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Executive Summary

This report summarizes results of research activities
conducted in 2002 and years previous to aid in the managenent
and recovery of fall chinook sal non Oncorhynchus tshawtscha in
the Col unbia River basin. The report is divided into self-
standi ng chapters. For detailed summaries, we refer the reader
to the abstracts given on the second page of each chapter. The
Annual Reporting section includes information provided to
fishery managers in-season and post-season, and it contains a
detailed summary of life history and survival statistics on wld
Snake River fall chinook sal non juveniles for the years 1992-
2002. Peer-review publication remains a high priority of this
research project, and it insures that our work neets high
scientific standards. The Bi bliography of Published Journal
Articles section provides citations for peer-reviewed papers co-
aut hored by personnel of project 199102900 that were witten or
publ i shed from 1998 to 2003.
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CHAPTER ONE

Dat a and Anal yses on Juvenil e Snake River
Fal I Chi nook Sal non 1992- 2002

by

WIlliam P. Connor
U S Fish and Wldlife Service
| daho Fi shery Resource O fice
P. 0. Box 18 Ahsahka, |daho 83520



Abstract.—n this chapter, in-season and post-season data are
sumari zed as follows. Early life history timng and grow h of
wi | d Snake River subyearling fall chinook salnmon in 2002 is
descri bed and conpared to other years. A nethod for increasing
t he accuracy and precision of passage forecasts is devel oped.
The efficacy of sumrer flow augnentation during 2002 is assessed
wi th focus on the how saving sone Dworshak Reservoir water for
rel ease in Septenber affected survival of Snake R ver
subyearlings. 1In 2002, fry energence occurred earlier in the
upper reach than in the | ower reach of the Snake Ri ver based on
time of fry presence. Fry energence in 2002 in the upper and

| oner reaches was simlar to other years except energence tim ng
was nore protracted. Shoreline rearing by parr during 2002
occurred earlier in the upper reach than in the | ower reach of
the Snake River. Rearing timng in the upper and | ower reaches
of the Snake River in 2002 was a little earlier than during

ot her years and was nore protracted. Mean growh rate was

hi gher for parr in the upper reach than in the | ower reach of
the Snake River. Gowth rates in 2002 were rapid and simlar to
ot her years. Passage of snolts fromthe upper reach was earlier
than that of snolts in the lower reach. Overall snolt passage
was slightly earlier than normal. The revised forecast nethod
performed better than the original forecast nethod. Mdeling
results indicated that rel easi ng Dwrshak Reservoir in Septenber
exposed Snake River juveniles to | ower flows and warner

t enperatures than woul d have been the case if all the water had
been rel eased in July and August. Survival of Snake River
subyearlings was reduced slightly by saving some Dworshak
Reservoir water for release in Septenber, but this reduction was
not statistically significant.



| nt roducti on

W1 d subyearling Snake River fall chinook sal non
Oncor hynchus tshawtscha juveniles |isted for protection under
t he Endangered Species Act (NMFS 1992) typically mgrate seaward
in the | ower Snake River during late spring and sumer when fl ow
is low (Connor et al. 2002, 2003a). During recovery planning,
it was determ ned that sumrer water conditions in Lower Ganite
Reservoir (Figure 1) were unfavorable for survival (NVFS 1995).
In July of 1992, a small volunme of stored reservoir water was
rel eased to increase flow and decrease water tenperature in
Lower Granite Reservoir. Thereafter, larger volunmes of water
were rel eased annually between 5 July and 31 August from
Dwor shak Reservoir (Figure 1) and U. S. Bureau of Reclamation
reservoirs in southern Idaho. Releasing this stored water is
call ed summer flow augnentati on.

There is not enough stored reservoir water available to
optim ze passage conditions in Lower G anite Reservoir (Figure
1) throughout the 5 July to 31 August tinme period. Consequently
fish and water managers neet in the forunms of the Fish Passage
Advi sory Commttee (FPAC) and the Techni cal Managenent Team
(TMI) to formul ate a managenent plan. A 2000 decision by the
State of Idaho to deny wai vers for exceeding dissolved gas
| evel s above 110%in the tailrace of Dworshak Dam reduced the
conplexity of the water managenent plan and the ability of fish
and water managers to shape sumrer flows. To avoid exceedi ng
this “gas cap,” the maxi mumfl ow of water that can be rel eased
from Dwor shak Dam was reduced to approxi mately 397 n¥/s. Thus in
sonme years, the full 1.2 mllion acre feet of stored water in
Dwor shak Reservoir available for sunmer flow augnentation cannot
be rel eased by the end of August. In 2002, fishery managers
decided to rel ease less than 397 mi/s during periods in early
July and | ate August so that flows could be augnmented during the
first 10 d of Septenber. The assuned benefits of Septenber
rel eases were increased survival of juvenile fall chinook sal non
that hadn’t passed Lower Granite Dam by the end of August, and
i ncreased survival of immgrating adult fall chinook sal nron and
steel head O nykiss. The nmechanismfor this increased survival
was the prevention of rapid warmng in Lower Granite Reservoir
that can occur when sumer flow augnmentation is discontinued at
t he end of August.
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Figure 1.—+tocations of the upper and | ower reaches of the
Snake River where adult fall chinook sal non spawn and their
of fspring were captured by using a beach seine (cross-hatched
el li pses) and dans where PIT-tagged snolts were detected during
seaward mgration. The locations are as follows: 1 = Brownl ee
Reservoir; 2 = Oxbow Reservoir; 3 = Hells Canyon Reservoir; 4 =
Snake River upper reach; 5 = Snake R ver |ower reach; 6 =
Dwor shak Reservoir; 7 = Lower Granite Reservoir; 8 = Lower
Granite Dam 9 = Little Goose Dam 10 = Lower Monunental Dam 11
= McNary Dam 12 = John Day Dam and 13 = Bonneville Dam



Since 1992, personnel of project 199102900 have been
assisting fish and water nmanagers during planning,
i npl enentation, nonitoring, and eval uati on of sumer fl ow
augnentation. Mich of the data provided to fishery managers are
in the formof records conpiled on wild fall chinook sal non
juveniles that were tagged with Passive Integrated Transponder
(PIT) tags (Prentice et al. 1990b). The PIT-tag data are
provi ded weekly each year via the PIT-tag Information System
where in turn, it is downl oaded, analyzed, and posted in real
time on Internet services (e.g., DART; Program Real Ti me, Burgess
and Skal ski 2001) to allow nanagers to track the progress of the
snolt mgration.

In 2002, personnel of project 199102900 provi ded nenbers of
the FPAC and TMI an i n-season update in early July that
i ncluded: 1) a summary of 2002 catch and tagging data; 2) a
conpari son of observed tine of fry and parr presence anong the
years 1992 to 2002; 3) a conparison of parr growh anong the
years 1992 to 2002; and 4) a forecast of passage at Lower
Granite Dam (Figure 1) for wild fall chinook salnmon PIT tagged
in the Snake River. The TMI was al so provided with a post-
season briefing in late Cctober, 2002 that included a review of
the factors that affect m gration behavior and survival of fal
chi nook sal non juvenil es.

In this chapter, in-season and post-season data collected
in 2002 are summari zed as follows. Early life history timng
and growh in 2002 is described and conpared to other years. A
met hod for increasing the accuracy and precision of passage
forecasts is devel oped. The efficacy of sunmer flow
augnent ati on during 2002 is assessed with focus on the survival
effects of five scenarios including saving some Dworshak
Reservoir water for rel ease in Septenber

Met hods

Data col | ecti on. —Fhe Snake Ri ver can be divided into two reaches
based on differences in water tenperature (Connor et al. 2002).
The upper reach extends fromthe Sal non R ver confluence to Hells
Canyon Dam and the | ower reach extends fromthe upper end of
Lower Granite Reservoir to the Sal non River confluence (Figure
1). Juvenile fall chinook sal non were captured in these two
reaches using a beach seine (Connor et al. 1998). Sanpling began
in the upstreamreach in 1995, and in the |ower reach in 1992.
Beach seining typically started in April soon after fry began
energing fromthe gravel, and was conducted weekly at permanent
stations within each reach. From 1992 to 1999, additional non-
per manent stations were sanpled for three consecutive weeks once
a mpjority of fish was at least 60 mmfork length. Only



per manent stations were sanpled after 1999. W discontinued al
sanpling in June or July when the nmgjority of fish had noved into
Lower Granite Reservoir or to points further downstream

Field personnel inserted PIT tags into parr 60-mm fork
I ength and | onger (Connor et al. 1998). Tagged parr were
rel eased at the collection site after a 15-min recovery period.
Sonme of the PIT-tagged fish were detected as snolts as they
passed downstreamin the juvenile bypass systens of danms equi pped
with PIT-tag nonitors (Matthews et al. 1977; Prentice et al.
1990a; Figure 1). Operation schedules for the fish bypass systens
varied by dam and year. Mst of the detections were in the fish
bypass systens of Lower Granite, Little Goose, and Lower
Monument al dans operated fromearly April to early Novenber, and
at McNary Dam (Figure 1) operated fromearly April to early
Decenber.

Starting in 1999, non-fin clipped hatchery subyearling fal
chi nook sal non were rel eased into the Snake Ri ver by personnel
of the Nez Perce Tribe to supplenent wild production. Field
per sonnel subjectively identified these fish in the beach seine
catch based on body norphol ogy. Hatchery fish were nore sl ender
and appeared to have | arger eyes than wild fish. Fish judged to
be of hatchery-origin were rel eased back to the river and were
not included in anal yses.

Accuracy of origin classification.—fo assess how well field
personnel distinguished between hatchery and wild fall chinook
sal non juveniles, every fish was exanm ned for wounds and scars
after renoving it fromthe seine. The origin of each recaptured
Pl T-t agged fish was judged, and then the fish was scanned for
its unique tag code. The actual origin was traced using the

uni que tag code. Wthin-origin (hatchery and wild, separately)
and across-origin (hatchery and wild, conbined) classification
accuracy were calculated. Wthin-origin classification accuracy
was the nunber of correct classifications divided by the nunber
of recaptured hatchery or wild fish. Across-origin
classification accuracy was cal cul ated as the wei ghted average
of the within-run classification accuracy esti nates.

Early life history and growth. €apture dates of wild fall

chi nook sal non smaller than 45-mmfork | ength were used to
describe time of presence for newy energent fry (hereafter
energence timng). Capture dates for fish 45-mmfork |ength and
| onger to describe time of presence for fall chinook sal non parr
(hereafter, rearing timng). Al capture dates were adjusted to
Sunday’ s date the week of sanpling to account for differences in
day of sanpling between the upper and | ower reaches of the Snake



River. For exanple, a capture date of 2 May, 1993 (Sunday) was
reported for fry and parr collected from4 May to 6 May (Tuesday
to Thursday).

Absol ute growmh rate (mid) during shoreline rearing was
cal cul ated using length data from Pl T-tagged parr recaptured by
beach seine after initial capture and tagging (e.g., Connor and
Burge 2003). Absolute growh rate was cal cul ated as: fork
l ength at recapture mnus fork length at initial capture divided
by the nunber of days between initial capture and recapture.

The PIT-tag detection data collect at Lower G anite Dam
were used to represent the onset of active seaward mgration
(e.g., Connor et al. 2003a) by subyearling snolts.

Passage forecasting. —See Connor et al. (2000) for a description
of the original forecasting nethod devel oped by using data
col l ected during 1993-1998. As foreseen by Connor et al.
(2000), only two of the forecasts made during 1999-2002 were
accurate (i.e., observed and forecasted passage were simlar)
and precise (i.e., observed passage was within the 90% f or ecast
intervals). 1In this report, several changes in the original
forecasting nmethod were made to increase forecast accuracy and
preci si on.

A new survival nodel was devel oped. This nodel was a
di scrimnant function fit fromdata collected in 1994, 1995, and
1999. These years were sel ected because survival ranged w dely
froma | ow of approximately 25% (1994) to a high of 71%in 1999
(Connor et al. 1998, 2003b). 1In contrast to the original nethod
that selected the final discrimnant function based on accuracy
predicting detected PIT-tagged fish, the final discrim nant
function in the revised anal ysis was based on how well the
function predicted the nunber of survivors. For 1994 and 1995,
t he nunber of survivors was estimated as the nunber of fish
tagged multiplied by detection rate first divided by an assuned
val ue of fish guidance efficiency. |In 1999, the nunber of
survivors was estinmated as the nunber of fish tagged multiplied
by survival probability (Cormack 1964; Skal ski et al. 1998).
Accuracy was cal cul ated on an annual basis by taking the
absol ute di fference between the nunber of survivors predicted by
the discrimnant analysis function and the estinmated nunber of
survivors and then dividing this difference by the estinmated
nunber of survivors. The annual val ues of accuracy for 1994,
1995, and 1999 were averaged. The final discrimnant function
had t he hi ghest average val ue of accuracy.



A rate of seaward novenent nodel was devel oped. This node
was a nultiple regression equation fit fromthe 1994, 1995, and
1999 data to predict rate of seaward novenent neasured from
rel ease in the Snake River to passage at Lower G anite Dam
These years were sel ected because rate of seaward novenent
ranged widely (1994 nedian, 1.5 knmd; 1999 nedian 3.3 knid).
The rate of seaward novenent nodel replaced the passage date
nodel used in the original forecasting nmethod of Connor et al.
(2000). The fourth change in the forecasting nmethod was to
elimnate the use of the adjustnment factor (see Connor et al.
2000).

The original and revised forecast nethods were applied to
data collected in 1997 and during 2000-2002. These years were
sel ected because they were not used to fit survival or passage
date nodel s by Connor et al. (2000), or to fit the survival or
rate of seaward nodels in the revised nethod. Forecast
performance was assessed in two ways. First, the absolute
di fference between observed and forecasted daily cumul ative (%
passage during 1 July-31 August was cal culated. The average of
these daily differences was naned the nean daily error rate.
Mean daily error rates calculated for July and August were used
to assess forecast accuracy. The nunber of days the forecast
and its 90%intervals failed to contain observed passage during
July and August was used to assess precision.

Survival . —See Connor et al. (2003b) for details on survival

anal yses. The annual sanples of PIT-tagged fall chinook sal non
were divided into four sequential wthin-year rel ease groups
referred to as “cohorts.” The single rel ease-recapture nodel
(Cormack 1964; Skal ski et al. 1998) was used to estinate survival
probability to the tailrace of Lower Granite Dam for each cohort.

The efficacy of flow augnentation.-The first step in this
analysis was to fit an ordinary-|east squares nmultiple regression
nmodel for predicting cohort survival to the tailrace of Lower
Granite Dam The survival probabilities for the 1998-2002
cohorts (N = 20) provided values for the dependent variable. The
predi ctor variables were the nedian day of year of rel ease, nean
fork length (mm at release, a flow (m/s) exposure index

cal cul ated as the nean fl ow neasured at Lower Granite Dam during
the period when the majority of snolts passed the dam and a

wat er tenperature (°C) exposure index cal cul ated as the nean
tenperature neasured in the tailrace of Lower G anite Dam during
the period when the majority of snolts passed the dam See
Connor et al. (2003b) for exposure index cal cul ations.

The regression nodel fitting procedure was simlar to that
of Connor et al. (2003b). The final nodel selected for
predicting survival had a Mallow s Cp score nost simlar to the



nunmber of nodel paraneters (e.g., B, B, B, = 3), the lowest AC

value, and a high R value. The final nodel was al so selected to
avoi d collinear variables. Each variable was regressed

i ndi vidual |y agai nst survival to calculate a bivariate regression
coefficient (+SE). The bivariate regression coefficient and SE
were then conpared to one cal culated for the variabl e when
entered into a nmultiple regression equation. Sign changes in the
regression coefficients and marked inflation of the SEs were

i ndicative of problematic multicollinearity. Models with

probl ematic collinearity were not selected as the final nodel.

In contrast to Connor et al. (2003b), regression coefficients
were not formally tested against a value of zero. The P val ues
fromt-tests on the regression coefficients were interpreted in
terms of the probability of the coefficient not being different
fromzero

The second step in the analysis was to devise five flow
augnent ati on scenarios for survival nodeling. The first scenario
is called the baseline scenario, this scenario represented
conditions at Lower Ganite Dam had no fl ow augnentation from
ei ther Dworshak or USBR projects been inplenented. The second
scenario is called the Dnorshak Scenario. In the Dworshak
scenari o, the observed vol une of water (including flow
augnentati on water) was rel eased from Dworshak Reservoir from9
July to 10 Septenber but no flow augnmentati on water was rel eased
from USBR projects. The third scenario is called the USBR
scenario. In the USBR scenario, flow augnentation water was
rel eased fromUSBR projects from1l July to 31 August, but no
fl ow augnentati on water was rel eased from Dworshak Reservoir
The fourth scenario is called the Septenber scenario and it was
actual ly observed in 2002. In the Septenber Scenario, flow
augnent ati on from Dworshak Reservoir began on 9 July and ended
on 10 Septenber and fl ow augnmentati on water was rel eased from
USBR projects from1l July to 31 August. The fifth scenario is
call ed the July-August scenario. |In this scenario, the majority
of the 1.2 mllion acre-feet of stored water in Dworshak
Reservoir was assuned to be released in July and August.

Putting the scenarios together required estimating the flow
vol unes that were actually released for sumrer flow augnentation
each day between 1 July and 10 Septenber, 2002 from Dwor shak
Reservoir and USBR projects. This step was conpleted in
cooperation with David Benner of the Fish Passage Center. Water
rel eased from Dworshak Reservoir for sumer flow augnentation
during 1 July-10 Septenber was equal to the difference between
actual daily outflows and natural inflows to Dworshak Reservoir
over the same period. Because natural inflows to Dworshak
Reservoir were not readily avail able, reservoir elevations at
the start and end of each day were used along with the reservoir
storage table to calculate the volune of water stored or



rel eased every day. This nmethod relied on the rel ationship of
outflows mnus inflows being equivalent to a change in storage;
if the change in storage and outfl ows were known, inflows could
be cal cul ated. For exanple, if 57 ni/s of stored water
(converted froma volunme) were drafted from Dworshak Reservoir
in one day, then this water would be subtracted fromthe
recorded outflows at Dworshak Damto produce an estimation of
the reservoir inflows. Natural inflows to Dworshak were assuned
to be equivalent to the discharge at Dworshak under a no-fl ow
augnent ati on scenario, in a few cases sone draft was all owed so
outfl ows at Dworshak were equal to the m ni mum output. Flow
augnent ati on volunmes from USBR reservoirs (287,000 acre feet)
were obtained fromthe USBR  This volune was divided equally

t hroughout the 62 days between 1 July and 31 August 2002 and the
resulting daily volunes were converted to daily discharge.

Daily mean flows in Lower Ganite Reservoir under the
Basel i ne, Dworshak, USBR, and Septenber scenarios were
approximated as follows. The baseline scenario was approxi mat ed
by subtracting the estimated daily volunmes of flow augnentation
wat er rel eased from both Dworshak Reservoir (assum ng that
outfl ow never fell bel ow m ni num operating requirenents of 42
mt/s) and USBR reservoirs fromthe daily nmean flows observed in
the tailrace of Lower Granite Dam The Dworshak scenario was
approxi mat ed by subtracting the estinmated daily flow
augnent ati on vol unes of water released from USBR reservoirs from
the daily nean fl ows observed in the tailrace of Lower Ganite
Dam The USBR scenari o was approxi mated by subtracting the
estimated daily volumes of flow augnentation water rel eased from
Dwor shak Reservoir fromthe daily nmean fl ows observed in the
tailrace of Lower G anite Dam The Septenber scenario included
the actual daily nean flows recorded in the tailrace of Lower
Granite Dam by personnel of the U S. Arny Corps of Engineers.

Daily mean flow in Lower Ganite Reservoir under the July-
August scenari o was approxi mated as follows. Beginning on 2
July, a daily discharge of 397 ni/s (maxi mum al |l owabl e Wit hin
di ssol ved gas standards) was assumed to be rel eased from
Dwor shak Reservoir. This assuned vol ume was sustai ned
t hroughout August resulting in a draft of 1.16 mllion-acre feet
of Dworshak Reservoir water. The Dworshak Reservoir daily
outfl ows observed during July and August were then subtracted
from397 mi/s. This provided 61 daily differences that were
added to the correspondi ng values of daily outflows observed in
the tailrace of Lower G anite Dam The remaining 0.04 mllion
acre-feet of stored water in Dworshak Reservoir was assuned to
be rel eased the first five days of Septenber after which inflow
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was released. The assumed rel ease vol unes were | ower than
observed at Dworshak Dam which resulted in a decrease in Lower
Granite Reservoir flow during the first 10 days of Septenber

Daily nean water tenperatures for the tailrace of Lower
Granite Dam were sinul ated under the Baseline, Dworshak, USBR,
and Jul y- August scenari os based on the approximated daily fl ow
condi tions described previously for each scenario. Wter
tenperatures were sinulated by John Yearsley of the U S
Envi ronnmental Protection Agency using a one-di nensional heat
budget nodel devel oped for the Snake Ri ver (Yearsley et al.
2001). Past nodel validation showed that daily nmean water
tenperatures sinmulated for July and August were within an
average of 0.7°C of those observed (Yearsley et al. 2001).

The fl ow and tenperature exposure indices for each cohort
were recal culated with the approxi mated fl ows and si nul at ed
t enper atures under the Baseline, Dworshak, USBR, and Jul y- August
scenarios. Survival (+ 95%C.1.) of each of the four cohorts in
2002 was then predicted fromthese recal cul ated indices, and the
observed flow and tenperature indices for the Septenber
scenario, by use of the final nmultiple regression nodel. The
predicted |l evels of survival for the Septenber, Dworshak, USBR
and Jul y- August scenari os were then conpared to survival
predi cted under the Baseline scenario to assess the efficacy of
each scenari o.
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Results and D scussi on

Accuracy of Oigin Cassification

In 2002, we recaptured 596 previously PIT-tagged fish.
Wthin-origin classification accuracy was 98. 6% for hatchery
fall chinook sal non and 100% for wild fall chinook sal nmon, which
equates to an across-origin classification accuracy of 99. 7%
(Table 1).

Table 1. -Wthin- and across-origin classification accuracy (%
for distinguishing between wild and hatchery subyearling fal
chi nook salnmon in 2002. Cassification of origin (hatchery vs.
wi | d) was based on a subjective assessnent of body norphol ogy,
and then verified based on PIT tags.

Nunber cl assified Cl assification
into each origin accuracy
Act ual
origin n Hat chery Wil d Wt hin Acr oss
Hat chery 142 140 2 98. 6 99.7
wWid 454 0 454 100.0

Early Life History and G owh

In 2002, a total of 9,881 wild fall chinook sal non was
captured by beach seine (including marked fish captured nore
than once). O these, 3,249 were fry. Fry energence during
2002 occurred earlier in the upper reach than in the | ower reach
of the Snake Ri ver based on tinme of fry presence (Table 2). Fry
energence in 2002 in the upper and | ower reaches was simlar to
ot her years except emergence timng was nore protracted (Table
2).

Tabl e 2. —Energence timng (given as Sunday’s date for each
week) of wild fall chinook salnmon fry in the upper and | ower
reaches of the Snake River, 1992 to 2002. The range of dates is

12



gi ven in parentheses.

Year N Medi an dates of presence

Snake River upper reach

1995 117 23 Apr (02 Apr to 21 May)
1996 14 28 Apr (14 Apr to 05 May)
1997 1 20 Apr (N A

1998 101 19 Apr (12 Apr to 10 May)
1999 97 02 May (04 Apr to 23 May)
2000 683 09 Apr (02 Apr to 14 May)
20012 552 29 Apr (01 Apr to 20 May)
20022 2,289 21 Apr (31 Mar to 02 Jun)

Snake Ri ver | ower reach

1992 355 26 Apr (29 Mar to 24 May)
1993 199 16 May (04 Apr to 20 Jun)
1994 440 15 May (03 Apr to 05 Jun)
1995 257 30 Apr (02 Apr to 04 Jun)
1996 268 05 May (14 Apr to 23 Jun)
1997 114 04 May (20 Apr to 29 Jun)
1998 322 26 Apr (12 Apr to 14 Jun)
1999 278 02 May (04 Apr to 27 Jun)
2000 415 09 Apr (02 Apr to 04 Jun)
2001 1, 268 06 May (01 Apr to 03 Jun)
2002 960 05 May (01 Apr to 16 Jun)

%adj usted by renoving fish collected at a non-typical site.

A total of 6,632 of the wild fall chinook sal non captured
in 2002 were parr. Shoreline rearing by parr during 2002
occurred earlier in the upper reach than in the | ower reach of
the Snake River (Table 3). Rearing timng in the upper and
| oner reaches of the Snake River in 2002 was a little earlier
t han during other years and was nore protracted.

Table 3. —Rearing timng (given as Sunday’s date for each week)

of wld fall chinook salnon parr in the upper and | ower reaches
of the Snake River, 1992 to 2002. The range of dates is given
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i n parent heses.

Year N Medi an dates of presence

Snake River upper reach

1995 985 28 May (09 Apr to 18 Jun)
1996 118 12 May (14 Apr to 16 Jun)
1997 119 25 May (20 Apr to 15 Jun)
1998 1,078 17 May (12 Apr to 05 Jul)
1999 1,493 23 May (11 Apr to 27 Jun)
2000 1, 064 23 Apr (02 Apr to 11 Jun)
20012 793 29 Apr (01 Apr to 10 Jun)
2002 3,013 29 Apr (07 Apr to 30 Jun)

Snake Ri ver | ower reach

1992 1, 765 17 May (29 Mar to 07 Jun)
1993 2,215 06 Jun (11 Apr to 18 Jul)
1994 4, 346 29 May (03 Apr to 10 Jul)
1995 1, 408 04 Jun (02 Apr to 02 Jul)
1996 756 26 May (14 Apr to 14 Jul)
1997 938 08 Jun (20 Apr to 13 Jul)
1998 2,512 31 May (12 Apr to 05 Jul)
1999 1, 647 06 Jun (04 Apr to 11 Jul)
2000 1,578 14 May (02 Apr to 25 Jun)
2001 3,078 20 May (01 Apr to 17 Jun)
2002 3,619 26 May (01 Apr to 07 Jul)

%adj usted by renoving fish collected at a non-typical site.

A total of 2,377 of the wild fall chinook sal non parr was
PIT tagged in 2002. O these, 356 were recaptured during beach
seining. Mean growh rate was higher for parr in the upper
reach than in the | ower reach of the Snake River (Table 4).
Gowmh rates in 2002 within a reach were simlar to other years
(Table 4).
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Table 4. Mean growth rates (mi d+SD) for wild fall chinook
sal non parr collected in the upper and | ower reaches of the
Snake River, 1992 to 2001. Sanple sizes are given in
par ent heses.

Gowh rate by reach

Year
Upper reach Lower reach

1992 0.9+0.1 ( 66)
1993 0.7+0.4 (202)
1994 1.1+0. 4 (341)
1995 1.2+0.3 (148) 1.0+0.4 ( 78)
1996 1.1+0.3 ( 19) 0.9+0.4 ( 49)
1997 1.3+40.3 ( 20) 0.8+0.3 ( 80)
1998 1.1+0.3 (112) 0.9+0. 3 (129)
1999 1.3+40.3 (171) 1.1+40.3 ( 92)
2000 1.3+40.2 ( 90) 1.0+0.3 ( 40)
20012 1.2+40.1 ( 12) 0.9+0.2 (123)
20022 1.1+0.2 (170) 0.9+0.2 (186)

%adj usted by renoving fish collected at a non-typical site.

A total of 95 of the 720 parr PIT tagged in the upper reach
of the Snake River was detected as snolts as they passed Lower
Granite Dam Passage of snolts fromthe upper reach was
slightly earlier than normal (Table 5). O the 1,657 parr PIT
tagged in the | ower reach, a total of 395 fish was detected as
t hey passed Lower Granite Dam The nedi an date of passage for
fish fromthe | ower reach was slightly earlier than nornmal
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Table 5. —-Snolt mgration timng at Lower Ganite Damfor wld
fall chinook salnmon that were initially captured, PIT tagged,
and rel eased in the upper and | ower reaches of the Snake R ver,
1992-—2002. The range of dates is given in parentheses.

Year N Medi an dates of detection

Snake River upper reach

1995 203 18 Jul (04 Jun to 24 Cct)
1996 19 04 Jul (20 May to 25 Jul)
1997 22 27 Jun (04 Jun to 13 Aug)
1998 173 07 Jul (19 May to 21 Aug)
1999 319 03 Jul (02 Jun to 28 Aug)
2000 72 27 Jun (06 May to 18 Jul)
20012 10 12 Jul (24 Jun to 17 Cct)
2002% 95 01 Jul (30 May to 27 Jul)

Snake Ri ver | ower reach

1992 39 20 Jun (04 May to 21 Jul)
1993 234 21 Jul (31 May to 25 Oct)
1994 193 17 Jul (23 May to 01 Nov)
1995 238 01 Aug (02 Jun to 26 Cct)
1996 126 22 Jul (17 May to 31 Oct)
1997 97 16 Jul (14 Jun to 13 Cct)
1998 380 11 Jul (29 May to 19 Cct)
1999 241 25 Jul (01 Jun to 30 Aug)
2000 257 02 Jul (18 May to 28 Cct)
2001 185 07 Jul (16 May to 26 Cct)
2002 395 06 Jul (06 Jun to 30 Sep)

%adj usted by renoving fish collected at a non-typical site.
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Passage Forecasts

The revised forecast nethod performed better than the
original forecast nethod (Table 6). Mean daily error in July
was | ower for the revised forecast nethod in all years (Table
6). Mean daily error was | ower for the original forecast nethod
in three of four years (Table 6). The revised nethod provided
forecasts that were within the 90% forecast interval all of the
time, whereas forecasts made by use of the original forecast
met hod were often | ower or higher than observed passage (Table
6). The actual forecast provided to managers in 2002 made using
the original nmethod, and a 2002 forecast nade using the revised
nmet hod are conpared in Figure 2.

Table 6.-Mean daily error (% + SD) during July and August for
the original (Connor et al. 2000) and revised nethods for
forecasting cunul ative (% passage at Lower G anite Damfor PIT-
tagged wi |l d subyearling fall chinook sal non, and the nunber of
days during July and August that forecasted passage was | ower or
hi gher than the 90% forecast intervals. Abbreviations: July,
mean daily error in July; August, nmean daily error in August;
Days, nunber of days forecasted passage was | ower or higher than
the 90% f orecast interval

Original method Revi sed net hod
Year July August Days July August Days
1997  7.2+3.1 1.8+1.7 0 5.1+2.4 7.1+2.9 0
2000 12.9+8.4 4.7+1.1 7 8.3+3.9 9.4+1.2 0
2001 23.0+10.7 3.8+2.9 21 8.7+4.6 6.5+3.7 0
2002 27.4+11.6 8.1+4.8 23 5.8+6.3 1.7+0.5 0

17



1009%
80%
60%
0 Original net hod
40% ———o (hserved

For ecast
.............. 90% i nterval s

Cumul ati ve passage (%

0%
S5 5 5 5 S5 S5 305
gg'ﬁ'—)ﬁ'—)'—)'—)<<<(ﬂ(ﬂ(ﬂ888
M 0O M~ MN~MIMNMINMIRMNGOI®O OWULW LW LWLW LW
= AN O "1 N O 1 N O 14 N O 4 N O +d «
Dat e
1 O O (yo- I )s‘"“"‘""“"""'tlx"""""""""""""“""’t"ll"‘
V'
80% 7
my EE B BN BN BN BN BN BN BN BN BN BN BE BN EE
60% J

Revi sed net hod

Currul ati ve passage (%

40%

20%;

0%

5 3 353 33 3 3 3
ggﬁﬁﬁﬁﬁﬁ(((@ﬁ’)(ﬂ@@@
0O O M~IMNINIMNMIMNSMMNIGOI®O O WU W0 LW LW
1 AN O 1 N O 14 N O 14 N O 4 (N O +d «N
Dat e

Figure 2.-Forecasts of passage at Lower Ganite Damfor wld
subyearling fall chinook salnmon PIT tagged in the Snake River in
2002. The top panel is the forecast made by use of the original
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forecast made by use of a revised nethod.
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Sur vi val

Mean survival to the tailrace of Lower G anite Damfor the
four cohorts in 2002 was 40.7% (Table 7). This was | ow conpared
to 1998, 1999, and 2000, but higher than that observed in 2001
(Table 7).

Table 7. FEstimates of survival probability (%SE) to the
tailrace of Lower Granite Dam for cohorts of wild subyearling
fall chinook sal non, 1998 to 2002.

Survival by year
Cohor t
Cohor t 1998 1999 2000 2001¢ 2002*  neans

1 70.8+2.9 87.7+4.6 57.1+4.1 41.3+3.2 55.7+3.0 62.5
2  66.1+3.3 77.0+3.8 53.4+4.2 20.4+2.6 48.4+3.0 53.1
3  52.8+3.1 81.2+5.8 44.4+3.6 16.5+2.9 40.5+3.1 47.1
4  35.6+2.9 36.4+3.5 35.7+4.3  5.6+2.6 18.3+2.0 26.3

Annual
nmeans 56.3 70. 6 47.7 21.0 40. 7

%adj usted by renoving fish collected at a non-typical site.

The Efficacy of Flow Augnentation

The starting multiple regression nodel included all four
predictor variables (Table 8) and it was the third best nodel
according Cp scores, AlIC values, and R values (Table 9). The
sign of the regression coefficient for tagging date changed from
bei ng negative in a bivariate regression against survival (B = -
0.555+40.52 SE) to positive in the nultiple regression nodel
(Table 9). The positive regression coefficient is not
bi ol ogi cal | y sound because it contrasts with two other studies
that reported an inverse relation between survival of
subyearling fall chinook sal nmon and tagging date (Connor et al.
2000; Smth et al. in press). There was also a 72% chance t hat
the regression coefficient for tagging date did not differ from
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zero (Ho: B =0; P =0.721; Table 9). This nodel was renoved
from consideration for predicting survival

The next best nodel according Cp scores, AlC values, and R
values was fit fromfork length and flow (Tables 8 and 9).
Though these two variables were significantly correlated (r =
0.63; P = 0.0029) there was no evidence for problematic
multicollinearity. The bivariate regression coefficients for
fork length (B = 0.395+0.81 SE) and flow (B = 0.037+0. 004) were
positive, as observed in the nultiple regression nodel (Table
9). There was no evidence for inflation of the regression
coefficient SEs (Table 9).

The nmul tiple regression nodel including the variables fork
I ength, flow, and tenperature (Table 8) was the best predictor of
survival according to the conbination of Cp scores, AlC val ues,
and R values (Table 9). The Cp score was only 0.9 points |ess
than the nunber of paraneters conpared to the date-fork |ength-
fl owdegrees and flowfork length nodels that had a Cp scores 1.0
and 1.5 points higher than the nunber of paraneters (Table 9).
The R val ue was second hi ghest and the Al C score was | owest
(Table 9). Fork length, flow, and tenperature were correl ated
(fork length versus flow, r = 0.63; P = 0.0029; fork length
versus tenperature, r = -0.51, P = 0.0233; flow versus degrees,
r =-0.59, P=0.0066). The signs of the bivariate regression
coefficients were negative (fork length B = 0.395+0.81 SE; flow
B = 0.037+0.004; tenperature B = -15.277+3.78 SE) as observed in
the multiple regression equation (Table 9). There was an 8%
probability (Ho: B =0; P = 0.080; Table 9) that the regression
coefficient for tenperature did not differ from zero suggesting
sonme inflation of the SE of the coefficient (Table 9). This was
i kely caused by tenperature-fork |length and tenperature-flow
correlation. Nonetheless, the resulting nodel was biologically
sound because the signs of the regression coefficients showed
that survival generally increased as fork |length and fl ow
i ncreased, and decreased as tenperature increased, which is
consistent with other studies (Connor et al. 1998, 2000, 2003a).
The nodel : Cohort survival = -13.87892 + 1.33613 fork length +
0. 02625 flow -4.12232 tenperature was sel ected for predicting
survival of wild subyearling fall chinook salnon to the tailrace
of Lower Granite Damin 2002 under the five scenari os.
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Tabl e 8. —Predictor variables entered into a nmultiple
regression nodel for predicting survival of wld subyearling
chi nook salnon to the tailrace of Lower Ganite Dam 1998-2002.
Abbrevi ations: Date = nedi an day of year of release; Fl = nean
fork length (nm) at release; Flow = a flow (ni/s) exposure index
cal cul ated as the nean fl ow neasured at Lower Granite Dam during
the period when the majority of snolts passed the dam and,
Degrees = a water tenperature (°C) exposure index cal cul ated as
the nmean tenperature neasured in the tailrace of Lower Ganite
Dam during the period when the majority of snolts passed the dam
See Connor et al. (2003a) for exposure index cal cul ations.

Year Cohor t N Dat e Fl Fl ow Degr ees
1998 1 515 140 80 2,344 17.6
2 515 141 75 2,021 18.7
3 515 153 73 1, 898 19.0
4 515 167 70 1,299 19.8
1999 1 441 147 80 2,378 16. 3
2 440 153 77 1, 963 17.1
3 440 152 70 2,116 16. 7
4 440 167 68 1, 353 18. 3
2000 1 303 130 77 1,510 16.7
2 302 144 77 1, 296 17.6
3 302 146 77 1,274 17.8
4 302 158 71 859 18.5
2001° 1 340 136 74 761 18.5
2 340 142 69 743 18.9
3 340 143 68 753 19.2
4 341 151 66 745 18.7
2002° 1 594 141 74 1,712 16. 7
2 594 143 71 1,620 16.8
3 594 149 68 1, 352 17. 4
4 595 163 69 946 18.7

%adj usted by renoving fish collected at a non-typical site.
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Tabl e 9. —bi agnostics including Mallow s Cp scores, Akaikes
information criteria (AIC) and coefficients of determ nation
(RP) used to conpare the fit of nultiple regression nodels for
predicting survival of cohorts of wild subyearling fall chinook
salmon fromrelease in the Snake River to the tailrace of Lower
Granite Dam 1998 to 2002. Abbreviations: Date = nedi an day of
year of release; FI = nean fork length (mm at release; Flow = a
flow (m/s) exposure index calculated as the nmean flow neasured
at Lower Granite Damduring the period when the majority of
snolts passed the dam and, Degrees = a water tenperature (°C
exposure index calculated as the nmean tenperature neasured in the
tailrace of Lower Granite Dam during the period when the majority
of snolts passed the dam

Pr edi ct or Coef fi t-value Prob

Variables -cients SE (B=0) (B=0) Cop AC R P
Intercept -27.832 74.06 -0.38 0.712 5.0 86.91 0.902 <0.0001
Dat e 0.084 0.23 0.36 0.721

F 1.449 0.64 2.27 0. 038

FI ow 0.026 0.01 5.03 <0.001

Degr ees -4.439 2.43 -1.83 0.087

| ntercept -108.653 37.60 -2.89 0.010 4.5 87.05 0.879 <0.0001
Fl 1.554 0.57 2.74 0.014

FI ow 0.030 0.01 6. 65 <0.001

Intercept -13.880 61.62 -0.23 0.825 3.1 85.09 0.901 <0.0001
Fl 1.336 0.54 2.46 0.026

FI ow 0.026 0.01 5.78 <0.001

Degr ees -4.122 2.20 -1.87 0. 080
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Prior to discussing the final results of this analysis on
the efficacy of sumer flow augnentation, it is inportant for
the reader to recognize its limtations. Post-tagging nortality
of cohorts released later in the sumer would bias the anal yses.
Though Prentice et al. (1990a) found that delayed nortality of
subyearling fall chinook sal non was | ow (range, 1-5% 135139 d
after PIT tagging, their tests were not conducted at
t enper at ures above 14.4°C. Research should be conducted on
del ayed nortality of PIT-tagged fall chinook sal non at
t enper atures above 14.4°C. It is not known where PIT-tagged fal
chinook salnon died en route to Lower Granite Dam This
assessnent of summer flow augnentation would be weakened if the
majority of tagged fish died in the free-fl owi ng Snake River
before flow was augnented. The analysis relies on sinple
approxi mations of the flow volunes rel eased for sumrer flow
augnentation to sinmulate tenperatures in Lower Ganite
Reservoir, and to predict survival of young fall chinook sal non
had the sumrer flow augnentation not been inplenented. This is
especially true in the case of the USBR scenario where the tota
known vol une of water set aside for sumrer flow augnentation was
averaged across 1 July-31 August because it is not possible to
determ ne when the water was actually released. This is an
inportant limtation because if the water was rel eased as a
| arge vol unme over a short period of tine its influence on cohort
survival would be different than reported in this chapter.
Finally, the analysis focused on two races of wild subyearling
fall chinook sal non tagged in the Snake River (i.e., the upper
reach and | ower reach races), whereas the population of wild
Snake River fall chinook sal non includes the | ower C earwater
Ri ver race that mgrates fromJuly through Septenber (Connor et
al. 2002). The effect of the five scenarios on subyearling fal
chi nook salnmon in the | ower Cearwater R ver was not assessed
because few of these fish pass Lower Granite Dam as subyearlings
(Connor et al. 2002).

Acknowl edgi ng the above |imtations, rel eases of Dworshak
Reservoir water had a larger effect on Lower Granite Reservoir
flows than rel eases of water from USBR reservoirs (Figure 3)
because nore stored water was nmade avail abl e from Dwor shak
Reservoir. The Septenber scenari o showed rel easing water from
bot h Dworshak and USBR reservoirs resulted in a marked increase
in Lower Ganite Reservoir flows (Figure 3). These results
support the conclusion that sumrer flow augnentation in 2002
increased flowin Lower Granite Reservoir consistent with
anal yses on data from 1993-2000 (Connor et al. 1998; Connor et
al . 2003b).
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Figure 3.- Daily mean flows (n¥/s; top panel) in Lower Granite
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augnentation in 2002. Daily nean tenperatures (°C, bottom panel)
were sinmulated (Yearsley et al. 2001) for the tailrace of Lower
Granite Dam based on the approxi mated fl ows.
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Sinmul ated tenperatures in Lower G anite Reservoir were
cool er under the Dworshak scenario than under the USBR scenario
(Tabl e 10; Figure 3). This indicates that rel easing water from
Dwor shak Reservoir decreases tenperature in Lower Granite
Reservoir, whereas water fromthe USBR reservoirs after being
routed through Brownl ee, Oxbow, and Hells Canyon reservoirs
(Figure 1) increases tenperature. However, under the Septenber
scenario that actually occurred, the net result of releasing
wat er from both Dworshak and USBR reservoirs was a decrease in
Lower Granite Reservoir tenperatures (Table 10; Figure 3).
These results support the conclusion that sumer flow
augnentation in 2002 decreased tenperature in Lower Ganite
Reservoir consistent with anal yses on data from 1993-1995 and
1998- 2000 (Connor et al. 1998; Connor et al. 2003b).

Under the Dworshak, USBR, and Septenber scenarios, the nean
increase in predicted survival resulting fromflow augnentation
i ncreased fromcohort 1 to cohort 4 and was consistent with
1998- 2000 results (Connor et al. 2003b). The nean increase in
predi cted survival over the baseline scenario was higher under
t he Dworshak scenario than under the USBR scenario (Table 10)
because of the aforenentioned differences in tenperature and
flow effects between the scenarios (Figure 3). The Septenber
scenari o showed the greatest increase in predicted survival over
t he Basel i ne scenari o when conpared to the Dworshak and USBR
scenarios (Table 10). These results denonstrate the increnental
benefits obtained by rel easing water from both Dworshak
Reservoir and USBR reservoirs. These results al so show that
summer fl ow augnmentation increased survival of wild subyearling
fall chinook sal non passing downstreamin Lower Ganite
Reservoir during 2002 as was observed during 1993-2000 for wld
and hatchery subyearling fall chinook sal non (Connor et al.

1998; Connor et al. 2003b; Smth et al. in press)

Approxi mated fl ows under the Septenber scenario were | ower
during the period when wild subyearling fall chinook sal non of
Snake River origin were in Lower G anite Reservoir than under
t he Jul y- August scenario (Tables 5,10; Figure 3). There was
little difference in flows between the two scenarios during the
first 10 d of Septenber (Figure 3).

Si mul at ed tenperatures under the Septenber scenario were
slightly higher during the period when wld subyearling fal
chi nook sal non of Snake River origin were in Lower Ganite
Reservoir than under the July-August scenario (Tables 5, 10;
Figure 3). There was little difference in tenperature between
the two scenarios during the first 10 d of Septenber (Figure 3).
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Tabl e 10.-Predicted survival (+ 95% C. 1.) to the tailrace of
Lower Granite Damfor cohorts of wild fall chinook sal non tagged
in the Snake River in 2002. Predictions were nmade using the
medi an fork I engths given in Table 8 for each cohort and fl ow
(m/s) and tenperature (°C) exposure indices recalculated to
approxi mate conditi ons under each scenario. Note that the flow
and tenperature exposure indices were not recal cul ated because
they were actually observed (Table 8), and that the baseline
scenari o represents conditions approxi mated to have occurred
wi t hout fl ow augnentati on.

Recal cul at ed I ncrease in
survival over
Scenario Cohort Flow Tenperature Survival baseline scenario

Basel i ne 1 1, 590 16. 8 57.5 + 5.9
2 1,477 17.2 48.8 + 5.7
3 1,117 18.9 28.4 + 5.9
4 655 20.4 11.4 + 9.9
Dwor shak 1 1, 669 16.5 60.8 + 6.9 3.3
2 1,578 16. 6 54.0 + 7.8 52
3 1, 283 17.2 39.7 + 7.9 11.3
4 875 18. 4 25.4 + 5.6 14.0
Mean 8.5
USBR 1 1,619 16. 9 57.8 + 5.5 0.3
2 1, 509 17.3 49.3 + 5.4 0.5
3 1,161 19 29.1 + 6.2 0.7
4 709 20.5 12.4 + 10.3 1.0
Mean 0.6
Sept enber 1 1,712 16. 7 61.1 + 6.1 3.6
2 1,620 16. 8 54.3 + 7.1 55
3 1, 336 17. 4 40.3 + 7.3 11.9
4 946 18.7 26.1 + 5.3 14.7
Mean 8.9
Jul y- Aug 1 1,743 16. 4 63.1 + 7.2 5.6
2 1, 648 16.5 56.2 + 8.1 7.4
3 1, 361 17.1 42.2 + 8.2 13.8
4 977 18. 3 28.5 + 5.2 17.1
Mean 11.0
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Predi cted survival of cohorts 1 and 2 was hi gher under the
Sept enber and Jul y- August scenarios than for baseline conditions
(Tabl e 10), but this difference was not significant (Figure 4).
Predi cted survival of cohorts 3 and 4 was significantly higher
under the Septenber and Jul y- August scenarios than under the
Basel ine scenario (Figure 4). These results differ fromthose
reported for cohorts 1 to 4 during 1998-2000 (Connor et al.
2003). During 1998-2002, predicted survival of all four cohorts
was significantly higher than predicted survival for Baseline
conditions (Connor et al. 2003b). The nost plausible
explanation for this finding is related to the availability of
wat er from Snake River reservoirs. During 1998-2000, roughly
427,000 acre feet of USBR reservoir water was provided for flow
augnentati on, and the Bonneville Power Adm nistration purchased
an additional 237,000 acre feet fromthe | daho Power Conpany
t hough a settlenent agreenment. Drafting Brownl ee Reservoir for
fl ow augnentation provided this “settlenent water”. During
1998- 2000, fish and water managers had nore control over when
this Snake River reservoir water was rel eased and they rel eased
it early when the water was cool to avoid warm ng Lower G anite
Reservoir. It is likely that this water from Snake R ver
reservoirs increased survival of the earlier mgrating fish
(1.e., cohorts 1 and 2) in 1998 and 1999, and in its absence
after 1999, cohorts 1 and 2 did not accrue as |large of a benefit
fromfl ow augnment ati on

The increases in survival predicted for cohorts 3 and 4 in
2002 (Table 10) were also | ower than observed during 1998 (19.2%
and 19.0% and 1999 (16.6% and 23.7%, but simlar to 2000
(13.6% and 18.6% (Connor et al. 2003). Notably, 2000 was the
first year the State of |Idaho declined a waiver for exceeding
the 110% di ssol ved gas standard in the tailrace of Dworshak Dam
The lower |evels of increase in predicted survival is likely a
direct result of the gas cap. For exanple, in 1998 and 1999 up
to 566 m¥/s of water was rel eased from Dworshak Reservoir during
|ate July or early August. Thus flow was increased and
tenperature was decreased in Lower Ganite Reservoir when
juveniles of cohorts 3 and 4 were present. Consequently, the
increase in survival cohorts 3 and 4 associated with flow
augnent ati on during 1998 and 1999 was hi gher than observed
during 2000 and 2002.

The mean increase in predicted survival was 2.1 percentage
poi nts | ower under the Septenber scenario than under the July-
August scenario (Table 10). This was to be expected because the
final regression nodel coefficients show that survival wll
decrease as fl ow decreases and tenperature increases, and the
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Sept enber scenari o exposed fish to | ower flows and hi gher

t enperatures than woul d have occurred under the Jul y- August
scenario (Tables 5, 10; Figure 3). The difference in survival
predi cted for the Septenber and Jul y- August scenari os, however,
cannot be viewed as statistically significant because of marked
overlap in the 95% C. I.s of the two predictions (Figure 4). The
inplications of these results are dependent on the perspective
of individual fish and water nmanagers. This contrasts with, and
resci nds, the conclusion the author provided to fish and water
managers in 2003 (Connor 2003).
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Abstract.—+n 2002, we used a conbination of radio telenetry,

vel ocity nmeasurenent, and tenperature nonitoring to evaluate the
effects of sumer flow augnentation on subyearling fall Chinook
salnon in the Snake River. Mean cross-sectional water velocity
was neasured at regular intervals fromLower Ganite Damto
Hel | er Bar on the Snake River on two occasions using an acoustic
Doppl er current profiler. Water velocity was highest in the
free-fl ow ng Snake River and decreased with proximty to Lower
Granite Dam Water velocities al so decreased later in the
summer when flows were |ower. Median travel rates of radio-
tagged fall chinook sal non were strongly related to water
velocity, and travel rates decreased the closer that fish got to
Lower Granite Dam Sone of our radio-tagged fish nmade upstream
excursions after initially reaching the downstream part of Lower
Granite Reservoir. Sone of these were extensive and may have
negati ve consequences for subyearling fall chinook salnmon. A
smal |l release of fish fitted with tenperature-sensing radio
transmtters produced limted information on tenperature
selection in the confluence area, but sone fish did select
cooler water as they passed downstream Detection information
fromunderwater antennas | ocated at the Red WIf Bridge about 2
m | es bel ow the Snake-Cl earwater Ri ver confluence suggested that
fish were traveling deep in the water columm, presunmably in
cool er water, as they passed this site.
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| nt roducti on

The abundance of fall Chinook salnmon in the Snake River has
declined to the point that they are now listed as “threatened”
under the Endangered Species Act (NMFS 1992). Fall Chinook
sal non have an ocean-type life history in which fry energe in
the spring and mgrate seaward in their first year of life as
subyearlings. Because the outm gration of subyearling fal
Chi nook salnon in the Snake Ri ver occurs primarily during the
sumer, flows are | ow and water tenperatures are hi gh—sonetines
near the upper incipient lethal maximumin surface waters
(Tiffan et al. 2003). Consequently, the survival of cohorts of
late mgrants is often | ow (Connor 2003).

One of the neasures currently inplenented to i nprove summer
m gratory conditions and survival is the release of additional
wat er from upstream storage reservoirs, which is referred to as
fl ow augnentation. The underlying assunption of flow
augnentation is that increasing flows will decrease fish travel
time, thereby decreasing exposure to predators, disease, and
unfavorabl e environnental conditions, which will subsequently
increase survival. Additionally, water rel eased from Dworshak
Reservoir in ldaho has a cooling effect on Lower G anite
Reservoir, the first reservoir encountered by fish during their
seaward mgration. Therefore, Dworshak rel eases are believed to
i ncrease survival by reducing exposure to high water
tenperatures. However, one of the unintended consequences of
this may be to delay the mgration of fish outmgrating fromthe
Snake River that encounter cooler water at the confluence of the
Clearwater River. The assunption that flow augnentation
decreases fish travel tinme has not been concl usively
established. This study attenpted to quantify the differences
in mgratory behavior of subyearling fall Chinook sal non before
and after sumrer flow augnentation, and also to identify the
wat er tenperatures selected by fish at the confluence of the
Snake and Cl earwater rivers.

Met hods
Radio tel enetry

Fish collection, tagging, and rel ease. —Subyearling fall Chinook
sal non were collected and fitted with radio transmtters at the
Lower Granite Damjuvenile fish collection facility (river

kil ometer (Rkm 173). Taggi ng took place between June 29-July 2
(Rel ease 1), July 22-27 (Release 2), and August 5-9, 2002

(Rel ease 3). During Releases 1 and 2, fish were surgically
inplanted with coded radio tags (Lotek Wrel ess, Inc.,
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Newnmar ket, Ontario) follow ng the nethods of Adans et al.
(1998). Tags neasured 15 mmlong, 4.5 mmin dianmeter, weighed
0.85 ginair, and had a |life span of 8 d. During Rel ease 3,
fish were inplanted with tenperature-sensing tags (Advanced

Tel enetry Systens, Inc., Isanti, Mnnesota). Tenperature-
sensing transmtters were 17 mmlong, 6 mmin dianeter, weighed
1.7 ginair, and had a |life span of 8 to 10 d. Tag accuracy

was +0.5°C. The transmitters operated on uni que frequencies and
had pulse intervals (in mlliseconds) that decreased with

i ncreased tenperature. O the fish we tagged, the ratio of tag
wei ght to fish weight did not exceed 5%

Groups of 6-21 fish were tagged each day for 5 d during
each rel ease period. Tagged fish were held for 24 h after
tagging to nonitor short-termdelayed nortality and then were
transported to release sites in the Snake and Cl earwater rivers.
Fish were transported in 125-L insulated containers in groups of
three fish per container. On each release day, half the fish
were released at Heller Bar (Rkm 271; Release 1) or Rkm 267.5
(Release 2 and 3) in the Snake River, and half the fish were
released in the Cearwater River near Potlatch (Rkm 6.5; Rel ease
1) or at Lenore, ldaho (Rkm 43; Release 2 and 3). Sone fish
were al so rel eased at Asotin, Washi ngton (Rkm 235).

Fi xed-site nonitoring. —Fhe novenent of radio-tagged fish was
nmoni tored by arrays of antennas and receivers |ocated at various
fixed sites between rel ease |ocations and Lower G anite Dam
(Figure 1). Arrays were established at Lower G anite Dam ( Rkm
173.0), the forebay of Lower G anite Dam (Rkm 174.5), Ganite
Poi nt (Rkm 183.0), Water Canyon (Rkm 188.2), Steptoe Canyon (Rkm
206.0), Red Wl f Bridge (Rkm 221.2), the H ghway 12 bridge (Bl ue
Bridge) between d arkston, WA and Lew ston, ID (Rkm 224.5),
Couse Creek on the Snake River (Rkm 254.0), and the nouth of the
Clearwater River. W refer to the areas between detection sites
as reaches. Four- or nine-elenment Yagi antennas were used at
each site in conjunction with a Lotek SRX receiver. Antennas
were al so placed on barges |located in the forebay of Lower
Granite Dam at Water Canyon, and at Steptoe Canyon to increase
detection efficiency. In addition, an array of underwater
antennas was depl oyed at the Red Wl f Bridge to increase
detection of fish traveling deeper in the water colum. A
series of dipole antennas were depl oyed along the riverbed
perpendi cular to the river flow and spaced at 10-mintervals. A
total of 27 underwater antennas were depl oyed to obtain
detecti on coverage for about 80%of the river’s width, which
excluded the shall owest areas on the south side of the river.
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Figure 1.-Locations of radio telenetry detection sites in the Snake River in 2002.
See text for river kiloneter |ocations.



Mobi | e tracking. -Boat nobile tracking was the primary nethod
used to obtain data on fish tagged with tenperature-sensing
transmtters during Release 3. A separate day and nighttine
shift together provided up to 20 h of tracking effort each day.
Hourly fish |l ocations were recorded with a GPS for as many fish
as possible. Between hourly |locations, tenperature information
was col l ected and | ogged by a receiver on as nmany fish as
possi bl e.

Water velocity

Water velocities were neasured in Lower Granite Reservoir
and the Snake River to relate fish travel rates to velocities.
An acoustic Doppler current profiler (ADCP) was used to measure
wat er velocities in bins that were 5-mlong x 0.5-m deep al ong
cross sections established every 3 kmfrom Lower G anite Dam
upstreamto Heller Bar. Bin velocities were averaged to
determ ne the nean cross-sectional water velocity for each
transect. Cross-sectional water velocities were al so averaged
wi thin each reach defined by radio telenetry detection sites.
ADCP data collection coincided with the first and second
rel eases of radio-tagged fish.

Tenperature nonitoring

Ther nograph strings were used to nonitor the vertical
distribution of water tenperatures in the Snake and C earwater
rivers. Five to eight data-Ilogging thernographs (HOBO \Wat er
Tenp Pro | oggers (nodel H20-001), Onset Corporation) were
depl oyed at different depths fromthe surface to the bottom of
the river at the Blue Bridge, railroad bridge in Lew ston, ID
Red Wl f Bridge, Steptoe Canyon barge, Water Canyon barge, and
the barge in the forebay of Lower G anite Dam (Table 1).

Ther nogr aphs were deployed in early July and were retrieved in
| ate August. Tenperatures were recorded every 15 mn.

A bat hyt her nograph (BT) was used to collect vertical water
tenperature profiles in the area of the Snake and C earwater
confluence. Cross-sectional transects were established every
200 mfrom just above the Blue Bridge on the Snake Ri ver (Rkm
226) and from Potlatch (Cl earwater Rkm 6.5) downstreamto the
Port of WIm (Rkm 216). BT profiles were collected at five
poi nts spaced evenly along each transect. The BT recorded tine,
depth, and tenperature every 0.3 s, and was | owered and rai sed
to the surface at a rate of 0.5 mls with an electric winch. The
| ocation of each BT profile was recorded with a GPS. Water
tenperature data were collected to show changes in the
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Tabl e 1.-Locations and depths of thernograph strings depl oyed
in the Snake and Cl earwater rivers in 2002.

Ther nograph string

| ocation Dept hs of individual thernmographs (m
Bl ue Bridge 0.5, 1.5, 3, 5, 7, 9
Rai | road Bri dge 0.5, 1.5, 3, 5, 7, 9
Red Wl f Bridge 0.5, 1.5, 3, 5, 7
St ept oe Barge 0.5, 1.5, 3, 7, 14
Wat er Canyon Barge 0.5, 1.5, 3, 5, 10, 15, 20, 26
For ebay Barge 0.5, 1.5, 3, 5, 10, 15, 21

di stribution of tenperatures fromthe confluence of the Snake
and Clearwater rivers downstreamto Red Wl f Bridge.

Dat a anal ysi s

Dat a downl oaded fromradio telenetry receivers were
incorporated into a SAS (Statistical Analysis Software, SAS
2000) database and automatically proofed to renove
erroneous data records. Data were also manually proofed to
ensure data accuracy and confirmthe integrity questionabl e data
records. Fish detection records were analyzed to exam ne travel
times, mgration rates, and upstream excursions. Fish travel
times were calculated as the el apsed tine between rel ease and
first detection at a detection site, or between |ast detection
at a site and the first detection at the next downstream
detection site. Mgration rates were calculated as the | ength
of the reach divided by fish travel tinme in the reach. The
i nci dence of upstream excursions was determ ned by plotting the
detections of each fish over tinme to determne if a fish
detected at a downstreamsite was | ater detected at an upstream
site.

We used | east-squares regression to exan ne the
rel ati onship between water velocity and subyearling mgratory
behavior. Fish travel tines and mgration rates were pool ed by
rel ease group (1 and 2 only), and nedi ans were cal cul ated
because the data were not normally distributed. Median travel
rates within reaches were then regressed agai nst the average
cross-sectional water velocity for each reach
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Resul ts
Ri ver conditions and fl ow augnentation

During the sunmer of 2002, flows at Lower Granite Dam
declined from 137 kcfs on June 1 to 24 kcfs on Septenber 1
(Figure 2). Snake R ver flows at Anatone, Washington declined
from83 to 13 kcfs during this sanme period. Dworshak Dam
outflows, typically <5 kcfs in June, reached a high of 19.6 kcfs
in late June and declined to 7.4 kcfs during our first rel ease.
Dwor shak outflows were less than 13 kcfs for only 8 d during our
study. Fl ow augnentation began on July 9 with the rel ease of
13.7 kcfs from Dworshak Dam which was naintai ned through |late
August. Snake River flows, as neasured at Lower Granite Dam
declined from80 to 40 kcfs during Release 1, from31 to 25 kcfs
during Rel ease 2, and averaged about 26 kcfs during Rel ease 3.
Wat er tenperatures neasured at Lower Granite Dam (scroll case)
increased to a peak of 20.6°C in late July then declined or
remai ned relatively stable (Figure 2).

Radio telenmetry

Taggi ng. - W tagged 50 and 107 subyearling Chi nook sal non with
coded radi o tags during Releases 1 and 2, respectively (Table
2). Mean fork lengths ranged from 120 to 135 mm duri ng Rel ease
1 and nmean wei ghts ranged from20.0 to 29.8 g. During Rel ease
2, nean fork lengths ranged from 118 to 127 mm and nean wei ghts
ranged from19.8 to 24.2 g. A total of 27 fish were tagged with
tenperature-sensing radio tags in early August (Release 3),

whi ch averaged 134 mmfork length and 28.9 g (Table 3). There
was no tagging nortality in 2002.

Detection efficiency.- W detected 77% (121 of 157) of
subyear|ing Chinook sal non marked with coded radio tags in 2002
(Table 4). Detection efficiency was generally higher during
Rel ease 1 than in Release 2. During Release 1, detection
efficiency ranged from 100%in the Cearwater R ver to 34% at
Couse Creek in the free-flowi ng Snake River. During Rel ease 2,
detection efficiency ranged from77%in the Cearwater River to
0% at Lower Granite Dam Bel ow the confluence of the Snake and
Clearwater rivers, detection efficiency decreased as fish noved
downstream (Table 4). Few fish were detected downstream of

St ept oe Canyon during the second release in |late July.
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Figure 2.-Snake River flows at Lower Ganite Dam (solid line),
Anat one, Washington (dotted line), and Clearwater River outflow
from Dwor shak Dam (dashed |ine) during sunmer, 2002. Water
tenperatures neasured at the scroll case of Lower G anite Dam
are shown in red. Al so shown are the periods when radi o-tagged
subyear|ing Chinook salnon were at large in the Snake and
Cl earwater rivers.
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Tabl e 2.-Rel ease date, nunber, site, fork length, and wei ght
of subyearling fall Chinook sal non tagged with coded radi o tags
and released into the Snake and C earwater rivers in 2002.

No. Mean Fork

Rel ease of Rel ease Lengt h Mean Wi ght

Dat e Fi sh Site (range nm (range Q)
06/ 30/ 02 3 Cl ear wat er 123(115-134) 22.3(17.5-29.9)
06/ 30/ 02 3 Asotin 132(120-143) 27.5(18. 6-36. 2)
06/ 30/ 02 3 Hel | er Bar 128(119-139) 25.3(19.7-36.4)
07/ 01/ 02 6 Cl ear wat er 133(128-147) 25.8(22.3-35.4)
07/ 01/ 02 5 Asotin 124(117-138) 21.4(17.3-30.9)
07/ 01/ 02 3 Hel | er Bar 135(125-156) 26.8(19.7-39.9)
07/ 02/ 02 6 Cl ear wat er 132(120-146) 26.9(20.0-34.9)
07/ 02/ 02 6 Asotin 135(119-143) 29.2(21.0-37.2)
07/ 02/ 02 6 Hel | er Bar  130(115-148) 26.1(17.7-38.8)
07/ 03/ 02 3 Cl ear wat er 135(123-152) 29.8(21.7-43.0)
07/ 03/ 02 3 Asotin 125(118-130) 22.3(18.9-24.6)
07/ 03/ 02 3 Hel | er Bar 120(119-121) 20.0(19. 3-20.5)
07/ 23/ 02 8 Cl ear wat er 121(115-128) 20. 6(18. 8- 25. 6)
07/ 23/ 02 9 Hel | er Bar 118(113-129) 19.8(17.8-24.3)
07/ 24/ 02 9 Cl ear wat er 123(117-132) 21.9(18. 4-26.0)
07/ 24/ 02 9 Hel | er Bar 122(116-133) 21.0(17.6-25.4)
07/ 25/ 02 6 Cl ear wat er 125(121-127) 23.5(21.0-25.4)
07/ 25/ 02 6 Hel | er Bar 128(122-134) 24.2(20.3-29.2)
07/ 26/ 02 12 Cl ear wat er 124(116-136) 22.6(19. 3-29.3)
07/ 26/ 02 9 Hel | er Bar 123(119-130) 20.5(18. 1-23. 4)
07/ 27/ 02 9 Cl ear wat er 123(120-127) 22.0(20.9-24.0)
07/ 27/ 02 9 Hel | er Bar 126(120-132) 24.2(22.0-28.3)
07/ 28/ 02 12 Cl ear wat er 123(118-127) 22.3(19.4-24.5)
07/ 28/ 02 9 Hel | er Bar 126(119-135) 24.0(20. 1-29. 4)

Totals 157 127(113-156) 23.7(17.3-43.0)
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Tabl e 3. -Rel ease date,
of subyearling fall

nunber

r el eased,

fork I ength, and wei ght
Chi nook sal non tagged with tenperature-

sensing tags released in the Snake and Cl earwater rivers, 2002.
Rel ease No. of Rel ease Fork | ength Wi ght
Dat e Fi sh Site (range nm (range Q)

08/ 06/ 02 3 Cl earwater 135(131-143) 31.3(27.6-35.1)
08/ 06/ 02 3 Hel | er Bar 127(123-132) 26.1(24. 4-29. 6)
08/ 07/ 02 3 Cl earwater 133(129-139) 27.9(24.5-32.6)
08/ 07/ 02 3 Hel | er Bar 133(132-134) 27.1(24.1-29.7)
08/ 08/ 02 3 Cl earwater 134(128-135) 29.5(26.9-31.4)
08/ 08/ 02 3 Hel | er Bar 132(127-135) 29.4(26.1-31. 6)
08/ 09/ 02 3 Cl earwater 135(134-137) 31. 8(28.5-35.3)
08/ 09/ 02 3 Hel | er Bar 136(134-138) 30.8(29.8-31.7)
08/ 10/ 02 2 Cl earwater 139(138-140) 33.9(33.5-34.3)
08/ 10/ 02 1 Hel | er Bar 134 28.9

Total s 27 134(127- 143) 29. 7(24. 1- 35. 3)

Tabl e 4.-Rel ease | ocation, nunber rel eased, and percent
detection efficiencies by rel ease period of radi o-tagged
subyearling fall Chinook sal non at receiver banks in the Snake
and Clearwater Rivers in 2002. Nunbers in parenthesis denote
nunber of fish detected.

Rel ease 1 (Jun 30-Jul 3) Release 2 (Jul 23-28)
Rel ease | ocation Cl ear wat er Snake Cl ear wat er Snake
Nunber rel eased 18 32 56 51
Couse Creek 34% (11) 65% ( 33)
Bl ue Bridge 34% (11) 45% ( 23)
Cl ear wat er 100% ( 18) 77% (43)
Red Wl f Bridge 80% (40) 69% ( 64)
St ept oe Canyon 80% (40) 50% (53)
Wat er Canyon 72% (. 36) 17% (19)
Granite Point 68% (34) 12% (13)
LGR For ebay 56% (28) 7% (7)
LGR Dam 44% (22) 0%
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Water velocity and mgration rate

Mean cross-sectional water velocity in the Snake River
increased in an upstreamdirection, and strong rel ati onshi ps
exi sted between water velocity and distance fromLower Ganite
Dam for Release 1 and Release 2 in Lower G anite Reservoir
(Figure 3). W only used velocity data from Lower Ganite
Reservoir in regression anal yses because we were primarily
interested in velocity differences in the reservoir. The
equation that best fit the data from Rel ease 1 was:

Vel ocity = 2.9156 + 0.5622 Distance from Lower G anite Dam

where velocity is nmeasured in cms and distance is neasured in
kilometers. The r2 for this relationship was 0.85. The equation
that best fit the data from Rel ease 2 was:

Vel ocity = 4.6632 + 0.3233 Distance from Lower G anite Dam

where velocity is neasured in cm's and distance is neasured in
kilonmeters. The r? for this relationship was 0.83. Mean cross-
sectional velocity increased slowy and linearly from Lower
Granite Damto just above the confluence and then increased nore
rapidly upstream particularly in the free-flowing river.

Subyear|ing Chinook salnon travel rates were also rel ated
to distance from Lower Ganite Dam and water velocity. Trave
rates decreased with decreasing distance to Lower Ganite Dam
and travel rates were substantially higher in the free-fl ow ng
Snake River than in Lower G anite Reservoir (Figure 4). Strong
rel ati onshi ps exi sted between travel rate and di stance to Lower
Granite Dam for Release 1 (r?=0.89, P=0.0005) and Rel ease 2
(r2=0.86, P=0.0025) with travel rates decreasing as fish got
closer to the dam Simlarly, strong relationships existed
bet ween subyearling travel rate and nean reach water velocity
for Release 1 (r?=0.98, P=0.0001) and Rel ease 2 (r?=0.99,

P=0. 0001; Figure 5). The regression equation that best fit the
data for Release 1 is defined as:

Medi an travel rate = 4.5087 + 0.8716 Mean velocity
where both nedian travel rate and nmean velocity are neasured in
kmd. The regression equation that best fit the data for

Rel ease 2 is defined as:

Medi an travel rate = -0.2343 + 0.8448 Mean velocity
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velocity for subyearling Chinook sal non released in the Snake

Ri ver fromJune 30-July 3 (top) and fromJuly 22-28, 2002
(bottom

in the Snake River. Least-squares regression |ines and

equations are shown as well.
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where both nedian travel rate and nean velocity are nmeasured in
kmd. Fish traveled significantly faster at the higher
velocities in the free-flowng river than in the reservoir. The
sl opes of the travel rate-velocity regressions indicate that
fish traveled slightly slower than the nean water velocity.

Both travel rates and water velocities were | ower during Rel ease
2, which corresponded to |ower flows (25-31 kcfs).

Upst r eam excur si ons

O the 121 subyearling Chinook sal non tagged with coded
radio transmtters and detected in our arrays, 10 (8% fish nmade
14 upstream excursions (at |least fromone detection site to the
next upstream detection site; Table 5). All upstream excursions
were initiated fromGanite Point or the Lower G anite Dam
forebay. N ne of these fish were from Rel ease 1 and one fish
was fromRelease 2. O the nine fish from Rel ease 1, seven fish
initiated upstream excursions after arrival at Ganite Point and
the other two fish initiated upstream excursions after arrival
in the Lower Granite forebay. The upstream excursion distances
ranged from5.63 kmto 32.98 km and upstream excursion tines
ranged from3 h 9 minto 92 h 12 mn.

Water tenperature

Wat er tenperatures recorded by thernograph strings
i ndi cated that on average the Snake Ri ver above the confluence
is over 8°C warner than that of the Cearwater River (Table 6).
Vertical water tenperatures neasured at both the Blue Bridge on
the Snake River and the Railroad Bridge on the C earwater R ver
indicate that water tenperatures in both the Snake and
Clearwater rivers are generally honotherm c above their
confluence (Figure 6). At Red WIf Bridge (3 km downstream of
the confluence), tenperatures were about 3°C cooler at a depth
of 7 mconpared to those near the surface due to the cooler
Clearwater River water traveling along the bottom of the river
channel (Figure 7). Thernograph strings at Steptoe Canyon,
Wat er Canyon, and in the forebay of Lower Ganite Damall showed
decreasing tenperatures with increasing depth (Figures 7-8).
Tenperatures at the greatest depths were generally about 3-5°C
cool er than surface tenperatures. There was also |ess
variability in tenperatures at greater depths. Finally, surface
wat er tenperatures in the |ower portion of the reservoir were
hi gh and occasionally exceeded 27°C in the forebay of Lower
Granite Dam
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Tabl e 5.-Summary of upstream excursions in Lower Granite Reservoir nade by
subyear|ing Chinook sal non tagged with coded radio transnitters in 2002.
Times of initial and | ast detection are shown for fish at each site as well
as arrows to show direction of travel.

Detection site

St ept oe Wat er Ganite
Fish ID Dat e Canyon Canyon Poi nt For ebay Exi t
20171 7-4-02 11. 56 €— 02: 17
7-4-02 12: 24 —% 14:54
7-5-02 14: 27 4— 10: 20
7-5-02 15: 20
7-7-02 04: 19 &
7-8-02 07: 13 —P 20: 24
7-8-02 22: 43
7-9-02 T 06: 23
7-9-02 07: 32 > 15: 10
21171 7-3-02 19: 57 q— 05: 14
7-3-02 21: 07
7-4-02 TSA 011 46
7-4-02 04: 52 —p 08: 41
7-5-02 21: 27
7-6-02 11: 05 &~
7-6-02 11: 41 —p 17: 03
20176 7-3-02 05: 31 ¢— 01: 45
7-3-02 05: 46 —p 08: 30
21173 7-6-02 19: 50 ¢— 15:52
7-6-02 21: 24
22143 7-5-02 15: 34
7-6-02 05: 06 &
7-7-02 17: 10 —» 22: 25
7-7-02 23: 05
7-8-02 03: 56 &
7-10- 02 06: 08
20178 7-6-02 11: 31 €— 08: 05
7-7-02 12: 01
7-8-02 T 10:49
20181 7-6-02 19: 27 €4— 10: 58
7-8-02 07: 14
21179 7-6-02 20: 33
7-7-02 15:11 &~
7-8-02 06: 28 —» 13: 12
21181 7-8-02 21: 07
7-9-02 06: 25 &
7-9-02 11: 06 4— 7:27
7-9-02 12: 20
20188 7-29-02 23: 37
7-30- 02 20: 37 &
7-30- 02 21: 32
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Tabl e 6. -Means and ranges of tenperatures neasured by
t her nograph strings deployed in the Snake and C earwater rivers,
Jul y- August 2002.

Locati on Depth (m Mean Tenp (°C) Tenp Range (m n-

max)
0.5 21. 80 18. 60- 23. 81
1.5 21. 75 18. 60- 23. 59
Bl ue 3 21. 65 18. 53- 23. 52
Bri dge 5 21.72 18. 60- 23. 64
7 21.79 18. 72-23. 74
9 21. 58 13. 33-23. 76
0.5 13. 64 10. 66- 16. 39
1.5 13. 64 10. 66- 16. 42
Rai | Road 3 13. 61 10. 59- 16. 39
Bri dge 5 13. 68 10. 61- 16. 46
7 13. 51 10. 44- 16. 30
9 13. 49 10. 42- 16. 30
0.5 20. 70 16. 82- 23. 66
1.5 20. 32 16. 77-22. 92
Rggigggf 3 19. 58 16. 01- 22. 63
5 18. 52 13. 95-21. 91
7 17.12 12.82-21. 17
0.5 19. 81 17. 25-22. 30
St ept oe 1.5 19. 60 16.77-22. 13
Canyon 3 19. 36 16.27-21.94
Bar ge 7 18. 34 14. 98- 20. 94
14 16. 99 14. 31- 20. 91
0.5 21. 64 18. 72- 25. 26
1.5 21. 45 18. 70- 24. 10
3 21.12 18. 44- 23. 35
égﬁ;gn 5 20. 70 18. 25- 23. 09
Bar ge 10 19. 96 18. 06- 22. 27
15 18. 97 16. 89- 21. 29
20 18. 00 15. 37-19. 60
26 17. 35 15. 10- 19. 32
0.5 21. 92 19. 75- 27. 95
1.5 21. 63 19. 29- 25. 23
3 21. 31 18. 77- 24. 97
Fggfggy 5 20. 96 18. 58- 24. 36
10 19. 87 18. 01- 21. 80
15 19. 12 17.13-21. 13

21 18. 17 15. 70- 20. 29
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Plots of tenperature data collected with a bathyt her nograph
in the confluence area of the Snake and Cl earwater rivers show
how wat er of different tenperatures m x and nove downstreamto
the Red WIf Bridge (Figures 9-10). Cooler water fromthe
Clearwater River initially flows along the bottomand |eft side
of the channel then gradually becones warner further downstream
Warnmer water fromthe Snake River remains near the top of the
water colum and initially flows along the right (north) shore
until it becomes nore evenly distributed at the Red WIf Bridge.

Twent y- seven subyearling Chi nook salnmon were fitted with
tenperature-sensing radio transmtters and released in early
August in the Snake and Clearwater rivers to investigate
tenperature-rel ated behavior in the confluence area. O the 27
fish released, only four were detected fromreleases in the
Snake River and eight were detected fromreleases in the
Clearwater River. The eight fish detected in the C earwater
Ri ver were | ocated near the river’s nouth above the confl uence
with the Snake River. Seven of the fish remained in the
Cl earwater River or were not detected at any sites downstream of
the confluence. Tenperatures experienced by fish exhibited
l[ittle variation and ranged from 13 to 15°C.

We detected only one fish fromthe C earwater River that
travel ed through the confluence and was detected at Red Wl f
Bridge. After leaving the 12-13°C tenperatures in the
Clearwater River, it was detected in 16-17°C water at the Red
Wl f Bridge. These tenperatures were only available at the
greatest depths (>7 m) in the channel. Surface water
tenperatures at Red Wl f Bridge when this fish was detected
exceeded 20°C. Simlarly, we only detected one fish released in
the Snake River that was subsequently detected in the confluence
area. This fish was detected at the Blue Bridge in 22.2°C water
and then 1 h later at the Red WIf Bridge in 15.9°C water
indicating that it was al so seeking the cool est water avail abl e.

Most of the fish released in the Clearwater R ver del ayed
their mgration above the confluence with the Snake River. Fish
generally traveled the 43 kmfromthe rel ease site at Lenore,
| daho to the lower Clearwater River in about 1 d. They then
I i ngered above the confluence for 2-8 d until their tinme of |ast
detection. W observed one fish, released in the Snake River,
travel into the Cearwater R ver and stay for 2 d before
returning to the Snake River to be detected one | ast tine.
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Figure 9.-Gaphic representation of tenperatures at cross
sections in the confluence of the Snake and Cl earwater rivers on
July 3-7, 2002. Vertical tenperature profiles were collected
wi th a bat hyt her nrograph at points at each cross section.
Tenperature data were interpol ated where data were | acki ng.
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Figure 10.-G aphic representation of tenperatures at cross
sections in the confluence of the Snake and Cl earwater rivers on
July 15-18, 2002. Vertical tenperature profiles were collected
wi th a bat hyt her nograph at points at each cross section.
Tenperature data were interpol ated where data were | acking.
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Di scussi on

Flows fromthe Clearwater River were higher than normal in
June in 2002 and did not represent typical pre-flow augnentation
conditions. |In an average year, discharge from Dworshak
Reservoir is about 1.5 kcfs until flow augnentation begins in
early July. 1In 2002, Dworshak di scharge exceeded 19 kcfs during
our first release of radio-tagged fish but declined to 7.4 kcfs
before fl ow augnentati on began. The intent of the first two
radio tag rel eases was to conpare subyearling fall Chinook
sal non m gratory behavi or before and after the onset of flow
augnent ati on. However, flow conditions in 2002 precluded a
conpari son of a pre-augnentation lowflow (1.5 kcfs) condition
to a post-augnmentation higher-flow (14 kcfs) condition from
Dwor shak Reservoir. Nonetheless, we were able to obtain
val uabl e fi sh behavior information under two different discharge
scenari 0s.

The detection efficiency of radio-tagged fish generally
declined both seasonally and with increasing proximty to Lower
Granite Dam It is likely that survival was |lower later in the
season as flows declined and tenperatures increased as shown by
Connor et al. (2003). Alternatively, fish my have sought
greater depths and cool er water tenperatures |later in the season
as they travel ed through the reservoir. At greater depths (>10
m, radio-tagged fish are not detectable (Kelly and Adans 1996).
It is also possible that as fish traveled sl ower during | ower
flows in late July that their radio tags expired before they
coul d be detected at downstream arrays.

Most detection sites functioned adequately, but power
supply problens occurred for the detection array on the Blue and
Red Wbl f bridges during Release 1. Consequently, efficiency was
reduced at those sites during Release 1. The depl oynent of
underwat er antennas along the riverbed at the Red WIf Bridge
proved to be very successful in detecting a high nunber of
tagged fish. The Red WIf Bridge site detected the nost fish of
any site bel ow the Snake-C earwater River confluence, and nobst
fish were detected by underwater antennas at this site. O the
t hree underwater antenna arrays at this site, nost fish were
detected on antennas |ocated in the deepest part of the channel.
This fact coupled with a detection range of only about 5 mfor
underwat er antennas indicates that fish were traveling close to
the bottom as they passed the Red Wl f Bridge.

Subyearling fall Chinook salnmon travel rate was strongly
related to water velocity in 2002. Although flowis the
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vari abl e commonly used in anal yses and nanagenent deci sions (see
reviews in Gorgi et al. 2002 and | SAB 2003), water velocity is
the functional variable that likely influences fish mgratory
behavior. W denonstrated that water velocity at various

| ocations in Lower Ganite Reservoir and in the free-fl ow ng
Snake River change along this continuum despite flow renai ni ng
relatively constant. Consequently, fish travel tinmes were
strongly related to water velocity being significantly higher in
the free-flowng river than in the reservoir. Travel tinmes were
al so slightly higher in the reservoir during Rel ease 1 when both
flows and water velocities were higher than during Rel ease 2.
The sl opes of the regressions between fish travel tinme and
velocity for Releases 1 and 2 reveals that fish noved about 15%
sl ower than that of the mean cross-sectional water velocity.
This indicates that increasing water velocity in Lower Ganite
Reservoir should increase the travel rate of subyearling fal

Chi nook sal non.

W only fit a linear regression nodel to the reservoir
portion of our water velocity dataset because flow augnentation
is ainmed primarily at inproving mgratory conditions in
reservoir habitats. This approach allowed us to exam ne the
change in water velocity at two different flows, which showed
that water velocities were lower at lower river flows in late
July. The increase in water velocity in the free-flow ng Snake
Ri ver above Lower Granite Reservoir was acconpani ed by a high
degree of variability, which was due to the variation in the
river norphol ogy, conplexity, and |ocation of sanpling
transects. It should be noted that water velocities wll reach
a mximumin a free-flowng river as a function of the channel
gradient. Any function fit to all the data we collected woul d
have to account for this and would likely be represented by a
si gnoi dal function wherein velocities would reach a pl ateau as
di stance from Lower Granite Dam i ncreased.

If water velocity is indeed a cue for downstream m gration
in subyearling fall Chinook salnon, then loss of this cue may
result in altered mgration behavior. The upstream excursions
that we observed for sonme fish may be evidence of this. Al
upstream excursions were initiated from Ganite Point or the
forebay, |ocations characterized by the | owest water velocities
in Lower Granite Reservoir. Venditti et al. (2000) observed the
same upstream excursion behavior for radio-tagged fall Chinook
salnon in Little Goose Reservoir. They specul ated that
mgrating fish may | ose velocity cues in lowvelocity areas,
such as in dam forebays, and may nove back upstreamto rel ocate
the main current. This behavior may contribute to mgrational
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del ay that m ght make fish nore susceptible to disease,
predati on, and exposure to high water tenperatures.

One of the main benefits of using cool water from Dworshak
Reservoir for flow augnentation is noderating high sunmer water
tenperatures in the |l ower Snake River. Qur tenperature sanpling
showed that cooler Clearwater R ver water entering the Snake
Ri ver remai ns deeper in the water colum and al ong the bottom
under neath warnmer Snake River water. Although surface
tenperatures in the Snake River can exceed the upper incipient
| et hal maxi mum for subyearling Chinook sal non, there renains
cool -water refugia for fish deeper in the water colum. It is
likely that this condition only exists in Lower Granite
Reservoir. Tiffan et al. (2003) found no cool -water refugia in
Little Goose Reservoir during periods of sumrer flow
augnentation, but flow augnentation did have the effect of
reducing Little Goose Reservoir tenperatures overall

W nmet with limted success in characterizing the thermnal
sel ection of subyearling fall Chinook salnon in the confl uence
area. Detection of fish tagged with tenperature-sensing tags
was | ow (12 out of 27). Seven of the eight fish detected in the
Clearwater River were not detected noving into the Snake R ver
These fish traveled the 45 kmto the confluence rapidly and then
stopped their downstream novenent just above the confluence. It
is possible that these fish did enter the Snake Ri ver and then
reentered the C earwater River where they renmi ned. Because the
Clearwater River was fairly honotherm c, these fish displayed no
t enperature sel ection.

Two fish, one fromthe Clearwater R ver and one fromthe
Snake River, did nove downstream past the Red Wl f Bridge. Both
fish selected the cool est water available in the vicinity of the
bridge indicating that subyearling sal non are capabl e of
detecting and using the cool water provided by flow
augnentation. Simlarly, the high nunber of fish from Rel eases
1 and 2 detected on the underwater antennas at the Red Wl f
Bri dge suggests that fish were traveling deep in the water
colum in cooler water. However, many fish fromthese rel eases
were al so detected by aerial antennas at downstream sites
indicating that they were traveling in the upper 10 mof the
water colum in tenperatures often exceeding 20°C

This report summarizes the results fromthe first year of a
t hree-year study of flow augnentation in the Snake River. It
shoul d be considered that the fish tagged for the first rel ease
in late June and early July represent the largest fish in the
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out m grant popul ation. On average, only 36% of the daily sanple
of fish collected at Lower Ganite Dam during Rel ease 1 were

| arge enough for tagging. However, during Release 2 in late
July, 87%of fish collected at Lower Granite Dam were | arge
enough to be tagged. Consequently, smaller mgrants and

prem grants still rearing in Lower G anite Reservoir in |late
June and early July m ght have exhibited different responses to
wat er tenperature and velocity. However, we believe the fish we
tagged adequately represented general population in late July
and our results are generally applicable to active mgrants for
bot h rel eases.
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