. 855, P=0.000). The |inear
regression of wld steel head trout falled to showed a relation between m nimm
survival and length in 1990 (N=14, r?=0.162, P=0.153).
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SUMMARY

The nunber of hatchery-reared chinook sal mon and steel head trout rel eased
above Lower Granite Dam was up considerable in 1990. Chinook salmon rel eases
were up 16.6% and hatchery steelhead trout releases were up 27.1% from 1989.
The increase in chinook salmon production occurred in all three major drainages,
whereas the increase in production of hatchery steelhead occurred in the Sal non
and Cl earwater River drainages. Hat chery production of chinook sal non and
steel head trout released above Lower Granite Dam was 24,500,010 (13,282,545
chinook salnmon and 11,377,967 steelhead trout) in 1990. O these, 358,599
chinook salmon and 452,821 steelhead trout (2.7% and 4.0% of the total releases,
respectively) were freeze branded and released as 24 unique chinook sal non
groups and 22 unique steel head trout groups. The nunber of freeze-branded
chinook sal non was down 46.8% and the nunber of freeze-branded hatchery
steel head trout was up 55.2% from 1989.

The Snake River trap was operated on the east side of the river from March
9 through June 19. The Snake River trap captured 5,258 age 1 chinook sal mon,
29 age O chinook salnon, 19,940 hatchery steel head trout, and 3,427 wld
steel head trout. The wild steelhead trout catch in the trap was greater than
in any previous year, up 156% from 1989, which was the second highest year.

The Clearwater River trap was operated from March 14 through My 29, with
15 d downtinme in late April and md-May when the trap was out of operation due
to high flow and heavy debris. ClearWater River trap catch was 58,838 age 1
chinook sal mon, 29,459 hatchery steelhead trout, and 1,520 wild steel head trout.
Chi nook sal non trap catch was up 592% from 1989 and similar to other drought
years. Hatchery steelhead trout trap catch was up 300% from the best year-to-
date, which was 1988. In 1990, the Clearwater River trap was fished nore
aggressively than in previous years. This neant that the trap was fished for
a greater portion of the season in or near the thalweg, where water velocity is
higher. Wth higher water velocity, fish have a harder tine avoiding the trap.

Fish were again PIT-tagged for migration rate statistics at the Snake
River trap and Clearwater River trap in 1990. The nunber of fish PIT-tagged at
the Snake River trap was 8,435 and the nunber of fish PIT-tagged at the
Clearwater River trap was 6, 770.

Snake River trap chinook salmon efficiency tests were not conducted in
1990 due to the low catch of chinook in the trap. Previous years’ trap
efficiencies provide a pooled average chinook salnmon trap efficiency of 1.39%
at the Snake River trap.

Snake River trap steelhead trout trap efficiency tests were conducted on
three occasions and provided a mean trap efficiency of 0.49% Wth the limted
data available, year and discharge did not have any significant effect on trap
efficiency of steelhead trout snelts at the Snake River trap.

Chinook salnmon trap efficiency tests at the Clearwater River trap in 1990
were significantly different from 1989 but simlar to 1984-1988. The 1990 trap
efficiency was 1.41% The nean trap efficiency for all years except 1989 was
1. 871

67



ClearWater River trap mean efficiency for hatchery steelhead trout in 1990
was 1.90% which is significantly higher than in previous years, when trap
efficiencies were below 0.4% The increase in trap efficiency for steel head
trout at the Clearwater River trap was probably due to several trap
modi fications which were made in 1988 and 1989 and the fact that the trap was
fished closer to the thalweg for a greater portion of the 1990 season.

Because of the low chinook salnon freeze brand recovery at the Snake River
trap in 1990, mgration rate statistics could not be cal cul ated. Freeze-branded
hatchery steelhead trout migration rates to the Snake River trap were sinilar
to previous years, except for the brand group released in Little Sheep Creek.
In 1990, they migrated at about the sane rate as in 1986, but considerably
sl ower than in 1989.

Mgration rates for ClearWater River freeze branded chinook salnon were
simlar to rates observed in 1985, 1986, 1988, and 1989. In 1987 nigration rate
was four tinmes slower than in 1990. Flows were considerably |ower for a major
portion of the mgration in 1987 and probably was the reason for the slower
mgration that year. Steelhead trout migration rate was the same as in previous
years.

Mgration rates through Lower Ganite Reservoir ranged from 28 d for early
freeze brand release groups in the Clearwater River to 14 d for groups released
frompnre. The slow migration rates for freeze-branded chinook salnmon moving
through the reservoir early in the mgration season was probably due to the fish
being at a lower |evel of smoltification and the river being at a | ower
di scharge at that tine.

Using PIT-tagged chinook sal mon groups was a much better method of
determning mgration rate through Lower Ganite Reservoir than were freeze
brand groups. Chinook salmon PIT-tagged at the Snake River trap nigrated faster
in 1990 than in 1989. Due to poor trap catch of chinook salnon early in the
mgration season, the slower noving chinook were not PIT-tagged this year.
Statistical analysis showed a strong relation between mgration rate and
di scharge (N=10Q, r?=0.806, P=0.000). As discharge increased, mgration rate of
PI T-tagged chinook salmon through the reservoir also increased. PI T-t agged
chinook sal mon noved about twice as fast through the reservoir at 100 kcfs than
at 50 kcfs.

The mean migration rate for chinook salmon PlIT-tagged at the C earwater
River trap was 1.9 km'd slower through Lower G anite Reservoir than the mean
mgration rate for Snake River trap fish. The reason for the slower mgration
rate of the Clearwater R ver chinook salnon is not known, but may be due
partially to differences in the level of smoltification of the two groups of
fish. Statistical analysis showed a strong relation between nigration rate and
di scharge for chinook salnon PIT-tagged at the Cearwater River trap (N=7,
r’=0.782, P=0 008).

. Percent interrogation of PIT-tagged chinook salmon released from the Snake
River trap was simlar to 1989. Cunulative interrogation of PIT-tagged chi nook
salmon at all three dans (Lower Ganite, Little Goose, and McNary) was 64.4%in
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1990. Percent interrogation of PIT-tagged chinook sal non rel eased fromthe
Clearwater River trap was 54.6% about 10%less than for fish released fromthe
Snake River trap.

Mgration rate through Lower Ganite Reservoir for hatchery steel head
trout PIT-tagged at the Snake River trap in 1990 was about 6% slower than in
1989 ( 13.1 kmd and 13.9 knfd, respectively). Discharge was 18% | ower in 1990
conpared to 1989, which probably accounts for the decrease in mgration rate.
There is a very strong statistical relation between migration rate and discharge
for Snake River trap PIT-tagged hatchery steel head trout (N=16,r*=0.914,
P=0.000). PIT-tagged hatchery steel head trout mgrated about three tines as
fast at 100 kcfs as they did at 50 kcfs.

Hat chery steel head trout PIT-tagged at the Clearwater River trap mgrated
only slightly slower (6% than fish tagged at the Snake River trap. There was
not a strong relation between mgration rate and discharge for the C earwater
River trap fish. The poor relation was probably due to the linmted data
available, rather than a lack of a relation existing.

The Snake River trap data were exam ned over years to see if there was a
significant difference in the mgration rate discharge relation anmong years.
The anal ysi s showed that there was a significant difference anong years that
was attributable to 1988. If 1988 data were removed, there was no statistical
difference in the mgration rate discharge relation for the remaining years data
for hatchery steel head PIT-tagged at the Snake River trap.

Percent interrogation at all three dams (Lower Granite, Little Goose, and
MNary dams) of PIT-tagged hatchery steelhead trout tagged at the Snake River
trap was 83.1% This was simlar to 1989, when percent interrogation was 80.7%

Percent interrogation at all three dams of PIT-tagged hatchery steel head
trout tagged at the ClLearwater River trap was 77.6% This was 5. 5% | ess than
that of fish PIT-tagged at the Snake River trap.

The introduction of the PIT tag has provided the opportunity to obtain
travel time data through Lower Ganite Reservoir for wild steelhead trout. This
is because of the |ow nunbers of fish required for marking due to the high
recovery rate at Lower Ganite Dam W Ild steel head trout PIT-tagged at the
Snake River trap mgrated at a rate of 14.2 kmd. The relation between
mgration rate and discharge for wild steelhead trout was very strong (N=15,
r*=0.830, P=0.000). These fish mgrated twice as fast through Lower Ganite
Reservoir at 100 kcfs as they did at 50 kcfs. PIT-tagged wild steelhead trout
mgrate at the same rate through Lower Ganite Reservoir at 100 kcfs as did the
PIT-tagged hatchery steelhead trout. In 1990, wild fish mgrated 1.5 tinmes
faster at 50 kcfs than did hatchery steel head trout.

WIld steelhead trout were collected and PIT-tagged at the Cearwater River
trap in 1990 atarateto provi de enough data to examne migration rate through
Lower Ganite reservoir. Cearwater River wild steelhead trout migrated at 12.3
kmid through Lower Ganite Reservoir. This was 1.9 kmd slower than wld
steel head trout PIT-tagged at the Snake River trap.
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There was a very strong relation between mgration rate and di scharge for
PIT-tagged wild steel head trout released fromthe C ear\Water River trap (N=8,
r’=0.947, »=0.000). Clearwater River wild steelhead trout nigrated twiceas fast
at 100 kcfs as they did at 50 kefs. Mgration rate through the reservoir for
Cearwater and Snake River wild steelhead trout at a given discharge was about
the sane (e.g., at 100 kefs, 21.0 kmd and 20.4 knfd, respectively).

The migration rate discharge relation for wild steelhead trout for 1987-
1990 were examined to see if there was a difference anmong years. There was no
significant difference anong years (i.e., honobgeneous slopes and conmon
intercepts were accepted) for wild steelhead trout, and the data were pool ed.
The linear regression analysis on this pooled data showed a very strong relation
between migration rate and discharge (N=40, r®=0.811, P=0.000).

Percent interrogation of PIT-tagged wild steel head trout PIT-tagged at
the Snake River trap was simlar in 1989 and 1990. Cunulative interrogation of
PIT-tagged steel head trout at the three dams (Lower Ganite, Little Goose, and
McNary) was 79.0% in 1990.

Percent interrogation at the three dans (Lower Ganite, Little Goose, and
McNary) of wild steelhead trout PIT-tagged at the ClearWater River trap was
70. 4% Percent interrogation of PIT-tagged wild steelhead trout from the
Clearwater River trap was significantly lower than for fish PIT-tagged at the
Snake River trap (70.4%, 79.0%, respectively).

The migration rate discharge relation for chinook salnon between the traps
and Little Goose Dam was exam ned. The analysis showed that 53% of the
variation in mgration rate for chinook sal mon Pl T-tagged at the Snake River
trap was accounted for by discharge. It also showed that 88% of the variation
in mgration rate for Clearwater River chinook salnon was accounted for by
changes in discharge.

The nmigration rate discharge relation for hatchery steelhead trout between
the traps and Little Goose Dam was exam ned. Ei ghty-seven percent of the
variation in mgration rate of fish PIT-tagged at the Snake River trap was
accounted for by discharge. Not enough data were available to exam ne the
mgration rate discharge relation of hatchery steelhead trout marked at the
Clearwater River trap.

The nmigration rate discharge relation for wild steelhead trout between
the traps and Little Goose Dam was examined. The analysis showed that 75% of
the variation in mgration rate of fish PIT-tagged at the Snake River trap was
accounted for by discharge. Not enough data were available to performthe
analysis on wild steelhead PIT-tagged at the Cearwater River trap.

Chi nook sal non, hatchery steelhead trout, and wild steel head trout prT-
tagged at the Snake River trap survived at a rate 5% to 10% greater than fish
tagged at the Clearwater River trap.

Fish length versus mninmum survival to Lower Granite Dam for chinook

sal non, hatchery steelhead trout, and wild steelhead trout PIT-tagged at the
Snake River trap was exam ned for 1988-1990. M ninmum survival is defined as the
nunber of fish froman individual release group that are interrogated at Lower
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Ganite, Little CGoose, and MNary dans. Chinook salnon data from 1988 showed
a relation between length and mnimum survival after removing outliers (N=27,
r‘=0.616, P=0.000), as did hatchery steel head trout data (N=19, r2=0.747,
P=0.000). In 1988, a 50 mmincrease in fish length would account for a 5%
increase in mninmumsurvival of chinook salmon and a 12%increase in mninum
survival for hatchery steelhead snelts at Lower Granite Dam  Data for wld
steel head trout PIT-tagged at the Snake River trap for 1990 showed a relation
between | ength and mininmum survival without renoving outliers (N=17, r’°=0. 665,

P=0.000). In 1990, a 50 mmincrease in fish length accounted for a 10% increase
inwld steel head mninum survival to Lower Ganite Dam

There was no obvious relation between length and mninmum survival to Lower
Ganite Dam for chinook salnmon PIT-tagged at the Clearwater River trap in 1989
or 1990. Hatchery steelhead trout data fromthe Clearwater River trap for 1990
showed a strong relation between Iength and minimum survival (N=18, r°=0. 855,
P=0.000). In 1990, as50mmincrease in hatchery steelhead trout |ength
accounted for a 22%increase in mninmmsurvival to Lower Ganite Dam No
relation between length and survival was shown for wld steel head trout.
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ABSTRACT

This project nonitored the daily passage of smelts during the 1988 spring
outmagration at two mgrant traps; one each on the Snake and Cl ear\Wter rivers.

Due to the low runoff year, chinook salmon catch at the Snake River trap
was very low.  Steel head trout catch was higher than normal, probably due to
trap nodifications and because the trap was noved to the east side of the river.

Chi nook sal mon and steel head trout catch at the Clearwater River trap was
simlar to 1987.

Total cunulative recovery of PIT tagged fish at the three dams, with PIT
tag detection systems was: 55% for chinook salmon, 73% for hatchery steel head
trout, and 75% for wild steelhead trout.

Travel tinme through Lower Granite Reservoir for PIT tagged chinook sal non
and steel head trout, marked at the head of the reservoir, was affected by
discharge. Statistical analysis showed that as discharge increased from 40 kcfs
to 80 kcfs, chinook salmon travel time decreased three fold, and steelhead trout
travel tine decreased two fold. There was a statistical difference between
estimates of travel tinme through Lower Ganite Reservoir for PIT tagged and
freeze branded steelhead trout, but not for chinook salmon. These differences
may be related to the estimation techniques used for PIT tagged and freeze
branded groups, rather than real differences in travel tine.

Aut hor :

Edwin W Buettner
Seni or Fishery Research Biol ogi st

V. Lance Nelson
Seni or Fishery Technician



| NTRODUCTI ON

The Pacific Northwest Electric Power Planning and Conservation Act of 1980
(P.L. 96-501) directed the Northwest Power Planning Council (NWPPC) to devel op
progranms to mtigate for fish and wildlife losses on the Colunbia R ver system
resulting from hydroelectric projects. Section 4(h) of the Act explicitly gives
the Bonneville Power Administration (BPA) the authority and responsibility to
use its resources “to protect, mtigate, and enhance fish and wildlife to the
extent affected by the devel opnent and operation of any hydroel ectric project
on the Colunbia R ver systent.

Water storage and regulation for hydroelectric generation severely reduces
fl ows necessary for downstream smelt mgration. In response to the Fishery
Agencies’ and Indian Tribes’ reconmrendations for mgration flows, the NWPC
Col unbia River Basin Fish and Wldlife Program proposed a “Water Budget” for
augmenting spring flows.

The Nwepc’s Water Budget in the Colunbia s Snake River tributary is
1.19 mllion acre-feet of stored water for use between April 15 and June 15 to
enhance the snelt mgration but has never been provided in full. To provide
information to the Fish Passage Center (FpC) on snelt novement prior to arriva
at the |ower Snake River reservoirs, the Idaho Departnent of Fish and Gane
(IDFG) nonitors the daily passage of snelts at the head of Lower Ganite
Reservoir. This information allows the FPC to optimze the use of the limted
Snake River water budget to provide inproved passage and migration conditions.

Additional ly, the IDFG snelt monitoring project collects data on relative
species conposition, estimted fish passage index, hatchery steel head trout vs.
wld (natural) steelhead trout ratios, travel time, mgration rate, and snelt
condition relative to scale loss. By nonitoring smelt passage at Lower Ganite
Dam and at the head of Lower Ganite Reservoir, mgration rates under riverine
and reservoir conditions can be estimated and conpared under various
environmental conditions. Mnitoring sites, on both the Snake and O earwater
arns of Lower Granite Reservoir, permt mgration timng of snelts from each
drainage to be determned. Al so, when possible, relative abundance of hatchery
and wild stocks of steelhead trout can be determned. This can be useful
information for docunenting the rebuilding of wild stocks which is being
attenmpted by other NWPPC projects. Proj ect personnel continually strive to
improve snelt trap design and location to assure that the best possible
information is provided for water budget nmanagement purposes, which wll
maxi mze snelt survival.

Snelt monitoring is beneficial for water budget nanagement under all flow
conditions, and becones critical in low flow conditions, when mgration rates
are slower than during normal or above normal run-off years. In such a year,
know edge of when nost snelts have left tributaries and entered areas which can
be affected by releases of stored waters allows managers to make the most tinely



use of the limted water budget resource. Twolow flow years (1987 and 1988)
have occurred during this smelt nonitoring project. The indications are that
judicious use of the water budget can greatly enhance the timng and mgration
rate of juvenile chinook salmon and steel head trout.

OBJECTIVES

L. Establish timng of the out-mgration for the various groups of
hat chery-produced and wild chinook salnon and steelhead trout smelts as
they |eave the Salnon River drainage during |ow flow years.

2. Establish smelt travel time fromthe Salnon River index site at Wite Bird
or fromrelease sites to the index sites at the upper end of Lower Ganite
Reservoir.

3. Correlate travel time with river flows fromindex sites to Lower Ganite

Reservoir and Lower Ganite Dam
4, Determ ne where, when, and to what extent descaling occurs to hatchery
reared chinook salnmon and steelhead trout snelts released upstream from

Lower Ganite Dam and devel op managenent alternatives to reduce scale
loss .

METHODS

Rel eases of Hatcherv-Produced Snelts

Information was obtained from hatcheries which release steelhead trout and
chinook salnmon juveniles in the Snake River system upstream from Lower Ganite
Dam  This information included species, nunber released, date and |ocation of
rel ease, and the group identifying freeze brand if used. This allowed us to
anticipate the passage of the various release groups and branded fish at
downriver trapping sites.

Snelt Monitoring Traps

During the 1988 outmigration, two smelt nonitoring traps were enployed to
monitor the passage of juvenile chinook salnon and steelhead trout. a scoop
trap (Raymond and Collins 1974) was stationed on the Clearwater River and a
di pper trap (Mason 1966) was |ocated on the Snake River (Fig. 1). Captured
snelts were renoved daily fromthe traps for exam nation, enuneration, and
rel eased back to the river. \Wen available, between 150 to 300 chinook sal non
and steelhead trout snelts were examned each day for scale loss. up to 100
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smolts were neasured to the nearest mllineter and up to 2,000 fish were
exam ned for hatchery brands, the remaining catch was enunerated by species and
rel eased. Smelts handl ed were anesthetized with Tricaine Methanesul fonate
(M5-222). These fish were allowed to recover fromthe anesthesia before being
returned to the river.

To quantify scale loss, each side of a snelt was separated into five areas
and each area was exam ned (Koski et al. 1986). An area was considered
"descaled" if 40% or nore of the scales were mssing. If at |east two areas on
one side of a fish were descaled, then the fish was considered descaled. Scale
loss of this degree is often referred to as “standard” descaling (classical
descaling) to distinguish it fromother types of descaling. Additionally,
beginning in 1985, a fish was also considered to have standard descaling if a
band of scales were mssing fromat |east one side of a fish (#9's), and the
amount of mssing scales was equal to or greater than the loss of 40% or nore
scales fromtwo areas on a side of a fish as described above. A second
classification is “scattered” descaling, whi ch occurred when at |east 10% of the
scales were mssing fromat |east one side of the fish. Another classification
for descaling is “two-area”, which exists when the sum of the nunber of the ten
areas on a fish (Fig. 2), which are at |east 40% descaled, and the nunber of
sides of a fish which exhibit scattered descaling, equals two or nore. The two-
area classification includes fish that exhibit standard descaling, as well as
fish that would not neet the criteria for the standard category because there
was only one descaled area per side. This type of descaling is likely to be as
detrimental to fish health as standard descaling.

At each trap, water tenperature and turbidity were recorded daily using
a centigrade thermometer and 20 cm Secchi disc. The U S. Weather Service
provided daily information on river discharge. The Snake River trap discharge
was nmeasured at the USGS Anatone gauge (#13334300). The Clearwater River trap
di scharge was neasured at the USGS Spalding gauge (#13342500).

Sal nmon River Trap

Due to a lack of funding, the Salnmon River trap was not operated in 1988,
even though it was a below normal water year. Normally the Salnmon River trap
Is operated only if the February Soil Conservation Service - Snow Survey stream
flow forecast at Wite Bird, lIdaho, is less than 90% of the 25-year average.
A tentative decision to operate the trap is made in early February using the
January stream flow forecast. If the January forecast is bel ow 90% of normal
preparation to operate, the Salnon River trap will begin. The final decision
I's then made using the February forecast, available in early March. Informtion
during near normal to above normal flow years is available at the Salnmon River
trap for 1983, 1984 and 1985.
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Snake River Trap

The Snake River mgrant dipper trap was positioned approximately 40 m
downstream from the Interstate Bridge and was attached to bridge piers just west
of the draw bridge span by steel cables. This location is near the head of
Lower Ganite Reservoir, 0.5 km upstream from the confluence of the Snake and
Clearwater rivers. River width and depth at this location are approxi mately
260 mand 12 m respectively.

A juvenile steelhead radio tagging study was conducted in 1987 (Liscom and
Bartlett 1988) which showed that during 1987, 7% of the radio tagged steel head
passed the bridge under the span the trap was attached to, and 30% passed the
bridge under the span imediately east of the draw bridge span. Because at
| east four tinmes nore fish were noving under the span of the bridge just east
of the draw bridge, the trap was noved to that location on April 27, 1988, after
conpletion of installing an electrical line to the new trap |ocation.

Trap operation in 1988 began March 5 and continued until June 20. There
were two interruptions in trap operation due to mechanical breakdown. One for
an undeterm ned anount of time on April 28, and one for four days on May 18
through My 21.

Chinook salmon and steelhead trout snmelts were PIT (Passive Integrated
Transponder) tagged (Prentice et al. 1987) at the Snake River trap to estimte
travel time fromthe head of Lower Granite Reservoir to Lower Ganite Dam Wen
fish were available, up to 150 chinook salnon, 60 hatchery steelhead trout, and
60 wild steel head trout were PIT tagged daily. Early in the chinook snelt
mgration, when Clearwater Rver trap chinook catch is high and Snake River trap
chinook catch is Iow, chinook are transported fromthe Cearwater River trap to
the Snake River trap, PIT tagged, and released. | ndi vi dual daily release group
travel tinme was correlated with the abieotic paraneters present during the
mgration period to determne how changes in these paraneters affected travel
time of smelts through Lower Ganite Pool.

Clearwater River Trap

The Clearwater River scoop trap was installed 10 km upstream from the
river nouth, 4.5 km upstream fromthe head of Lower Ganite Reservoir. The
river channel at this location fornms a bend and is 150 to 200 mwi de and 4 mto
7 m deep, depending on discharge.

Trap operation began March 8 and continued until June 12 when trap
operation was termnated for the season. The trap was down because of excessive
debris March 27, and high flow prevented trap operations on April 19 and from
My 4 to May 21.



Descaling

DeScal ing estimates were made on both chinook salmon and steel head trout
at the Snake and Clearwater river trap sites. These values were conpared to
previous years data to indicate the general condition of the mgrating snelts.
No descaling i nformation was collected at hatchery facilities in 1988, as had
been in previous years. Past data indicates that very little, if any, descaling
occurs at the hatcheries or during transport to release sites.

Trap Efficiency

To estimate the number of snelts passing a trap, it is necessary to know

what proportion of the migration is being sanpled. Additionally, this
proportion, which is the trapping efficiency, may change as river discharge
changes. To create an equation which describes the relationship between

di scharge and efficiency, efficiency nust reestimted several times through the
range of discharge the trap is being operated at. Wth sufficient information

a regression of efficiency on discharge could then be cal culated fromthe data.
Wth this type of approach an efficiency can then be estimated from any given
discharge. The ratio of recaptures to marks released is the estimate of trap
efficiency (TE = recaptures/ marks released).

Trap efficiency tests were conducted periodically throughout the season
on the Clearwater River trap by releasing marked smelts 7 km upriver from the
trap site. Wen trap catch allowed, up to 2,000 chinook salnon were caudal
clipped and 2,000 steel head trout were opercle punched and rel eased upstream
In addition to these fish, six groups of chinook salmon of approximtely 2,200
each, and three groups of steelhead trout of approxinateky 4,000 each, were
freeze branded at Dworshak NFH, held there, and transported to the C earwater
River release site and released during the spring smelt migration to estimte
trap efficiency. Four groups of freeze branded chinook and three groups of
freeze branded steel head released with the DNFH general release were al so used
to estimate efficiencies on the Cearwater River trap

Three hatchery steel head release groups and three trap caught steel head
groups were used to conduct trap efficiency tests at the Snake River trap.
I nadequate nunbers of chinook were available in 1988 to conduct efficiency tests
on the Snake River trap

Travel Tine and Migration Rates

Mgration paraneters were calculated on hatchery release groups from
release sites to traps sites. Travel time and migration rates through Lower
Ganite Reservoir were calculated using nedian arrival times at the Snake and
Clearwater River traps, and at Lower Ganite Dam for hatchery brand groups and



brand groups used for trap efficiency tests. Smelts were PIT tagged at the
Snake River trap as an additional method to determne travel tinme, and daily
individual arrival times were calculated at Lower Ganite Dam collection
facility.

RESULTS AND DISCUSSION

Hatchery Rel eases

Chi nook Salmon

Chi nook sal mon released into the Snake River drainage above Lower Ganite
Dam werereared at seven locations in ldaho end one in Oregon.  Washington
Department of Fisheries made no release of chinook salmon juveniles in the Snake
Ri ver drainage upstream from Lower Ganite Dam that contributed to the 1988
outmgration. A total of 11,176,084 chinook salnon smelts were released at
15 locations in Idaho and Oregon (Table 1).

Sawt oot h Hatchery nade a fall release of 100,600 spring chinook salnmon in
the Salnon River in 1987. Dworshak NFH had a fall release of 192,330 spring
chinook, and Red R ver Pond also released 233,100 spring chinook salnon in
Clearwater River drainage in the fall of 1987. Lookinggl ass Hatchery also made
a fall release of 164,347 spring chinook salmon juveniles at Lookingglass Creek,
Oregon in 1987. Al other chinook salnon releases for the 1987 outmigration
were made in the spring of 1988 (Table 1).

St eel head Trout

St eel head trout were reared at four hatcheries in Idaho, one in
Washi ngton, and one in Oregon for release upriver from Lower Ganite Dam A
total of 10,798,379 steelhead trout smelts were released at 23 locations in
| daho, eight locations in Oregon, and three locations in Wshington (Table 2).

Niagara Springs Hatchery and Hagerman NFH rel eased a total of 748,049
steel head trout juveniles in the Snake River at Hells Canyon during the fall of
1987. The remai nder of steel head trout releases contributing to the 1988
outmgration occurred in the spring of 1988 (Table 2).



Table 1. Hatchery chinook salmon released into the Snake River
system upriver from Lower Ganite Dam contributing to

the 1988 outm gration.

(Looki nggl ass)

10

Rel ease site Rel ease No. rel eased
(hatchery) St ock date (no. branded) Brand
Sal mon River
Sawt oot h Hat . Spring 3/15 1,604,900
(Sawt oot h) (3/15) (52,300) RDT- 1
10/ 6/ 87 100,600
E.F. Salnon R Spring 3/15-16 249,200
( Sawt oot h)
Yankee F. Sal. R Spring 3/14-18 725,300
( Sawt oot h)
S.F. Sal non R Sumrer 3/21-24 1,060,400
(MeCall) (3/23) (53,900) RDT-2
Pahsineroi R Summer 3/15-19 598,500
(Pahsimeroi)
Rapid River Spring 3/15-25 2,630,200
(Rapid River) (3/18) (54,500) RDT-4
Drai nage Tot al 6,969,100
Snake River and Non-ldaho Tributaries
Hel I's Canyon Spring 3/22-23 400,600
(Rapid River) (3/22) (53,900) LDT-4
Looki ngglass Cr.  Spring 4/ 1-5/13 345,943
(Looki nggl ass) 24/1 ; (20,128) LAIM- 1
41 (19,712) RAIM- 1
(411) (21,731) LAIF-3
(4/1) (21,659) RAIF-3
(5/13) (21,019) LAUO- 1
(5/13) (20,473) LAUT- 1
9/ 18-11/ 3/ 87 164,347
(9/18/87) (20,030) RAIF- 1
(9/18/87) (20,076) LAIF- 1
Catherine Creek  Spring 3/31-4/5 151,888
(Lookingglass)
Big Canyon Creek Spring 3/30-4/8 186,309



Table 1. (Continued)

1

Rel ease site Rel ease No. released
(hat chery) St ock date (no. branded) Brand
Imnaha River Spring 3/21-4/ 21 199, 066
(Looki nggl ass) (3122) (20, 440) LAIM-3
(4120) (20,602) RAIM-3
Drai nage Tot al 1,448, 153
Clearwater River
Red River Pond Spring 9/ 28- 10/ 2/ 87 233,100
(Red River Pond) (9/30) (46, 100) RDT-3
N.F. ClearWater  Spring 3/ 30 1,132, 152
(Dworshak NFH) (3/30) (20, 642) RA7N-1
(3/30) (8,731) RAR-1
(3/30) (22,935) RA7N-3
(3/30) (6,163 RAR-3
(3/30) (60 631; LAT-2
3/30 222,737
9/ 28/ 87 192, 330
(9/ 28/ 87) (64, 425) LoT- 1
(3/30) (59, 283) Lag- 1
Clearwater R Spring 3/14- 4/ 13 13,173
Hw 95 Boat (4/1) (2,195) RDK- 1
Launch 41 6) (2,194) RDK-2
(Dworshak NFH) 3/21) (2,197) RDK-3
(4/13) 2,193 RDK- 4
(3/14) ?2, 197; LDK- 1
(3/17) (2,197) LDK-3
White Sands Cr. Spring 3/ 14 200, 105
(Dworshak NFH)
Clear Creek Spring 3/ 22 778, 407
{(Kooskia NFH)
Drai nage Total 2, 758, 831
Grande Tot al 11,176, 084



Table 2.

the 1988 outm gration.

Hat chery steel head trout released into the Snake River
system upriver from Lower Ganite Dam contributing to

12

Rel ease site Rel ease No. rel eased
(hat chery) St ock dat e (no. branded) Br and
Sal non River
Shoup Bridge A 4/11-12 103, 500
(Niagara Springs)
Pahsi meroi River A 4/8 665, 800
(Niagara Springs)
Pant her Creek A 4/12-13 102, 800
(Niagara Springs)
E.F. Salnon River B 4/6-8 303, 564
(Hagerman NFH)
Sawt oot h Hat chery A 4/14-19 1,195,745
(Hagerman NFH) (4/15) (48, 745) LDT-2
Slate Creek B 4/25 50, 722
(Hagerman NFH)
Hazard Creek A 4/12-23 701, 300
(Magic Valley)
N.F. Sal non River A 4/4-1 o 253,100
(Magic Valley)
Yankee Fork A 4/4-7 208, 000
(Magic Valley)
Shoup Bri dge A 4/6-10 147,500
(Magic Valley)
Sawt oot h Hat chery A 4/6-9 57,700
(Magic Valley)
Pant her Creek A 4/11 162, 800
(Magic Valley)
French Creek A 4/11-14 100, 000
(Magic Valley)
Slate Creek A 4/18-25 346, 100
(Magic Valley)
Hammer Creek A 4/23-25 87,200
(Magic Valley)
Drai nage Tot al 4,485, 831



Table 2. (Continued)

(Lyons Ferry)

13

Rel ease site Rel ease No. Rel eased
(hatchery) St ock date (no. branded) Br and
Snake River and Non-1daho Tributaries
Hel | s Canyon A 4]/ 23- 25 877,400
(Niagara Springs) (4124) (46, 400) LDT-3
A 10/ 19- 21/ 87 404, 000
Hel I s Canyon A 10/ 22-11/5/ 87 344,049
(Hagerman NFH)
Snake R @ Asotin B 5/1 6-23 11, 969
(Dworshak NFH) (5/16) (3,996) LD4-1
(5/23) €3, 996; LD4- 3
(5/23) 3,977 RD4-1
Little Sheep Cr. A 4/ 13-14 246, 994
(Irrigon) (4/14) (24, 026) LAIM-2
(4/14) (26, 023) LAIF-2
Spring Creek A 4/ 16- 18 526, 877
(Irrigon) (4117) (25, 268) LAIM- 1
(4/17) (25, 452) LAIF- 1
(4117) (25, 131) LAIM-3
(4/17) (25, 182) LAIF-3
(4/18) (25, 604) RAIM-3
(4/18) (24, 980) RAIF-3
W/l dcat Creek A 4/16-5/2 200, 625
(Irrigon) (4/20-22) (49, 100) RAIN- 1
(4/22-26) (50, 555) RAIF- 1
G ande Ronde (Rr2) A 4/5-8 199, 905
(Irrigon)
Cat herine Creek A 4/4-8 62, 520
(Irrigon)
Wallowa River A 4/13-19 134, 000
(Irrigon)
Bi g Canyon Creek A 4/ 13 223,196
(Irrigon)
Imnaha River A 4/21 -28 84,503
{Irrigon)
Asotin Creek A 4/ 20 28,975



Table 2. (Continued)

Rel ease site Rel ease No. Rel eased
(hat chery) St ock dat e (no. branded) Br and
Cot t onwood Cr eek A 4/ 15-29 202,676
(Lyons Ferry)
Whi sky Creek A 4/ 28 50, 640
(Lyons Ferry)
Dr ai nage Total 3,598, 329
O earwater River
C earWater River B 5/3-4 1,432,125
(Dworshak NFH) (5/3) (47,601) RAT- 1
(5/3) (22, 220) RAT- 2
(5/3) 14, 476; RAT-3
(5/4) 44 446 RAT- 4
s.F. Clearwater R B 4/ 19- 28 165, 055
(Dworshak NFH)
Newsome Creek B 4/ 20-21 190, 708
(Dworshak NFH)
Anerican River B 4/ 20-21 56, 885
(Dworshak NFH)
O ear Creek B 4/ 19- 22 254, 898
(Dworshak NFH)
Crooked River B 4/ 18-19 201, 325
(Dworshak NFH)
Lolo Creek B 4/ 25- 27 200, 425
(Dworshak NFH)
Eldorado Creek B 4/ 20- 22 200, 806
(Dworshak NFH)
Hw 95 Bridge B 4/1 3-22 11,992
(Dworshak NFH) (4/13) (4, 000) RA4-1
(4122) 3,998 RA4-3
(4122) §3, 994; RD4-3
Drai nage Total 2,714,219
G ande Tot al 10, 798, 379
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Smelt Mnitoring Traps
Snake River Trap QOperation

The Snake River trap was operated from March 5 through June 20, 1988.
Trap catch during this period was 3,758 yearling chinook salmon, 2,604 wld
steel head trout, and 16,772 hatchery steelhead trout. A large portion of the
chinook salnon (53% were captured during April while 33% were captured in My
(Fig. 3). Twenty-five percent of the hatchery steel head trout were captured
during April, 68% were captured in My, and 7% in June (Fig. 4). WId steelhead
trout passage coincides with hatchery steel head passage, with 34% of the snelts
being captured in April, 64%in My, and 2% in June (Fig. 4).

The Chinook salnmon catch at the Snake River trap was very low in 1988
(less than 10% of normal). There appears to be a threshold velocity at the
mouth of the trap, below which the trap is relatively ineffective at collecting
fish. Chinook catch was affected the greatest because velocities were very |ow
during the nmajority of the chinook outmigration. An eastern trap |ocation on
the Interstate bridge was prepared and the trap was noved to that |ocation on
April 27. The majority of the chinook had passed the Snake River trap by the
time the trap was relocated so it is not certain whether the new |ocation wll
provi de adequate chinook catches in |ow flow years.

Snake River discharge, neasured at the Anatone gauge, ranged from 21,500
cfs to 30,300 cfs in the month of March (Fig. 4). The average April discharge
was 26,000 cfs, with a peak of 40,000 cfs April 22. The average May di scharge
was 40,300 cfs and the season peak discharge of 52,900 occurred My 25. Flows
remai ned above 40,000 cfs until June 8. After that time flows dropped rapidly
to 29,000 by the end of the trapping season on June 20.

VWater tenperature in the Snake River, at the trap, was between 5° and 7°C
during March (Fig. 5). Tenperature steadily increased throughout the season.
By the end of the trapping season, June 20, water tenperature had risen to 19°C.

Secchi disc transparency fluctuated throughout the sanpling season (Fig.
5). I nfluenced mainly by localized rain or thunderstorm events, the secchi
transparency shows no obvious correlation to changes in discharge.

Clearwater River Trap Operation

The Clearwater River trap operated from March 8 through June 12.  Total
trap catch for the season was 63,983 chinook salnmon, 9,940 hatchery steel head
trout and 458 wild steelhead trout in 1988. Two peaks of chinook sal non passage
were observed at the Clearwater River trap. The first peak began on March 24,
prior to the pworshak NFH rel ease, and was presuned to be fromthe Wite Sands
Creek, Red River pond, Kooskia NFH rel ease made in Clear Creek and natural
production.  The second peak was nmainly conprised of the Dworshak NFH rel ease

15
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made in the North Fork of the Clearwater River (Fig. 6). Dworshak NFH rel eased
it’s entire chinook production fromthe hatchery during a 12 hour period, which
caused the Clearwater River trap to have a daily catch of 25,929 on March 31,
the day after the release.

Dai ly hatchery steelhead trap catch on the Cearwater River trap peaked
on May 3, coinciding with the release of Dworshak NFH steelhead trout snelts
fromthe hatchery and from off-hatchery planting sites (Fig. 7).

Water tenperature at the Clearwater River trap was 5.5°C the beginning of
the season, March 8, and remained |ow through April, exceeding 10°C only three
times by the end of April (Fig. 8). The high tenperature for the season (14.5°%)
was recorded the |ast-day of operation, June 12.

Di scharge at the beginning of the season was 7,100 cfs
and remained bel ow 20,000 cfs until April 15 (Fig. 6). A peak in the hydrography
(maxi num di scharge for the peak was 35,700 cfs) was seen between April 15 and
April 25. Another peak occurred between May 4 and May 10 (naxinum discharge for
the peak was 43,400 cfs). Discharge renmained between 20,000 to 35,000 cfs until
the end of the season, June 12. The trap was out of operation during the high
di scharge from My 6 until My 21.

Secchi disc transparency in the Clearwater River fluctuated throughout the
trappi ng season, and ranged from0.4 neters to two neters and greater (Fig. 8).

Descaling

Chi nook Sal non Descaling

The 1988 standard descaling rate for yearling chinook salmon at the Snake
River trap averaged 5.5% This conpares to a previous high of 10.4% in 1987 and
a low of 2.5%in 1984 (Table 3).

Standard descaling of yearling chinook salnmon observed at the C earwater
River trap in 1988 averaged 0.5% This value is a five year |ow and conpares
to a high of 4.3%in 1987 (Table 3).

Nei ther the Snake nor Cearwater River trap sanple descaling rates were
consi dered detrinentally high. The conparison of this data from year to year
can provide an overall picture of general
fish health. However, the main function of this data is to access the day to
day operation of the traps. An increase in descaling rates during the season
may indicate that a problemin the operation of the trap is injuring fish.

19
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Table 3. Seasonal nean standard descaling rates (percent) for yearling
chinook salnmon, hatchery steelhead trout, and wild steel head
trout at the Snake River and Clearwater River traps, 1984
through 1988, and Sal mon River trap, 1984 through 1987.

Sal non Snake Cl ear wat er
Species Year Ri ver Ri ver Ri ver
Yearling chinook salmon 1984 4.5 2.5 1.5
1985 2.4 2.6 0.6
1986 3.8 0.7
1987 2.0 10.4 4.3
1988 5.5 0.5
Hat chery steel head trout 1984 8.7 5.5 4.1
1985 10.1 6.2 2.1
1986 14.5 6.3
1987 6.2 6.2 4.0
1988 5.9 3.2
WIld steel head trout 1984 2.1 1.4 0.4
1985 0.7 0.8 0.7
1986 2.7 0.8
1987 2.5 3.3 1.3
1988 1.4 1.8
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Steelhead Trout Descaling

The 1988 standard descaling rate Of hat chery steel head trout snmelts at the
Snake River trap averaged 5.5% whereas wild steelhead trout averaged 1.4%.
These val ues conpares to previous highs of 14.7%in 1986 for hatchery steel head
trout, and 3.3% in 1987 for wild steelhead trout. Conparative | ow descaling
rates for the same period were 5.5% in 1984 for hatchery steel head trout, and
0.8% in 1985 for wild steelhead trout (Table 3). As with the descaling data
from chinook salmon snelts, this information can be used to conpare the genera
health of the snmelt population fromyear to year, but it is nore appropriately
used at this tine as an indicator of the day to day trap operation effects on
trap caught fish.

Trap Efficiency

Snake River Trap

The daily catch of yearling chinook salmon at the Snake River trap during
the 1988 snelt outm gration provided too few fish to conduct trap efficiency
tests. Wth low water conditions, simlar to the 1987 season, the velocities
at the nouth of the trap throughout the chinook mgration were generally |ess
than 1.5 fps. A threshold water velocity of between 1.5 and 2.0 fps at the
mouth of the trap is required before the trap will effectively collect chinook
smelts. A gross estimate of the 1988 trap efficiency could be conparable to
that of 1987 which was 10 to 30 times less than the 1.2% trap efficiency of
previous years. The only data available for this estimate is the nunber of
hat chery fish rel eased upstream fromthe Snake River trap, or potential fish
gaptures, divided by the actual trap catch and conparing this to previous years

at a.

Trap efficiency for steelhead trout snelts was tested a total of five
times during the 1988 smelt outmigration (Table 4). Three of these tests were
conducted using trap caught fish, and two tests used hatchery rel eased fish
(held at DNFH). One of the tests, using trap caught fish, yeilded a recapture
of less than five fish and was not included in any of the analysis. Due to trap
efficiencies of less than 20%the data was transforned to arcsin ¥x values (Zar
1984) in this and subsequent analysis, such that:

P' = i[arcsin ¥x/n+1 + arcsin ¥x+1/n+1].

Anal yzing the four valid sets of 1988 data shows a trap efficiency, for
steel head trout at the Snake River trap, of 0.65% with confidence limts of:

0.0012 = 0.0065 = 0.0160.
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Table 4. Snake River trap efficiency tests for steelhead trout smelts, 1985
through 1988.

Recapt ur e/ Di schar ge
Rel ease date mar k Efficiency (kcfs)
1985 5/4 8/81 1 0. 0099 55
5/8 1/185 0. 0054* 54
5/ 18 11492 0. 0020* 50
5/21 2131 4 0. 0064* 68
1986 4/24 1/179 0. 0056* 80
4/ 30 12/ 874 0.0137 72
5/21 311,345 0. 0022* 76

1987 No efficiency tests conducted for steelhead smelts in 1987.

1988
trap 4/ 18 2/ 866 0.0023* 32
caught 5/13 7/ 2057 0. 0034 38
5/ 15 5/ 1822 0. 0027 42
hat chery 5/23 54/ 3977 0.0136 45
rel eases 5123 32/ 3996 0. 0080 45

*Efficiency tests with Iess than five recaptures were not included
in mean trap efficiency estimates.
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If the two valid trap efficiency tests from 1985 and 1986 are included in
the equation, the resulting trap efficiency equals 0.82%w th confidence linits
of :

0.0038 s 0.0082 s 0.0144.

Due to several mgjor factors that varried in 1988 and influenced trap
efficiency greatly (trap position and river discharge), the conbined data from
1985, 1986, and 1988 is considered not to be the nost acurate overall trap
efficiency estimate. In fact, there is too little data available at this tine
to accurately estimate any trap efficiency of steelhead trout at the Snake River
snelt trap. Also, due to the mnimal amunt of data avaiable, no further
analysis of the data or correlation of trap efficiency to other paraneters was
done.

Clearwater River Trap

Since 1984,33validtrap efficiency tests for chinook salmon have been
conducted on the Clearwater River snelt trap over a wide range of river
di scharges; 15 of these tests took place during the 1988 sanpling season (Table
5. O these, five test groups were part of the pNru general release, March 30.
Six of the tests were conducted with fish that were marked and held at DNFH
until they were transported, via truck, fromthe hatchery and released at the
H ghway 95 boat [aunch. These rel eases took place at approximately one week
intervals during March and April. The remaining four groups consisted of trap
caught fish that were marked and transported back upstream for release. These
four tests took place during late March and early April

Trap efficiency can vary under differing flow conditions and fromyear to
year. A one way analysis of variance was used to determine if there was a
difference in trap efficiency anong years. There were no significant
differences anong years. Again, due to recapture rates of less than 20% arcsin
~% transformations (Zar 1984) of the data were used in the analysis of the trap
efficiencies. Since the data from each year was collected under a variety of
di scharge conditions, an analysis of covariance was run to see if trap
efficiency differed fromyear to year when adjusted for discharge.

First the underlying assunption of equality of slopes was tested. The
hypot hesis of equality of the trap efficiency-discharge slopes anong years coul d
not be rejected. The subsequent analysis of covariance showed no significant
di fferences due to year when the trap efficiencies were adjusted for discharge.
This is basically a test of whether the regression lines relating discharge and
trap efficiency for each year have a common intercept, or whether one regression
line is higher than another. The data shows no statistically discernible
differences for trap efficiencies anong years even after adjusting for
di schar ge.
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Table 5. Cearwater River trap efficiency tests for chinook salnon
snelts, 1984 through 1988

Recapt ur es/ Di schar ge
Rel ease date Mar k Efficiency (kcfs)

1984 415 4/ 418 0. 0096* 21
4/ 21 13/ 806 0.0161 33
4/ 25 3/ 489 0.0061* 31
5/10 14/ 453 0. 0309 24
1985 3/ 25 14/ 607 0. 0230 9
3/30 45/ 1,511 0. 0298 9
415 6/1 ,079 0. 0056 18
4/ 9 2/ 940 0.0021* 15
4/ 16 71929 0. 0075 33
1986 3/ 27 9/1 ,555 0. 0058 22
42 8/1,714 0. 0047 29

1987
DNFH 3/20 43/ 2,160 0. 0199 13
rel eases 4/ 22 50/ 2,000 0.0250 6
a7 165/ 1, 945 0. 0848 10
4/ 13 74/ 2,000 0. 0370 13
4/20&28 103/ 4, 000 0. 0258 18
trap 412 33/ 1,926 0.0171 6
caught 4/3 11/1, 458 0.0075 8
4/6 15/1, 872 0. 0080 9
4/7 15/1, 163 0.0129 10
4/9 9/ 450 0. 0200 12

1988
Hwy 95 3/ 14 51/ 2,197 0. 0232 6
boat 317 93/ 2,197 0. 0423 6
| aunch 3121 83/ 2,197 0.0378 6
4/1 27/ 2,195 0.0123 9
4/ 6 18/ 2,194 0. 0082 11
4/ 13 31/2,193 0.0141 14
DNFH 3/30 1711/ 60, 631 0.0282 10
rel ease 3/30 252/ 8, 731 0.0289 10
3/30 181/ 6, 163 0. 0294 10
3/30 788/ 20,642  0.0382 10
3/30 573/22,935 0.0250 10
trap 3/ 24 17/ 2086 0.0081 9
caught 3/ 28 2711 695 0. 0159 12
4/1 16/ 1631 0. 0098 9
42 38/ 2257 0.0168 8

*Efficiency tests with less than five recaptures were not included in
mean trap efficiency estimates.
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The data was then pool ed over years and a single regression line was fit
bet ween di scharge and trap efficiency. This relationship was statistically
significant (F=6.103, P=0.019), but the R was only 0.152 indicating no
interpretabl e biological nmeaning can be ascribed to the relationship.

At this point, year and discharge were discounted as significant factors
in explaining trap efficiency of chinook salnmon at the Clearwater River trap and
the average trap efficiency over the 33 tests was calculated along with its 95%
confidence limts:

0.0155 = 0.0200 = 0.0250.

Addi tional data may help to clarify the variables affecting trap
efficiency for chinook salnmon at the C earWater River trap.

Steel head trout trap efficiency at the Cearwater River trap was
successfully tested three tines during the 1988 season. The estimted
efficiency ranged from0.20%to 0.73% This data was added to four valid trap
efficiency tests that were conducted in 1986 and 1987 (Table 6). When subjected
to the same progressive statistical analysis as the chinook data collected on
the Clearwater River trap, the steelhead data failed to meet the criteria for
pooling of the four years of data. The slopes were honpgeneous, but the
intercepts were significantly different (F=3.981, P=0.000). This outcone
differed fromthe 1987 analysis of the data in that there was no difference
shown at this point at the 0.05 level; but one did exist at the 0.10 |evel
(1987; p=0.071, F=3.761). A significant difference did occur in 1987 when river
di scharge was added to the equation. It is difficult to determine if indeed the
di fference occurs between years or between |evels of river discharges. This
di screpancy should be clarified with the addition of nmore data in future years.

The 1988 arcsin ~% transforned (Zar 1984) trap efficiency data was
analyzed by itself, due to the significance of the yearly variation, to derive
an average trap efficiency of 0.43% wth confidence linmts of:

0.0003 < 0.0043 < 0.0132.

Travel Tine and Migration Rates

Rel ease Sites to Salnon River Trap

The Salmon River trap was not operated in 1988 due to lack of funding.
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Table 6. Cearwater River trap efficiency for steelhead trout smelts,

1985 through 1988.

Recapt ur es/ Di scharge .
Rel ease date Mar k Efficiency (kefs)
1985 5/7 2/ 464 0.0043* 29
5/11 1/384 0. 0026* 33
1986 4/ 14 7/ 4,140 0.0017 20
4/30 1/4,190 0.0002* 20
5/7 2/4,260 0.0005* 29
5/11 5/4,247 0.0012 29
1987
DNFH 4/ 13 6/4,071 0.0015 13
releases 4/20 9/4,060 0.0022 16
4/28 2/4,000 0.0005* 26
trap 4121 -22 6/1 ,604 0.0037 13
caught 4/ 24 2/ 775 0. 0026* 15
1988
DNFH 4/ 13 29/ 4, 000 0.0073 14
releases 4/22 8/3,998 0.0020 27
4/28 16/3,994 0.0040 16

*Efficiency tests with Iess than five recaptures were not included in

mean trap efficiency estimates.
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Rel ease Site to Snake River Trap

Chinook salnpn. Due to extreme |ow discharge during the 1988 juvenile
mgration, Snake River trap efficiency was very low and the nunmber of branded
chinook col I ected was nuch smaller than in previous years. As a result, trave
time and mgration rates coul d only be cal cul ated between rel ease points and the
Snake River trap for two chinook brand groups. Distances fromrelease point to
recovery location are represented in Table 7. These fish were released from the
Looki nggl ass Hatchery late in the season when the trap had been noved to the
east side of the river and discharge was greater than 40,000 cfs. These two
groups were O-age spring chinook released on May 15. Median travel time to the
Snake River trap was three days for one group and four days for the other.
Mgration statistics for 1984 through 1988 are presented in Table 8.

Steel head trout. In 1988 a large portion of the steelhead mgration
occurred after the Snake River trap was noved to the east side of the river and
when river discharge was greater than 30,000 cfs. There were 12 groups of
freeze branded steelhead trout released above the Snake River trap. Recaptures
were high enough for ten of the groups to provide travel time information to the
Snake River trap

The migration rate for the Hells Canyon freeze brand group was four times
faster in 1988 (12.3 knmday) than in 1987
(3.1 kmday), but the group was rel eased 29 days earlier in 1987 which probably
accounts for nost of the difference. The mgration rate was considerably
slower (5 to 7 times) in 1988 than in years when flows were higher, such as 1985
and 1986 (Table 9).

The Sawt ooth group migrated at 29.1 kmday during the 1988 spring
mgration. A comparison with the 1987 migration rate can't be nade because not
enough marked steel head were captured from the Sawtooth group. The migration
rate in 1988 was considerably faster than in 1986 (16.6 kniday), althoughthe
flow conditions in 1986 were considerably better in both the upper and | ower
Sal mon River. The 1988 migration rate was simlar to the 1985 rate (24.9
km day), and flow conditions were sinmlar both years.

Six of the ten brand groups recaptured at the Snake River trap were
rel eased from Spring Creek, a tributary of the wallowa River. Mgration rates
for the six groups ranged from26.9 to 34.6 km day and averaged 31.3 km day.
Not enough fish were captured at the Snake River trap in 1987 to estinate
mgration rate for the Spring Creek release site. Mgration rate in 1986 was
9.3 knmday and 23.1 kmfday in 1985. Flows and rel ease dates varied considerably
between these years so it's difficult to conpare migration rates between years
for this release location

Two groups of branded steel head were released from Wl dcat Creek, a

tributary of the Grande Ronde River. Both groups migrated at 33.2 knfday.
This was the first year marked fish were released fromthis site
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Table 7. River mle & kilonmeter index for the Snake River Drainage.
Mout h of Mout h of Lower Snake River | dearwater Sal non River
Col unbia R Snake River | Granite Dam | Trap Site R Trap Site| Trap Site
m km m km m km m km m km m km
Vouth of Snake River 324.3| 521.8 0.0 0.0 10751 172.9] 139.6| 224.6 ] 145.7 | 234.5] 241.4| 388.4
ower xanite Dam 431.8] 694.8] 107.5] 173.0 0.0 0.0 32.1 51.6 38.3 61.5)] 133.9] 215.4
CearVWter R Trap_Site 470,01 756. 211 145.71 234.4 38. 7 61.5 - 0.0 0.0 - -
Highway 95 Boat Launch 473,21 701.41 143.9] 239.6 1.5] 66.8 - - 3.2 5.1 - -
Dworshak NFH 504.2] ©11.3] 1799 2805| 72.4] 116.5 - - 34.2] 55.0 - -
Kooskia NFH 541.6] 871.41 2173 3496 109.8| 176.7 - - 71.5 115.0 - -
Crooked River 604.3] ©72.3] 280.0] 450.5 172.5 ]| 277.6 - - 134.3 ] 216.0 - -
Red River Rearing Pond 618.0] 994.4] 203.7| 4726 186.2] 299.6 = 148.0] 238.1 = -
Snake River Trap Site 463.9 746.4] 139.6 | 224.6 32.1 51.6 0.0 0:6 - - 101.8] 163.8
ofrn eek 9.6 7o5.6] 145.3 ] 233.8 37.8 60. 8 5.7 9,2 - = - -
Muth of Gande Ronde R 03.0] 793.21 168. 7] 2/1.4 61.2 98.5 29, 1 26. 3 - - -
Cott onwood Creek 21 71 839 4| 197. 41 317.6 0.0 142 6] b57. 03.0
Lookingqglass_Cr eek 580. 41 933. 91 256.] 1211 148. 61 239. 101 116.5] 18/7.14
Big  Canyorr eek 5859 1 261 . 54 1T [ 247 9| 12720 196.3
Spring Cr eek 014.41 988.61 290. 66.81 182. 61 293. 150.51 72472.2
Catherine Creek 6:36,911024. 8] 312, 3.0 205 .11 330. 173.0| 2/8.4 = =
Mouth of Sal non River D12.51 824. 6] 188.2 1 302.8 80.7] 129.8 48.6 18,21 - 53.2] 85.6
Tmmnaha R ver 516.0] 830.3] 191.7] 309.1 84.2] 135.7] 521 83 8] - - -
Littl e Sheep Creek 553..8] 891 .11 200 5] 369.3] 122.0] 196.31 89.90] 144.56 - 1 ! “
Imnaha COi| . Facility 565.61 910.2) 241.3| 388.3] 133.8] 215.4] 101.7] 163.6
F|ei S CanvonStDa 571.3] 919. 247.0| 397.4] 139.5] 224.5 11817g 11;;3 - - - -
Salmon Rl ver Trap Slte 5657191021 241.4| 388.4] 133.9] 215.4] 101. 1 . - - 0.0 .
Rapid ver tchery 605.8] 974,71 281.5] 452 0 174.0] 280.0] 141.9] 228.3 - - 40 1 g__g'
|Hazard Creek 18.7] ©95.5] 204.4| 473.7) 186.9] 300.71 1 5 4] .289.1 - - 53.0 5.
.F. Salmon _@Knox Bridae 9 7 158 95 036. 2 287. 9 403. 2 299. 0 411.6 - 154 0 247,
Pahsi neroi Hatchery. 817. 511315, 93. 793. 6 5. 7| 620.6] 353.6] H68.9 - Z2o1.8] 405.1
JF. Salnon @ Trap_Site 873. 611405, 0.3 83. 8 1.8 /10.91 409. /] 09Y. /2 - SU/. 91 495.4
Sawt ooth Hatchery 896. (11444 2] 5/3.3] 922.4 5.8 749.5] 433. /] 697.8 33T.9] 534.T
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Table 8. Mgration statistics for freeze branded chinook smelts fromrelease sites to the
Snake River trap, 1984 through 1988.

Median  Medi an Travel Mgration
. rel ease passage  Nunber tine rate Mean o (kefsg)
Rel ease site Year date date captured (davs) ( km/day ) almn R nake R

Rapid River 1988 1/
1987 1/

1986  3/27 4/10 237 14 16.3 15.4 82.9

1985  4/2 4/12 320 10 22.8 10.6 67.6

1984  4/1 4/18 197 17 13.4 10.1 79.3
Hel I s Canyon 1988 ol
1987 1/

1986  3/26 4/ 3 269 8 21.6 83.8

1985  3/19 4/ 3 544 14 12.4 43.0

_ 1984  3/20 3129 704 9 19.2 81. 4
S.F. Sal non River 1988 1/
1987 1/

1986  3/28 4/ 23 229 26 15.8 16.5 78.6

1985  4/2 4/ 17 76 15 27.1 14.0 71.0

1984  4/10 4] 24 238 14 29.0 14.5 91.7
Sawt oot h Hat chery 1988 1/
1987 1/

1986 3/ 17 4/14 28 24.9 13.6 81.4

1985 3/ 27 4/14 1 18 38.7 9.6 60.1

_ 1984  3/28 4/21 136 24 29.0 11.8 84.0

Looki nggl ass Cr. 1988  5/13 5/15 28 3 62.5 40.6

1988  5/13 5/16 24 4 46.9 40.6
1987 1/

1986  4/2 4/5 114 3 62.3 82.1

1985  No marked rel ease group.
1984  No marked rel ease group.

1/ Not enough recaptures at the Snake River trap.
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Tabhl e 9.

Mgr tiaon
e Sha

tatjstics for freeze branded s
e R%ver trap, 1984 through 1988

teel head trout snelts fromrel ease sites

Vedr an

vVedr an

Travel Migration

, release passage Nunber ime rate Mean kef
Rel ease site Year  date date captured (days ) ( km/day ) SaIm"o'n“—ﬁQ_LS_%LR_na e R
Sawt oot h Hat chery %83? 4/15 5/8 17 24 29.1 15 ﬁ
4/14 5 Notgen%gh recadatures at the
1986 4/9 521 11 12 § 73.4
1985 4;9 5/7 23 28 %4. 19 5 62.6
E.F. Sal non River 1987 4/8 5 Nog enou g‘r recaptures at the
I
1986 4/8  5/24 9 45 Fpke R1IAP, 73.9
1985  4/17 5/1 22 22 30.0 20.6 56.4
Hel I's Canyon 1988  4/24 5/7 38 14 12.3 31.0
1987 3/26 5/19 16 55 3.1 33.5
1986 4/29 5/1 38 2 86.4 69.1
1985  4/30 5/3 44 3 57.6 52.9
Spring Cr. 1988  4/17 4/25 28 9 26. 9 4.5
4/17 4/23 28 7 4. 5.7
4/17 4/25 30 9 6. 4.5
4/17 4/23 14 7 4. 5.8
4118 4/25 38 8 0. 5.
4/18 4/24 21 7 34.6 5.
1987  4/26 - Nog enou i tr;agaptures at the
1986 s/1 527 14 2 nge R 1TED 72,9
4/30 1 Not enough recaptures at the
Snake R. {ra p
4/3 2 No% eﬁou h tr;a aptures at the
nake
1985  5/9 5/19 6 10 g 46. 4
5;9 5/20 gl 1 %2. 47.0
Cot t onwood Cr. 1987 4/26 4/30 28 E} 18.6 ;; .
1986  4/28 5/5 39 13.0 .
4/28 5/5 30 I 13.0 12.
4/28 5/5 42 1 13.0 72.
Little Sheep Cr. 1987 5/2 Not enough recaptures at the
Snake trap.
1986  4/28 5/8 16 10 1 72.1
4/27 2 Nog enough recaptures at the
. na e .
Wldcat Cr. 1988  4/23 4/ 26 gg 4 33.2 32.7
4/23 4/ 26 4 33.2 32.7




Release Site to the Cearwater Trap

Six groups of freeze branded chinook salmon were released
from Dworshak NFH on March 30, 1988. The travel time for these groups was one
day (Table 10). This conpares to a travel time of four days in 1987 and one-day
for 1986 and 1985. Average discharge during the migration period in 1987 was
7,200 cfs, 76%less than in 1986 (29,000 cfs) and 58% | ess than in 1985 (17,300
(fs) . Discharge in 1988 was 9,600 cfs, 14% higher than in 1987. The extrene
| ow discharge in 1987 is nost |ikely responsible for the 75% reduction in travel
tine.

One group of O-age chinook was rel eased from Dworshak NFH on March 30.
This group nmoved slower (travel tine = 2 days) than the nornal hatchery
production (travel time = 1 day).

A group of O-age chinook was released from Dworshak NFH on Septenber 28,
1987.  This groups nedi an passage at the Clearwater River trap was March 27.
The first chinook fromthis group arrived at the trap on March 17, and marks
continued to be captured for the next two weeks.

The Red River group began arriving on March 29 and the last recapture was
on June 6 with the median passage on April 15.

There were four groups of freeze branded steel head
rel eased from Daorshak April 3 and 4. The nedian travel time for all four
groups was one day, producing a mgration rate of 55.0 kni day. In previous
years the travel time for the Dworshak brand groups was one day (Table 11).

Head of Lower Granite Reservoir to Lower Granite Dam

Chi nook salmon freeze brand groups. In 1988, only eight of the 28 groups
of freeze branded yearling chinook salnon could be used for travel tine
calculations through Lower Ganite Reservoir because of the operational problens
at the Snake River trap discussed earlier. Al usable groups were fromthe
Cl earwater River drainage. There were also three groups of Oage spring
chinook; two released fromthe Lookinggl ass Hatchery and one from Dworshak NFH.
Average travel time through lower Ganite Pool for the Clearwater River yearling
chinook salnmon freeze brand group ranged from 21 days for the groups released
the last of March, to 35 days for the group released in md March (Table 11).
Average travel time for the O age chinook ranged from 28 for the two groups
released in md My, to 57 days for the group released from Daorshak NFH on

April 1.
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Table 10. Magration statistics for branded chinook sal non and steel head trout released
above the Clearwater River trap, 1987 and 1988.

, Median  Medi an Nunber M gration Travel Mean

Rel ease Site Year SD. Rel ease Passage Captured Rate Km/day Tine  Discharge

Crooked R ver 1987 St 04/14 - 2

Dwor shak NFH 1987 St 04/21 04/22 58 -
St 05/05 - - - -
Ch 04/01 04/04 1416 13.8 4 7.2

O ear Creek St 04/17 04/20 59 28.8 4 14.1

Dwor shak NFH 1988 st 05/03 05/04 107 55.0 1 16.9
St 05/03 05/04 95 55.0 1 16.9
St 05/03 05/04 81 55.0 1 16.9
St 05/04 05/05 202 55.0 1 16.9
Ch 03/30 04/01 239 27.5 2 9.8
Ch 03/30 03/31 1711 55.0 1 9.6
Ch 03/30 03/31 788 55.0 1 9.6
Ch 03/30 03/31 571 55.0 1 9.6
Ch 03/30 03/31 253 55.0 1 9.6
Ch 03/30 03/31 181 55.0 1 9.6
Ch 09/28/87 03/27 16 182

Red River Ch 09/30/87 04/14 18 198
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Table 11.  ChinoOk salmon smolt travel time and migration rate to Lower Grani te Dam from the head of Lower Ganite pool
using fish passing the Snake River tTrap from upriver releases, 1905 through 1988.

Snake River/

Clearuater River trap Loner Granite Dan
Hedi an Hedi an Travel Higration Hean
passage Nunber arrival Nunber ti ne rate QCkcfsd

Year Brand Release_ site date collected date collected (days) Ckn/day) at LGD
1985  LDR-3 Hel I's Canyon 4/ 3 544 4/13 7,111 10 5.2 88
RDR- 1 Sautooth Hat . 4714 165 574 4,313 20 2.6 89
RDR-3 S. F. Salmon River a/17 76 5/14 4,193 27 1.9 85
LDR- 1 Rapi d River ar 12 370 4/25 9,422 13 4.0 90
LDR-4 Grande Ronde River 674 135 623 6, 868 19 2.7 79
RDR-2 Duorshak NFH qs9 240 4] 27 6, 403 23 2.7 94
1986  LDY-3 Hells Canyon 4r3 269 /16 9, 898 13 4.0 100
RDY-1 Sautooth Hat. 9714 49 4/ 23 2,245 9 5.7 a9
RDY-3 S. F. Salmon River 4] 23 229 S/3 5,921 10 5.2 98
LbY-1 Rapid River 4] 16 237 4,20 10, se9 4 12.9 88
RAJ-2 Lookingglass Cr. /5 38 4/14 3,741 9 5.1 99
RRJ-3 Lookingglass Cr. 3/ /4 13 4/ 9 333 5 10.3 99
RAJ-4 Lookingglass Cr. 4/5 76 a2 1 2,593 16 3.2 95
RAY-1 Duorshak NFH 4/ 2 312 /21 4,703 19 3.2 97
1987  RAR-1 Duorshak NFH 479 1,416 qs24 11, 069 20 3.1 37
RD4-1 Clearuater River 1/ 3720 43 q/18 551 29 2.1 33
RD4-3 Clearuater River 1/ 472 50 4720 436 18 3.4 35
RA4-3 Clearuater River 1/ Llrd 165 4/19 438 12 5.1 30
RA4-1 Clearuater River 1/ 4/ 13 74 4729 334 16 3.8 46
1988 LAUO-1 Lookingglass Hat. 27 5/ 15 29 6/11 3,913 27 1.9 68
LAUT-1 Lookingglass Hat. 2/ S/16 25 6712 3,973 27 1.9 68
RDT-3 Red River Pond 3/ 4/ 15 18 5/ 13 1,071 28 2.2 58
LAH- 1 Duorshak NFH 27 4/1 239 5/ 27 3, 457 56 1.1 54
LAT-2 Duorshak NFH 3/31 1,711 4/ 20 17,510 20 3.1 38
LDT-1 Duorshak NFH 3/ 3s/28 16 4,12 847 15 4.1 30
RAZN-1 Duorshak NFH 331 4720 6,672 20 3.1 30
RAZN-3 Duorshak NFH 3/31 571 a2 1 5, %23 21 2.9 39
RAR-1 Duorshak NFH 331 253 4/ 20 2,040 20 3.1 38
RAR-3 Duorshak NFH 331 181 42 1 1, 852 21 2.9 39
LDK~ 1 Clearuater R. Trap 1/ 3/15 51 4/ 19 736 35 1.8 32
LDK-3 Clearuater R. Trap 1/ 3/18 93 4/19 643 32 1.9 33
ROK~ 1 Clearuwater R. Trap 1/ 4/ 2 27 4/ 23 499 21 2.9 42
RDK-2 Clearuater R. Trap 1/ 477 18 4122 347 15 4.1 45
RDK-3 Clearuater R. Trap I/  3/22 83 47 19 575 20 2.2 34
RDK-4 Clearuater R. Trap ¥ 4714 31 4/ 30 524 16 3.8 53

17 Rel eases made on Clearwater River at U S. Highuay 95 |aunch (Rkm-15.5).
2/ 0-fige spring chinook salmon.
3/ Fall release of spring chinook.



| og of discharge provided the best fit (N=8, r’=0.950, P= Q 000):
log mgration rate = -8.717 + 2.'677 log discharge

This indicates that as discharge increased, travel time through the
reservoir decreased (migration rate increases).

Chinook salnon PIT tag groups. In 1988, sufficient nunbers of chinook
salmon were PIT tagged daily at the Snake River trap to provide 23 daily release
groups (3,767 total) for estimating travel tinme and migration rates through
Lower Granite Reservoir. Median travel time ranged from 23 days early in the
mgration season to six days late in the season (Table 12). There was a
substantial change in median travel tinme between April 8 and April 18. Prior
to April 8, the average median travel tine through Lower Granite pool was 19.7
days (migration rate = 2.6 kmday), and after April 18 the average nedian trave
tim was 8.6 days (migration rate = 6.0 kmday). Average daily discharge for
the PIT tag groups released prior to April 8 was 40.3 kcfs and ranged from 31
to 48 kcfs. Average daily discharge for PIT tag groups released after April 18
was 56.9 kcfs and ranged from 49 to 69 kefs.

A linear regression of travel time and discharge was calculated and showed
a strong relationship between the two variables. The linear regression of the
log of migration rate and |og di scharge provided the best fit (N=23, r’=0. 840,
p=0. 000):

log migration rate = -5.209 + 1.715 log average discharge.

This analysis indicates that chinook salmon travel tine in Lower Ganite Pool
decreases as discharge increases.

An anal ysis of covariance of travel time through Lower Ganite Reservoir
for freeze branded and PIT tagged chi nook sal non showed no statistica
difference at the 0.5 level. PIT tagged and freeze branded chinook sal non
mgrated at about the same rate through the reservoir (Fig 9).

Percent recovery (integration) of daily release PIT tagged chinook groups
at Lower Granite Dam ranged between 25.8% and 45.7% and averaged 32.9%.
Seasonal cunul ative percent recovery of pit tagged chinook salmon to Lower
Ganite was 32.8% to Little Goose it was 47.3% and to McNary it was 55.2%
These nunbers are cunulative percents as you progress downstream

Hatchery steelhead trout freeze brand groups . In 1988 nedi an passage
dates were calculated for 11 groups of freeze branded steel head trout at the
Snake River trap and seven groups at the Clearwater River trap. These groups
were used to determine mgration rate and travel tine through Lower Ganite
Reservoir (Table 13). The five groups released in Spring Creek, that were used
in the travel time calculations, were the slowest moving groups in Lower Ganite
pool with travel tinmes ranging from 13 to 23 days (average = 18 days). The next
sl owest groups were the Wldcat Creek groups (16 days). The Clearwater River
brand groups and the Hells Canyon brand group noved through the reservoir at the
fastest rate, ranging fromsix to nine days and averaged eight days.
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Table 12.

Chinook salmon PIT tag travel time, with 95% confidence

interval, fromthe head of Lower Ganite Pool to Lower
Ganite Dam 1988.
Medi an
travel Aver age

Rel ease time Confidence Interval* Nunber Percent  discharge
date (day ) Upper Lower captured captured  (kecfs)
03/25/88 22.2 24 20 72 35.8 30.73
03/26/88 23.6 25 22 66 33.0 34.85
03/28/88 23.0 25 22 69 34.5 36.96
03/29/88 21.6 25 21 70 35.0 37.27
03/30/88 20.4 23 18 71 35.5 36.13
03/31/88 20.8 22 19 53 26. 4 39.45
04/01/88  19.3 21 18 65 32.0 38.67
04/02/88 21.9 27 20 54 26.9 43.65
04/04/88  15.6 18 15 61 30.3 40.83
04/05/88  16.5 19 15 64 30.8 43.84
04/06/88  18.7 24 16 61 30.5 46.94
04/07/88 18.5 26 16 42 27.3 47.87
04/08/88 14.1 16 12 33 27.3 46.68
04/ 18/ 88 11.4 13 10 76 40. 4 56.67
04/19/88 11.0 14 10 69 34.5 54.44
04/ 20/ 88 9.5 11 9 51 34,2 54.26
04/ 21/ 88 9.7 13 8 48 32.0 51.28
04/22/88 10.4 13 8 62 41.1 49.87
04/25/88 11.1 12 10 49 34.8 49.24
04/ 26/ 88 10.5 17 8 16 30.2 49.23
05/ 15/ 88 8.3 18 5 36 32.7 67.79
05/ 16/ 88 6.3 13 4 32 45.7 68.70
05/ 17/ 88 7.2 12 4 17 25.8 67.46

*confidence intervals calculated with nonparanmetric statistics
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Table 13. Steelhead trout smolt travel tine and migration rate to Lower Granite Dam fron the head of Loner Granite pool
using fish passing the Snake River trap fron upriver releases, 1985 through 1988.

Snake Rivet-f

Clearuater River trap Lower Granite Dan
Fedi an Hedi an Travel Higration Hean
passage Nunber arrival Nunber tine rate R Ckefsy
Year Brand Release_site date collected date collected (days> Ckn/dayl at LGD
1985 LDY-1 Hel I's Canyon 57?3 44 5/11 2,821 8 6.5 8
RDY- 1 Sautooth Hatchery 5/7 23 5/28 3,510 21 2.5 92
RDY-3 E. F. Salmon River 579 22 5/28 2,454 19 2.7 93
RA17-1 Brande Ronde River 5720 36 5/ 22 12,710 2 25.0 102
RA17-3 Grande Ronde River 5/19 31 572 1 12,022 2 25.8 95
LDY-2 Duorshak NFH 4/ 29 a8 5/4 6, 699 5 12.3 03
1986  RDT-2 Hel | s Canyon 571 38 5/8 5,033 7 7.4 94
LDT-2 Sautooth Hatchery 5/21 11 5729 3,772 8 6.5 120
LDT-4 E. F. Salmon River S5/23 9 5729 1,552 6 8.6 119
RAJ-4 Littl e Sheep Cr. 578 16 5/30 1, 340 22 2.3 114
RAJ-1 Spring Creek Sra7 14 5/26 1,628 Hedian arrival date at LGD one
day before median passage date
at Snake R. trap.
RRI J- 1 Cot t onwood Cr. 575 39 521 4,460 16 3.2 98
RRI J-3 Cot t onwood Cr. 575 43 5/ 22 5,151 17 3.0 100
RRI J-4 Cot t onwood Cr. 5/ 6 29 S/18 4,114 12 4.3 99
RDT-4 Duorshak NFH 5/8 18 s/ 17 7,194 9 6.8 99
LD4-1 Clearuater R. Trap 1/ 578 2 5£14 1,003 3 10.3 100
LD4~-3 Clearuater R. Trap ¥ 5/ 13 5 5722 869 9 6.8 90
RD4-1 Clearwater R. Trap 1/ 4/16 7 4/23 371 7 8.8 103
RD4-3 Clearuater R. Trap 1/ 5/1 1 5/8 751 7 B.8 94
1987 RAIC-1 Cottonuood Cr. 4/30 7 5/4 4,886 4 12.9 a6
RAIC-2 Cottonwood Cr. 4/30 6 5/4 5,529 4 12.9 86
RAIC-3 Cottonwood Cr. 4730 7 5/ 4 5,971 4 12.9 86
RAIC-4 Cottonwood Cr. 4730 e 5/5 4,936 5 10.3 84
RAR-3 Clear Cr. 4720 59 571 3,500 11 4.7 59
RDR-3 Duorshak NFH 4722 58 51 4,917 9 6.0 63
RDK-1 Clearuater R. Trap 1/ 4713 6 4726 1,192 13 .7 41
RDK-2 Clearuater R. Trap 1/ 4720 9 4/ 30 999 10 6.2 56
RDK-4 Clearuater R. Trap 1/ 4728 2 S/74 692 6 10. 3 B84
1988 LDPT-3 Hells Canyon 5/7 38 5715 6, 631 8 6.5 69
LDT-2 Sautooth Hatchery 577 19 5/25 5,332 18 2.9 68
LAIF-1 Spring Creek 4/ 25 30 57 17 4,912 22 2.3 59
LAIF-3 Spring Creek 4729 28 S/7 3,065 13 4.0 54
RRI F-3 Spring Creek 4724 30 5/7 6, 502 13 4.0 S3
LAIH-1 Spring Creek 4/25 29 5/17 3,799 22 2.3 59
LRI H-3 Spring Creek 4/23 14 5716 4,030 23 2.2 59
RAIN-3 Spring Creek 4724 23 5711 5, 060 17 3.0 58
RAIF-1 Hildcat Creek 94/26 88 5/ 10 14, 820 14 3.7 58
RRIH-1 Hildcat Creek 1/2b 67 5/11 13,749 15 3.4 58
LD4-3 Snake River BRAsotin 5/ 24 30 52730 854 6 8.6 76
RDA-1 Snake River BAsotin 5/ 24 55 5/30 994 6 8.6 76
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Tabl e 13. (continued}

Snake River/

Clearuater River trap Lower (Ganite Dan
Hedi an Hedl an Travel Higration Hean
passage Nunber arrival Nunber tine rate Q (kcfs)
Year  Brand Release_site date collected date collected C{days) Ckn/dayl at LGD
1988 RAT- 1 Duorshak NFH 543 107 5/11 10,792 G 7.7 72
RAT-2 Duorshak NFH 5/3 95 5?11 7,225 8 7.7 72
RAT-3 Duorshalk NFH 573 a1 579 5,928 6 10.3 73
RAT-4 Duorshak NFH 5/3 202 57 10 25,335 7 8.8 7a
RA4-1 Clearuater R. Trap 1/ 4/14 28 4722 1,335 0 7.7 57
RA4-3 Clearuater R. Trap 1/ 4/23 G 5/1 1,304 0 7.7 49
RD4-3 Clearuater R. Trap 1/ 4729 16 5/6 743 7 8.8 50

1/ Rel eases nade on Clearwater River at U S. Highway 95 | aunch (Rkn-15.5>.



The rel ationship between hatchery steelhead mgration rate through Lower
Ganite pool and discharge was anal yzed using a linear regression nodel. The
best fitting equation (N=17, r’=0.343, P=0.013) was:

log mgration rate = -5.446 + 1.698 |og average discharge.

This equation indicates that as discharge increases mgration rate increases.
Wien this data is conpared to 1987 data, hatchery steelhead rate of movenent
through the reservoir was about the same for both years.

Hat cherv_steel head trout PIT tag agroups . In 1988 sufficient numbers of
hat chery steelhead trout were PIT tagged daily at the Snake River trap providing
29 daily release groups (1,743 individual fish) to be used in median mgration
rate calculations through Lower Ganite Pool. Median travel tine ranged from
10.4 to 3.5days (5.0 kmday to 14.7 km day), and averaged 5.6days (Table 14).
A linear regression analysis between migration rate in Lower Ganite Pool and
average Lower Ganite discharge per PIT tag group was conducted. The best
linear regression equation (N=29, r’=0.366, P=0.001) wWas:

log nedian mgration rate = -2.133 + 1.053 | og discharge.

The fact that only 37 of the variation in median travel time is accounted
for by change in discharge may be due to the |ow nunbers of data points at
di scharges other than 60,000 and 70,000 cfs.

To remove some of the noise which is often associated with biological data
and better show the underlying biological relationship, mgration rate was
calculated by 5 kcfs discharge groups (Mosteller and Tukey 1977:75). A | i near
regression analysis was conducted and found that the best |inear regression
equation (N=8, r’=0.905, P=0.000) Was:

log mgration rate = -1.904 + 1.01010g nean di schar ge.

The high coefficient of determination (r?) indicates a strong relationship
bet ween hatchery steel head trout mgration rate through Lower Ganite Reservoir
and nean discharge. The low probability (P) indicates this relationship is
highly significant. The equation shows that as discharge increases mgration
rate increases.

Percent recovery of daily hatchery steelhead PIT tag rel ease groups at
Lower Ganite Dam ranged from 18.3% to 81.7% and averaged 61.3% Overal |
seasonal cumul ative recovery of PIT tagged hatchery steelhead to Lower Ganite
was 61.3% to Little Goose it was 72.2% and to MNary it was 72.9% This was
consi derable higher than in 1987 when the seasonal recovery at Lower Ganite was
only 39.2% and nost |ikely reflects an increased FGE from rai sed operating
gates at the project.

Wld steelhead trout PIT tag gqroups. In 1988 sufficient nunbers of wild
steel head trout were PIT tagged at the Snake River trap to provide 24 daily
release PIT tag groups (1186 individual fish) for median travel tine
calculations (Table 15). Only since the introduction of the PIT tag have
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Table 14. Hatchery steelhead trout PIT tag travel time, with 95%
confidence interval, fromthe head of Lower Ganite pool
to Lower Granite Dam 1988.

Medi an
travel Per cent Aver age “

Rel ease time Confidence Interval* Nunber captured discharge

date (day) Upper Lower caDt ured (% (kcfs)
04/18/88 4.8 6 4 40 65.6 65.04
04/19/88 5.0 7 4 48 80.0 64.22
04/20/88 4.7 9 4 34 56.7 60.98
04/21/88 6.0 8 5 44 73.3 56.48
04/22/88 6.4 8 6 38 62.3 53.62
04/25/88 10.4 1 2 94 68.3 46.09
04/26/88 9.7 1 8 37 61.7 49.23
04/28/88 7.6 9 6 27 52.9 49.88
04/29/88 6.0 7 5 36 60.0 46.25
05/02/88 5.8 8 5 41 68.3 64.88
05/03/88 3.7 5 3 39 65.0 65.45
05/04/88 4.6 6 3 37 61.7 77.54
05/05/88 4.0 5 3 49 81.7 82.45
05/06/88 4.3 6 4 45 73.8 82.10
05/09/88 5.3 6 4 37 61.7 64.68
05/10/88 4.5 5 4 35 56.5 63.88
05/11/88 4.0 6 4 39 65.0 62.03
05/12/88 3.5 4 3 40 67.8 67.80
05/13/88 3.7 6 3 40 66.7 70.38
05/14/88 8.1 1 6 38 63.3 69.76
05/15/88 5.3 7 5 42 68.9 72.46
05/16/88 6.5 10 4 31 51.7 67.39
05/17/88 6.3 7 5 42 66.7 67.43
05/18/88 6.5 7 5 36 60.0 66.08
05/23/88 3.7 10 3 34 56.7 76.62
05/24/88 4.8 7 4 34 55.7 78.04
05/25/88 5.5 8 5 25 42.4 75.98
05/26/88 6.4 7 5 27 44.3 72.83
06/07/88 5.3 9 5 1 18.3 60.90

* Confidence intervals calculated with nonparanetric statistics
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Table 15. WId steelhead trout PIT tag travel time, with 95%
confidence intervals, fromthe head of Lower Ganite
pool to Lower Granite Dam 1988.

Medi an
travel Per cent Aver age

Rel ease time  Confidence Interval* Number captured discharge

date (_dav ) Upper Lower captured (% (kecfs)
04/18/88 3.5 4 3 29 49.2 65. 23
04/19/88 3.5 4 3 31 50.0 64. 70
04/20/88 4.0 4 3 33 54.1 63.10
04/21/88 4.5 6 4 36 60. 0 59. 97
04/22/88 4.6 6 4 32 53.3 55. 62
04/25/88 6.6 9 5 25 52.1 45. 66
04/26/88 6.1 7 5 25 64.1 45. 05
05/02/88 3.8 5 3 32 68. 1 55. 50
05/03/88 3.5 4 3 21 48.8 59. 57
05/04/88 3.2 4 3 22 51.2 73.90
05/05/88 3.4 4 2 29 60. 4 82. 67
05/06/88 3.7 4 3 27 62. 8 82.10
05/09/88 4.3 6 3 16 47.1 63. 72
05/10/88 3.6 4 3 36 70.6 61. 02
05/11/88 3.4 5 3 30 58.8 57. 60
05/12/88 2.7 3 2 35 60. 3 66. 87
05/13/88 2.9 3 3 38 63.3 71. 47
05/14/88 3.8 5 3 37 61.7 72.17
05/15/88 3.7 5 3 34 55.7 72.80
05/16/88 3.5 4 3 42 70.0 73.53
05/17/88 3.3 3 3 43 70.5 74. 87
05/24/88 3.7 4 3 19 63.3 79. 05
05/25/88 4.7 8 3 13 65. 0 77.00
05/26/88 4.0 13 2 10 55. 6 76.10

* Confidence intervals calculated with nonparametric statistics
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sufficient nunbers of wild steelhead trout been marked to provide travel tine
data through Lower Granite Reservoir. The PIT tag is the only tool available
that can provide this type of data because of the |ow nunmbers of fish required
for marking due to the high recovery rate at Lower Ganite Dam Median trave

time for wild steelhead trout ranged from 6.6 days (7.8 kmday) to 2.7 days
(19.1 knfday), and averaged 3.9 days ( 13.7 kmday). There is a significant
difference in median travel time between hatchery and wild steelhead trout. The
sl opes of the two lines, magration rate/discharge for hatchery and wld
steel head trout, were tested with the analysis of covariance and found to not
be significantly different at the 0.5 level. Then the height of the two |ines
were tested and there was a significant difference in the mgration rate of
hatchery vs. wild steelhead trout. It is uncertain as to the reason for this
di fference. A possible explanation is that wild steelhead may be stronger
and/or nmore fully snelted and therefore travel faster as they mgrated through
Lower Granite Reservoir.

A linear regression analysis between nedian mgration rate in Lower
Ganite Reservoir and nean discharge for each PIT tag group was conducted. The
best |inear regression equation (N=24, r*=0.381, P=0 001) was:

log mgration rate = -0.576 + 0.758 |og nean discharge.

This analysis shows that as discharge increases, travel time in Lower Ganite
Reservoir decreases.

A linear regression analysis was conducted on average travel time
separated into 5 kcfs groups. The analysis showed that the equation:

log mgration rate = -1.020 +0.868 |og average discharge
had the best fit (N=7, r’=0.526, P=0.065).

An analysis of the slope of the migration rate/discharge relationship for
freeze brand data, the hatchery steelhead trout PIT tag data, the wild steel head
trout PIT tag data, the hatchery steelhead trout PIT tag data averagedby 5 kcfs
groups, and the wild steelhead trout PIT tag data averaged by 5 kcfs groups was
conducted to see if there was a significant difference between the five groups
of data (Fig. 10). The analysis of variance showed there was not a significant
difference between the slopes at the 0.05 level, but the relationship was
significant at the 0.1 |evel (N=87, F=2.196, P=0.077). \Wen a graphic
representation of the slopes of the five sets of data was examned, it was
obvious the freeze brand data was significantly different from the other four
sets of data. \Wen the freeze brand data was removed from the analysis there
no longer was a significant difference between the slopes of the other four sets
of data (N=68, F=1.076, P=0.336). The difference between the freeze brand data
and the PIT tag data is probably an artifact of the technique used to estimte
mgration rate rather than a real difference in mgration rate between the two
mark net hods.
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The height of the lines was tested and found there was a significant
difference between the hatchery and wild steel head mgration rate/discharge
rel ationship. WIld steelhead trout estimated migration rate through Lower
G anite Reservoir at 45,000 cfs is 9.8 kmday, while hatchery stelhead is 7.0
kmday. At 85,000 cfs, wild steelhead estimated mgration rate is 17.1 km/day,
and hatchery steelhead estimated migration rate is 13.2 kmday. WId steel head
trout mgrate through Lower Ganite Reservoir faster than hatchery steel head
trout.

The PIT tag data provides the ability to get a travel tine to average
di scharge relationship over a broader range of flows and time than the freeze
brand data because of the ability to release nore marked groups. This makes the
PIT tag a much nore valuable tool for estimating travel time through Lower
Ganite Pool than freeze brands.

Percent recovery of daily wild steelhead trout PIT tag rel ease groups at
Lower Ganite Dam ranged from 47.1% to 70.6% and averaged 59. 0% Overal |
seasonal cunulative recovery of PIT tagged wild steelhead trout to Lower Ganite
Dam was 58.9% to Little Goose it was 72.8% and to MNary it was 74.5%  The
percent recovery at the three dams for PIT tagged hatchery and wild steel head
was about the same in 1988.

SUMVARY

Hat chery production of chinook sal non and steel head trout for release
above Lower Granite Dam in 1988 was 21,974,463 (11,176,084 chinook sal mon and
10, 798, 379 steel head trout). O these, 722,553 chinook sal non and 549, 170
steel head trout (6.5% and 5.1% of the total release, respectively) were freeze
branded and released in 28 unique groups for chinook salnon and 23 uni que groups
for steelhead trout. The nunber of freeze branded chinook sal mon and steel head
trout was up 162% and 112% respectively, in 1988.

The Snake River trap was operated from March 5 through June 29. The trap
was nmoved to the east side of the Snake River on April 27 where it was believed
the trap woul d be nore efficient at collecting smelts during a |ow water year.
The Snake River trap captured 3,758 yearling chinook, 2,604 wld steel head
trout, and 16,772 hatchery steel head trout. Mst of the chinook salmon snelts
had al ready passed the trap by the time the trap was nmoved to the east side of
the river so the chinook catch was only slightly better than in 1987. The
steelhead trout (wild and hatchery) trap catch was better than in any previous
year and nearly 200% better than 1987's | ow water conditions.

The Clearwater River trap was operated from March 8 through June 12 with
a 15 day period in md-May when the trap was out of operation due to high
di schar ge. Clearwater River trap catch was 63,983 chinook sal non, 458 wild
steel head trout and 9,940 hatchery steelhead trout. In 1988 trap catch of
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chi nook sal mon was down 12% from 1987 but the percent of hatchery chinook
rel eased in 1988 was down 28% The increase in percent chinook trap catch in
1988 can be attributed to either inprovenents in the trap livewell velocity
barrier and/or an increase in wld escapenent.

The Clearwater River trap catch of hatchery steelhead trout was up 79% in
1988. The nunber of hatchery steelhead trout released was up 29% from 1987, but
the ratio of hatchery steel head trout caught in the trap conpared to the nunber
of hatchery steelhead trout released was up 39% This 10%difference may be
attributed to natural variation and/or to the trap nodification mentioned above.
Trap catch of wild steelhead trout was down 49%in 1988 from 1987.

No trap efficiency tests were conducted on the Snake River trap for
chinook salnon in 1988 due to the low trap catch. A best guess estimate of trap
efficiency for 1988 would be simlar to that experienced in 1987 which was 10
to 30 tines less than the 1.2% trap efficiency of previous years. Trap
efficiency tests on the Clearwater River trap in 1988 were conbined with four
previous years data, for a total of 36 tests, the resulting efficiency value
was 2.69% with a 95% confidence interval of 0.08% The 1988 data by itself
yielded an efficiency value of 2.80% wth a 95% confidence interval of 0.09%

Ri ver discharge values were conbined with the trap efficiency data for
both the Snake and Clearwater river traps in an attenpt to create a predictive
equation. The only set of data that showed a significant relationship between
trap efficiency and river discharge was the Cearwater River trap chinook data.
A significant statistical interaction was shown at the 0.05 level with P=0 019
and F=6.103, but further analysis showed an Rof 0.152, indicating no practical
or biological significance. This anomaly indicates the possibility that sonme
other variable also has an influence on trap efficiency in addition to river
di schar ge.

Trap efficiencies for steelhead trout at the Snake River trap, using trap
caught fish (three test groups) to provide the best estimate, for 1988 averaged
0.30% Steelhead trout trap efficiencies at the Clearwater River trap in 1988
were tested only twice and yielded an average of 0.44%  The steelhead trout
efficiency estimates at both the Snake and Clearwater river traps were made with
the 1988 tests only because the data for all years failed to neet the
statistical criteria for pooling.

Mgration rate from point of release to the Snake River trap was not
calculated for spring chinook because of the low chinook trap catch. Mgration
rates for branded steelhead trout to the Snake River trap was better in 1988
than in 1987 because flows during the major steelhead mgration period were nore
conducive to migration in 1988.

Mgration rate for Clearwater River branded chinook salnon was faster than
in 1987 and simlar to 1986 and 1985. Flows were 2,000 to 4,000 cfs higher for
a major portion of the mgration in 1988 as conpared to 1987. St eel head
mgration rate was the same as in previous years.
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Mgration rate (travel time) through Lower Ganite Reservoir for
Clearwater R ver freeze branded chinook salnmn was simlar to 1987 but
consi derably |ower than the normal flow year of 1986. No data is available for
chinook salnon mgrating from the Snake River above the Cearwater River through
Lover Granite Reservoir.

PIT tagged chinook salnon mgrated at the sane rate as the freeze branded
smelts. Prior to April 8, when discharge was bel ow 40 kefs, PIT tagged chinook
sal mon travel tinme through the reservoir averaged 19.7 days. After April 18
when di scharged averaged 57 kefs, travel time through the reservoir averaged 8.6
days. Statistical analysis showeda strong relationship between travel time and
di scharge, as discharge increases travel time for chinook sal mon through the
reservoir decreases dramatically. PIT tagged chinook sal non moved nore than
three times as fast through the reservoir at 80 kcfs as they did at 40 kcfs.

There was a statistical significant difference, at the 0.1 level, in
travel tinme through Lower Ganite Reservoir for freeze branded and PIT tagged
steel head trout. At low discharge, freeze branded steel head trout move nuch
sl ower than do PIT tagged steel head trout. At higher discharges (100 kefs) the
difference is nmuch |ess.

There is a very strong statistical relationship between travel tinme and
discharge for PIT tagged hatchery steel head trout. PIT tagged hatchery
steelhead trout mgrated twice as fast at 80 kcfs as they did at 40 kcfs.

Wld and hatchery PIT tagged steel head trout mgrate at about the same
rate. The relationship between migration rate and discharge for wild steel head
trout is not as strong as for hatchery steel head, but a good relationship stil
exists. PIT tagged wild steelhead trout mgrate twice as fast through Lower
Ganite Reservoir, at 90 kcfs, as they did at 40 kcfs.
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ABSTRACT

This project nmonitored the daily passage of snelts during the 1987
Spring outmigration at three migrant traps; one each on the Snake,
Clearwater, and Salnmon rivers. Daily mark recapture, species
conposition, and total catch were provided to the Fish Passage Center
and other agencies interested in juvenile chinook salmon and steel head
trout outmigration on a daily basis for water budget and passage
managenent deci sions.

Average travel time for PIT-tagged chinook salmon snelts fromthe
head of Lower Granite Reservoir to Lower Granite Dam was 18 days prior
to April 15 and 5 days after April 22. PIT-tagged hatchery steel head
trout average travel tine fromthe head of Lower Granite Reservoir to
Lower Granite Dam was about 9.5 days for a brief period early in the
m gration season and 4.5 days for the mpjority of the migration
season. WIld steel head trout average travel time from the head of
Lower Granite Reservoir to Lower Ganite Damwas 3.5 days during the
m gration season.

The chinook salnon snelt migration begins in earnest when Sal non

Ri ver discharge makes a significant rise in early to md-April. Most
yearling chinook salnon pass into Lower Ganite Reservoir in April,
followed by passage of steelhead trout in May. Chi nook sal non snelt

recapture data from the Shake River trap suggests a strong dependence
of migration rate in the free flowing portions of the rivers above
Lower Granite Reservoir on quantity of Snake and Sal nobn River
di scharge, although no statistical correlation can be shown at this
tine.

Daily and seasonal descaling rates were calculated for each

speci es at each trap. Descaling rates were highest for hatchery
steel head trout, internediate for yearling chinook sal non, and |owest
for wild steelhead trout. Descaling rates were generally higher in

1987 than those observed in 1984 through 1986.

The steel head radio tagging study showed that only 7% of the
radi o-tagged steel head passed under the span of the Interstate Bridge
that the Snake River trap was attached to and 30% passed under one span
of the Interstate Bridge just east of the drawbridge section in 1987.
The study showed that on the Clearwater River, radio-tagged steel head
passed close to the trap and that there may be sone avoi dance of the
trap.



[ NTRODUCTI ON

The Pacific Northwest Electric Power Planning and Conservation Act
of 1980 (P.L. 96-501) directed the Northwest Power Pl anning Council
(NWPPC) to devel op prograns to nmitigate for fish and wildlife |osses in .
the Colunbia River basin resulting from hydroelectric projects.
Section 4(h) of the Act explicitly gives the Bonneville Power
Adm ni stration (BPA) the authority and responsibility to use its
resources “to protect, mtigate, and enhance fish and wildlife to the
extent affected by the devel opnent and operation of any hydroelectric
project on the Colunbia R ver system”

Water storage and regulation for hydroelectric generation severely
reduces flows necessary for downstream snelt migration. In response to
the Col umbia Basin Fish and WIldlife Authority (CBFWA) recommendations
for mgration flows, the NWPPC Colunbia River Basin Fish and Wldlife
Program proposed a “water budget” for augmenting spring flows.

The Northwest Power Planning Council’s water budget in the
Col umbi @’ s Snake River tributary is 1.19 mllion acre-feet of stored
water for use between April 15 and June 15 to provide inproved passage
and mgration conditions.

To provide information to the Fish Passage Center (FPC) on snelt
moverment prior to arrival at the lower Snake River dans and reservoirs,
the I daho Departnent of Fish and Gane (IDFG) nonitors the daily passage
of snelts at the head of Lower Granite Reservoir and 164 kiloneters
upriver at Wite Bird, |daho, on the Salnon River. The Sal non R ver
trap is operated only during |ow runoff years. This information allows
the FPC to optimze the use of the limted Snake River water budget.

Additionally, the IDFG snelt nonitoring project collects data on
relative species conposition, estimated fish passage index, hatchery
steelhead trout vs. wild (natural) steelhead trout ratios, travel ting,
mgration rate, and snelt condition relative to scale |oss. By
nonitoring smelt passage at Lower Granite Dam and at the head of Lower
Ganite Reservoir, mgration rates under riverine and reservoir
conditions can be estimated and conpared under various flow and

tenperature conditions. By having monitoring sites on both the Snake
and Clearwater arns of Lower Granite Reservoir, the migration timng of
snelts from each drainage can be determined individually. Also, the

relative conposition of hatchery and wild stocks of steelhead trout can
be determ ned--information useful to docunent the rebuilding of wild
stocks which is being undertaken in other NWPC projects.
W d/ hatchery ratios for steelhead trout at the Cearwater River trap
cannot be used because a large portion of the wild fish nmigrate prior
to the release of hatchery fish and the trap is out of service when
flows exceed 35,000 cfs. This allows for a disproportionate collection
of wild or hatchery steel head, depending on when the trap was out of
servi ce.



Snelt nmonitoring is beneficial for water budget management under
all flow conditions but nost valuable in low flow conditions, when
mgration rates are slower than during nornal or above nornmal run-off
years. In low flow years, know edge of when nost snelts have |eft
tributaries and entered areas which can be affected by rel eases of
stored waters all ows managers to nake the nost tinely use of the -
limted water budget resource. Project personnel continually strive to
i mprove smelt trap design and location in years prior to such a | ow
water condition to assure the best possible information is provided for

wat er budget managenent purposes which will nmaximze snelt survival
Wthin the duration of the Snelt Mnitoring Project, only one such low
flow year has been experienced: 1987. I ndi cations are that judicious

use of the water budget can greatly enhance the migration tinmng and
rate of juvenile chinook salnmon and steel head trout.

OBJECTI VES

1. Determine timng of the outmgration for the various groups of
hat chery-produced and wi |l d chinook sal non and steel head trout
snelts as they |eave the Salnmon River drainage during |ow flow
years.

2. Establish snmelt travel time fromthe Sal non R ver index site at
Wiite Bird and fromrelease sites to the index sites at the upper
end of Lower Granite Reservoir.

3. Correlate travel time with river flows fromindex sites to Lower
Ganite Reservoir and Lower Granite Dam

4. Det erm ne where, when, and to what extent descaling occurs to
hat chery-reared chinook salnmon and steelhead trout snelts released

upstream from Lower Ganite Dam and develop managenent
alternatives to reduce scale |o0ss.

METHODS

Rel eases of Hatchery-Produced Snelts

W obtained informati on from hatcheries which rel ease steel head
trout and chinook salnmon juveniles in the Snake River system upstream

from Lower Granite Dam This information included species, nunber
released, time and |ocation of release, and the group identifying
freeze brand, if used. This allowed us to anticipate the passage of

the various rel ease groups and branded fish at downriver trapping
sites.



Dworshak Res.

Salmon

South Fork.

1- Big Canyon Cr. 8- Lookingglass C r .
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15- Spring Cr.

Figure 1. Map of study area.



Snelt Monitoring Traps

During the 1987 outmigration, three snelt nonitoring traps were
enployed to nonitor the passage of juvenile chinook salnon and
steel head trout. One scoop trap (Raymond and Collins 1974) was -
stationed on the CearVWater River and one was stationed on the Sal non
River. A dipper trap (Mason 1966) was |ocated on the Snake River (Fig.
1). Trap-caught snelts were renoved daily from the traps for
exam nation, enuneration, and release back to the river. When
avail able, between 150 to 300 chinook salnon and steelhead trout smelts
wer e exam ned each day for scale |oss. Up to 2,000 snelts were
exam ned daily for hatchery brands. The renaining catch was enumerated
by species and rel eased. Prior to exam nation for scale |oss and
freeze brands, fish were anesthetized with Tricaine Mthanesulfonate
(Ms-222). These fish were allowed to recover from anesthesia before
being returned to the river.

To quantify scale loss, each side of a snelt was separated into
five areas and each area was exam ned (Koskietal. 1986). An area was
consi dered "descaled" if 40% or nore of the scales within the area were
m ssi ng. If at least two areas on one side of a fish were descaled,
then the fish was considered descaled. Scale loss of this degree is
often referred to as "standard" descaling. Additionally, beginning in
1985, a fish was considered to have standard descaling if a band of
scales was missing fromat |east one side of a fish and the amunt of
m ssing scales was equal to or greater than the |oss of 40% or nore
scales fromtwo areas on a side of afish as described above. This
type of descaling i S known as Nunber “9” descaling.

A second descaling classification is “scattered” descaling, which
occurs when at |east 10% of the scales were missing fromat |east one
side of the fish. A third descaling classification is “two-area”
descaling, which exists when the sum of the nunber of the ten areas on
a fish (Fig. 2) which are at |east 40Z descaled and the nunber of sides
of afish which exhibit scattered descaling equals two or nore. The
two-area classification includes fish that exhibit standard descaling,
as well as fish that would not nmeet the criteria for the standard
category because there was only one descaled area per side. This type
of descaling is likely to be as detrimental to fish health as standard
descaling.

At each trap, water tenperature and turbidity were recorded each
day using acentigrade thernonmeter and 20 cm Secchi di sc. The U. S
Weat her Service provided daily information on river discharge. The
Snake River trap di scharge was neasured at the USGS Anat one gauge
(#13334300). The C earVWater River trap discharge was nmeasured at the
USGS spalding gauge (#13342500). The Salnon River trap discharge was
measured at the USGS White Bird gauge (#13317000).
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Figure 2. Form used to record smelt passage and descaling information,
Drawings show the five areas on each side of a smolt which
are considered independently for scale loss.



Sal mon River Trap

Information during near norrmal to above normal flow years is
available at the Salnon River trap for 1983, 1984, and 1985.
Therefore, this trap is operated only if the February Soil Conservation .
Service - Snhow Survey Streamflow Fore' cast at Wite Bird is less than
90% of the 25-year average. A tentative decision to operate the trap
is made in early February using the January streamflow forecast. If
the January forecast is below 902 of normal, preparation to operate the
Sal non River trap will begin. The final decision is then nade using
the February forecast, available in early March.

The January streamflow forecast in 1987 was 68% of normal; by the
first of March the prediction had fallen to 59Z of normal. At this
time, the decision to operate the Salnon River trap was nade.

The trapping site for the Salmon River trap is |ocated one
kil ometer downstream fromthe nouth of Wite Bird Creek (rkm 86). Wen
river flows permit, the trap is situated on the outside of a bend in
the river, near the south bank, inmediately downstream from a rock
shel f. This location was chosen because juvenile mgrants are
concentrated both laterally and vertically due to the norphology of the
site, thus making them nore vulnerable to capture. River width at this
site is approxinmately 70 m and depth ranges from2 mat 6,000 cfs to 5
m at 25,000 cfs. The trap was operated from March 5 until April 28
1987, when high runoff forced termnation of trap operations.

Chi nook salmon’ snelts were freeze branded (Mighell 1969) and
released at the Salnmon River trap to estimate travel time fromthe
| oner Sal non River drainage to the head of Lower Granite Reservoir
The brand was changed at three-day intervals to document changes in
travel tine as environnental conditions changed. \Wen available, up to
3,000 chinook salnmon were branded daily with a goal of 6,000 per unique
brand group. Ni ne unique freeze brands were used at the Salnon River
trap during the 1987 field season on chinook sal non juveniles. Seven
of the nine chinook salnmon brand groups were also used for trap
efficiency tests by transporting the marked fish one Kkiloneter upstream
fromthe trap site by boat and releasing them for subsequent recapture.

Capture rate of steelhead trout snelts at the Salnon River trap is
consi derably less than that of chinook sal non. Sufficient nunbers of
steel head trout could not be obtained to deternmine trap efficiency and
docunment travel tinme to downriver collection sites, as is done with the
chi nook sal mon. Therefore, steelhead trout were freeze branded at
Hagerman WNFH and transported to the Salnmon River and rel eased
approxi mately one kilometer upstreamfromthe trap site. Three uni que
brand groups of steel head trout, containing from 4,400 to 4,700 fish
each, were released during the 1987 field season. These rel eases were
also used to estinmate trap efficiency at the Salnmon River trap.



Snake River Trap

The Snake River migrant dipper trap was attached to the downstream
side of the Interstate Bridge by steel cables. This location is at the
head of Lower G anite Reservoir 0.5 km upstreamfromthe confluence of -
the Snake and Cl earwater rivers. River width and depth at this
| ocation are approximtely 260 mand 12 m respectively.

Trap operation in 1987 began February 28 and continued until
June 29. There were no interruptions in trap operation due to
mechani cal breakdown or excessive runoff conditions.

Chi nook sal non and steel head trout snelts were PIT (Passive
Integrated Transponder) tagged (Prentice et al. 1987) at the Snake
River trap in 1987 to estimate travel tine fromthe head of Lower
G anite Reservoir to Lower Ganite Dam Up to 300 chinook sal mon and
60 steelhead trout (30 of which were wild fish, if available) were
Pl T-t agged daily. I ndividual daily release group travel tine to Lower
Granite Damwas correlated with flow present during the mgration
period to determ ne how changes in this paraneter affected travel tinme
of smelts through Lower Granite Pool.

Clearwater River Trap

The Cearwater River scoop trap was installed 10 km upstream from
the river’'s mouth, 4.5 kmupstream fromthe head of Lower Granite
Reservoir. The river channel at this location forms a bend and is 150
to 200 mwide and 4 to 7 m deep, depending on discharge.

Trap operation began February 19, 1987 and continued until June 25
when trap operation was ternminated for the season.

Trap efficiency tests were conducted periodically throughout the
season by releasing marked snelts 7 kmupriver fromthe trap site.
VWhen trap catch allowed, up to 2,000 chinook salnbn were caudal
clipped, and 2,000 steel head trout were opercle punched and rel eased
upstream These fish were held in trash cans supplied with oxygen and
carried upstream to the rel ease siteby boat and rel eased. In addition
to these fish, six groups of chinook salnmon of approximately 2,000 each
and three groups of steelhead trout of approxinately 4,000 each were
freeze branded at Dworshak NFH and transported to the release site and
rel eased at one-week intervals during late April and May to estimate
trap efficiency.

Descaling

Chi nook sal non descaling rates were estimated at four of Ildaho's
chinook salnon hatcheries prior to snelt release. Descaling rates were
also estimated at the time of release for the South Fork Salmon River

8



of f-hatchery release group (McCall Hatchery) and for the Crooked River
and White Sands Creek off-hatchery rel ease groups (Sawt ooth Hatchery).
Sawt oot h Hatchery al so rel eases chinook salmon snelts directly from the
hat chery, as do Kooskia NFH, Dworshak NFH, Rapid River, and Pahsimeroi
hat cheri es. During 1987, Rapid River and Pahsimeroi hatcheries made .
rel eases of spring chinook salnon in ‘the Snake River at Hells Canyon
Dam descaling data was not recorded from these groups at the rel ease
site.

Steelhead trout descaling rates were estimated at two of Idaho’s

hatcheries prior to release and at four release sites at the tine of
rel ease.

Exam nation of 200 to 900 smelts from representative groups of
chinook sal non and steelhead trout was conducted at sel ected hatcheries
and again at release sites to estimate the percentage of smelts having
significant scale loss. The condition of the snelts was conpared wth
that observed at trapping sites along the migration routes where up to
300 chinook salnon and steel head trout smelts were examined daily.

Trap Efficiency

To estimte the nunber of smelts passing a trap it is necessary to
know what proportion of the mgration is being sanpled. Additionally,
this proportion, which is the trapping efficiency, may change as river
di scharge changes. To create an equation which describes the
rel ati onship between discharge and efficiency, efficiency nust be
estimated several tinmes through the range of discharge during which the
trap is operated. A linear regression of efficiency on discharge is
then calculated fromthe data, after which an efficiency can be
estimated froma known discharge. The ratio of recaptures to marks
released is the estimate of trap efficiency (TE = recaptures/marks
rel eased).

Several techniques were used to estimate trap efficiency in 1987.
Trap efficiency tests are conducted every four days using trap-caught
fish that were marked, transported back upstream and released, if
enough snelts are available to nark. During 1987, six groups of
chi nook salnmon snelts of 2,000 fish each and three groups of steel head
trout snelts of 4,000 fish each were freeze branded and held at
Dworshak NFH. These groups were released at one-week intervals
upstream from the Clearwater River trap for efficiency tests. These
groups were also used to deternmine travel tine through Lower Ganite
Reservoir.

Trap-caught chinook were marked and used for efficiency tests at
the Salnon River trap with groups of one to two thousand being rel eased
every four days, when avail able. Three groups of steel head trout
smelts, of approximately 4,500 fish each, were freeze branded and held
at Hagerman NFH until transport to a release site on the Salnon River
upstream from the trap site. These groups were released at
approximately one-week intervals for trap efficiency tests on the

9



Salmon River trap, as well as to estimate travel tine from the |ower
Sal non River drainage to the head of Lower Ganite Reservoir and to
Lower Granite Dam

No trap efficiency tests were conducted at the Snake River trap in

1987 because of the low trap catch associated with the extrenely |ow
flow year.

Travel Tine and M gration Rates

Mgration statistics were calculated on hatchery rel ease groups
fromrelease sites to trap sites. Travel time and nmigration rates
through Lower Granite Reservoir were calculated using nedian arrival
tines at the Snake River trap and at Lower Granite Dam for hatchery
brand groups and brand groups used for trap efficiency tests. Smel ts
were PIT tagged (Prentice et al. 1987) at the Snake River trap as an
additional nethod to determine travel time, and daily individual
arrival times were calculated at Lower Ganite Dam collection
facility. Early in the season, chinook were collected at the
Clearwater River trap, transported to the Snake River trap for PIT
taggi ng, and rel eased. When adequat e nunbers of chi nook were being
collected at the Snake trap, transportation of chinook from the
Clearwater River trap was discontinued. Al'l steelhead that were PIT
tagged were collected at the Snake River trap. Later in the season,
when trap collection did not provide adequate nunbers of chinook and
steel head, additional fish were collected inmrediately behind the Snake
River trap with purse seine equipnent.

St eel head Trout Radi o Tracki ng Study

The mgrant dipper trap on the Snake River and the scoop traps on
the ClearWater and salmon rivers all effectively collect chinook sal non
snelts in large enough nunbers to meet project goals but are relatively
ineffective at collecting steelhead trout snelts. It is uncertain
whet her | ow steel head trout catch is due to trap avoidance or if the
traps are not in the main mgrational path of steelhead snmelts. In
1987, a radio tracking study was conducted at the Snake and Cl ear\ter
River traps to determine if fish were avoiding the trap or if the trap
coul d be noved to a nore productive |ocation. The objective of the
study was to determine steel head trout snelt reaction to the traps and
hori zontal distribution of the steelhead trout snelts in the vicinity
of the traps. Fish to be radio tagged were taken from the Snake and
Clearwater River traps.

A contract was devel oped with the Coastal Zone and Estuarine
Studi es Division of the National Marine Fisheries “Service (NMFS),
Seattle, Washington, for the services of their Radio Tracking Subtask
(Liscom and Bartlett 1988). The study was initiated in md-April and
termnated in md-My, 1987. Sixty juvenile steelhead trout were radio
tagged and released in the Snake River, and 61 juvenile steelhead trout
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were radio tagged and released in the Clearwater River upstream from
the trap sites, during a five- to six-day time peri od. Radi o- t agged
fish were individually tracked past each trap site and their path
plotted in relation to fixed geographical locations (Fig. 3).

RESULTS AND DI SCUSSI ON

Hatchery Rel eases

Chi nook Sal mon

Chi nook sal mon released into the Snake River drainage above Lower
Ganite Damwere reared at seven |ocations in Idaho and one in O egon.
Washi ngt on Departnent of Fisheries made no rel ease of chinook sal non
juveniles in the Snake River drainage upstream from Lower G anite Dam
that contributed to the 1987 outmgration. A total of 11,291,583

chinook salmon snelts were released at 15 locations in Idaho and Oregon
(Table 1).

Sawt oot h Hatchery made three rel eases of spring chinook salnmon in
the Clearwater River drainage at Red River, Cooked River, and Wite
Sands Creek in the fall of 1986 for a total 696,120 fish. Lookinggl ass
Hat chery also nade a fall release of 328,161 spring chinook salnon
juveniles at Lookingglass Creek, Oregon, in 1986. Al ot her chinook
sal mon rel eases for the 1987 outm gration were made in the spring of
1987.

St eel head Trout

Steel head trout were reared at three hatcheries in Idaho, one in
Washi ngton, and one in Oegon for release upriver fromLower Ganite
Dam A total of 7,436,384 steelhead trout snelts were released at
14 |l ocations in Idaho, 10 locations in Oregon, and 3 |ocations in
Washi ngton (Table 2).

N agara Springs Hatchery released 39,995 steelhead trout juveniles
in the Snake River at Hells Canyon during the fall of 1986. T he
remai nder of steel head trout releases contributing to the 1987
outmigration occurred in the spring of 1987.
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Table 1. Hat chery chinook salmon rel eased into the Snake River
system upriver from Lower Ganite Dam 1987.

Rel ease site Rel ease No. rel eased
hatcherv ) St ock date No. branded ) Brand
mon River
Sawtooth Hat . Spring 3/13 1, 081, 400
( Sawt oot h) 53/ 13) 558,400) RDR- 1
0/ 10/ 86 03, 661
E.F. Sal non R Spring 3/17-19 195, 100
( Sawt oot h)
S.F. Sal mon R Summer 3/30-4/2 958, 300
(McCal 1) (3/31) (56, 500) LDR- 3
Pahsimeroi R Sunmer 3/23 258, 600
(Pahsimeroi)
Rapid River Spring 3/18-4/7 2,836, 400
(Rapid River) (3/27) (53,500) LDR- 2
Drai nage Tot al 5,433, 461
§n|g_ke River and Non-ldaho Tritutaries
S Canyon Spring 3/23 103, 000
(Rapid River) (3/23) (51, 350) LDR- 4
Hel | s Canyon Spring 3/2-6 444,700

{Pahsimeroi)

Looki ngglass Cr.  Spring 4/1-5/20 855, 658

(Lookingglass) (4/1) 20, 194 LAJ-2
(4/1 ) 20, 415 LAJ-4
(4/20) 20, 925 LDJ- 1
(4/20) 20, 890 LDJ-3
(5/20) 20, 303 LDJ-2
(5/20) 20, 375 LDJ- 4
Lookingglass Cr. Spring 9/24 & 11/1 328,161
(Lookingglass) (9/24) 20, 431 LAJ- 1
(9/24) %20, 522; W- 3
Grande Ronde (R2) Spring 4/ 6 111, 711
{Lookingglass)
Catherine Creek  Spring 2/ 26 88, 667
(Lookingglass)
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Table 1. Conti nued

Rel ease site Rel ease No. released
{hatchery) St ock date No. branded ) Brand
Bi g Canyon Creek Spring 3/ 30 “ 84, 295
(Lookingglass)
Drai nage Total 2,016,192
W jv
Red Ri ver Pond Spring 3/18 98, 800
( Sawt oot h) 10/8/86 96,400
Crooked River Spring 3/ 16, 18 227,500
( Sawt oot h) 10/ 8, 15/ 86 251, 300
White Sands Creek Spring 3/16/18 344,900
( Sawt oot h) 10/ 7, 14/ 86 348, 420
N.F. Cl earWater Spring 4/1-2 1,710,710
(Dworshak NFH) (4/2) (61, 580) RAR- 1
Cear Creek Spring 3124 763, 900
{Kooskia NFH)
Drai nage Tot al 3,841,930
Grand Tota 11,291, 583

** Brand groups mxed at hatchery prior to transport
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Table 2. Hatchery steelhead trout released into the Snake River
system upriver from Lower Granite Dam 1987.

Rel ease site Rel ease No. released
{(hatchery) k N 4d) Brand
Mon_RIi VEr
ahsi meroi River A 3/30-4/9 712, 200
(Niagara Springs)
Pant her Creek A 4/9-13 299, 700
(Ni agara Springs)
E.F. Sal nron River B 3/27-4/ 15 485, 078
(Hagerman NFH) (4/8) (52, 811) RDR-4
Hazard Creek A 4/ 16- 30 299, 098
(Hagerman NFH) (4/30) (4,522) LDK- 2
Sawt oot h Hatchery A 3/26-4/15 687, 634
(Hagerman NFH) (4/14) (51, 887) RDR- 2
Slate Creek B 3/ 24 49, 740
(Ragerman NFH)
Sal mon R.epeer Cr. B 4/ 8- 22 13, 801
4/ 8% (4, 700) LDR~ 1
4/ 22) 4,690 LDK- 3
(4/15) §4, 4083 LDK-4
Dr ai nage Tot al 2,547,251
snake River and Non-ldaho Trilutaries
Hel I's Canyon A 3/23-30 800, 000
(Ni agara Springs) (3/26) (51, 600) LDR- 1
Hel I's Canyon A 10/ 21/ 86 39, 995
(Ni agara Springs)
Little Sheep Cr. A 5/1-5 93,716
(Irrigon) (5/3) (15, 642) LDJ- 4
(5/2) (15, 660) RDJ-4
Spring Creek A 4]/ 24- 28 587, 406
{Irrigon) 4/ 26 14, 638 LDJ-1
4/ 26 14,598 LDJ-3
4/ 26 14, 485 RDJ- 1
4/ 26 14,534 RDJ-3
Grande Ronde (RI) A 4/ 15- 23 151, 053
(Irrigon)
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Tabl e 2. Conti nued

\

Rel ease site Rel ease No. rel eased
{hatcherv) St ock date (No. branded ) Brand
W dcat Creek A 4/ 28-29 52, 335
{Irrigon)
Grande Ronde (R2) A 4/ 8- 24 291, 332
(Irrigon)
Cat herine Creek A 4/ 13- 27 72,438
{Irrigon)
Wallowa Ri ver A 4/ 14-30 160, 032
(Irrigon)
Big Canyon Creek A 4/ 25 222,526
(Irrigon)
Prairie Creek A 4/ 29 24, 257
(Irrigon)
Hurricane Creek A 4/ 29 12, 000
(Irrigon)
Cot t onwood Cr. A 4/ 20- 30 200, 845
(Lyonns Ferry) 4/ 26 20, 099 RAIC-1
4/ 26 20, 083 RAIC-2
4/ 26 20, 115 RAIC-3
4] 26 (20, 164) RAIC-4
Asotin Creek A 41/ 22 22,950
{(Lyonns Ferry)
Wi sky Creek A 4/ 28- 29 52, 500
(Lyonns Ferry)
Drai nage Tot al 2,783,385
Clearwater River
Cl earwater River B 4/ 20- 23 1, 206, 580
(Dworshak NFH) 4] 22) (58,508) RDR- 3
5/'5) (4,073) RDK- 3
S.F.Clearwater R B 4/ 13- 17 298, 070
(Dworshak NFH)
Newsome Creek 4/ 14- 17 202, 857
(Dworshak NFH) °
Anerican River B 4/ 14- 17 41, 527

(Dworshak NFH)
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Tabl e 2. Conti nued

Rel ease

Rel ease site No. rel eased
—hatchery) Stock date No. branded ) Brand
Clear Creek B 4/13-17 156, 552
(Dworshak NFH) (4/17) (33,897) RAR-3
Crooked River B 4/13-17 200,162
(Dworshak NFH) (4/14) (48, 557) LAR-3
Dr ai nage Tot al 2,105, 748
Grand Total 7,436,384
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Smelt Monitoring Traps

Snake River Trap QOperation

The Snake River trap was operated from February 28 through
June 29, 1987. Trap catch during this period was 1,887 yearling
chi nook sal non, 56 sub-yearling chinook salnon, 935 wild steel head
trout, 8,754 hatchery steelhead trout, and 5 sockeye sal non.

The mpjority of the chinook salnon (57% were captured during
May; sub-yearling chinook salnmon (chinook snelts |less than 80
mllinmeters) passage began in md-March and peaked the first week of
My . Fifty-five percent of the steelhead trout were captured during
June (Figs. 4 and 5). WId steelhead trout passed earlier, 46%in May
and 34% in June, than did hatchery steelhead trout, 36%in May and 57%
in June. The ratio of wild and hatchery steelhead trout in the catch
was 1:9.

The chinook salnmon catch at the Snake River trap was |ess than 10%
of the 1984-1986 average. There appears to be a threshold velocity at
the nouth of the trap: below this threshold the trap is relatively
ineffective at collecting fish. Chi nook catch was effected the
greatest because velocities were very |low during the majority of the
chi nook outmigration. Velocities were generally higher during the
steel head trout outmigration.

Snake River discharge, neasured at the Anatone gauge, ranged from
16,860 cfs to 34,440 cfs in March (Fig. 4). The average April
di scharge was 26,310 cfs, with a peak of 42,210 cfs April 30. The
season peak discharge of 57,090 occurred May 14. Fromthat time until
the end of the trap operation, the discharge decreased steadily to
17,000 Cfs.

Water tenperature in the Snake R ver when trap operation began,
February 28, was 2° C and increased to 7° C by the end of March (Fig.
6) . By the end of the trapping season, June 29, water tenperature had
risen to 20.5° C

Secchi disc transparency fluctuated throughout the sanpling season
(Fig. 6). I nfluenced mainly by localized rain or thunderstorm events,
the secchi transparency shows no obvious correlation to changes in
di schar ge.

Clearwater River Trap Operation

The Clearwater River trap operated from February 19 through
April 29 and again from My 20 until June 25. During the period April
30 to May 19, trap operation was suspended due to high discharge in the
Clearwater River.
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The Clearwater River trap captured 72,707 chinook sal mon, of which
34 were classed as sub-yearling and the remainder were yearlings: 5,567
hatchery steelhead trout; and 896 wild steelhead trout in 1987. Two
peaks of chinook sal mon passage were observed at the Cearwater River
trap. The first peak in late March, prior to the Dworshak NFH rel ease,
was presunmed to be from the Sawtooth Hatchery releases made in Red -
Ri ver, Crooked River, and Wite Sands Creek, and the Kooskia NFH
rel ease made in Cear Creek. The second peak was conprised of the
Dworshak NFHr el ease made in the North Fork “of the Clearwater River
(Fig. 7).

The ratio of wild to hatchery steelhead trout in the C earwater
River catch was approximately 1:6. Trap catches of steelhead trout on
the Clearwater R ver peaked the third week of April, coinciding with
the rel ease of Dworshak NFH steel head trout snelts from the hatchery
and from off-hatchery planting sites (Fig. 8).

Water tenperature at the Clearwater River trap ranged froma |ow
of 3° C the beginning of the season, February 19, and roseto 10° C by
the second week of April (Fig. 9). The high tenperature for the season
of 19.5° C was recorded June 15.

Di scharge during the first two nonths of operation ranged from
3,760 cfs to 16,000 cfs (Fig.7. A small peak in the hydrography was
seen in late April and early May when di scharge reached 44,680 cfs and
t hen dropped back to approxinmately 15,000 cfs for the renainder of the
trappi ng season. During this period of high runoff, April 30 to My
19, the Cearwater River trap was not operated.

Ssecchi disc transparency in the CearWater River fluctuated
t hroughout the trapping season and ranged from near 0.5 neters to 2
meters and greater (Fig. 9).

Sal mon River Trap Operation

The March streamflow forecast for the Salnon River drainage above
Wiite Bird was 56% of normal, which fell well below the go%criteria
establ i shed for determ ning which years the Salnon River trap would be
oper at ed. Trap operation was initiated March 5 and termnated April
28. During this period, the trap captured 51,557 yearling chinook
sal mon, 46 sub-yearling chinook salnon, 598 wild steelhead trout, and
615 hatchery steel head trout. Essentially, all (96% of the chinook
passage occurred in April at the Salnmon River trap, with the peak
occurring md-month (Fig. 10). Both wild and hatchery steel head trout
passage at the Salnon Rver trap also occurred in April (98%, with the
peak occurring at the end of the month (Fig. 11). Unlike the Snake and
Clearwater River traps the Salmon River trap ratio of wild to hatchery
steel head trout was approximately 1:1.
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Di scharge in the Salnon River, measured at the Wite Bird gauge,
ranged from 4,050 cfs at the beginning of the trapping season, to
19,240 cfs when trapping was discontinued for the year, April 28 (Fig.
l0). The average discharge for the mpjority of the season was bel ow
8,000 cfs.

Water tenperature in the Salnon River at the beginning of the trap -
operation was 5.5° C, March 5, and increased to 7.0° C by the end of
March.  Wen trap operation was discontinued for the season, the water
tenmperature had risen to 12° C (Fig. 12).

Secchi di sc transparency fluctuated throughout the season, ranging
fromO0.6 neters to 3 neters (Fig. 12).

Descaling

Descaling of Chi nook Sal nmon Snelts at Hatcheries and Release Sites

The standard descaling rate at four of |daho s chinook sal non
hatcheries in the spring of 1987 was 0.3% (Table 3). This is the
| onest descaling rate yet observed at |daho hatcheries since the
inception of the nmonitoring process in 1983.

St andar d descaling of chinook sal mon from Sawtooth Hatchery at two
observed of f-hatchery release sites, Crooked River and Wite Sands
Creek, was 0.6% Descaling rates were not estimated at Sawtooth
Hatchery prior to transport but from past years’ averages there appears
to be little, if any, increase in descaling due to transport from
hatcheries to release sites in either of these rel ease groups.

The off-site rel eases of MCall Hatchery chinook salnon in the
South Fork of the Salnon River at Knox Bridge showed no increase in
standard descaling rates fromthat observed at the hatchery prior to
transport (Table 3).

Chinook salnmon “scattered” descaling at the hatcheries ranged from
O% at Dworshak NFH to 4.6% at Kooskia NFH. MCall Hatchery showed 1.22
and Rapid River Hatchery, 1.8% Scattered descaling at the observed
of f-hatchery release sites was 0.3Z at the South Fork of the Sal non
River release (MCall Hatchery), 5.6Z at the Crooked River release, and
6.7Z at the Wiite Sands Creek (Sawtooth Hatchery) release. There was
no conparison available to on-hatchery descaling rates for the Crooked
River and White Sands Creek rel eases, but the South Fork Sal non River
rel ease site descaling rate, conpared to the MCall Hatchery descaling
rate (hatchery of origin), actually showed a decrease in scattered
descaling of fourfold in the transported group. This inverse
difference was only 0.9Z and is attributed to natural variability
bet ween sanples due to snmall sanple size (Table 3).
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Two- area descaling at DNFH was the same as standard descaling,
0.3% three other chinook salnon hatcheries in Idaho showed increases
of less than 1.5Z in two-area descaling over the standard descaling
rates (Table 3). Transported rel ease groups showed no significant
increase in the two-area descaling fromthat observed at the hatcheries
prior to release and, in fact, one group from MCall Hatchery showed ..
decrease of 0.6% (Table 3).

Descaling of Steel head Trout at Hatcheries and Rel ease Sites

St andard descaling rate for steelhead trout at N agara Springs and
Hagerman NFH was 0.1% and 0.2% respectively (Table 4). These val ues
conpare closely to 1985 rates, 0.1%and O% and are |ess than the 1986
rates, 1.4% and 1.5Z.

Scattered descaling of steelhead trout at Ni agara Springs and
Hagerman NFH showed a slight increase from 1986. Ni agara Springs
Hat chery in 1987 had scattered descaling rates of 4.3% as conpared to
2.92 in 1986. Hagerman NFH in 1987 showed 3.2%; in 1986 it was 2.8%
There was a slight decrease in two-area descaling at the two hatcheries
from 1986 to 1987. Ni agara Springs in 1987 was 1.0Z2 and in 1986 was
3.27. Hagerman NFH in 1987 was 1.1% and in 1986 it was 3.62. These
differences in the percent of the descaling rates «.snmall enough to
be due wchance variability only and cannot be shown to be
statistically significant.

Both scattered and two-area descaling rates at the observed
of f-hatchery rel ease sites showed no detectable difference fromthe
rates observed prior to release (Table 4). As with the sanples taken
from the chi nook salnon at hatcheries and at release sites, the
difference in descaling rates for steelhead trout at the hatchery and
at release sites is mnimal and is not influenced by the transport
met hods.

Chi nook Sal non Descaling at Traps

Weekly standard descaling rates for yearling chinook salnon at the
Snake River trap ranged from 02 to 15.9% the peak occurring in late
April. Standard descaling at the Clearwater River trap ranged from

1.2Z in early April to 9.9%during the third week of April. The Sal non
River trap had weekly extrenmes of 0.9Z and 3.2Z standard descaling the
first and third week of April, respectively. Seasonal averages at the

Snake and Clearwater River traps were up over the 1986 averages (Table
5). In 1987, the Snake River trap showed the highest average standard
descaling in chinook salnmon (10.4% that has been observed at that
trap. This value is somewhat exaggerated due to the trapping
condi tions encountered in 1987. The | ow water conditions and reduced
velocity at the trap site had an influence on the fish captured; the
descal ed and weaker fish were captured at a greater rate than healthy
fish. The 1987 descaling data for chinook sal non at the Snake River
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Table 3. Chinooksalmon descaling rat es (percent) at hatcheries and
rel ease sites, 1987.

Hatchery
__{release Site) Standazd Two-area Scattered
Rapi d River Hatchery 0.3 1.2 1.8
(Rapid River)
McCall Hatchery 0.3 0.6 1.2
(s.F. Sal non R) 0 0 0.3
Sawt 00t h Hatchery No observation made at hatchery
éCrooked Ri ver) 0.6 2.2 5.6
White Sands (O eek) 0.6 1.7 6.7
Xooskia NFH 0.3 1.7 4.6

(C ear creek)

Dworshak NFH ) 0.3 0.3 0
(N.F. Clearwater River)

Table 4. Steelhead trout descaling rates (percent) at hatcheries and
rel ease sites, 1987

Hat chery
_{releage site) Classical - Tvwo-area Scattered
Ni agara Springs Hatchery 0.1 1.0 4.3
{Snake R I—?e Is Canyon Dam o 7 0.7 4.6
Pahsimeroi R| ver) 0.6 4.7
Hagerman NFH 0.2 1.1 3.2
(Salmon R. & Sawtooth Hat.) Q 0.3 2.6
(Slate Creek) 0 1.6 4.0
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Tabl e 5. Seasonal mean standard descaling rates (percent) for
yearling chinook -salmon, hatchery steelhead trout, and wild
steelhead trout e t the Snake, Clearwater, and Sal non river
traps, 1984 through 1987

Sal mon Snake Clearwater

Speties Year River Ri ver Ri ver
Year | i ng chinook sal non

1984 4.5 2.5 1.5

1985 2.4 2.6 0.6

1986 - 3.8 0.7

1987 2.0 10.4 4.3
Hat chery steelhead trout

1984 8.7 5.5 4.1

1985 10.1 6.2 2.1

1986 - 14.5 6.3

1987 6.2 6.2 4.0
W d steelhead trout

1984 2.1 1.4 0.4

1985 0.7 0.8 0.7

1986 2.7 0.8

1987 2.5 3.3 1.3
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trap should not be considered representative of the condition of the
1987 chinook outmigration due to the propensity of the trap to select
for weaker fish when river velocities are very |ow

I ncreases of standard descaling rates of chinook sal mon catches at
the Cearwater River trap were also greater than seen in previous
years. There are several explanations for this increase. The first
explanation is the fact that the Iive box on the Clearwater River trap
was nodified in 1987 and this nodification. caused sone increased
turbulence in the live box that resulted in increased descaling and
stress on the fish. Another problem associated with the |live box of
the trap was the fact that the new design allowed for a greater
retention of fish captured, and over crowding in the live box was a
severe problem on several occasions when in excess of 10,000 fish were
col l ected in one evening. The probl ens associated with the trap live
box have been corrected and these problenms are not expected to reoccur
in the future.

St andard descaling rates observed at the Salnmon River trap in 1987
were simlar to descaling rates in 1985 and 55% | ess than rates in
1984. At 2.0% standard descaling, the Salnon River trap was the |owest
of the three traps in 1987.

Weekly descaling rates of chinook salnon at Lower G anite Dam
ranged from1l.1%in md-July. to 5.0%in early My. The average
descaling rate at Lower Granite Damfor the 1987 season was 4.4%  This
compares to an average rate of 3.5%in 1986.

There was no observed descaling of sub-yearling chinook sal non at
any of the trap sites. Sub-yearling chinook salnmon are not
differentiated at Lower Ganite Dam due to the extreme difficulty in
i dentifying age-O chinook. Therefore, a conparison between descaling
of sub-yearling chinook at the traps and Lower Ganite Damis not
avai | abl e.

Hat chery Steel head Trout Descaling at Traps

Standard descaling of hatchery steel head trout at both the Snake
River and Cl earwater River traps i-n 1987 decreased from 1986 and were
simlar to the rates seen in 1984 and 1985 (Table 5). The probl ens
encountered with chinook salnmon descaling at the Snake and C earwater
River traps was not witnessed in steelhead trout sanpled in 1987. The
weekly averages at the Snake River trap ranged from 3.3% to 11.8% wth
the peak occurring in late May. The seasonal average was 6.2%

The C earwater River trap averaged 4.0% for the season and ranged
weekly from1.3%in late April to 18.5% the last week of June.

Hat chery steel head trout sanpled at the Salnmon River trap showed
standard descaling rates of 6.2% for the season average. This is the
| owest seasonal rate yet observed at the Sal mon River trap. Weekl y
rates ranged fromb5.8%the end of April to 9.1%two weeks earlier.
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Weekly descaling rates of hatchery steelhead trout at Lower
Ganite Dam ranged from 0.3% the first week of July to 4.4%in md-Muy.

W d Steel head Trout Descaling at Traps

St andard descaling of wild steelhead trout at all three trap sites
in 1987 was greater than the rates observed in previous years (Table
5). The increase in wild steelhead trout descaling while the hatchery

contingent showed a decrease in descaling cannot be expl ai ned. The
Snake River trap averaged 3.3% for the season, with a range of 1.82 to
5.62 occurring in early June and late April. The Cearwater River trap

ranged fromO0.3%to 16.7% in late April and |ate March, respectively,
with a seasonal average of 1.32. The Salnmon River trap catch of wild
steel head trout showed a range in the weekly standard descaling rate of
2.3%in late April to 11.1%in late Mrch. The seasonal average was
2.5%

Descaling of wild steelhead trout at Lower Ganite Dam during 1987
ranged from 0. 7% the second week of June to 3.5%the second week of
May.

When conparing standard descaling rates from 1984 to later years,
it should be noted that the 1984 descaling criterion does not include
fish that had scales mssing in a l|longitudinal band (#9 s). This
condi tion was added in 1985 and increased the descaling rate slightly;
therefore, the 1984 descaling rates are sonewhat |ow relative to 1985,
1986, and 1987 rates.

Trap Efficiency

Snake River Trap

The Snake River trap daily catch of yearling chinook sal mon was
too low to mark fish for trap efficiency tests in 1987. About the sane
nunber of chinook salnmon smelts passed the trap as in previous years,
so the trap efficiency for chinook sal mon nust have been greatly
reduced. A rough estimate of trap efficiency would be 10 to 30 tines
less than the 1.2% of previous years, although there is little data to
substantiate this estinate.

The reduced trap catch in 1987 is attributed to |ow water
velocities associated with the extrenely low runoff conditions. A
threshold water velocity of about 2 feet per second at the mouth of the
trap is required before the trap will effectively collect chinook
smelts. Velocity at the mouth of the trap rarely exceeded 2.3 feet per
second and was generally near 1.5 feet per second during the 1987 field
season.
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The total catch of steelhead trout snelts at the Snake River trap
was conparable to other years. Efficiency tests were not conducted due
to sporadic and unpredictable catch rates and to poor condition of
steel head trout snelts. Snelt condition was especially poor in June
when daily steelhead trout catch was over 1,000 fish. At this tine,
the steelhead trout snelts that were collected showed signs of
starvation, possibly due to the large nunber of snelts that had stalled .
in Lower Granite Reservoir, due to the |ow flow year, and the intense
conmpetition for food.

Clearwater River Trap

Trap efficiency for yearling chinook salmon was tested a total of
24 tines over a discharge range of 6,000 cfs to 33,000 cfs during the
past four years: 1984 through 1987 (Table 6). Efficiency estimtes
ranged from 0.212 to 8.48% An analysis of variance, with efficiency
data nornalized by the arcsin¥x transformation, showed no significant
difference in trap efficiency between years, at the 0.05 | evel of
significance (F=1.609, P=0.224). An analysis of variance of the slopes
of the lines of the four years of data were tested and no significant
difference was found between the slope (F=0.344, P=0.794). Discharge
was added to the equation of efficiency and years to see if it had an
effect on efficiency between years and again there was no significant
difference (years F=0 775, P=0.525; discharge F=0 440 P=0.517). Since
no significant difference was found, the four years of data were pool ed
to estimate trap efficiency. An analysis of variance showed no
relationship between efficiency and discharge at the 0.05 |evel
(F-2.886, P=0.106). The mean chinook salnmon snelt trap efficiency was
2.18% with a 95% confidence interval of 0.17% at the Cearwater R ver
trap:

£ +cl = 00218 + 0.0017.

Trap efficiency for hatchery steelhead trout was tested 11 tines
bet ween 1985 and 1987 over a discharge range of 13,000 cfs to 33,000
Cfs. Efficiency estimates ranged from 0.02% to 0.43% (Table 7). An
analysis of variance, with efficiency data normalized by the arcsinyk
transformation, showed significant difference, at the 0.1 level, in
efficiency between years (F=3.761, P=0.071). It'’s difficult to
deternine whether this relationship truly exists or if it is an
artifact of snmall sanple size. The slope of the lines of the three
years of data were tested and no significant difference was found
(F=1.035, P=0.421). Discharge was added to the equation to see if it
had an effect on efficiency between years. The slope of the lines was
not discernible from zero (F=2.633, P=0.149) but there was a
significant difference in the relationship between efficiency and
di scharge by year (year F=5.670, P=0.034). |t appears there is a year
affect on efficiency when adjusted for discharge. Efficiency varied by
year, below the 0.05 level of significance, only when the variable
di scharge was added to the equation. Because of the effect of year on
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Tabl e 6. Clearwater River trap efficiency tests forchi nook salmon
smolts, 1984 through 1987.

\
Recapt ures/ Mean Q
— Release date Mark Efficiency ds )
1984 4/5 4/418 0.0096 21
4121 13/806 0.0161 33
4/25 3/489 0.0061 31
5/10 14/453 0.0309 24
1985 3/25 ‘x 14/607 0.0230 9
3/30 45/1,511 0.0298 9
415 6/1 ,079 0.0056 18
419 2/940 0.0021 15
4/16 71929 0.007s 33
1986 3/27 9/1,555 0.0058 22
4/2 8/1,714 0.0047 29
1987
hat chery 3/20 43/ 2,160 0. 0199 13
rel eases 4/22 50/ 2, 000 0. 02s0 6
4/ 7 165/ 1, 945 0. 0848 10
4/ 13 74/ 2,000 0. 0370 13
4/20828 103/ 4, 000 0. 0258 18
trap 4/2 33/1,926 0.0171 6
caught 4/ 3 11/ 1, 458 0.0075 8
4/6 15/1,872 0.0080 9
4/7 15/1,163 0.0129 10
4/9 9/450 0.0200 12

Overal | efficiency and 95% confidence linits:
0.0218 ¢ 0.0017

Limt as percent of estimate = 7.84
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Table 7. Clearwater River tr%p efficiency for steelhead trout snelts,
1985 t hrough 1987. .

]

Recapt ur es/ o Mean Q

___ Release date Mar k Efficiency cfs)
1985 5/7 2/464 0.0043 . 29
5/11 1 /384 0.0026 33
1986 4/ 14 7/ 4,140 0.0017 20
4/30 1/4,190 0.0002 20
5/7 2/4,260 0.0005 29
5/11 5/ 4,247 0.0012 29

1987

hatchery 4/13 6/4,071 0.0015 13
br ands 4/ 20 9/ 4, 060 0. 0022 16
4/ 28 2/ 4,000 0. 0005 26
trap 4/21-22 6/1,604 0.0037 13
caught 4/24 21775 0.0026 15

1987efficiency and 95% confidence limts:
0.0021 ¢ 0.00085

Limt as percent of estimte = 40%.
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efficiency, the data cannot be pooled, and the nean efficiency for 1987
was:
x +cl = 0.0021 + 0.00085

Sal mon River Trap

Chinook salnon trap efficiency at the Salnon River trap has been
estimated 15 tines from 1984 through 1987 (Table 8). An anal ysi s of
variance with efficiency data, nornalized by an arcsin4X transformation
showed no significant difference in trap efficiency between years at
the 0.05 level of significance (F=1.693, P=0.225). The slope of the
line of the three years of data were tested, and no significant
difference was found between the slopes (F=0.813, P=0.474). Di schar ge
was added to the equation to see if it had an effect on efficiency
bet ween years. This analysis showed that the slope of the I|ines was
di scernible from zero (F=16.366, P=0.002) and that there was a
significant difference in trap efficiency between years which was due
to the effect of discharge (F=10.635, P=0.003). Because of the
differences in trap efficiency between years, the data cannot be pooled
and the trap efficiency for 1987 was used:

x + c1-0.0085 + 0.0018.

An anal ysis of variance was conducted to see if there was a
rel ati onship between efficiency and discharge when only the 1987 data
was used. The anal ysis showed there was a significant relationship at
the 0.05 |evel (N=8, r2=0.734, P=0.007) and that the equation for
predicting efficiency was:

arcsinfefficiency = 11.149 - 0.813 discharge

The Salnon River trap captures too few steel head trout smelts for
trap efficiency tests. Therefore, in 1987, steelhead trout snelts were
marked at hatcheries and transported to the Sal non River approxinately
2 kmupstream fromthe trap location and rel eased for efficiency

tests. Three such groups were released at approxi mately seven-day
intervals. Mean steel head trap efficiency at the Salnon River was
0. 25%

X +cl=20.0025 + 0.0009.

Not enough data points are available to do a regression between

steel head trap efficiency and discharge. It is difficult to perform
more steelhead efficiency test with hatchery-marked fish because of the
time involved in freeze branding, linmted hatchery space to keep the

i ndi vidual groups separated, and the difficulty associated wth
transporting branded groups to the trap site.
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Table 8. Salmon R i v e r trap efficiency tests for yearling chinook
salmon smelts, 1984, 1985 and 1987.

: Recaptures] Mean Q

- Release date Mark Efficiency {kcfe)
1984 8/6-7 4/ 314 0.0127 9.2
4/10-11 22/ 1270 0.0173 9.0

4/ 13-17 11/ 1374 0.12080 10. s

1985 4]/ 4-s 71423 0.0165 8.6
4/7-9 23/ 1168 0.0197 $.8

4/10-11 20/ 1288 0.0155 13. 4

4/ 28- 30 4/538 0. 0074 12.3

19B7 3/ 2B-31 31/ 1225 0. 0253 4.4
4/ 2-4 2711502 0. 0180 4.7

4/ 6 5/1478 0.0034 6.6

4/ 9 571447 0. 0034 B. 7

4/ 12 8/1500 0.0053 B 4

4/ 16.-17 11/ 1534 0.0072 8.0

4/ 20 371282 0.0023 11.7

4/ 23 3/1024 0. 0029 9.9

overal l efficiency and @5% confidence interval:

X = 0.0106 * 0.0016

Limt as percent of estimate = 15%
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Travel Tine and Mgration Rates

Rel ease Sites to Salmon River Trap

Chinook salmon. There were four’ groups of freeze branded chinook -
salmon released in the Salmn River: one from Sawtooth Hatchery, one
from South Fork Salnmon River, and two groups from Rapid River
Hat chery. CGeneral ly, only one freeze-branded group is released from
Rapid River, but in 1987 the Hells Canyon freeze-brand group was
accidentally mixed with the Rapid River fish. The conbined mark groups
were useful for determining travel tine estimates in the Sal non River
but useless for determining travel time between Hells Canyon and the
Snake River trap.

Medi an rel ease dates for branded chinook sal mon at Sawt ooth
Hat chery, South Fork Salmon River, and Rapid River Hatchery were
March 12, NMarch 31, and April 2, respectively. Distances from point of
release to the Salnon River trap are represented in Table 9. Br anded
chinook fromthe first Rapid River group began arriving on March 20,
followed by the second Rapid River group on NMarch 22. The Sawt oot h
group began arriving on March 23, and the South Fork Salmon River group
on April 7 (Figs. 13 and 14). Medi an passage of these groups foll owed
the sane order, with both Rapid River groups passing on April 4, the
Sawt oot h group passing on April 13, and the South Fork Sal non River
group passing on April 18.

The Sawtooth Hatchery chinook brand group migrated fastest (16.2
km d), followed by the South Fork Salmon River group (13.0 kmd), and
the two Rapid River groups (9.2 km/d). The 1987 travel tinme of the
Sawt ooth and South Fork Sal mon River groups was simlar to that
observed in 1983. Average discharge during the migration period for
the South Fork Sal nmon River group in 1983 and 1987 was the same and
| owest of the four years exam ned (Table 10). Average di scharge during
the mgration period for the Sawtooth Hatchery group was 3,500 cfs
lower in 1987. The slow rate of novenent of the Sawtooth group in 1987
may be attributed to | ower than normal flows and an early rel ease
date. The Sawt ooth chinook were released two weeks earlier than
normal, and it is suspected that they noved very slowy until the water
t enperature war ned.

The majority of the two Rapid River brand groups passed the Sal non
River trap with a 5,000 cfs increase in discharge that occurred from
April 4 to 9 (Fig. 13). The South Fork Sal mon River chinook brand
group began noving with this same peak in discharge although they did
not start to arrive until April 8. This is probably when the brand
group first reached this portion of the river on their down stream
m gration. As this peak begins to subside, the South Fork fish
moverment slows. The South Fork brand group began noving again .with the
next peak in discharge, which occurred from April 17 to 24. Most  of
the South Fork Sal mon River fish had passed the trap by April 24. The
Sawt oot h chi nook brand group began arriving in large nunbers earlier
than the other brand groups (Fig. 13). The peak nmovenent of the
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Table 9. River wile & kilonweter index fOI the Snake River Drainsge.

Houth of Houth of Lower Snake River Cleoasrvater Salvon River

Colunbia R. Snake River Granite Dan Trap Site R. Trap Site Trap Site

i ke Hi [ ni ke i ke ni kere (39 kee
MHouth of Snake River 324.3 S21.8 0.0 0.0 107.5 172.9 139.6 224.6 145.7 234.3 241.4 366.4
Couer Granite Dam 431.8 694.8 107.5 173.0 0.0 0.0 3271 51.6 38.3  ©1.5 133.9 315.%
Clearuater R. Trap Site 470.0 ?56.2 145.7 234.4 38.2  €1.5 - = 0.0 0.0 - <
Highuay 95 Boat Launch 473,277 761.4 1486.9 239.8 "41.5 ©6.8 - = 3.2 5.1 = =
Dworshak RFH 504.2° @811.3 179.9 289.8 72.4 116.5 = = 34°.27788TH = =
Kooskia NFH §41.6 871.4 217.3 349.6 109.8 176.7 = = 71.57711870 = =
Crooked River 604.3 972.3 280.0 450.5 172.8 277.6 = =TTTIA8 2160 = =
Red River Rearing Pond 618.0 994.4 293.7 472.6 196.2 299.86 - STTTiseToT 2381 = =
Shake River Trap Site 463.9 746.4 139.6 224.6 32.1  51.6 0.0 0.0 = =" TT101.8 163.6
Asotin Creek 469.8" 755.6 145.3 233.8 37.8 ©0.8 8§77 9.2 = - = =
flouth of Grande Ronde R. 493.0 793.2 168.7 271.4  61.2  98.5 29.1 “46.8 < = = =
Cottonuood Creek S521.7 833.4 18774 317067 "89.3 i44.6 57.8 93.0 = = = =
Lookingglass Creek 580.4 933.9 256.1 41271 146.6 239.1 116.5 187.4 - - - =
Big Canyon Creek 585.9 942.7 261.6 420.9 154.1 D247.9 122.0 196.3 = - = =
Spring Creek 614.4 988.6 290.1 466.8 182.6 293.8 150.5 242.2 - = = =
Catherine Creek 636.9 1024.8 312_& S03.0 205.1 330.0 173.0 278.4 = =
flouth of Salwon River §1375 824 67 188.2 302.8 80.7 129.9 48.6  78.2 = = 83,27 85'6
Innaha River §16.0 ©30.3  191.7 309.1  84.2 135.7 52017 "@3.8 = = = -
Littie Sheep Creek 55378 891.1 229.5 369.3 12270 196.3 ©9.9 144.5 < < < =
Innaha Coll. Facilily 8§65.6 910.2 241.3 ~386.3 "133.8 215.4 "10i1.7 1i63.6 = = - =
Hells Canyon Dan 571.3 7919.27 247.07 7397.4 139.5 3224.5 "107.4 172.8 = = = =
Salwon River Trap Site 565.7 910.2 241.4 386.4 133.9 215.4 101.8 163.8 - = 0.0 0.0
Rapid River Hatchery 60S.8 974.7 201.5 452.3 174.0 2080.0 141.9 238.3 = = 0.1 64.3
Hazard Creek 616.7 335.5 294,34 473.77186.9 300.7 154.8 249.1 = - 530 83503
S.F. Salwon @Know Bridge ¢19.¢ 1158.0 395.4 636.2 207.9 463.2 255.8 Aii.6 = =TTTIsSeT0 T 2a7E
Pahsineroi Hatchery 817.5 1315.4 493.27 933.6 385.7 ©20.6 353.6 568.9 = STTTEs1Te T 40501
E.F. Salmon © Trap Site 873.6 1405.6 549.3 083.8 A441.8 710.9 409.7 659.2 - =TTTI0F.S T 495.5
Santooth Hatchery 896.7 1444.27 573037 93374 T4E5.8  749.5 433.7 £97.8 - ZTTT331097 s3940
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rabl. 10. Migration statistics for branded chinook salwon smoltis released ¢ { three SitS on the Sglmon River
e Nd wi grati ng past the Sal non Ri ver trap. 1983 through 1997.

Dates Di stance Hig:::ion brands Hht'f.:"aaird'_
Rele s0Sites Rel wase  Arrival K> Knsdayd recap. kefsd
SouthFork Sal won R ver
4/05,03 4/23/83 240 13.7 134 2.0
41/ 10794 4/ 19/84 248 27.5 108 12.6
4/ 02/ 6S 1/ 12/85 240 24.8 70 10.2
/3 187 4/ 18,07 248 13.0 290 7.1
® = 19.8
Sautooth Hatchery
3/29/83 4/ 29/ 93 534 17.2 L14 9.s
3/20/84 1/ 19,84 534 24.3 124 10.2
3/27/05 o/1 1/08 534 35.6 123 7.9
3/ 12787 4/ 13707 534 16.3 108 6.0
» = 23.4
Rapi d River
3/25/93 “/04,83 65 7.1 149 r.2
4/0 1,04 4013/ e4 6S S.3 286 8.8
o /02/ e5 4/09/985 6S 8.2 53 .S
4,02/87 4/08/87 65 9.2 B1 6.1
4/02/87 4/ 08/ 87 6S 9.2 271 6.1



Sawt oot h brand group |agged behind changes in discharge by two to three
days and again the nmgjority of the brand group passed the trap by
April 23.

St eel head trout. St eel head are not captured in | arge enough
nunbers to deternmine travel time frompoint of release to the Sal non
River Trap.

Rel ease Site to Snake River Trap

Due to extreme |low discharge during the 1987 juvenile
outmigration, the Snake River trap efficiency was very |ow (probably
less than 0.012) and, therefore, the nunber of branded chinook
coll ected was much |ower than in previous years. As a result, travel
time and migration rates could not be calculated between rel ease points
and the Snake River trap. M gration statistics for 1984 through 1986
are represented in Tables 11 and 12.

Release Site to the Clearwater Trap

Chi nook sal non. One group of freeze-branded chinook sal non was
rel eased from Dworshak NFH on April 2, 1987. The travel time to the
Clearwater River trap for this group was four days (Table 13). This

compares to a travel time of one day for the two previous years (1985 &
1986) . Average discharge during the migration period in 1987 was 7,200
cfs; 76%less than in 1986 (29,000 cfs) and 58% 1 ess than in 1985
(17,300 cfs). The extrenme |ow discharge in 1987 is nost likely
responsi ble for the 75% reduction in travel tine. Di scharge at the
time of the release was approximately 7,000 cfs (Fig. 15).

St eel head trout. Three groups of freeze-branded steel head trout
were rel eased above the Clearwater River trap in 1987. The Crooked
Ri ver release group, the farthest upstreamrel ease group, was released
on April 14 and had not passed the Cearwater River trap by April 29,
when trapping was termnated for 22 days due to high water (Table 13).
The O ear Creek group was released on April 17 and the travel tine was
four days (28.8 knmid). There is no previous information with which to
conpare these upriver releases. The Dworshak rel ease was nmade from
April 20 to 23. Because the rel ease was made over a four-day period,
mgration rate cannot be cal cul ated over such a short distance. Large
nunbers of branded” steel head were collected the day after releases; the
travel time may be about one or two days (Fig. 16). In previous years,
the travel tinme for the Dwrshak aroup was one dav.
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Table 11. Migration statistics For freeze branded chinook snelts from relesse sites to the
Snake River trap, 1984 through 1987.

Median Median Travel Migration
re 1 ease passage Nunber time rate Mean O (kcfs)
Release site Year date date captured (days > <(km/day) Salmon R Snake R.

Rapi d River 1997 1s

1996 3/ 27 4/ 10 237 14 16. 3 15.4 82.9

1905 4/ 2 4/ 12 320 10 22.9 10.6 67.6

1984 4/1 4/18 197 17 13.4 10.1 79.3
Hells Canyon 1997 1/

1996 3726 4,3 269 8 21.6 83.8

1985 3/19 4/ 3 544 14 12.4 43.0

1964 3/ 20 3/ 29 704 9 19.2 81.4
s.F. Sal non River 1997 1/

1996 3,28 4,23 229 26 15.8 16.5 70.6

1965 4,2 4/ 17 76 15 27.1 14.0 71.0"

1 994 4/ 10 4/ 24 230 14 29.0 14.5 91.7
Sawtooth Hatchery 1997 1/

1996 3’17 4/ 14 49 29 24.9 13.6 81.4

1985 3/ 27 4/ 14 165 18 39.7 9.6 "60.1

1904 arsze 4/2 1 136 24 29.0 11.8 94.0
Lookingglass Cr. 1987 1/

1996 4,2 4/5 114 3 62. 3 - 92.1

1985 No marked rel ease group.
1984 No narked rel ease group.

1/ NOT enough recaptures at the Snake  R'ver trap.
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Table 12. Mgration statistics for freeze branded steelhead trout snelts from release sites
to the Smake River trap, 1985 through 1987.
Median Median Travel Migration
re 1 ease passage Numnber time rate Mean @Q<Ckefs)
Release site Year date date captured <(days> C(km/day? Salmon R. Snake R~
Sawt oot h Hat chery 1987 4/ 14 5 Not enough recaptures at the
Snake R. trap.
1936 4/9 5/" 21 11 42 16.6 24.0 73.4
1985 4/9 s/7 28 24.9 19.5 62.6
E.F. Salmon Ri ver 1987 4/8 5 Not ernough recapturesatthe
Snake R trap.
1936 4/8 5/24 9 4S5 14.6 24.7 73.9
1905 4/ 17 S/1 22 30.0 20. 6 56. 4
Hel I's Canyon 1937 3/ 26 5019 16 55 33.5
1936 4/ 29 S/1 38 2 86.4 69.1
1985 4/ 30 S/3 3 57.6 52.9
Spring Cr. 1937 4/ 26 Not enough recaptures at the™
Snake R. trap.
1936 S/1 5/ 27 14 26 9.3 72.9
4/30 1 Not e recaptures at the
Snake R trap.
4/3 2 Not enough recaptures ® t. the
Snake R trap.
19315 5/9 S/19 10 24.2 46. 4
Cottonwood (. 1987 4/ 26 4/ 30 5 39.3
1906 4,28 5/5 1:: 13 13.0 2.3
4/28 5/ 6 29 8 12.0 72.2
4/ 20 S/5 42 7 13.0 72.3
Little Sheep Cr. 1987 5/2 Not enough recaptures at the
Snake R trap.
1986 4/ 20 S5/8 16 10 12.0 72.1
4/ 27 2 Not enough recaptures at the
Snake R trap.
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Table 13. Mgration statistics for freeze branded chinook salmon and steelheadtroutreleased
e txwm the Clearwater River trap, 1987.

Release Median Dates Number Number Migration Travel Mean O
Speci es Site Re 1 ease bé_s-sage Rel eased Recap. rate Km/day Ti me (kcfs)
Chinook Dworshak HFH 04/0 1 04/04 61,560 1416 13.8 4 7.2
Steelhead Crooked River 04/ 14 - 413, 557 2
Steelhead O ecar Creek 04/17 04/ 20 33, 097 S9 28.8 4 14.1
Steelhead Duorshak HFH 04/2 1 04,22 43,081 )
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Head of Lower Granite Reservoir to Lower G anite Dam

Chi nook sal non freeze-brand groups. In 1987, only 5 of the 27
groups of freeze-branded chinook salnmon could be used for travel tine
cal cul ations through Lower Ganite Reservoir because of the operationa
problens at the Snake River trap discussed earlier. All 5 of these
groups were from the O earwater River drainage. Average travel tinme
fromthe Clearwater River to Lower G anite Dam -for the Clearwater River
chi nook sal non freeze-brand group ranged from 13 to 30 days (Table 14).

Chi nook sal non Pl T-tag groups. In 1987, sufficient nunbers of
chi nook salnon were PIT tagged (Prentice et al. 1987) daily at the
Snake River trap to provide 25 groups (3,275 total) to estimate travel
time and migration rate through Lower Granite Reservoir. I ndi vi dual
chi nook sal non snelt travel tinmes fromthe Snake River trap to Lower
Granite Reservoir ranged from4 to 22 days. Median travel time ranged
from 22 days early in the migration season to 3 days late in the season
(Table 15). There was a substantial change in nedian travel tine
between April 14 and April 22 related to an increase in discharge
Prior to April 14, the average nedian travel time through Lower Ganite
pool was 18.0 days (migration rate = 2.9 kmday) and after April 22 the
average nedian travel tine was 5.6 days (mgration rate = 11.9
knmday) . Average daily discharge for the PIT-tag groups released prior
to April 14 was 33.5 kcfs and ranged from 31 to 41 kefs. Average daily
di scharge for PIT-tag groups released after April 22 was 79.3 kcfs and
ranged from 55 to 94 kcfs. A linear regression of travel time and
di scharge was cal cul ated and showed a strong relationship between the
two variables (N=24; r2=0.877; P=0.000).

In an attenpt to better illustrate the relationship, travel time
and discharge were plotted on equal -interval scale graph paper. The
relationship between the two variables was slightly curvilinear.
Therefore, to linearize the relationship, several |og transfornmations
were tested and found that the linear regression of the log of travel
time and di scharge provides the best fit (N=24; r2=0.938; p=0.000):

log nedian travel tine = 3.863 - 0.027 average discharge.

PI T-tagged fish can be individually identified within each daily
rel ease group and, therefore, nean travel tine can be calculated on a
daily basis in addition to nmedian travel tinme. Mean daily chi nook
travel time ranged from23.1 to 3 days (2.2 km/day to 17.2 km day).
Mean daily travel time differed only slightly from median daily trave
tine. Early in the season, nean travel tine was 23.1 days, while
nedi an travel tine was 22.5 days. Late in the season, nean and nedi an
travel time was 3.0 days

A linear regression analysis of nean travel tine and di scharge was
done (n=24; r2=0.956; P=0.000). There was only a slight difference in
the coefficient of deternination between nean and nedian travel tine
(mean r2=0.956, nedi an r2=0.938).
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Table 14. Chinook snelt travel time and nigration rate to Lower

fish passing the Snake River trap from upriver

r el eases,

19685 t hrough 1987.

Granite Dam from the head of Lower

Granite pool using

Snake/Clearwater trap

Lower Granite Dam

Med 1 an Pled 1 an Miagration Man 0

passage Nunber arrival Number Travel time rate at LGD

Year Brand Release Site dat e captured date LGO captured (days > <km day > Ceefs)
“1585 RDR-1" Sawtooth Hhkchery 4/14 165 S5/4 4,313 20 2°6 89
ROR-3 S. F. Salmon River 4/ 17 76 5/ 14 4, 193 27 1.9 8s
LOR- 1 Rapid River 4/ 12 370 4725 9,422 13 4.0 96
LOR-3 Hel I s canyon 4/3 544 4/13 7,111 10 5.1 88
LDR—4 G ands Ronde River 6/4 13s 6/23 6,668 19 2.7 9
ROR-2 Dworshak NFH 474 248 4,27 6,403 23 2.7 94
1966 RAJ- 1 Lookingglass Cr. (fall) 3725 3 41 1 159 17 3.1 105
RAJ-2 Lookingglass Cr. 4/5 38 4/ 14 3,741 9 5.8 99
RAJ-3 Lookingglass Cr. (fFall) 4/4 13 4/ 9 333 5 10.3 99
RAJ-4 Lookingglass Cr. 4/5 76 4/ 21 2.593 16 3.2 95
Loy- 1 Rapid R ver 4/16 237 4/ 20 10, 599 4 12.9 a8
LDY-3 Hells Canyon 4/3 269 4/ 16 9, 898 13 4.0 100
RAY- 1 Dworshak NFH 4/2 312 4/ 21 4,703 19 3.2 97
ROY- 1 Sawt oot h Hat chery 4/ 14 49 4/ 23 2,245 9 5.8 a9
ROY- 3 S. F. Salmon R ver 4/ 23 229 S/3 5,921 10 “ 5.1 96
19e7 RAR-1 Dworshak M-H 4/ 4 1,416 4]/ 24 11, 069 21 5.1 37
RD4-1 Clearwater River 1/ 3/ 20 re 1 ease 4/19 551 30 2.2 33
RD4-3 Clearuater River 17 4/2 re 1 ease 4/ 20 436 19 3.5 35
RA4-3 Clearwvater River 1t/ 4,7 re 1 ease 4/ 19 430 13 5.2 38
RA4-1 Clearwater River 1/ 4/ 13 re 1 ease 4/ 29 334 17 3.9 46

1/ Rel eases nmmde

on Clearwater River at

U S Highway 95

launch (Rkm-15.5>.



Table 15. Chinooksalmon PIT tag travel tine, with 95% confidence
intervals, fromthe head of Lower G anite Pool to Lower
G anite Dam 1967.

Medi an
travel Per cent Aver age

Rel ease time  confidence Intexrval*” Nunber captured discharge
_date day ) Uu_er Lower captured (kcfs)
03/ 23/ 87 19.0 25 17 14 23.3 31.5
03/ 24/ 87 21.0 24 17 31 33.0 32.2
03/ 25/ 87 20.0 22 16 31 32.6 31.9
03/ 26/ 87 21.0 24 20 30 29.7 31.9
03/ 27/ 87 21.0 23 19 35 29.9 32.1
03/30/87 22.5 25 18 24 28.9 34.1
03/31/87 18.5 22 17 36 36.0 33.1
04/01/87 18.0 19 17 33 28.9 34.2
04/02/87 18.0 20 16 76 39.4 35.2
04/03/87 19.0 22 17 65 31.6 36.1
04/06/87 19.0 20 17 75 36.1 38.1
04/07/87 17.0 18 15 57 31.3 38.0
04/08/87 18.0 21 15 59 29.2 39.3
04/09/87 18.0 20 16 49 28.5 40.1
04/10/87 15.0 16 13 55 34.6 38.7
04/13/87 11.0 13 10 20 26.3 38.2
04/14/87 13.0 15 12 33 30.8 41.3
04/22/87 8.0 9 7 12 26.1 55.3
04/28/87 4.0 4 3 85 37.4 87.4
04/30/87 3.0 4 3 54 21.2 93.6
05/01/87 5.0 7 4 134 43.5 81.9
05/04/87 6.0 8 4 22 40.0 80.0
05/05/87 7.0 9 4 10 40.0 77.7

/06/87 6.5 12 4 8 8.1 79.0

* Confidence intervals calculated with nonparametric statistics
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Percent recovery (integration) of daily release PIT-tagged chinook
groups at Lower Ganite Dam ranged between 20.9% and 43.5% and averaged
39.2%  Seasonal percent recovery of pit tagged chinook salnon to Lower
Ganite was 32.6%, to Little Goose it was 42.92, and to McNary it was
52.32.

Hatchery steelhead trout freeze-brand (Qroups. In 1987, nedian
passage dates were calcul ated for four groups of freeze-branded
steel head trout at the Snake River trap and five groups at the
Clearwater River trap. These groups were used to determne migration
rate and travel tinme through Lower Ganite Reservoir (Table 16). The
earliest arriving freeze-brand groups at Lower Ganite Reservoir
mgrated through the reservoir at the slowest rate: 15 to 5 days (4.1
to 10.3 km/d). The fastest noving groups in the reservoir entered
Lower Granite Reservoir last (April 30) and mgrated through the
reservoir in five days (10.3 km/d).

The relationship between hatchery steelhead trout travel tine
through Lower Granite Reservoir and average discharge during each
freeze-brand group migration was plotted on standard graph paper and
showed a slight curvilinear relationship. Therefore, several |inear
regression nodel s were calcul ated by | ogging both variables. The best
fitting equation (N-7: r2=0.846; P=0.003) was:

log travel tinme = 3.678 - 0.022 average discharge.

Hat chery steelhead trout Pl T-tag groups. In 1987, sufficient
numbers of hatchery steelhead trout were PIT tagged daily at the Snake
River trap allowing 19 groups (827 individual-fish) to be used in
medi an mgration rate cal cul ations. Medi an travel time ranged from
10.5 to 2.0 days (4.7 kmid to 25.8 knmid) and averaged 4.7 days (Table
17). A linear regression analysis between nmedian travel time in Lower
Granite Pool and average Lower Granite discharge per PIT-tag group was
conduct ed. The best linear regression equation (N 16; r2=0.758;
P=0.001) was:

nedian travel time = 31.773 - 6.406 |og nmean discharge.

The fact that only 76Z of the variation in nedian travel tine is
accounted for by charge in discharge nay be due to the | ow nunbers of
data points at discharges bel ow 50,000 cfs. To renove sone of the
variability in the data and provide a nore biologically mneaningful
rel ationship, averaged travel tine was calculated by 10 kcfs discharge
groups. & |inear regression analysis was conducted and found that the
best linear regression equation (N=6; r2=0.892; P=0.005) Was:

| og average nedian travel time = 2.689 - 0.018 nean discharge
The high coefficient of determnation (r? indicates a strong
relationship between hatchery steelhead trout nedian travel tine

through Lower Granite Reservoir and nean discharge. The | ow
probability (P) indicates this relationship is highly significant.
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Table 16. Steelhead trout smolt travel time and migration rate to Lower G anite Dam from the head of Le
1967 .
Snake/Clearuater River [ ap Louwer (Ganite Dan
Hedi an Hedi an
passage Nunber arrival Number Trave
VYear Brand Rel ease site dat e captured date LGD captured <d
1965 ROV- 1 Sautooth Helchery 577 23 5728 3.510 :
RW-3 E.F. Salmon River 5/9 22 57208 2; 454
LDY-1 Hells Canyon 5/3 44 5711 2,021
RA 17-1 Brende Ronde River 5720 36 5722 12,710
RA 17-3 Grands Ronde River 5/ 19 31 S/721 12,022
LOV-2 Duorshak NFH 4729 &0 574 6,699
1986 RRI J- 1 Cottonuood Cr. 5?5 39 5721 4,460 1
RATJ-3 Cott onwood g£r. 575 43 5/22 5,151 :
RAIJ-1 Cottonuood Cr. 576 29 S/ 18 4,114 1
LAJ- 1 Halloua River 5726 1 5730 211 ] Not
tr
LRJ-3 Walloua River 5/5 2 6/1 450 Not
tr
RAJ-1 Mallows River 5/27 14 5726 1,628 Hedi
da
o _ at
n RAJ~-2 Littl e Sheep Cr. S/5 2 672 734 Nott
r
RAJ-3 Mallows River s/8 2 5730 1,326 Not
tr
RAJ-4 Little Sheep Cr. 5/6 16 5730 1,340 :
LoT-2 Sautooth Hatchery 5721 11 5729 3,772
LDT-4 E.F. Sal non River 5723 9 5/29 1, 552
ROT-2 Hells canyon S/1 38 5/8 5,033
RDT-4 Duorshak NFH 5/G 18 5/ 17 7,194
Lb4-1 Clesruater R Trep 1/ 5/8 5/ 14 1,003
Lbq-3 Clearuater R Trap 17 5713 5722 869
RD4-1 Clearuater R Trap 1/ 4716 4/23 371
RD4-3 Clearuater R Trap 1/ S5/1 579 751
1987 RAI C-1 Cottonuood Cr. 4730 7 579 4,886
RAIC-2 Cot t onwood Cr. 4 30 6 574 5,529
rAI C-3 Cot t onwood Cr. 4 30 7 s/9 5,971
RAIC-4 Cott onwood Cr. 4/30 L] 5/5 4.936
RAR-3 Clear Cr. /20 59 S/ 1 3,500 1
RDR- 3 Duorshak NFH 4722 58 5/1 4,917 :
RDK- 1 Clearuater R. Trap 1/ 47 13 rel ease /26 1,192
RDK-2 Clearuater R. Trap 1/ 4/20 rel ease 4f 30 999
RDK-4 Clearuater R. Trap 1/ 4/28 rel ease 574 692

17 Rel eases mnade 0N Clearuater River at U.S. Highuay 95 I



Table 17. Hatchery steelheadtroutPl T tag travel tine, with 95%
confidence interval, from the head of LowerGanite pool
to Lowver Granite pam, 1987.

Medi an
travel Per cent Aver age
Rel ease time Copnfidence Interval * Nunber captured discharge
dat e dav ) U Lower captured cfs)
04/08787 7.0 18 S 8 40.0 36.7
04/ 10/ 87 10.0 11 8 9 7s.0 37.7
04/22/87 7.5 11 6 12 30.0 50.9
04/27/87 4.0 5 3 24 61.5 76. 2
04/ 28/ 87 3.0 4 3 17 63.0 83.4
04/ 30/ 87 2.0 3 2 22 68. 8 95.4
05/01/87 2.0 3 2 23 74.2 94.7
05/ 04/ 87 3.0 4 3 16 55.2 72.5
05/ 05/ 87 3.0 6 2 24 77. 4 79.6
05/06/87 3.0 6 2 22 73.3 88.0
05/ 07/ 87 3.0 5 2 22 73.3 87.5
05/ 11/ 87 2.0 3 2 26 39.4 81.6
05/12/87 4.0 5 2 16 50.0 93.5
05/13/87 4.0 5 3 17 43. 6 89. 8
05/14/87 5.5 11 4 12 28.6 81.7
05/15/87 4.5 9 2 8 25.0 76.8
05/19/87 6.0 8 3 7 09.6 41.5
05/29/87 6.0 16 5 9 09.4 38.4
87 10.5 8 2 31.5

* Confidence intervals calculated with nonparametric statistics
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Pl T-t agged steelhead can be individually identified within each
daily release group and, therefore, nmean travel tine and migration rate
can be calculated in addition to nedian travel time and mnedian
mgration rate. Mean hatchery steel head travel tine ranged from 14 to
2.5 days (3.6 kmid to 20.0 kmd) and averaged 5 days (10.3 kmid). A
linear regression analysis between nean travel tine in Lower Ganite -
Reservoir and nmean discharge at Lower anite Dam was conduct ed. The
best linear regression equation (N-19; r<=0.602; P=0.000) wa"

log travel time = 3.011-0.019 mean di schar ge.

The coefficient of determnation (r) decreased significantly when
mean travel tinme was used in the |inear regression instead of median
travel time (mean r’=0.602, median r2=0.892, respectively).

Percent recovery of daily hatchery steelhead PIT-tag rel ease
groups at Lower Ganite Dam ranged from 6.32 to 77.4% and averaged
48.21. Overall seasonal recovery of PIT-tagged hatchery steelhead to
Lower Granite was 39.2% to Little Goose it was 45.5% and to MeNary it
was 46. 3%

Wld steelhead trout PIT-tag groups. In 1987, sufficient nunbers
of wild steelhead trout were PIT tagged at the Snake River trap to
provide 12 daily PIT-tag groups (464 individual fish) for nedian travel
tinme calculations (Table 18). This is the first tine sufficient
nunbers of wild steelhead trout have been marked to provide travel tine
data to Lower Granite Dam The PIT tag is the only tool available that
can provide this type of data because of the | ow nunbers of fish
required for marking. Median migration rates for wild steel head trout
ranged from7.9 knmid to 25.8 kmd and averaged 18 km/d. There is a
difference in nmedian nigration rates between hatchery and wld
steelhead trout. It is wuncertain as to the reason for this
di fference. Two possible factors are that wild steel head may be
stronger and, therefore, travel faster and secondly, that the wld
steel head groups mgrated through Lower Ganite Reservoir when
di scharge was greater than did the hatchery steel head trout groups.
There were only 2 groups of wild steel head trout that moved through
Lower Granite Reservoir when average di scharge was |ess than 70, 000
Cfs, while there were 7 groups of hatchery steelhead trout that

m grated through the reservoir when average di scharge was |ess than
70,000 Cfs.

A linear regression analysis between median travel tine in Lower
Granite Reservoir and nean discharge for each PIT-tag group was
conduct ed. The best |inear regression equation (N-12; r2=0.642;
P=0.002) was:

medi an travel tine = 24.901 - 5.009 | og nean discharge.

Therefore, 64% of the variation in nmedian travel tine can be
accounted for by discharge.

An analysis of the slopes of the four sets of data, the
freeze-brand data, the hatchery steelhead trout PIT-tag data, the wld
steelhead trout PIT-tag data, and the average travel time by 10,000 cfs
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Table 18. Wld steel head trout PIT tag travel time, with 5% confidence
intervals, from the head of Lower Granite pool to Lower
G anite Dam 1987.

Medi an .

travel Per cent Aver age
Rel ease time Confidence Interval * Nunber captured discharge
-date {day) _Upper Lower captured (ZA) (kefs)
04122/ 87 6.5 12 &6 8 23.5 47. 3
04/ 27/ 07 3.0 4 2 11 57.9 71.1
04/28/87 3.0 3 2 34 70..5 23.4
04/30/87 2 0 3 2 16 55.2 9s.4
05/01/87 2 . 0 3 2 18 58.1 94.7
0S/04/87 3.0 4 2 21 70.0 72.S
05/05/87 2.0 3 2 18 60.0 72.1
05/06/87 3 0 3 2 13 52.0 88.0
05/07/87 3 . 5 4 2 18 62.1 87.5
05/11/87 2.0 2 2 20 41.7 81.6
05/12/87 2 . 0 3 2 19 52.8 ?6.2
05/13/87 3.0 o 7 9 Sh.2 93.1

X Confidence intervals calculated with nonparametric statistics
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intervals for hatchery steelhead trout PIT-tag data was conducted to
see if there was a significant difference between the slopes (Fig.
17). The analysis of variance showed there was a significant
difference between the slopes (F-4.499, P=0.009). Figure 17 indicates
the freeze-brand data provides the slope that is different as the
freeze-brand data was renoved fromthe data and the analysis was run °
agai n. This time there was not a significant difference in the slopes
of the three lines (F=0 667, P=0.520). The PIT-tag data provides a
broader relationship between travel time and average discharge than the
freeze-brand data because of the ability to release nore narked groups
over a wider range of discharge. This may nake the PIT-tag data mnuch
more valuable for travel time information to Lower Granite Dam

Pl T-tagged wild steel head trout can be individually identified
within each daily release group and, therefore, nean travel time can be
calculated on a daily basis, in addition to median travel time. Mean
daily wild steel head migration rate ranged from6.5 km/d to 22.1 km/d
and averaged 17.4 km/d. A linear regression analysis between nean
travel time in Lower Ganite Reservoir and nmean discharge at Lower

G.anite Dam was conducted. The best linear regression equation (N 12;
r2=0,701; P=0.001)was:

log mean travel time = 8.700 - 1.711 log mean discharge.

The coefficient of deternination (r2) was not inproved when nean
travel time was used in the linear regression instead of nedian travel
time (mean r2=0.701, nedi an r’=0.642, respectively).

Percent recovery of daily wild steelhead trout PIT-tag rel ease
groups at Lower Ganite Damranged from 23.4% to 70.6% and aver aged
56.42. Overall seasonal recovery of PIT-tagged wild steelhead trout to
Lower Granite Dam was 49.4%, to Little Goose it was 59.7Z, and to
McNary it was 61.4X. This conpares with hatchery steelhead trout which
had 48.2% and 39.2% recovery rates for daily and seasonal recovery to
| ower Granite Dam respectively. Recovery of hatchery steel head trout
dropped off toward the end of the migration period, after My 13.

A linear regression analysis was not conducted on average wld
steel head trout travel tine that was broken down by 10,000 cfs
increments because of the |ow number of data points (N-4).

Rel ease Site to Lower G anite Dam

Chi nook sal non. There were 26 chinook sal non freeze-brand groups
rel eased above Lower Granite Damin 1987. M gration rates ranged from
an average of 3.7 kmid for the four groups of Dworshak Hatchery fish
rel eased 5.6 km above the Cearwater River trap (trap efficiency test
groups) to 19.6 knmd for two groups of fish marked at the Sal non River
trap and 19.9 kmid for the two groups rel eased in Lookingglass Creek,

Oregon (Table 19). At release sites, where nultiple groups were
rel eased over time (Salnon and Clearwater River traps), we found an
inverse relationship between migration rate and tinme of release. The

59



09

26

1

0
30 40 60 60 70 80 90 100
Discharge (kcis)

+ Hatchery PIT Tag

-2 Wlld PIT Tag

Fig. 17 Relationship between travel time through Lower Cranite Reservoir and discharge
for freeze branded, PIT tagged and migration rate averaged by 10,000 c¢fs groups
for hatchery steethead and PIT tageed wild steelhead trout, 1987.

~— Freeze Brand
=¥~ 10,000 cfs® Average

(sAeg) swyy |9aeI])



19

Table 19. Migration statistics f or

branded chi nook

salmon from point of release {0 Lower Grani te

Dam  1937.
Release Median Median Number Percent Migration Travel Mean
Site Release Passage Recaptured Recovered Rate Km/day Time Discharge

E.ut th Hatrhory 03713787 " 04,27/867 1128 1,50 16.30 46.00 37 . 03
out? Fork Sal mon™ R 03/31/687 05,02/87 1956 3.50 14.00 33.00 45.00
Rapid River Hatchery 03/ 27/ 07 04/ 26/ 07 3367 7.20 9.03 31.00 35.684
Salmon River Trap 03/ 30/ 87 04/21/97 434 30.80 9. 40 23.00 34. 33
Salmon River Trap 04/04/87 04/23/07 197s 34.00 10.80 20.00 36.71
Salmon River Trap 04,07/87 04/25/07 1039 le. 10 11. 30 19.00 39. 18
Sal non River Trap 04/09/07 04/29/87 14.50 10. 30 21. 00 44.57
Salmon River Trap 04/13/67 04/20/07 1:: 18.90 13.50 16. 00 43. 69
Salmon River Trap 04/18/97 05/01/67 1234 20. 50 15. 40 14.00 57.06
%al| non River Trap 04/ 21/ 97 05/701.,/87 1098 20. 00 19. 60 11. 00 61. 15
al mon River Trap 04/25/87 05/04/07 393 9. 60 18.60 10. 00 74.07
Lookingglass Creek 04/01/87 04/23/07 2408 12. 30 10.40 23.00 35.36
Lookingglass Creek 04/ 01/ 97 04/24/07 2531 12. 40 10. 00 24.00 35.08
Lookingglass Creek 04/ 20/ 97 05/0 1 /87 099 4. 30 19. 90 12.00 59. 25
Lookingglass Creek 04/ 20/ 87 05701 /87 1012 4. 80 19. 90 12.00 59. 25
Lookinggl ass Creek 05/20/87 06/ 13#e7 1929 9.50 10.00 25. 00 35. 26
Lookingglass Creek 050920/ 87 06/ 14/e7 1919 9. 40 9. 60 26.00 34.92
Dworshak NFH 04,/02/87 04/ 24/ 97 11069 18.00 5.10 23.00 36.33
Huy. 95 Launch 03/ 20/ 87 04/18/607 551 25.s0 2.20 30. m 33. 86
Hwy. 95 Launch 04/ 02/ 07 04/ 20/ 07 436 21. 60 3.50 19. 00 . 35. 34
Hwy. 95 Launch 04/07/07 04/19/87 438 22.50 5.20 13.00 37.73
Hwy. 95 Launth 04/ 13/ 97 04/ 29/ 07 334 16. 70 3.90 17.00 46. 20



fastest noving migrants had the latest rel ease dates. Thi s coinci des
with increased discharge at Lower G anite Dam and a hi gher degree of
smoltification in these later fish. A linear regression of nigration
rate and Lower Granite Dam discharge was calculated on the eight groups
of freeze-branded chinook salnmon released from the Salnon River trap
and showed that 942 of the variation in migration rate was accounted -
for by changes in discharge (r°=0.944). This is mainly attributed to
an increase in mgration rate over time in Lower Ganite Pool, which
Wi ll be discussed later in this report. Mgration rate was al so
related to the distance fromthe release site to Lower Ganite Dam
The freeze-brand groups rel eased the greatest distance from Lower
Ganite Dam migrated at the fastest rate. These fish spend nore tine
in the free flowing sections of the river, where migration rate i s nmuch
greater than in Lower Ganite Pool, than do fish released closer to the
reservoir.

Chinook salnon travel tine and average Lower Ganite discharge for
the nedian migration period was cal culated from point of release to
Lower Granite Dam for chinook brand groups from 1985 through 1987
(Tabl e 20). The general chinook outmigration was slightly slower in
1987, an extrene |ow water year, than in the two previous years.
Di scharge at Lower Granite Dam does not correlate well with travel tine
from point of release to Lower Granite Dam because of the large
di stances between release site and the collection facility at Lower
Ganite Dam A large portion of a migrant’s time is spent in streans
in which discharge may not be well represented by discharge at Lower
Ganite Dam

St eel head trout. There were 25 hatchery steelhead trout
freeze-brand groups released above Lower Granite Reservoir in 1987.
Mgration rate ranged from6.8 knmid for the Hells Canyon group to an
average of 33.6 km/d for four groups rel eased fromthe Wallowa Hatchery
(Table 21). Discharge at Lower Ganite Dam during the migration period
ranged from 36,000 cfs to 84,000 cfs.

Miul tiple groups of freeze-branded steel head trout were rel eased
from both the Cearwater and Sal nobn River traps over a two-week
peri od. Mgration rates for the later released groups were nore than
twice as fast as for the earliest released groups. This is probably a
factor of increased discharge during the migration period and a higher
| evel of smoltification for the later groups (Miir et al. 1987).

Hatchery steelhead wuwwaetinme and average Lower Ganite
di scharge for the median migration period was cal cul ated and conpared
from point of release to Lower Ganite Dam for freeze-brand groups
rel eased in 1985 through 1987 (Table 22). In 1987, nost of the
st eel head trout freeze-brand groups nedi an passage tines at Lower
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Table 20. Chinook salmon smelt travel tinme and mgration rate
from point of release to Lower Ganite Dam 1985-1987.

1985 1986 1987

— Release Site Days __kcfs  Days kets Davg kcts
Sawt oot h Hat chery 40 79.03 38 101.93 46 37.08
S. F.  Salmon River 42 85. 41 37 97.94 33 45. 00
Rapid River 23 90.48 25 99.66 31 35. 84
Hel | s Canyon 26 64.92 22 102.00 3 4 35.09
Lookingglass C . 13 101.S82 23 3S. 36
Lookingglass C. 20 96.82 24 35. 88
Dworshak NFH 24 89.54 20 96.82 23 36.33
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Table 21. Migration statistics for

Granite Dan, 1907.

branded steelhead trout frompointof release to Louer

Release
Si te

Sawt 00t h  Hatchery
Sal mon River Trap
Salron River Trap
Selmon River Trap
Hells canyon
Hallowa NFH
Halloua NFH
Halloua NFH
Ualloua NFH
Cottonwood Creek
Cottornuood Creek
Cottonuood Creek
Cottonuood Creek
Crooked River
Clear Creek
Duorshak NFH
Duorshak NFH

Huy 95 Boat Launch
Huy 95 Boat Launch
Huy 95 Boat Launch

Hedian

Release

04/ 14/ 87
04/08/87
04/ 15/ 07
04/ 22/ 87
03/26/87
04/ 26787
04/ 26/ 07
04/26/07
04/26/87
04226/ 97
04/26/07
04/26/87
04/ 26/ 07
04714707
04/ 17/ 87
04/22/67
05705787
04/ 13767
04/20/07
04/28/87

Hedian

05/11/07
0S/03767
05/07/87
05/03/87
04727787
05703/87
05/03/07
05703767
05707787
05/04/87
0S/04/07
05704787
05/05/97
05/23/07
05/01/87
05/01/87
05/10/07
04/26/87
04/30/07

Nunber

1196
905
loll
31E5
4009
169
402
105
5529
5971
4006
4936
2363
3500
4917
406
1192
999

Percent  Higration Travel

Passage Recaptured Recovered Rate Kn/day Tiwe Di
1.10 26. 00 28. 00
25. 30 8. 30 26. 00
20. 50 9.40 23.00
21. 60 18. 00 12.00
6. 20 6.00 33.00
3.30 36.70 0.00
1.20 36.70 8. 00
3.30 36.70 0.00
1.30 24.50 12.00
27.50 16. 10 9.00
29.70 16.10 3.00
24. 30 16. 10 9.00
24.50 14.50 10.00
4.90 6.90 40.00
10. 30 11.00 15.00
11.40 11.70 10. 00
10. 00 19. 40 6.00
29. 30 4.80 14.00
24. 60 6. 10 11.00
17.30 9. 60 7.00

05/04/87
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Table 22. Steelhead trout travel time and mnigration rate from
point of release to Lower Granite Dam, 1985-1987.

1985 19846 1987
— Release Site Lays kcfs  Davs kcfs Davs kctfs

Sawt oot h Hatchery 50 89.83 51 101. 39 28 51.61

E. F. Sal mon River 42 88.01 52 101. 31 43 61.61
Hells Canyon 12 85. 32 30 95. 32 33 36. 23
Little Sheep Cr. 36 116.07

Little sheep Cr. 33  107.53

Spring Creek 31 10S. 46 8 78. 00
Spring Creek 33 114. 60 8 78. 00
Spring Creek 26 99. 38 8 78. 00
Spring Creek 29 109. 64 12 78.01
Cot t onwood Cr. 14 82.22 24 96. 50 9 77. 47
Cot t onwood Cr. 13 B80. 49 25 97. 60 9 77. 47
Cot t onwood Cr. 21 95. 22 9 77.47
Cot t onwood Cr. 10 76. 74

Dworshak NFH & 81.98 11 97. 65 10 63. 34




generally lasts until about the first of June. Fish did not really
move faster in 1987, but the portion of the population that normally
mogrates in the later part of the mgration season stalled in Lower
G anite Reservoir.

Rel ease date also plays an inportant role in travel tine. Travel
time for the Hells Canyon group in 1987 and 1986 was about a nmonth and
this group was released on March 26 in 1987 and April 9 in 1986. In
1985, travel tine for this group was 12 days and the rel ease date was

April 30.

St eel head Trout Radi o Tracki ng

Snake River

The first release of six radio-tagged hatchery steel head trout
snelts in the Snake River was made on April 29. Si x additional
rel eases of nine fish each were nade through May 5, for a total of 60
fish . O these, 48 were tracked through the study area. The ngjority
of these fish. 45, passed under the interstate bridge at the middle or
east spans. Omnly three of the tagged fish were tracked under the west
span in the vicinity of the trap (Fig. 18).

Liscom and Bartlett’'s (1988) mmjor conclusions of the Snake River
tracking effort were:

1. The major migration route for steelhead trout was through the
m ddl e and eastern spans of the Lewiston-Clarkston Interstate
Bridge (the trap was |ocated under the west span).

2. I nsufficient nunbers of fish passed near the trap to
determine if there was a trap avoi dance problem

Clearwater R ver

Radi o tracking on the ClearWater River began April 20, when six
radi o-tagged hatchery steel head trout snelts were released 5.6 km
upstream fromthe trap site. Over the next four days, releases
continued until atotal of 61 radio-tagged fish had been released. O
these, 35 were tracked at the trap site. Two of these fish passed the
trap on the north side of the river, 25 passed on the south side, and 8
swam directly toward the trap but avoided it (Fig. 18).
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Figure 18 Comnpsite of 48 radio tracxs , _
tracks on the Clearwater River conpleted on juvenile steel head

trout, 1987.
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SUMMARY

In addition to wild and natural chinook salmon and steel head trout
production, 11,291,583 chinook sal non and 7, 436, 384 steel head trout
juveniles were reared at hatcheries in Idaho, Oregon, and Wshington .
for release upriver from Lower Ganite Reservoir contributing to the
1987 outmigration. O these, 445,385 chinook sal non and 489, 671
steel head trout snelts (3.9% and 6.62 of the total release,
respectively) were freeze branded and released in 13 uni que groups for
chinook sal non and 21 unique groups for steelhead trout.

The Snake River trap operated from February 28 through June 29.
The Snake River trap captured 1,887 yearling chinook sal non, 56
sub-yearling chinook salnmon, 935 wild steelhead trout, 8,754 hatchery
steel head trout, and 5 sockeye salnmon. Approxinmately 0.022 (67) of the
hat chery-branded steel head trout snelts released in the Snake River
drai nage upstream fromthe Snake River trap were captured by the Snake
River trap. The Snake River trap did not catch nore branded chinook
salmon in 1987 because of the extrenely |ow water conditions.

Average migration rate from point of release to the Snake River
trap for hatchery-branded chinook salnon in 1987 was not cal cul ated
because of lack of data, due to the |ow water conditions. Aver age
mgration rate for branded chinook salnmon fromthe Shake River trap to
Lower Granite Damin 1987 was, again, not calculated due to |ack of

dat a. Average migration rate fromthe Snake River trap to Lower
Ganite Damwas determned with the PIT tag. Prior to April 14 median
travel tine was 18.0 days and di scharge was bel ow 40.0 kcfs. After

April 22, the average nedial travel tine was five days, and nean
di scharge was above 50.0 kcfs. Because of the I[ow nunmber of branded
steel head trout captured in the Snake River trap in 1987, average
mgration rate frompoint of release to the Snake R ver trap was not
cal cul at ed. Average migration rate fromthe Snake River trap to Lower
Ganite Dam was estinmated in 1987 using the PIT tag. Average nigration
rate fromthe Snake River trap to Lower Ganite Reservoir in 1987 was
simlar to the mgration rate in 1985 but was twice as fast as it was
in 1986 (13.6 kmd in 1987, 6.6 knmd in 1986 and 12.5 knfd in 1985).
Two branded steel head trout groups released in the Grande Ronde River
in 1985 greatly skewed the data. If the average migration rates are
cal cul ated without these two groups, the 1986 novenent is slightly
faster than 1985, 6.6 kmd in 1986 and 5.9 kmd in 1985 and the 1987
novenent was twice as fast as either of the previous years.
Freeze-branded steel head trout smelts nove approximately three to four

times faster in the free flowing river section than they do in Lower
Ganite Reservoir.

There was little tenporal overlap in the passage of yearling
chi nook salnmon smelts and steelhead trout smelts at the Snake River

trap. The majority of the chinook sal mon passed in April and most of
the steelhead trout in Muy.
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The Clearwater River trap operated from February 19 to April 29
and again from May 20 to June 25. The trap captured 72,707 yearling
chinook salnmon snelts, 5,567 hatchery steelhead trout snelts, and 896
wild steel head trout smelts. The ratio of wild to hatchery steel head
trout snmelts in the Clearwater River trap catch was about 1:6.
Freeze- branded chi nook sal nbn smolts rel eased form Dworshak NFH -
generally have an average migration rate to the Clearwater River trap
of one day (migration rate = 57 kmd), but in 1987, the average
mgration rate was 13.8 knid.

The Salmon River trap was operated from March 5 to April 28.  The
Sal nron River trap catch was 51,557 yearling chinook salnon, 46
sub-yearling chinook salnmon, 598 wild steelhead trout, and 615 hatchery
steel head trout. The wil d-hatchery steelhead trout ratio for the
Sal non River trap cannot be calculated fromthis data because the trap
operation was term nated prior to the major hatchery steel head trout
movement. The majority of the chinook passed the trap in April and the
wild and hatchery steel head trap catch was on the increase when trap
operation was termnated the end of April.

No correlation between discharge and trap efficiency was detected
at any of the traps. Mean trap efficiency for yearling chinook sal non
and steel head trout snelts at the Snake Rver trap was 1.202 and 0.677,
respectively. Mean trap efficiency for yearling chinook sal mon and
steel head trout snelts at the Clearwater River trap was 2.18% and
0.13% respectively. Mean trap efficiency for yearling chinook sal non
and steel head trout at the Salmn River trap was 1.06% and 0.25%
respectively.

Average weekly standard descaling rates for yearling chinook
salmon snelts was 10.4% at the Snake River trap, 4.3% at the C earwater
River trap, and 2.0% at the Salnmon River trap. The extrenely high
average standard descaling observed at the Snake River trap is not
representative of the overall chinook sal non population in the head of
Lower G anite Reservoir. Aver age standard descaling for hatchery
steelhead trout at all three traps was sinilar to previous years. Wld
steel head trout average classical (standard) descaling was slightly
hi gher than im previous years. Descaling of hatchery steel head trout
smelts was much greater than that seen in wild steelhead trout snelts
at all three traps.

Descaling of chinook salnon and steelhead trout snelts at
hat cheries was | ess than 0.52. There was no noticeable increase in
descaling for chinook salmon or steelhead trout due to transportation
from hatchery to release site. Degree of scale loss is likely
associated with illness or other stresses fish have undergone prior to
being transported. There is, however, a question of what happens to
the fish aftex they have been released into the stream system The
rate of descaling that occurs to hatchery fish unfamliar with stream
hazards is not fully known and may contribute greatly to the descaling
and nortality of these fish.

69



LI TERATURE CI TED

Koski, C H, S.W. Pettit, J.B. Athearn, and A.L. Heindl. 1986. Fish
Transportation Oversight Annual Team Report - FY 1985. Transport
Operations on the Snake and Columbia Ri vers. NOM Techni cal
Menor andum NVFS F/NWR - 14. U S. Departnment of Commerce.

Liscom, K.L. and C. Bartlett. 1988. Radio Tracking to Determne
Steelhead Trout Snelt Mgration Patterns at the Clearwater and
Snake River Mgrant Traps Near Lewi ston, |daho. Final Report to
| daho Departnent of Fish and Game. Contract No. R7FS088BM. 67 P.

Mason, J.E. 1966. The Mgrant Dipper: A Trap for Downstream
Mgrating Fish. Progressive Fish Culturist. 28:96-102.

Mighell, J.L. 1969. Rapid Cold-Branding of Salnon and Trout with
Liquid N trogen Journal of Fishery Research Board of Canada.

26:2765-2769.

Miir, WD., A.E. Giorgi, U. S. Zaugg, W.W. Dickhoff, B.R. Becknan.
1987. Behavi or and Physiology Study in Relation to Fish Cuidance
at Lower Ganite and Little CGoose Dans. Annual Report of Research
to the Arny Corps of Engineers. In Press.

Prentice, EF., T.A.Flagg, and S. McCutcheon. 1987. A Study to
Determine the Biological Feasibility of a New Fish Tagging System
1986- 1987. U S. Dept.of Commer., Natl. Cceanic and Atnos. Admin.,
Natl. marine Fish. Serv. , Northwest and Al aska Dish. Cent.,
Seattle, W 113 p. (Report to Bonneville Power Adninistration,
Contract DE-179-83BP11982, Project 83-19).

at, L. 1977. An Introduction to Statistical Mthods and Data
Anal ysis. Duxbury Press, North Scituate, Massachusetts.

Raynond, H.L. and G.B. Collins. 1974, Techniques for Appraisal
of Mgrating Juvenile Anadromous Fish Populations in the Colunbia
River Basin. IN Synposi um on Met hodol ogy for the Survey,
Monitoring and Appraisal of Fishery Resources in Lakes and Large
Rivers, My 2-4, 1974. Avienore, Scotland. Food and Agricul tural
Organi zation of the United Nations, European Inland Fisheries
Advi sory Conmi ssion, EIFAC/74{I/Symposium-24, Rone, Italy.

70



Subnitted by: Approved by:

Edwin W Buettner | DAHO DEPARTMENT OF FI SH AND GAME
Sr. Fishery Research Biol ogi st

V. Lance Nelson
Sr. Fishery Technician

N 2

Jerry Moryey, DirecYor

Steven M Huffaker, ief
Bureau of Fisheries

Dexter Pitman
Anadromous Fi sheries Manager

71



