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EXECUTI VE SUMVARY

A pilot study was conducted to estimate survival of
hat chery-reared yearling chinook salnon through dans and
reservoirs on the Snake River. The goals of the study were to:
1) field test and evaluate the Single-Rel ease, Mdified-Single-
Rel ease, and Paired-Rel ease Mdels for the estimation of survival
probabilities through sections of a river and hydroel ectric
projects; 2) identify operational and |ogistical constraints to
the execution of these nodels; and 3) determine the useful ness of
the nodels in providing estimates of survival probabilities.

Field testing indicated that the nunbers of hatchery-reared
yearling chinook salnon needed for accurate survival estinates
could be collected at different areas with avail able gear and
met hods. For the primary evaluation, seven replicates of 830 to
1,442 hatchery-reared yearling chinook salnon were purse-seined
from Lower Ganite Reservoir, PIT tagged, and released near
Ni squal |y John boat |anding (River Kilonmeter 726).

Secondary releases of PlIT-tagged snolts were made at Lower
Ganite Damto estimate survival of fish passing through turbines
and after detection in the bypass system Sinilar secondary
rel eases were nmade at Little Goose Dam but with additional
rel eases through the spillway. Hatchery-reared yearling chinook
salnmon for the secondary releases canme from juvenile collection
and bypass facilities at each dam For the secondary

eval uations, replicates of 750 to 1,500 PIT-tagged fish were



rel eased on three dates for each release site at each dam while
primary release groups were passing.

PIT-tag slide gates at Lower Ganite and Little CGoose Dans
returned PIT-tagged snolts back to the Snake River. This allowed
multiple detections at downstream dans of fish from the primary
and secondary release groups and from PIT-tagged yearling chinook
sal non rel eased from hatcheries upstream from Lower Ganite Dam
Al though the majority of PIT-tagged fish were diverted,
variability in diversion efficiency at the two dans influenced
the precision of survival estimates.

Neverthel ess, first year results indicated that detecting a
fish at an upstream site did not influence the probability of its
subsequent detection at downstream sites, that detection did not
i nfl uence subsequent survival, that the chosen nodels accurately
predicted sanpling variability, and that treatnent and reference
fish were mxed at subsequent detection sites.

Thus, all Single-Release Mdel assunptions were satisfied,
and precise survival estimates for a limted period of the
hat chery-reared yearling chinook salnon mgration were obtained.
Results indicated that survival fromthe primary release site
(31 kmupstreamfromLower Ganite Dan) to the tailrace of Lower
Ganite Damin river flows of approximately 60-70 kcfs was
approximately 90% Survival fromthe tailrace of Lower Ganite
Damto the tailrace of Little Goose Dam was approxi mately 86%

Based on the success of the 1993 pilot study, we believe

that the Single-Release and Paired-Rel ease Mdels wll provide

Y



accurate estimates of juvenile sal nonid passage survival for
i ndividual river sections, reservoirs, and hydroel ectric projects

in the Colunbia and Snake R vers.
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INTRODUCTION
Pr obl em

Rel i abl e estimates of juvenile salnmonid survival through the
reservoirs, hydroelectric projects, and free-flow ng sections of
the Snake and Colunbia Rivers are essential to effective
managenent strategies. Present managenent strategies, however
rely upon outdated system survival estimtes (Raynond 1979, Sins
and OCssiander 1981) that |acked statistical precision and were
derived in a river systemthat differs considerably fromtoday's.
The magnitude, locations, and causes of snolt nortality under
present passage conditions and under conditions projected for the
future are necessary to develop strategies for optimzing snolt
survi val

Recent advances in statistical nethodol ogy have provided new
approaches for the design and analysis of snolt passage studies.
Burnhamet al. (1987) proposed nodels for paired rel ease
recapture data [hereafter referred to as Paired-Rel ease (PR
Model s] that appeared appropriate for the estimation of surviva
t hrough hydroel ectric projects via turbines, bypasses, or spill
Valid estimation of survival in reservoirs and free-flow ng
sections has been nore problenmatic, because the assunption of
m xi ng and si mul t aneous downstream nmovenent of fish from
reference and treatnent groups in the PR Mdel is difficult to
satisfy as the distance between the release sites increases.

Mre recently, however, Hoffmann and Skal ski proposed nodel s

for single release-recapture data for river and reservoir



survival estimation hereafter referred to as the Single-Rel ease
(SR) and Modi fied- Si ngl e-Rel ease (MSR) Model s (Dauble et al.

1993). Satisfying the assunptions of these nodels appeared
easier, thus making accurate estimates with quantitative mneasures
of precision possible. However, the SR and MSR nodel s conbine
river/reservoir and project survival into one estinmate. To
partition the survival anmong these areas requires expansion of
the SR or MSR Models to include survival estinates based on the
PR Mobdel for dam passage.

To study the feasibility of using these nodels, the National
Marine Fisheries Service (NVFS) and the University of Washi ngton
(W conducted a pilot study using hatchery-reared yearling
chi nook sal non (Oncorhynchus tshawtscha) during 1993 with the
followng goals: 1) field test and evaluate the Single-Release,
Modi fi ed- Si ngl e- Rel ease, and Paired-Rel ease Mddels for the
estimation of river/reservoir and project survival; 2) identify
operational and logistical constraints that would limt the
ability to collect data for the nodels; and 3) determne the
useful ness of these nodels in providing estinates of
river/reservoir and project survival with precision. The
ultimate goal was to provide fisheries researchers and agencies
with proven and reliable statistical nethodol ogies for survival
estimation of passage of juvenile salnmonids through dans and

reservoirs.



METHODS
Statistical Theory

A key assunption of the Paired-Rel ease Mddel is that test
fish mx randonly downstream from any given release site. (Qur
use of the term "Paired-Rel ease Mddel" refers to the entire suite
of nodels for paired-rel ease studi es anal yzed by Burnham et al.
(1987)). Thus, the nodel works well for point sources of
mortality, such as turbine passage, where release sites for
treatment and reference groups are close together geographically.
However, the PR Mdel is not well suited for estinmating surviva
through a section of a river or reservoir, as random m xing of
reference and treatment fish becomes less likely as the distance
between the rel ease sites increases.

Survival probabilities through a section of a river or
reservoir can be estimated using a single release of tagged fish
upstream with nmultiple detection sites downstream Data for such a
Singl e-Rel ease (SR) Mddel are the records of downstream detection
of the tagged fish. Like the PR Mddel, the SR Mdel includes
parameters for detection rates at the detection sites and surviva
probabilities between the detection sites. Technically, the SR
Model is a special case of the PR Model, using data only from
recaptures of the reference release group. The SR Mddel was first
presented by Cormack (1964), Jolly (1965), and Seber (1965).

The SR nodel requires at |east one release at the top of the

river section of interest, a dowstreamdamw th a detector and a



mechanismto return detected fish to the river, and a second
detection site farther downstream This possibility now exists
at some Snake River dams where nost detected PIT-tagged fish can
be returned to the river via slide gates in the bypass system
This allows the possibility for multiple downstream detections of
at least some fish. Wthout multiple detections, surviva
probabilities cannot be separated from detection probabilities.
When it is not feasible to return every fish detected at a site
to the river, the SR nodel can be adjusted, provided that the
identity of the renmoved fish is established.

A critical assunption of the Single-Release Mdel (and of
the Paired-Rel ease Mddel) is that survival and detection
probabilities are honogeneous and independent anong all fish in a
rel ease group. The statistical |ikelihood function of the SR
Mbdel is based on nultinomal sanpling which requires independent
observations each with equal (honogeneous) probabilities of every
possi bl e out core.

Hof f mann and Skal ski (in Dauble et al. 1993) studied three
di fferent mechani sms by which the honogeneity assunption could be
violated. They investigated the effects of these mechani snms on
the performance of the SR Model. The results of their simulation
showed that the SR Mdel is robust, even when surviva
probabilities are dissimlar due to inherent differences anong
fish, and when nortality occurred in the bypass system prior to

det ecti on.



However, the SR Model did not performwell when nortality
occurred in the bypass system after fish had been detected but
before they remxed with fish that had not been detected
(hereafter referred to as post-detection bypass nortality). For
exanpl e, discrepancies in survival estimates would occur if
bypassed fish were subject to significant predation at the bypass
outfall, while fish passing through turbines or spillways were
not. In this case, survival probability to the next sanpling
site would no longer be equal for detected fish and nondetected
fish, and both the survival estimate and the confidence interva
around the estinmate woul d be biased.

Hof f mann and Skal ski (in Dauble et al. 1993) proposed the
Modi fi ed- Si ngl e- Rel ease (MSR) Mbdel to adjust for the bias caused
by post-detection bypass nortality. The MSR nodel calls for an
additional pair of releases: one in the bypass system
i mredi ately bel ow the detection site, and one in the river where
bypassed fish rem x wth nondetected fish. This permts
estimation of the post-detection bypass nortality rate, which in
turn allows for an unbiased survival estimate. |f post-detection
bypass nortality is not significant, then the SR nodel is
sufficient; no bias correction is needed.

Like the SR nodel, the MSR requires at l|east two detection
sites downstream from the point of the primary release, and the

first site nust have the capability of returning detected fish to

the river. Under this configuration, the MSR Model provides the



following estimates: 1) survival probability from the point of
primary release to the tailrace of the first downstream dam

2) post-detection bypass nortality rate; 3) probability of
detection at the first dam and 4) the combined probability of
survival between the tailraces of the two dams and of detection
at the second dam

The first estimate includes the probability for surviva
fromthe primary release site to the tailrace of the first dam
This estimate can be partitioned into its conponents by addi ng
further paired releases to assess survival associated with
turbi ne passage and spillway passage, where necessary, thus
providing survival estimates fromrelease to forebay and past the
dam Data fromthese paired rel eases are independently anal yzed
using the PR Model .

During the 1993 migration season, PlIT-tag detectors were
operational at Lower Ganite, Little Goose, Lower Mnunental, and
McNary Dans. At Lower Granite and Little Goose Dans, slide gates
were in operation to divert PIT-tagged fish from the bypass
system back to the river. Under this configuration, a single
rel ease of PIT-tagged fish above Lower G anite Dam provided
estimates of survival fromthe point of release to the Lower
Granite Damtailrace and from Lower G anite Damtailrace to

Little Goose Dam tailrace.

To determne if there was significant nortality to fish On
release to the tailrace after they were detected by the PIT-tag

detectors in the bypass system paired releases in and bel ow the



bypass systens at Lower Ganite and Little Goose Dans were
required (MSR Model with two downstream detector/diverter sites).
In addition, the survival probabilities were partitioned into the
various conponents by fish releases through the dam passage

rout es.

Experinmental Design

The 1993 NMFS/UW Snolt Survival Study consisted of the
followng (Tables 1 and 2; Figs. 1 and 2):

1) Study Area: PlIT-tagged (Prentice et al. 1990a) fish were
rel eased in Lower Ganite Reservoir near N squally John boat
landing (River Kiloneter (RKm 726), at Lower Granite Dam (RKm
6951, and at Little Goose Dam (RKm 635). PIT-tagged fish were
detected at Lower Ganite Dam Little Goose Dam and Lower
Monunent al Dam (RKm 589) on the Snake River, and at MNary Dam
(RKm 470) on the Colunmbia River (Fig. 1).

2) Primary release group (Ry): The R, release groups
consi sted of hatchery-reared yearling chinook salmon captured by
purse-seine in Lower Ganite Reservoir and PIT tagged near the
Ni squal Iy John boat landing. There was one rel ease per day for
seven consecutive days. Recapture histories from each group were
used in the SR Mdel to estimate survival from release to Lower
Ganite Damtailrace, and from Lower Ganite Damtailrace to
Little Goose Damtailrace. If there was significant

post -det ection bypass nortality, the R, group was conbined in the



Tabl e |.-- Rel ease groups of PIT-tagged hatchery-reared yearling

chi nook salnon for the 1993 survival study.

Par anmet er Definition

R, Primary release groups, Lower Granite Reservoir

Rs,, Post-detection bypass test rel ease groups, Lower Ganite
Dam

Cp, Post-detection bypass reference rel ease groups, Lower
Ganite Dam

Ry, Turbine test release groups, Lower Ganite Dam

Ci; Turbine reference rel ease groups, Lower G anite Dam

Ry, Post-detection bypass test release groups, Little Goose Dam

Cg; Post-detection bypass reference rel ease groups, Little
Goose Dam

Ry, Turbine test release groups, Little Goose Dam

R, Spillway test release groups, Little Goose Dam

Cr, Turbine/spillway reference release groups, Little Goose Dam

Ry Hatchery rel ease groups




Table 2.--Definition of paraneters estimated from rel eases.

S Rel ated to

Par anmet er Definition obj ective

Sy, Probability of survival frompoint of primary release to tailrace Prinmary
of Lower-Ganite Dam (Lower-G anite Dam "reach" survival).

Sy, Probability of survival fromjust below PIT-tag diverter gate to Primary
bypass outfall at Lower Ganite Dam (Lower Ganite Dam
post -det ection bypass survival).

S,, Probability of survival through Lower Ganite Dam turbines (Lower Secondary
G anite Dam turbine passage survival).

Syy Probability of survival frompoint of primary release to forebay of Secondary
Lower Granite Dam (Lower Ganite Dam reservoir survival).

S, Probability of surviving passage through Lower Ganite Dam (Lower Secondary
G anite Dam project survival).

P, Probability of detection at Lower Ganite Dam given fish was alive Primry
at Lower G anite Dam forebay.

B, Vector of paraneters for covariates affecting survival from primry Secondary
rel ease point to Lower Granite Damtailrace.

Sy, Probability of survival fromLower Ganite Damtailrace to tailrace Primary
of Little Goose Dam (Little Goose Dam"reach" survival).

S,, Probability of survival fromjust below PIT-tag diverter gate to Primry
bypass outfall at Little Goose Dam (Little Goose Dam post-detection
bypass survival).

S; Probability of survival through Little Goose Dam turbines (Little Secondary

Goose Dam turbi ne passage survival).
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Tabl e 2. --Conti nued.

Rel ated to

Par anet er Definition obj ective

S;; Probability of survival through Little Goose Dam spillway (Little Secondary
Goose Dam spillway passage survival).

Sp, Probability of survival fromLower Ganite Damtailrace to forebay Secondary
of Little Goose Dam (Little Goose Dam reservoir survival).

Sy, Probability of surviving passage through Little Goose Dam (Little Secondary
Goose Dam project survival).

P, Probability of detection at Little Goose Dam given fish was alive Primary
at forebay of Little Goose Dam

B, Vector of parameters for covariates affecting survival from Lower Secondary
Granite Damtailrace to Little Goose Damtailrace.

A Probability that a fish alive below Little Goose Damtailrace is Bot h

eventual |y detected at either Lower Mnunmental or MNary Dams _
(includes probability of survival and probability of detection).
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MSR nmodel with paired releases for the Lower Ganite Dam and
Littl e Goose Dam bypass systens.

3) Post-detection bypass and tailrace rel ease groups: These
rel eases were nmade at Lower Granite Dam (R ,, C,) and at Little
Goose Dam (R ,, Cg). The post-detection bypass test groups (R,
R,) were released in the bypass line at the juvenile collection
facilities just downstream from the PIT-tag detector. Their
reference groups (C,, C,) were released to the river at the
poi nt where detected fish could remx with non-detected fish.

Prelimnary analyses of recapture histories from these
rel eases were conducted separately, using the PR Mdel, to
determne whether significant nortality occurred between the tine
of detection and the tine of remxing. |f post-detection
mortality was not significant, primary releases were anal yzed
using the SR Mbdel. O herwi se, the MSR Mdel was appli ed.

Anal ysis of the bypass-system releases did not provide an
estimate of overall nortality associated with the entire route
through the juvenile bypass system The purpose of these
rel eases was solely to estimate post-detection bypass nortality.

4) Turbine passage treatnment and reference groups at Lower
Ganite Dam (R, C,) and turbine and spill treatment and
reference groups at Little Goose Dam (R, ,, Ry, C,): These sets
of releases were analyzed separately using the PR Mddel to obtain
estimates of survival rates associated with the respective routes
of passage. Wiile spillway release studies were not part of the

original research proposal, natural spill occurred at Little
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Goose Dam during the study, and the releases into the spillway
were added. A single tailrace reference group was used for both
the turbine and spillway test releases at Little Goose Dam

Only hatchery-reared yearling chinook sal mon, determ ned by
the absence of either adipose or ventral fins, were used for this
study. Fish with injuries, excessive descaling, or obvious
bacterial kidney disease (BKD) synptons were excluded, as were
previously PIT-tagged fish (identified by scanning wth a PIT-tag
detector). There were three replications of each set of releases
at each damfor a total of 27 releases.

Table 2 lists the paraneters defined for all releases, and
Table 3 identifies which paraneters were used with each rel ease
or set of releases. Survival probabilities were estimted for
the following: 1) fromthe point of primary release to the
tailrace of Lower Ganite Dam (S,,), and 2) fromthe Lower
Ganite Damtailrace to the Little Goose Damtailrace (S, ).

Each estimate included reservoir and dam survival conponents
(Fig. 2).

The dam survival or project survival estimate is the overal
probability of surviving passage through a dam and incl udes
survival associated with each of the three passage routes:

spi |l lway, turbine, and bypass.
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Table 3.--Paraneters estimated from each set of releases.

Set of Par anet er s
rel eases estinmated Model of analysis
Rp,Rg;/Ca: SrirSeirPy Single-Release (Mbdified
i f necessary)
B8,
Ry, Cry St Burnharn ( Conpl ete
Capture History)
Sk r Pa
Ba 1A
Sp1r Spy Cal cul ated from Egs. 1,2
Rp,Rp, ,Cp, Sgras Sp2/ P> Singl e-Rel ease (Modified
i f necessary)
By 12
Rps /Crs Sp A Bur nham (First Capture
H story)
Rs,,Cp, Sg, s A Bur nham (First Capture
Hi story)
SP2, Sp, Cal culated from Egs. 1,2
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Fish Collection and Handling

Lower G anite Reservoir

For the prinmary release groups in Lower Ganite Reservoir,
fish were collected using two purse-seine vessels fished
sinmul taneously (Durkin and Park 1967). Purse seines were
approximately 229 mlong and 11 mdeep with |- to 2-cm webbing
(stretch neasure). Effective fishing depth was about 6 m
Seines were towed upstreamin a "U shape for 10 to 30 m nutes
prior to closing the net bottom (pursing).

Juveni |l e sal nonids were renoved fromthe purse seine with a
sanctuary dip-net to reduce stress. They were held in 120-L
plastic containers with flowthrough water until transport back
to shore. Densities in the containers were kept at less than 100
fish/ container. A 12-V air punp system was available for use
for larger densities of fish, but was never needed. Catches were
usual Iy transported back to shore by seine skiff after each
purse-seine set. Adult steelhead (0. nykiss) and nonsal nonids
were renmoved from the net, counted, and returned to the reservoir
as quickly as possible.

Fish sorting and marking were conducted in a portable
marking trailer set up at the Nisqually John boat |anding. Fish
transported from the purse-seine vessels were inmediately
transferred to a 1.8 x 0.9 x 0.6-m alum num tank provided wth
flowthrough water. Fish were held in this tank until processing

when they were dipped fromthe tank with a sanctuary dip-net into
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a 19-L bucket containing 30 nL of M5 222 stock solution (100
gn/L). The anesthetized fish were then dip-netted into narking
troughs in the trailer for sorting and nmarking.

The trailer contained a recirculating anesthetic (M5 222)
and chiller systemto keep the fish anesthetized at a dosage of
approximately 50 ppm  Fish rejected for tagging (criteria
i ncluded wong species or race, previously PIT tagged, excessive
descal ing, obvious deformties and abnormalities) were counted,
placed into 19-L buckets containing fresh water, hand carried to
net-pens (1.8 x 0.9 x 0.7 nm) (Rottiers 1991) tied to the boat
dock, and rel eased after a mininmum 4-hour recovery period.

Sixty fish per tag group were sacrificed for disease and
physi ol ogi cal assays by the U S. Fish and WIldlife Service
(USFWE).  Coded-wire-tags (CW) were extracted from these fish
and decoded to determine their origin, and the fish were exam ned
for BKD and general disease, and assayed for gill Na*-K*ATPase

and plasnma cortisol |evels.

Lower Granite Dam

At Lower Ganite Dam fish were obtained fromthe juvenile
collection facility. The sanple gate was opened to direct fish
into the upstream raceways, which are nornally used for
transportation research or when |ower raceways are filled to
capacity. The collection rate was adjusted to obtain the target

nunmber of hatchery-reared yearling chinook salmon for marking.
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Since there is no juvenile separator at Lower Ganite Dam |arge
numbers of steelhead were incidentally collected at this site.
Fish sorting and marking were conducted in the NVFS

transportation nmarking trailer adjacent to the east bank of
raceways. Fish were preanesthetized with benzocaine and al cohol
using the NVFS transportation marking procedures (Mtthews et al
1987). During sorting and marking inside the trailer, fish were
kept anesthetized with M5 222 in a recirculating anesthetic
system at a dosage of approxinmately 50 ppm  Steel head and
chinook salnon rejected for tagging were counted and returned by
pipe to an adjacent raceway for |oading onto the next available
transport barge. Mrtalities in the raceways before and after

sorting were counted.

Littl e Goose Dam

At Little Goose Dam fish were also obtained fromthe
juvenile collection facility. Little Goose Dam has a juvenile
sal noni d separator that sorts fish on the basis of size into two
tanks (A and B), with the larger "B» tank contai ning
predom nantly steel head. W increased the collection rate for
the »an tank to a level sufficient to obtain the necessary nunber
of hatchery chinook sal non needed for marking. By collecting
only fish in the »a" tank, we reduced the nunber of steel head
handl ed unnecessarily.

Fish sorting and marking were conducted in the sanple
facility at Little Goose Dam Fish were preanesthetized in tank
va" With benzocaine and al cohol, using the NMFS transportation

18



mar ki ng procedures (Matthews et al. 1987) and were conveyed to
the sanple facility by gravity feed (Monk et al. 1992). During
sorting and marking, fish were kept anesthetized with M5 222 in a
recircul ating anesthetic system at a dosage of approximtely 50
ppm Steelhead and chinook salnon rejected for tagging were
counted and returned by pipe to a raceway adjacent to the
sanpling facility for loading onto the next available transport

bar ge.

Mar ki ng Procedures

PI T Taggi ng
Hat chery-reared yearling chinook salnmon were PIT tagged
using nodi fied hypoderm c syringes containing a push rod,
termnal air hole, and 12-gauge needle (Prentice et al. 199Cc,
Ni el sen 1992). To reduce the incidence of disease transm ssion
all needles were suspended in 70% ethyl alcohol for a nininmm of
10 mnutes before loading with a PIT tag. The PIT-tag needl e was
inserted anteroventrally alongside the mdventral |ine between
the ventral and pelvic fins, and the tag was placed into the body
cavity posterior to the pyloric caeca (Prentice et al. 199Cc).
Each fish was then scanned for the presence of a PIT tag and
examned for injuries, descaling, brands, bleeding, or other
abnormalities. Finally, length was neasured, and conments were
recorded on a digitizing board (Prentice et al. 199Cc). Tagged
fish were returned via pipe to a |labeled holding tank until

rel ease. Because of the |limted amunt of space available for
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marking at the danms, fish were not random zed between treatnent
and reference groups during marking. |Instead, fish were marked
by groups into tanks containing one-half of a release group, and

randomy designated as a treatment or reference rel ease group

Tag Retention

Tag retention was estimated by rescanning a portion of fish
tagged each day approximtely 24 hours after tagging. In the
reservoir, fish sanpled by the USFWS for disease and
physi ol ogi cal assays were rescanned (60 fish sanples). At the
dans, a separate group of fish were tagged and held in 120-L
plastic containers for 24 hours, anesthetized and scanned
(n > 80).

Del ayed Mortality

Since nortalities fromall release containers were renoved,
scanned, and recorded prior to release, no 24-hour del ayed
nmortality sanples were necessary. The codes of nortalities were

deleted fromthe tag files.
Rel ease Procedures

Lower Granite Reservoir

Yearling chinook salnon PIT tagged and released to the
reservoir as a primary release group were kept in net-pens for
about 24 hours prior to release. The net-pens were anchored
approxi mately 50 moffshore in a sem-protected area out of the

main current. For release, they were towed farther offshore and
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downstream several hundred neters into the main current.
Mortalities were renoved, live fish sanples taken for
di sease/ physi ol ogi cal assay, and the net-pen was rolled over to

permt escape. Al releases were nmade between 2000 and 2200 h.

Lower Granite Dam

Rel ease locations for Lower Ganite Dam are shown in
Figure 3. Al release groups of PIT-tagged fish, except the
bypass rel ease group, were held for 24 hours in 1.8 x 0.9 x 0.6-m
al um num tanks nmounted on flatbed trucks. Water quality was
mai ntained with flowthrough water until release tinme. The
bypass rel ease group was held in a 1.8 x 1.2 x 0.6-m al um num
tank with flowthrough water |ocated just above the slide gate on
the main separator wal kway. Oxygen level and tenperature in all
containers were periodically checked with an oxygen nmeter. Fish
were released fromthe holding tank into the bypass line tank
| ocated just upstream fromthe Diversion A and B detectors.

(Fig. 4)

After switching from flowthrough water to oxygen, the
turbine-treatnment release groups were transported by truck in
their container to the forebay deck where the tank was attached
wth a camock fitting to a 7.6-cmx 30.5-mflexible hose
attached to the subnersible traveling screen (STS) in Turbine
Unit 6B (Fig. 5). The other end of the rel ease hose was
approximately 1 m below the STS. An additional tank of water was

used to flush snolts from the hose. Turbine Unit 6B was sel ect ed
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for two reasons: 1) Large nunbers of salnonids pass through Unit
6B, particularly at night, and 2) Unit 6B was al so available at
Littl e Goose Dam maki ng conparisons between dans possi bl e.

After switching fromflowthrough water to oxygen, reference
rel eases were transported by truck in their container to a boat
ranp | ocated approximtely 3.5 km downstream and then
transferred by sanctuary dip-net (and flexible hose for the |ast
remaining fish) to 120-L containers. These containers were then
| oaded on a boat, supplied with a 12-V aeration system and
transported to the release site upstream (Fig. 3). Just prior to
rel ease, nortalities were renoved, and a sanple was taken from

the reference release group for diseasel/physiological assay.

Little Goose Dam

Rel ease locations for Little Goose Dam are shown in
Figure 6. Spill caused turbulent conditions in the tailrace.
Therefore, turbine and spill reference releases were comnbined.

All release equi pnent and procedures were the sane as at
Lower Ganite Dam except for the post-detection bypass treatnment
group, Which was held in an alumnumtank until release. At
release, fish in this group were dip netted with a sanctuary net
into 19-L buckets, hauled up to the PIT-tag diverter tank, and
released (Fig. 7). Procedures for the turbine-released groups,
including selection of Turbine Unit 6 as the test turbine, were
identical to those at Lower Granite Dam An additional release
was made at Little Goose Damto evaluate spillway survival.
After switching fromflowthrough water to oxygen, the spillway
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treatment release groups were transported by truck in their

al um num container to the forebay deck where the tank was
attached with a camock fitting to 7.6-cmx 25-mflexible hose
attached to the suspended stoplog (wth approximately 1 m
extendi ng through the stoplog) in spillway Gate 3 (Fig. 8). The
other end of the release hose was approximately 2 m above the
ogee. The spillway gate was opened approximately 66 cm during

rel ease.
Hat chery Rel eases

In 1993, several hatcheries released PIT-tagged fish as part
of experiments designed at the hatchery level for travel tinme
estimation to Lower Ganite Dam Hat chery data were analyzed to
denonstrate survival estimation methods using the detector and
slide-gate systens for automatic data collection, and to evaluate
the extent to which hatchery rel eases corroborated the results
fromour primary and secondary releases. W neither intended nor
attenpted to analyze the experinents for which the rel eases were
made. In the course of characterizing the various rel eases,
prelimnary analyses were performed to determ ne whether data
frommltiple releases could be pooled to increase sanple sizes.
The results of these prelimnary analyses cannot take the place
of nore rigorous examnation by those nmore famliar wth the

experiments for which the releases were made.
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Tag detections were nade of yearling chinook salnmon from the
foll owing hatcheries (Table 4):

1) Dworshak National Fish Hatchery (USFWS): As part of a
study of release timng, approximately 250 PIT-tagged fish were
rel eased from each of six raceways on the three dates: 8 April,
22 April, and 6 May.

2) Kooskia National Fish Hatchery (USFWS): Rel eases of just
under 200 PIT-tagged fish each were made from six different
raceways on 19 April, as part of a rearing-density study.

3) Looki nggl ass Hatchery (Oregon Department of Fish &
Wldlife): Approximately 500 Pl T-tagged fish fromeach of four
raceways were released fromthe hatchery on 7 April. Two
raceways had normal fish densities and two had | ow densities.

4) Looki nggl ass Hatchery: Approximately 500 PIT-tagged fish
from each of four raceways were released in the Inmmaha River on
12 April. In two raceways, fish weighed 25 to the pound. In the
remai ning two raceways, fish weighed 15 to the pound.

5) McCall Hatchery (Idaho Departnent of Fish & Game (1DFQ):
Rel eases of approximately 500 fish each were nmade from the
hatchery on the three dates: 9 April, 22 April, and 5 My.

6) MCall Hatchery: Two groups of approximtely 1,500
PIT-tagged fish each were released on 3 April. One group was
tagged by hand, while the other was PIT tagged using an
auto-injector.

7) Rapid River Hatchery (IDFG: Two groups of approximately
1,500 PIT-tagged fish each were released on 3 April. One group
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Table 4. --Hatchery releases of PlIT-tagged yearling
chinook sal mon exam ned during the 1993
survival study.

Appr oxi mat e roxi mat e
Nunber of number/ f\g?al nunber
Hat chery replicates replicate rel eased
Dwor shak 6 250 1, 500
6 250 1,500
6 250 1,500
6 250 1, 500
Kooski a 6 200 1, 200
Looki nggl ass 4 500 2, 000
Looki nggl ass 4 500 2,000
(I'maha River
rel eases)
MeCal | 3 500 1, 500
2 1, 500 3, 000
Rapi d River 2 1, 500 3, 000
Sawt oot h 1 800 800
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was tagged by hand, while the other was PIT tagged using an
aut o-injector.

8) Sawtooth Hatchery (IDFG: A single release of 799
PIT-tagged fish was made from the hatchery on 20 April.

Each set of releases was exam ned to determne suitability
for survival analysis. The Single-Release Mdel was applied to
each pooled data set to estimate the foll ow ng paraneters:

1) survival probability fromrelease location to Lower Ganite
Damtailrace; 2) detection probability at Lower Ganite Dam

3) survival probability fromLower Ganite Damtailrace to Little
Goose Damtailrace; 4) detection probability at Little Goose Dam
and 5) detection probability at Lower Mnunental or MNary Danms.

Project Operations

Slide Gate Qperation

To divert PIT-tagged fish back to the river, slide gate
systens at Lower Granite and Little Goose Dans (Achord et al.
1992) were operated for the duration of the study. At Lower
Ganite Dam operations continued from 18 April to 13 July; at
Little Goose Dam from 19 April to 4 July; and at Lower Mnunental
Dam the slide gate was not operated during the 1993 mgration.
Slide gate or diversion efficiency was determned by conparing
t he nunmber of PIT-tagged snolts detected upstreamwth those

detected downstream from the slide gate.
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Tur bi ne Load and Spill

Average daily flow and spill for each dam equipped with a
PIT-tag detection system were obtained from Fish Passage Center
weekly reports'. Turbine load, spill-gate settings, forebay
elevation, and tailrace elevation during rel eases at Lower
Ganite and Little Goose Dans were obtained from the operators

| 0gs.
Data Anal ysis

At the conclusion of each tagging session, data were
electronically transferred to the PIT-Tag Information System
(PTAGS) maintained by the Pacific States Marine Fisheries
Commi ssion. Data was uploaded to two files: 1) the tagging
file--it contained information on the tagging session (date,
| ocation, etc.) and individual records for each tagged fish
consisting of the PIT-tag code, species, rearing type, length
(1 and a comment field for mscellaneous information; and
2) the observation file--it contained records of PIT-tag
detections that were collected automatically at the various
monitoring sites. There were multiple detectors at each site,
and each detector had two or nore coils by which the PIT tag
could be read. Therefore, each record in an observation file
included the PIT-tag code, the tagging file in which the PIT-tag

code could be found, the observation site, the date and tinme of

'Fish Passage Center, Suite 230, 2501 S. W First Ave.
Portland, OR 97201-4752. Pers. comun. April-June 1993.
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t he observation, the nunber of coils, the ID codes for the coils
and the elapsed time in days between rel ease and detection.

The first step of the data analysis was retrieval of data
fromthe PTAG@S tagging and observation files. For each rel ease,
a report in the comma-separated variable (CSV) format was
generated fromeach file (Table 5). The report fromthe tagging
file contained only tagging information, while the observation
file report could generate multiple records of a fish, depending

upon the nunber of times it was detected.

Quality Assurance/Qality Control (QA/QC)

Both reports were exam ned for erroneous records,
i nconsi stencies, and data anomalies. Records were elimnated
where appropriate. However, a record was kept of all PIT-tag
codes elininated and the reasons for their elimnation. Records
were elimnated by the following criteria:

1) Rearing type was wild rather than hatchery.

N

)
) Species was steel head rather than chinook sal non
3) Fish had previously been PIT tagged.

4) Fish was later recaptured by the fish-collection
activities of the NMFS/ UW st udy.

5) The length of the fish was not recorded, or recorded as
zero mllineters.

6) The PIT-tag code appeared in tagging files for nore than
one rel ease that occurred on the sane day ("tank junpers").

7) A detection was recorded for a PIT-tagged fish before its
supposed rel ease date.
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Table 5.--Variables in PTAG S comma-separated-variable (CSV)
list reports of tagging and observation information.

a) Tagging information

Vari abl e Descri ption

name

fite id fagging file title

tag_id PIT-tag code

t - speci es speci es

t-rear-type rearing ty ?e (hatchery or wld)
| engt h l ength of fish

flags coded comment fleId

b) Qbservation information

Vari abl e Descri ption

name

tag id PIT-tag code

obs_site site of observation

obs_date date and tine of observation

nreads nunber of coils on which tag was read

coill coil ID of first coi

coil2 coil ID of second coil (blank if
nreads = 1

travel tine

el apsed tine (days) since rel ease
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8) Detections were recorded "out of order." For exanple
PIT-tag codes were renmoved from the data base if a detection at
Little Goose Dam was recorded prior to a detection at Lower
Ganite Dam

9) Fish was sacrificed for disease and physi ol ogi ca
sanpling by the USFWS.

10) Fish died between the tine of tagging and data upl oading
and the tine of release (handling nortality).

As a result of the oasoc process, all statistical analyses
wer e based on hatchery-reared chi nook sal mon of nmeasured |ength
that were known to be released alive in the intended rel ease
group. The process also ensured that fish were handl ed (and
detai ned) only once, and that data were internally consistent and

| ogi cal as to downstream detections.

Capture Histories

The data for the SR, MSR, and PR Mddels are the capture
histories for each tagged fish. The capture history for a tagged
fish indicated the disposition of a fish at each nonitoring site
(Table 6). Because detected fish were not returned to the river
at Lower Mnunental Dam which precluded estinates of the Little
Goose Dam to Lower Monunental Dam survival probability,
detections at Lower Mnunental and McNary Dans were pooled as if
they were a single site. Pooling is valid, since under release-
recapture nodels, the only function of the final detection site
is to make survival estimates possible for the river section

between Lower Ganite and Little Goose Dam tailraces
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Table 6.--Potential capture histories for PIT-tagged juvenile sal nonid
mgrants rel eased above Lower Ganite Dam
(Abbrevi at i ons: LGR-Lower Ganite Dam LGOLittle CGoose
Dam LMO Lower Monumental Dam MCN-McNary Dan).

H story Expl anat i on

111 Detected and returned to river at LGR and LGD, detected
at LMO or MCN

110 Detected and returned to river at LGR and LGO not
detected at LMO or MCN.

120 Detected and returned to river at LGR detected and
renoved at LGO

101 Detected and returned to river at LGR not detected at
L&D, detected at LMO or MCN.

100 Detected and returned to river at LGR not detected at
LG, not detected at LMO or MCN.

200 Detected and renoved at LGR

011 Not detected at LGR detected and returned to river at
L&), detected at LMO or MCN.

010 Not detected at LGR detected and returned to river at
LG, not detected at LMO or MCN.

020 Not detected at LGR detected and renoved at LGO

001 Not detected at LGR not detected at LBO detected at
LMO or MCN.

000 Never detected after rel ease.
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Capture histories were constructed from the observation
files for each fish in each tagging file by exam ning the coil
codes for each observation. Figures 4 and 7 show schenatics of
the juvenile bypass facilities at Lower Ganite and Little Goose
Dans, respectively. These indicate the relative positions of the
various PIT-tag detectors.

At each dam fish first passed the 'Gate" detector, which
triggered the slide gate whenever a PIT tag was detected.
Diverted fish could then be detected on their way back to the
river by the "Diversion" detector, while fish not diverted could
be detected again on their way to the barge transport raceways.

At both Lower Ganite and Little Goose Dans, if a fish was
detected only by the "Gate" detector, it was inpossible to
determ ne whether it was returned to the river or renmoved. Such
fish were considered renoved. This does not bias any of the
estimated parameters, but does decrease the precision of
estimation, because the effect is to decrease the sanple size.

There were three codes for capture history: capture history
11l -.a fish detected and diverted back to the river; capture
history "2" --a fish detected but renoved from the system for
sanpling or transport downstream by barge; and capture history
llon --a fish not detected at one of the PIT-tag sites. For
example, a fish released in the Lower Ganite Reservoir would
have a capture history of "101" if it was detected and diverted
at Lower Granite Dam not detected at Little Goose Dam and
finally detected at either Lower Monunental or McNary Dam  The
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capture history for a fish released at Lower Ganite Dam and
never again detected would be |I0QJ with the first wor indicating
no detection at Little Goose Dam and the second indicating no
detection at Lower Monunental /MNary Dans.

At Lower Ganite Dam a fish was considered detected and
diverted back to the river (capture history wim) if its tag was
read by the "piversion" detector, and detected and renoved
(capture history "2my if it was read by the "main" or nmsubn
detectors. At Little Goose Dam the capture history was min if
the fish was detected by the "Diversion" or "River Release"
detectors and n2n if detected by the "Main" Or "Sample Room"
detectors. A detection on any coil at Lower Mnunental or
McNary Dans indicated a »ir for the final digit of the capture
hi story.

Because the slide gates at Lower Ganite and Little Goose
Dans were not 100% effective, sone detected fish were not
returned to the river. Rather, they were guided to raceways in
the juvenile bypass facility and then transported downriver Dby
barge. Such fish can give no information concerning in-river
survival or detection probabilities downstream from their
renoval . Because the renoved fish were known, the nodels could

be adjusted to account for renoved fish.

Tests of Assunptions
A primary objective of this study was to test the
statistical validity of the Single-Rel ease, Mdified-Single-
Rel ease, and Paired-Rel ease Mdels for smolt survival studies on
39



the Snake River by evaluating their critical assunptions. For
the SR Mddel there are three critical assunptions:

Al) A fish's detection at a PIT-tag detection site does not
affect the probability of its subsequent detection at downstream
sites.

A2) A fish's detection at a PIT-tag detection site does not
affect the probability of its subsequent survival at downstream
sites. Specifically, no significant post-detection bypass
nortality occurs differentially to detected fish conpared with
non-det ected fi sh.

A3) The Singl e-Rel ease Model accurately estimates sanpling
variability.

If Assunption A2 fails, the MSR Mddel nust be used in place
of the SR Mbdel. The MSR Mobdel shares Assunptions Al and A3 and
has one additional critical assunption:

Ad) Treatnment and reference groups mix evenly downstream
fromthe source of nortality under investigation

The Paired- Rel ease Model shares the assunptions of the MSR
Model .

Assunption Al --A fish's detection at a PIT-tag detection
site does not affect the probability of its subsequent detection
at downstream sites.

Using data from the seven releases into the Lower Ganite
Reservoir, Assunption Al was analyzed in two ways. One analysis
was based on tenporal passage distribution for subgroups of fish

as defined by their mgration histories up to a specified point.
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Anot her eval uati on was based on the history of capture at each
site for two groups with simlar mgration histories.

By definition, detected and non-detected fish take different
routes of passage through Lower Ganite Dam |[f the detected and
non-det ected fish did not movedownriver in a m xed group, it
woul d violate Assunption Al. For exanple, fish guided through
the bypass facility mght reside in the gatewells for a period of
time such that upon re-entry into the river, they might be
separated from that passed through the turbines with no such
del ay. If these groups were not passing through downstream
sections together, they mght experience different conditions in
the reservoirs or at the downstream danms. This could lead to
differential survival or detection probabilities downstream
dependi ng on whether or not a fish had been detected at Lower
Ganite Dam

The hypot hesi s of honogeneous passage distributions inplies
that groups experience the same downstream conditions and
consequently have equal survival and capture probabilities.
However, if river conditions were not changing greatly day to
day, evidence against this hypothesis would not necessarily inply
that capture and survival probabilities were unequal. The
statistical tests we used were sensitive to shifts of as little
as 1 day in the distributions of fish groups. If river
condi tions changed only slightly from day to day, survival and
capture probabilities would not be significantly different even

when the hypothesis of honogeneous distributions was rejected.
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To test the assunption of equal capture probabilities for
det ected and non-detected fish, we used the Pearson y*-test
(Sokal and Rohlf, 1981). This test is based on a Kk X 2

conti ngency table:

Detected at Lower Granite Dam
Yes No

1

Day of Little 2
Goose Dam
passage

Table entries were the numbers of PIT-tagged fish from each
subgroup passing Lower Ganite Dam that were detected at Little
Goose Dam on each day.

Simlar tests of honogeneity were based on daily tag
detections at Lower Mnunental Dam for four subgroups defined by
detection records at Lower Ganite and Little Goose Dams. The
four groups were: 1) those not detected at either Lower Ganite
or Little Goose Dam 2) those detected only at Lower Ganite Dam
3) those detected only at Little Goose Dam and, 4) those
detected at both upstream dams. Pooling over days was necessary
on occasion to insure that no cells in the table had zeros.

The second nethod for checking Assunption Al was presented

by Burnham et. al (1987), and called TEST3. This test checked
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the internal consistency of survival and capture probabilities by
dividing a single release group into subgroups based on their
capture histories up to a specified point. GCenerally speaking,

| ong capture histories (nmultiple detection tines/sites) are
required to make extensive use of TEST3. Qur two
detection/diversion sites and two detection-only sites provided
enough data to perform one contingency table analysis under

TESTS.

For this analysis, the two subgroups of a particular
reservoir release were defined by their capture history codes
including Little Goose Dam Al fish detected at Little Goose
Dam were divided into those detected at Lower Ganite Dam and
those not detected at Lower Ganite Dam Al fish in these two
groups were known to be alive at Little Goose Dam  Therefore,
according to Assunptions Al and A2, the two groups should be
detected proportionally at the downstream nonitoring sites at
Lower Mnunental and McNary Dans.

Fish released at the primary site and detected at both Lower
Ganite and Little Goose Dans had a capture history code »11,"
while those detected at Little Goose Dam but not Lower Ganite
Dam wer e denoted "o1." For TEST3, honogeneity of subsequent
survival and capture probabilities were tested based on the

foll ow ng contingency table:
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Capture histojy at Lower Monunental and McNary Dans

Capture 00 01 10 11
history to (Not detected (Detected ﬁDet ect ed (Detected at
L|ttI§aGoose at LMD or MCN) [only at MCN) |only at LMD [LMO and MCN)

m
17
01

Entries in the contingency table were the nunbers of PIT-tagged
fish in each group with each of the potential capture

histories at Lower Mnunental and MNary Danms. Assunption Al was
violated if the two groups did not have equal proportions across
the possible downstream capture histories.

Assunption A2--A fish's detection at a PIT-tag detection
site does not affect the probability of its subsequent survival
at downstream sites.

The paired releases in the bypass systems at Lower Ganite
and Little CGoose Dans were planned expressly to test Assunption
A2, Data fromthese releases were used to test differences in
post - det ecti on bypass nortality using the PR Mdel. If
differences in nortality were statistically significant, the NMSR
Mbdel was used to analyze the primary releases; if they were not

significant, the SR Mdel was used.
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Assunption A3--The Single-Release Mdel accurately estimates
sanpling variability.

Assunption A3 is not needed to estinmate survival or
detection probabilities, although it is needed to show that the
estimates of precision associated with these estimates are
satisfactory.

The seven replicates released to Lower Ganite Reservoir
were clustered in time as closely as possible so that variability
in the respective point estimates of survival was al nost
exclusively the result of sanpling variability. Assunption A3
was checked using the seven Lower Ganite Reservoir releases.

The enpirical variance among the seven point estimtes was
conpared with the average variance estimted from the nodel

There was no formal test; however, large differences between the
enpirical variance and the average variance predicted by the
model, particularly if the enpirical variance was greater than
the average variance predicted by the nodel, would inply that:

1) the nodel was mssing a substantial source of variability, and
2) the estinmate of sanpling variability provided by the nodel was
not reliable.

Theoretically, the enpirical variance would contain nore
sources of variability (e.g., day-to-day variability) in surviva
than the average variance estimated by the nodel, and would be
expected to be greater in magnitude. However, because both
quantities are inprecise estimates, it is possible that the

enpirical variance could be smaller than the nodel -predicted
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average by chance alone. In any case, if the variance fromthe
model prediction exceeds the enpirical variance, then true
variability is not underestimated by the nmobdel. At worst, the
estimated variance from the nodel provides a reliable, though
conservative (upper bound), estimate of the true variance.

Assunption Ad--Treatnment and reference groups mx evenly
downstream from the source of nortality under investigation.

Mxing is sufficient for survival and detection
probabilities to be equal but not necessary. I f passage
conditions do not change substantially over a short period of
time, conplete mxing maynot be required. Because conditions do
change, however, the extent of mxing is a valid basis for
testing the assunption of equal conditions downstream [f good
m xi ng can be shown, the assunption is satisfied.

Assumption A4 was tested for each treatnment and reference
pair using chi square (x*) anal yses of the passage distributions
at detection sites. This test was simlar to the first set of

tests used to check Assunption Al.

Experinent-wi se Error Rate

Each series of contingency table tests was considered to be
a separate and independent experinment. Table 7 shows the
conplete list of contingency table tests performed to test nodel
assunptions. Significance levels for individual tests (a;) Were
selected to control the experiment-w se Type | error rate (ag)

(Table 8). For a given experinent-wise Type | error rate, the

46



Table 7.-- Series of contingency table tests used to test
asgulrrptl ons of Single-Release and Paired-Rel ease
Model s.

Test Series Nunber of Tests

Littl e Goose Dam passage for subgroups of

primary rel eases 7
Lower Monunental Dam passage for subgroups

of primary rel eases 7
TEST3 for subgroups of primary releases 7

Little Goose Dam passage for Lower Ganite
Dam paired bypass rel eases 3

Lower Monumental Dam passage for Lower
G anite Dam paired bypass rel eases 3

McNary Dam passage for Lower G anite Dam
paired bypass rel eases 3

Little Goose Dam passage for Lower Ganite
Dam paired turbine rel eases 3

Lower Mnunental Dam passage for Lower
G anite Dam paired turbine rel eases 3

McNary Dam passage for Lower Ganite Dam
paired turbine rel eases 3

Lower Monumental Dam passage for Little
Goose Dam paired bypass rel eases 3

McNary Dam passage for Little Goose Dam
pai red bypass rel eases 3

Lower Monunental Dam passage for Little
Goose Dam turbine/spill/reference releases 3

MeNary Dam passage for Little Goose Dam
turbine/spill/reference releases 3
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Table 8. --Test-wi se significance |evels corresPonding to
experiment-wi se Type | error rates of 0.10, 0.05, 0.01

Test - wi i qni fi o)

Experi nent-w se

error rate (a,) 7 tests 3 tests
0.10 0. 0150 0. 0350
0.05 0. 0073 0. 0170
0.01 0.0014 0. 0033
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test-wise significance level was conputed as follows (Sokal and

Rohl f 1981):

133
~
1
[
i
—
Q
N—r
el

where k was the nunber of tests in the experiment. For exanple,
for a series of seven tests, setting the experinment-wi se Type |
error rate to ag = 0.05 requires a test-w se significance |evel

of a; = 0.0073.

Survival Estimation

The first task in estimating survival was to anal yze bypass
system rel eases at Lower Ganite and Little Goose Dans for
significant post-detection nortality. The results of these tests
determned the selection of the SR or MSR Mdel for analysis of
the primary release data. Data from paired-rel eases at each site
(Rg,;, Cz and Ry, Cp) Were analyzed with the PR Mbdel. If the PR
analysis indicated that the post-detection bypass nortality was
significant, the MSR Mdel would have to be used to analyze the
primary releases. |f the PR analysis did not indicate
significant post-detection nortality, the SR Mdel could be used.

Survival probabilities for passage through the turbines and
spillway were also estimated using the PR Mddel with (R ,, Cg),
(Ry, Cp), and (Rg,, C,) pairs analyzed independently. Because
there were multiple detection sites downstream from Lower Ganite
Dam the conplete capture history protocol was used (Burnham et

al. 1987) for the PR analysis of paired releases into Little
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Coose Damreservoir (detections at Lower Mnunental and McNary
Dans were pooled). For paired releases fromLittle Goose Dam
the PR "first capture history" protocol was used because detected
fish were not returned to the river at Lower Mnunental Dam

For each group released to the Lower Ganite Dam turbines,
the PR Mbddel was used to estimate the probability of surviva
fromthe point of release to the tailrace of Little Goose Dam
For the reference groups released to the Lower Ganite Dam
tailrace, survival probability was defined as sg (Table 2), and
for test groups, it was defined as the product of s; and turbine
passage survival probability (S,,). Estinated turbine surviva
was then the ratio of the survival estimated for the treatnent
group to that of the reference group. For each of the Little
Goose Damrel eases, the PR Mdel estimated the probability of
detection at Lower Mnunental or MNary Dans. For the reference
groups, this was A (see Table 2), and for the test groups, the
product of 4 and the turbine survival probability (s;,), or
spil lway survival probability (sg).

The anal yses of the primary rel eases provided the follow ng
survival estimates: 1) fromthe point of primary release to the
tailrace of Lower Granite Dam (S,,) and 2) fromthe Lower
Ganite Damtailrace to the Little Goose Damtailrace (S,).

These estimates included both reservoir and dam passage surviva
conponents.  The dam passage, or project survival, was the
overall probability of surviving passage through a dam and

i ncluded survival associated with the three possible passage
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routes: spillway, turbine, and bypass. Paired releases at each
of the dans gave estimates of turbine passage survival at both
Lower Ganite and Little Goose Dams, and spillway passage
survival at Little Goose Dam

The project survival probabilities (Sp) were expressed as

functions of the constituent parameters as foll ows:

Spi = PgiSes + (1-Pgy) [ (FGE;) Sgyp + (1-FGE;) Spyl (1)
wher e
P, = the probability of passing over the spillway,
Ss; = the probability of surviving passage over the
spi | | way,
FGE, = the fish guidance efficiency,
Sppi = the probability of surviving passage through the
bypass system and
S;; = the probability of surviving passage through the

t ur bi nes.
Survival probability (S,) was the product of reservoir and dam
survival probabilities (SySp); thus the follow ng expression was
used for reservoir survival
i

S:, = 5 T P TP T(FGE) S T (iFeEIST’
Di s1¥si si i) ©wyp, 1) 97y

Fi sh gui dance efficiency (FGE;) was the conditi onal
probability that a fish was guided to the bypass system given

that it entered the powerhouse (i.e., did not pass through the
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spillway). Assumng that all guided fish were detected, the

estimate of FGE; could be expressed informally as:

- no. fish detected
FGE: = Ho fish enter] ng 1 nt ake' 3)

Probability of detection (p,), in contrast, was the
conditional probability that a fish was detected, given that it
survived to the tailrace of the dam The estinmate of detection

probability could be informally expressed as:

b, = no. fish detected (4)
i no. fish surviving to tailrace

Thus, P, and FGE, are not equival ent; equations (3) and (4)
differ in the denomnators. In terns of the probabilities
defined above, the expression |linking the detection probability

to FGE when spill occurred was:

P, = (5)

Substituting Equation @for s, in Equation (5) and solving for

FGE,, we have:

P, [Pg;Sg; + (1 - Pg;)Sqyl

FGE; = T -7, -5, (SBypi .71 (6)
Wien there was no spill, Equations (1), (2), and (6)
sinplified to the follow ng:
SDi = FGEiSBypi + (1 - FGEi)STi’ (7)
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Srps Sep;
S - Ri - Ri 7 ,
T B, FGE;Sp, T (1 - FGE;)Sy (8)

and

P, S
FGE; = i . (9)
1 - P; (Spyp, ~ Spi)

When no spill occurred, Equations (7) through (9) were used
to partition the survival probability (S,) into its conponents.

In the absence of data on the overall bypass system surviva
probabilities for Lower Granite Damor Little Goose Dam (Sg,, as
distinct fromsy), we used the w dely-applied value of 98%
bypass survival. \Wen spill occurred, Equations (1), (2) and (6)
shoul d be used to conpute the conponents of survival. A critica
paraneter in these equations was pg, the proportion of fish
passing over the spillway. This proportion depended both on the
volune of flow over the spillway and on the spill efficiency.
Unfortunately, spill efficiency at the dans had not been
sufficiently studied and docunented to provide reliable values
for Py in Equations (1) through (6). Therefore, where spill
occurred, no attenpt was made to compute the survival conponents.

A statistical program for analyzing rel ease-recapture data
was used to performall survival analyses. The program was
devel oped at the University of Washington and named SURPH, for
"Survival with Proportional Hazards," (Skalski et al. 1993; Smth

and Skal ski, in press). This program extends the standard
Cormack (1964), Jolly (1965), and Seber (1965) nodels to allow

si mul taneous analysis of release-recapture data from nultiple
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rel ease groups. Paranmeters can be constrained to be equal across
rel ease groups, while other paraneters remain unique to a group.
In addition, parameters can be nodeled as functions of

covariates, on both the individual (e.g., length) and group I|evel

(e.g., release date).
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RESULTS AND DI SCUSSI ON
Logistics and Feasibility

Lower Granite Reservoir

Purse seining--Purse seining in Lower Ganite Reservoir
began on 13 April and continued daily until 20 April, with 6 to
16 sets made daily by the two purse-seiners (Table 9). Species
conposition varied by time of day, with the highest percentage of
chinook salmon captured near dusk and dawn. Steel head were the
predom nant species during the day. After the first 2 days
seining effort was adjusted to target the time periods when
chi nook sal mon were most abundant. Thus, the number of sets
needed each day to capture the target number of chinook sal non
decl i ned.

A total of 10,403 chinook salnon were captured in Lower
Ganite Reservoir, and 8,738 (84% of these were fin clipped
indicating hatchery origin. Coded-wire-tags were renoved from
t he subsanpl es of smolts from each rel ease that were assayed for
di sease and physiol ogi cal assessment. Tags indicated that the
majority of yearling chinook salnon PIT tagged for reservoir
rel eases originated from Looki nggl ass Hatchery (Fig. 9), but fish
from Rapid R ver Hatchery and Dworshak National Fish Hatchery
al so contributed. Approximately 20% of the 1,665 chinook sal non

W t hout finclips appeared to have partial or regenerated fin
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Table 9. --Nunber of juvenile salnonids captured b

Iy

purse seine

In Lower anite Reservoir near N squal John boat

landing, 13-20 April 1993. Handling nortalities are

al so shown. (Abbreviations: HHatchery;, WWId).
Dat Set s Chiﬂook salcyn ateelheee ggfﬁ%%e Tot al
13 Apr 13 225 30 11 64 1 331
14 Apr 16 894 179 13 127 0 1,213
15 Apr 16 1, 406 227 159 120 0 1,912
16 Apr 15 1,269 237 799 83 1 2, 389
17 Apr 10 1, 320 207 1,513 82 0 3,122
18 Apr 13 1, 218 260 2,148 158 , 0 3,784
19 Apr 7 894 186 700 72 0 1, 852
20 Apr _6 1,512 339 796 1114 0 2,761
Total s 96 8,738 1,665 6,139 820 2 17, 364
Mrtality (nunber) 4 1 7 0 0 12
Mrtality (%) 0.1 0.1 0.1 0.0 0.0 0.1
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Figure 9. --Origin of hatchery-reared yearling chinook sal mon
sacrificed for disease/physiol ogical assay in Lower
Ganite Reservoir.
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clips, or were outside the typical size range for wild mgrants.
Fi n-cli pped hatchery chinook sal non with no detectabl e coded-
wre-tags were assuned to be from Rapid River Hatchery since fish
w th non-nagnetized tags were released from that hatchery in
1993. Therefore, the percentage of wild fish (16% was probably
over esti mat ed. O 6,959 juvenile steel head captured, 88.2% were
of hatchery origin (Table 9). An additional 116 adult steel head
were al so captured (Table 10). Handling nortality was |ow for
all species in Lower Ganite Reservoir, averaging less than 0.1%
overal |l (Table 9).

The numbers of nonsal nonids captured by purse seine (120)
were small conpared to the nunber of salnonids (17, 364).
Chi sel nout h (Acrocheilus alutaceus) Was t he nost frequently
captured nonsal nonid, followed by peamouth (Mylocheilus caurinus)
and northern squaw i sh (ptychocheilus oregonensis). Small
numbers of other nonsal nonids were captured including carp
(Cyprinus carpio), |argescale sucker (Catostonus macrocheilus),
bl ack crappi e (Ponoxis nigromacul atus), channel catfish
(Ictalurus punctatus), and brown bul | head (1. nebul osus)
(Tabl e 10).

PIT taggi ng--A total of 8,542 hatchery-reared yearling
chi nook salnmon were tagged for release into Lower Ganite
Reservoir (Table 11). These fish were marked in seven replicate
groups of 830 to 1,442 fish. Fish appeared to be in excellent
condition as indicated by the low nortality and small percentage

rejected for tagging. O the 8,738 fin-clipped chinook sal non
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Tabl e 10. -- Nunber

seine in Lower

of nonsal moni ds and adul t
Ganite Reservoir

st eel head captured by purse

near

Ni squal 'y John boat

| anding, 13-20 April 1993.
Sanpl e date 13 14 15 16 17 18 19 20 13-20
Nunmber of sets 13 16 16 15 10 13 1 6 96
Adul t steel head 25 17 15 16 12 12 17 2 116
Chi sel mout h 9 11 1 21 1 5 1 5 60
Peamouth 5 2 9 1 5 3 25
Northern squawfish 2 1 4 5 2 4 18
Bl ack crappie 2 1 2 3 a
Largescal e sucker 1 1 4 6

Carp
Brown bul | head

Channel catfish




09

Tabl e 11.--Nunber of hatchery-reared yearling chinook salnmon PIT tagged and
released in Lower Ganite Reservoir near N squally John boat
| anding, 13-21 April 1993. Fish renmoved fromtag files for
various reasons, and post-tagging nortalities, are also shown.

Replicate Ry, Ri, Res R Res Ris R, Total
Rel ease date 15 Apr 16 Apr 17 Apr 18 Apr 19 Apr 20 Apr 21 Apr

Total fish in 1,086 1,392 1, 255 1,315 1,215 832 1,447 8,542
tagging files

WIld fish 1 0 2 6 4 4 5 22

Previ ously 0 0 21 23 28 27 36 135
handl ed

Handl ed again 21 27 23 14 10 0 0 95
| at er

Lengt h not 0 0 0 3 0 0 0 3
recor ded

Det ecti ons 0 0 0 1 0 0 0 1
out of order

USFWS sanpl e 49 59 58 58 60 1 0 285

Handl i ng (nunber) 0 1 0 2 0 3 2 8
mortality (%9 0.0 0.1 0.0 0.1 0.0 0.4 0.1 0.1

Total fish in 1,015 1, 305 1,152 1,208 1,113 797 1,405 7,995

anal ysi s




captured, only 216 (2.5% were rejected because of descaling, or
injuries, or because they were previously PIT tagged. From all
seven replicates conbined, only 15 fish died after PIT tagging
and before release (0.2% (Table 11). Reservoir releases were
made on seven consecutive days between 15 April and 21 April

Al replicates except the first (Ry,) required a |-day purse-
seine effort. After PIT tagging, fish were held from24 to 33
hours before release. Fish for the first replicate were

collected over a 2-day period and held from 24 to 54 hours.

Lower Ganite Dam

PI T taggi ng-- Hatchery-reared yearling chinook sal non were
PIT tagged on three dates at Lower Ganite Dam beginning on 27
April (Tables 12 and 13). O 14,628 hatchery-reared yearling
chinook sal non handl ed, 7.4% were rejected for tagging because of
injury, descaling, disease, or previous PIT tagging (Table 14).
Mrtality from handling and tagging averaged 2.9%  Overall,
5,931 wild yearling chinook salnon were handled (28.8% of total)
with a 1.5% nortality rate (Table 14). Large nunbers of hatchery
steel head were also handled with little nortality (Table 15).
However, they contributed to the higher nortality rate for
yearling chinook salnon. Post-tagging nortality ranged from 1.6
to 5.7% at Lower Ganite Dam with an average of 3.5% (Tables 12
and 13).
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Tabl e 12. --Nunber of hatchery-reared yearling chinook salnmon PI'T

tagged and rel eased at Lower Granite Damto eval uate post-
Fish renoved

detection survival
fromtag files for
mortalities,

The first

in the bypass during 1993.
vari ous reasons,
are al so shown.

and post-taggi ng

nuneral in the

two-digit release code identifies the release site (Lower

Ganite Dam= 1; Little Goose Dam = 2), and the second

numeral identifies the replicate.

Rel ease Code Rpi o Re1 Can Rpys Chis
Rel ease date 28 Apr 28 Apr 30 Apr 30 Apr 12 May 12 May  Total
Total fish in 758 786 724 755 781 761 4, 565
tagging files
WIld fish 0 1 0 0 0 0 1
St eel head 0 0 1 0 0 0 1
Previously 0 0 0 1 0 0 1
handl ed
Lengt h not 0 0 0 0 0 1 1
recor ded
Det ecti ons 0 0 0 0 0 0 2
recorded before
rel ease
Det ecti ons 0 0 0 0 1 0 1
out of order
Handl i ng (nunber) 30 25 27 12 32 15 141
nortality (%) 4.0 3.2 3.7 1.6 4.1 2.0 3.1
Total fish in 728 760 696 742 748 743 4,417
anal ysi s
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Tabl e 13.-- Nunber of hatchery-reared yearling chinook salnon PIT tagged
and released at Lower Ganite Dam to evaluate turbine passage
survival during 1993. Fish renoved fromtag files for
Vﬁrious reasons, and post-tagging nortalities, are also
shown.

Rel ease Code Ry, Criy Rrp Cri Ry Cri Tot al

Rel ease date 28 Apr 28 Apr 30 Apr 30 Apr 12 May 12 May

Total fish in 1,545 1,509 1,519 1,579 1, 256 1,292 8,700
tagging files

WIld fish 2 2 0 1 0 0 5

St eel head 0 1 0 2 0 0 3

Previ ously 1 0 1 0 0 0 2
hand| ed

Handl ed again 0 1 0 1 0 0 2
| at er

Length not 2 0 1 1 1 0 5
recor ded

Tank | unpers 8 8 0 0 0 0 16

Det ecti ons 0 0 1 0 4 0 5
recorded before
rel ease

Det ecti ons 0 0 0 1 2 1 4
out of order

USFWS sanpl e 0 15 0 14 0 15 44

Handl i ng (nunber) 58 86 29 34 63 51 321
nortality (%) 3.7 5.7 1.9 2.1 5.0 3.9 3.7

Total fish in 1,474 1, 396 1,487 1,525 1,186 1,225 8,293
anal yses
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Table 14. --Nunber of yearling chinook sal non handl ed, handling

nmortalities, and tag rejections during PIT tagging at
Ganite Damin 1993. Post-tagging nortalities are not

included. Percentages are shown i1n parentheses.

Lower

Hat chery chi nook sal non WId chinook salnon
Dat e Handl ed Rej ect ed Mrtalities Handl ed Mortalities
27 April 4,910 313 (6.4) 162 (3.3) 2,728 58 (2.1)
29 Apri | 4, 811 232 (4.8) 64 (1.3) 2,336 28 (1.2
11 May 4,907 537 (10.9) 202 (4.1 867 3 (0.3
Tot al 14,628 1,082 (7.4) 428 (2.9) 5,931 89 (1.5)
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Table 15. --Nunber of steelhead handled and nortalities during PIT
tagging at Lower Ganite Damin 1993. Percent ages are
shown I n parentheses.

Hat chery steel head WIld steel head
Dat e Handl ed Mrtalities Hand| ed Mrtalities
27 April 4,129 7 (0.2) 396 1 (0.2)
29 April 15, 220 48 (0.3) 659 1 (0.2)
11 My 14,590 20 (0.1) 1,816 4 (0.2)
Tot al 33, 939 75 (0.2) 2,871 6 (0.2)
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Proj ect Evaluation--The target nunbers of PIT-tagged fish
for each release at Lower Ganite Dam (1,500 each for the Rr; and
Cr, releases and 750 each for the Ry and cg rel eases) were net or
exceeded on nost release dates (Tables 12 and 13). Rel eases
general |y enconpassed the tine periods of yearling chinook sal non
mgration as planned (early, mddle, and late spring
outmgrations) (Fig. 10). Coded-wire-tag data indicated that the
majority of snolts PIT tagged at Lower Granite Damwere from

Rapid R ver Hatchery (Fig. 11).

Little Goose Dam

PIT tagging--At Little Goose Dam hatchery-reared yearling
chi nook salnon for three sets of releases were PIT tagged on five
dates, beginning 5 May (Tables 16, 17, and 18). O 16,475
hat chery-reared yearling chinook salnon handled, nortality was
0.4% of 1,605 wild yearling chinook salnon (8.9% of total),
mortality was 0.5% (Table 18). Because of the juvenile separator
used at this site, only small nunbers of steelhead were handl ed,
and nortality for all species was |ow (Table 19). The nortality
rate for yearling chinook salmon was |lower at Little Goose Dam
than at Lower Ganite Dam

Post-tagging nortality ranged fromO to 35.0%, averagi ng
6.8% for individual releases at Little Goose Dam (Table 16).

This average was skewed due to the high nortality (35.0% that
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Tabl e 16.--Nunber of hatchery-reared yearling chinook salnon PIT tagged
Little Goose Dam to eval uate post-detection
during 1993.

and rel eased at
bypass survival

Fish renoved fromtag files for

various reasons, and post-tagging nortalities, are also
shown.
Rel ease Rpo; Cans Rgy, Cpos Rps Cpas Tot al
Rel ease date 7 May 7 My 8 May 8 My 13 May 13 May
Total fish in 755 734 752 753 756 759 4,509
tagging files
Previ ously 1 0 0 1 2 0 4
handl ed
Det ecti ons 0 0 0 2 0 2 4
recorded before
rel ease
USFWs sanpl e 31 30 0 14 0 14 89
Handl i ng (nunber) 264 12 15 6 3 8 308
mortality (%) 35.0 1.6 2.0 0.8 0.4 1.0 6.8
Tokahl 568 in 459 692 737 730 751 735 4,104
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Table 17. --Nunmber of hatchery-reared yearling chinook salmon PIT tagged and rel eased

at Little CGoose Dam to evaluate turbine and spillway passage surviva
1993. Fish renoved fromtag files for various reasons,

nortalities, are also shown.

duri ng

and post-tagging

Rel ease RT21 RS21 C’I‘Zl Ripn Rszz CT22 Riys Rs23 CT23 Tot al

Rel ease

date 6 Moy 6 May 6 Moy 8 May 8 May 8 May 14 May 14 May 14 May

Total fish 756 813 754 751 780 758 749 751 752 6, 864
I n tagging
files

Previ ously 1 0 2 0 0 0 1 1 1 6
handl ed

Lengt h not 0 0 0 0 0 0 2 0 0 2
recor ded

Tank 0 1 0 1 0 0 0 0 0 2
j unpers

Det ecti ons 2 0 0 0 0 2 4 1 1 10
recorded
bef ore
rel ease

Det ecti ons 1 0 0 0 0 0 0 0 0 1
out of order

USFWS sanpl e 0 0 15 0 0 0 0 0 15 30

Handlin? (nunber) 0 1 3 10 3 ) 3 23 48
nortality (%) 0.0 0.1 0.4 1.3 0.4 0.7 0.4 3.1 0.7

Total fish 752 812 736 747 770 753 737 746 712 6, 765

i n anal ysis




Table 18. --Number of yearling chinook sal non handl ed and handl i ng
nortalities during PIT tagging at Little Goose Damin

1993. Post-tagging nortalities are not

Percentages are shown in parentheses.

i ncl uded.

Hat chery chi nook sal non

W I d chinook sal non

Dat e Handl ed Mortalities Hand| ed Mortalities
5 May 3,591 38 (1.1) 384 2 (0.5)
6 My 1, 881 8 (0.4 139 2 (1.4
7 May 4,833 10 (0.2) 449 2 (0.4)
12 May 3, 484 0 (0.0 375 0 (0.0)
13 My 2,686 18 (0.7) 258 2 (0.8)
Tot al 16, 475 74 (0.4) 1, 605 8 (0.5)
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Tabl e 19. --Nunber of steel head handl ed and nortalities during PIT

tagging at Little Goose Damin 1993.
i n parent heses.

Percentages are shown

Hatcherv St eel head

W1 d steel head

Dat e Hand| ed Mrtalities Handl ed Mortalities
5 May 288 0 (0.0) 123 0 (0.0)
6 My 101 0 (0.0) 85 1 (1.2
7 May 303 0 (0.0 288 0 (0.0)
12 May 798 0 (0.0 488 0 (0.0
13 My 855 0 (0.0 344 0 (0.0)
Tot al 2, 345 0 (0.0 1,328 1 (0.1)
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occurred in one release group when over 200 snolts were overdosed
with anesthetic in the preanesthetizer

Proj ect Evaluation--Target nunbers of PIT-tagged fish for
each release at Little Goose Dam (1,500 each for the Rry, Rg,, and
C, releases and 750 each for the Ry and Cy, rel eases) were not
met because of concerns about handling too many wild yearling
chinook salnon. Therefore, the turbine and spillway rel ease-
group sizes were halved at this site (Tables 16 and 17).
Rel eases generally bracketed the yearling chinook sal non
mgration as planned (early, mddle, and late) (Fig. 12). Coded-
W re-tag data indicated that the majority of smolts Pl T-tagged at

Little Goose Dam were from Rapid River Hatchery (Fig. 13).

Tag Retention

PIT-tag retention (24 hours) ranged from 96.7 to 100% for
the various release groups during the study, with an average of
99.2% for all groups (Table 20). Because of the high tag-
retention rate, no adjustments were nmade to the rel ease nunbers,
resulting in very slight underestimtion of the true surviva

probability.

Project Qperations
Slide gate operation--Between 18 April and 13 July, 29,501

Pl T-t agged sal moni ds (chinook salnmon and steel head) were detected
at Lower Ganite Dam O these, 19,292 (65.4% were bypassed

back to the Snake River by the slide-gate diverter system (Table

21). The remainder were either mssed by the slide gate and
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Table 20.--Tag retention for hatchery-reared yearling chinook
salmon PIT tagged in Lower Granite Reservoir (Res), at
Lower Granite Dam (LGR), and at Little Goose Dam
(LGO), during April and May 1993. Fish were scanned
for tags after being held 20-29 hours.

Location Tag Number Nunber Ret enti on
date hel d unt agged (%)

Res 14 Apr 59 0 100.0

Res 15 Apr 59 0 100. 0

Res 16 Apr 60 1 96. 7

Res 17 Apr 60 1 96. 7

Res 18 Apr 60 0 100. 0

Res 19 Apr 60 0 100.0

Res 20 Apr 6 4 2 _96.9

422 4 99.1

LGR 27 Apr 150 0 100. 0

LGR 29 Apr 159 g 189%
LGR 11 Ma _80 .

¢ 389 2 99.5

L&D 6 My 290 1 ggg
L&D 12 Ma 91 2 :

¢ 382 3 99.2

Overal | 1,193 9 99.2
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Tabl e 21.-- Nunber of PI T-tag(;%ed juvenile salnonids detected and diverted at
Lower Ganite (L&), Little Goose (LG, and Lower Monunental (LMO)
Dans during the 1993 nigration. Diverted fish were returned to the
Snake River. Fish in the raceways and Snolt Monitoring Program
sanpl e were transported out of the study area. Qher fish (unknown)
were detected at the dans, but no infornmation was avail able on
di sposi tion.

Dam Tot al D verted Raceways Sample Unknown
nunber Nurber (% Nunmber (%) Nunber (% Nunber (%
det ect ed

LGR 29,501 19,292 (65.4) 9,095 (30.8) 770 (2.6) 344 (1.2)

LGO 20, 818 16,244 (78.0) 2,900 (13.9) 736 (3.5) 938 (4.5)

LMD 27, 699 0 (0.0) 27,699 (100.0) 0 (0.00 0 (0.0)




transported (30.8%), renoved prior to the slide gate as part of
the Snolt Monitoring Program sanple (2.6%), or were not detected
again and their fate unknown (1.2%.

At Little Goose Dam 20,819 PIT-tagged sal nonids were
detected, with 16,244 (78.0% bypassed back to the Snake River by
the slide-gate diverter system (Table 21). The renainder were
either mssed by the slide gate and transported (13.9%), renoved
prior to passing the slide gate as part of the Smolt Mnitoring
Program sanple (3.5%), or were not detected again and their fate
unknown (4.6% .

At Lower Mnunental Dam the slide-gate diverter system was
not operated during 1993. Mst PIT-tagged snolts collected at
this site were transported out of the study area (Table 21).

Turbine load and spill --At Lower Ganite Dam all conditions
except turbine discharge remained constant during the rel eases of
Pl T-tagged hatchery-reared yearling chinook salmon snmolts (Table
22). Turbine operation in Unit 6 was set at 135 MN (within 1% of
the peak efficiency curve) during all releases. Total turbine
di scharge increased substantially during the releases, although
spill did not occur until after all releases had been nade (Fig.
10).

At Little Goose Dam all conditions except turbine discharge

and spill remained constant during the releases (Table 23).
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Table 22.--Conditions at Lower Granite Damduring rel ease of piT-
tagged hat chery-reared yearling chinook salmon into
turbine and reference release areas at 2000 hours on
three dates during 1993.

Dat e 28 Apr 30 Apr 11 May
Tur bi ne di scharge (KCFS) 64.2 78.9 95.0
Spi Il (KCFS) 0.0 0.0 0.0
Unit 6 turbine load (MN 135 135 135
Forebay el evation (ft) 733.2 733.7 733.7

Tailrace el evation (ft) 633. 8 634.9 635.0
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Table 23. --Conditions at Little Goose Dam during rel ease of
Pl T-t agged hatcherP/-rear ed yearling chinook sal non
into turbine, spill, and reference release areas
at 2000 h on three dates during 1993.

Dat e 6 My 8 My 14 My
Tur bi ne di scharge (KCFS) 68. 6 70.5 90. 4
Spill  (KCFS) 25.8 25.9 67.9
Unit 6 turbine load (MY 135 135 135

Forebay el evation (ft) 636. 7 637. 4 637.4

Tailrace el evation (ft) 539.1 539.1 539.3




Total turbine discharge increased, while spill occurred in
I ncreasing anounts with the exception of the 8 My rel eases
(Fig. 12).
At Lower Monunental Dam (Fig. 14) and McNary Dam (Fig. 15),
spill began during the first week of May and continued during the

majority of the outmgration.
Data Anal ysis

Dat abase Quality Assurance/ Control

Beginning with the total nunber of fish in the pTaGgis
tagging files, the data were edited by elimnating fish for the
reasons di scussed bel ow.

1) Twenty-eight wld chinook salnon and four hatchery
steel head were present in the PTAGS tagging files. These
records were elimnated, leaving only hatchery-reared yearling
chinook salmon for the anal yses.

2) Sone fish were collected on nore than one occasion and
were included in nore than one tagging file. Because fish were
held for a period of tinme in net-pens for the reservoir rel eases
and in tanks for releases at the dans, travel time and passage
information for fish collected nore than once was not reliable.
Moreover, though handling nortality was low, a fish handl ed
multiple times was suspected to have altered surviva
probabilities. Therefore, fish that had previously been PIT
tagged (total of 148) or that were later recaptured (total of 97)

were elimnated. Miltiple handling was nost preval ent during
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purse-seining in the Lower Ganite Reservoir, as fish that mlled
in the reservoir were susceptible to nultiple capture.

3) Records for fish with a length of zero were elim nated.

In sone cases, records in the tagging file that had no |ength
recorded appeared to be erroneous, including a nonsensical PIT-
tag code, for exanple. A total of 11 tagging records had | ength
of zero.

4) Some PIT-tag codes were listed in the tagging files for
more than one group released on the sane day. These were
attributed not to recapture but to fish junping fromone tank to
another. Because it was inpossible to determine in which rel ease
the tank junpers were ultinately included, these fish were
elimnated from both tagging files. A total of nine fish were
identified as tank junpers.

5) A fish was elimnated when its record of observations was
illogical or internally inconsistent. Detection dates were
recorded for a total of 21 PIT-tagged fish prior to the date of
rel ease. Seven additional fish had detections "out of order."
That is, a detection was recorded at Little Goose Dam prior to a
detection at Lower Granite Dam or a detection was recorded at
Lower Mnumental Dam prior to a detection at Little Goose Dam
The cause of such inconsistencies is uncertain,.

6) The USFWS sacrificed a nunmber of fish from selected
groups just prior to release for disease and physiol ogy

assessment.  Many of the PIT-tag codes for the sacrificed fish
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remained in the PTAGS tagging files and had to be elimnated
bef ore anal ysis.

7) Finally, tagged fish that died before release (handling
mortalities) were elimnated. O 32,074 fish tagged, 1,052

(3.3%9 were omtted from anal ysis because of handling nmortality.

Tests of Assunptions

The data provided no evidence that the assunptions of the
Singl e-Rel ease and Paired-Rel ease Mdels could not be net using
the field methods detailed in the previous section. Nothing in
the anal yses suggested that these nodels were not valid tools for
estimation of survival rates for river sections and dans on the
Snake and Col unbia Rivers.

Assunption Al: Upstream detecti on does not affect the
probability of downstream detection--For each of the seven Lower
G anite Reservoir release groups, Figure 16 shows the passage
distributions at Little Goose Dam for the two subgroups that
passed via either the turbines (non-detected) or through the
bypass facility (detected). The passage distributions of the two
groups varied anong rel eases (Table 24). (The contingency tables
for these analyses and all other such analyses in this section
are in Appendix Tables 1-8.)

Figure 17 shows the passage distributions at Lower
Monunental Dam for four subgroups of reservoir rel eases, defined
by the records of detection at Lower Ganite and Little Goose
Danms. The results of these contingency table anal yses are given
in Table 25.
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Table 24.--Tests of honbgeneity of Little Goose Dam passage
di stributions for subgroups of primary releases
defined by capture history at Lower Granite Dam

5 Degr ees
Rel ease y 4 frégdon1 P val ue*
Rpy 11.31 15 0.730
Rp2 13.50 15 0. 564
Rp3 24.75 14 0. 037
Rpg 12. 68 14 0. 552
Rps 31.74 15 0. 007
Rpe 28. 74 15 0. 017
Rp7 13. 39 13 0.418

To control experiment-wi se Type | error rate (e.g.
QApy = 0.051, test-wise P values are conpared to adjusted

significance levels (e.g., oA = 0.0073) for seven tests
(see Table 8).
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Tabl e 25.--Tests of honogeneity of Lower Mpnunental Dam passage
distributions for subgroups of primary rel eases
defined by capture history at Lower Ganite and
Littl e Goose Dans.

Degr ees
Rel ease xz of P val ue*
freedom
Rpy 26. 57 24 0.325
Rp2 25.19 24 0.395
Rp3 26. 47 30 0. 651
Rpy 24. 49 30 0. 749
Rps 38.18 18 0. 004
Rpg 25. 48 24 0. 380
Rp7 33.08 24 0. 102

* To control experinent-wise Type | error rate (e.g.,
Qpy - 0.05), test-wise P values are conpared to adjusted

significance levels (e.g., a, = 0.0073) for seven tests
(see Table 8).
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W established a test-wise significance |evel of a;=0.0073
as required for experinent-wse Type | error rate ag = 0.05
(Table 7). The null hypothesis of honbgeneity between detection
distributions of prinmary release groups was rejected for the
fifth release group at both Little Goose and Lower Monunental
Dams. In addition, detection distributions at Little Goose Dam
for the third release group were significantly different at the
agx = 0.10 level, but this difference disappeared by the time
fish reached Lower Mnunmental Dam (P = 0.65).

Data shown in Figure 16 suggest that the reason for
differences in Little Goose Dam passage is that fish detected at
Lower Ganite Dam were delayed by a day or two (the distribution
for detected fish is shifted slightly to the right). However,
river conditions over the peak days of passage for both groups
were sufficiently stable so that a difference of 1 day in passage
time was not likely to cause a significant change in detection
probabilities at Little Goose Dam  Survival and capture
probabilities of fish with different routes of passage at Lower
Ganite Damdid not vary (Table 26). For all seven prinary
rel eases, the distribution of capture histories at Lower
Monunent al and McNary Dans di d not depend on the capture history
at Lower Ganite and Little CGoose Dans (significance |evel
agx = 0.10).

Assunption A2: Upstream detecti on does not affect the

probability of downstream survival --Mst treatment groups had
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Table 26.--Tests of honbgeneity of downstream capture histories
for two subgroups of primary release groups detected
at Little Goose Dam defined by capture history at
Lower Granite Dam (TEST3 of Burnham et al. 1987).

5 Degr ees
Rel ease X of P val ue*
freedom
Rpj 2. 049 3 0. 562
Rp> 4.038 3 0. 257
Rp3 3.617 3 0. 306
Rpyg 2.164 3 0. 539
Rps 4.328 3 0.228
Rpg 6. 534 3 0. 088
Rp7 5.517 3 0. 089

* To control experinent-wise Type | error rate (e.qg.,
ap, = 0.05), test-wise P values are conpared to adjusted

significance levels (e.g., a,= 0.0073) for seven tests
(see Table 8).
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hi gher survival estimates than their corresponding reference
groups (Table 27). This led to point estimates Of post-detection
bypass survival that were greater than one. The pool ed estimates
were a weighted average of the three independent estimates, W th
wei ghts inversely proportional to the respective estimted

vari ances. None of the confidence intervals excluded 100%
survival, which indicated that the assunption of no
post-detection bypass nortality was satisfied. Consequently, we
concluded that the Single-Rel ease Mdel could be used to analyze
the primary rel eases.

Assunption A3: The Single-Rel ease Mdel accurately
estimates the nmeasurenent error associated with point estinates--
For survival estimates at Lower Ganite and Little Goose Dans,
the average estinmated variance was simlar to the enpirical
variance (Tables 28 and 29, respectively). There was no evidence
that the nodel failed to adequately neasure any significant
source of variability.

Assunption A4: In a paired-release, treatnent and reference
groups mx evenly downstream from the source of nortality being
investigated-- Figures 18 and 19 show the passage distributions at
downstream dans for Lower G anite Dam bypass and turbine paired-
rel ease groups, respectively. None of the paired-bypass releases
from Lower Ganite Dam had significantly different (significance
| evel ag = 0.05) passage distributions at any of the downstream
dans (Table 30). The first set of paired turbine releases from

Lower Granite Dam had significantly different passage
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Table 27.~-Post-detection bypass survival estimates for Lower
Granite and Little Goose Dans (standard errors in
par ent heses) .

a) Lower G anite Dam

Post - det ecti on

Tr eat ment Ref erence group .
Rel eases . : bypass survi val
group survival survi val A
(Sgi)

(Rg11, Cp11) 0.733 (0.030) 0.790 (0.029) 0.928 (0.051)
(Rp12, Cgi2) 0.857 (0.046) 0.787 (0.029) 1.140 (0.072)
(Rp13, Cg13) 1.092 (0.178) 1.029 (0.158) 1.051 (0.238)

Pool ed* 1.001 (0.041)

b) Little Goose Dam

Treat ment Ref erence group Post - det ecti on
group . .
Rel eases d . detection rate bypass survi val
etection rate N
(%) (%) (Spy)
(Rp21, Cp21) 59. 3 59.7 0.997 (0.049)
(Rp22, Cp22) 61.3 57.9 1.058 (0.045)
(Rp23, Cp23) 15.5 13.3 1.168 (0.148)
Pool ed* 1.022 (0.035)

*

Pool ed estinmates are weighted averages of the three
i ndependent estimates, with weights inversely
proportional to the respective estinated variances.
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Table 28.--Enpirical variance and average estinmated variance of
the estimated survival probability from release to
Lower Granite Dam tailrace based on primary rel eases.

Poi nt estimate of Esti mat ed

Rel ease survival (8g;;)  variance
Rpy 0. 920 0. 000576
Rpo 0.500 0. 000351
Rp3 0.911 0. 000484
Rpg 0. 903 0. 000529
Rps 0. 901 0. 000484
Rpg 0. 855 0. 000575
Rp~ 0. 886 0. 000400

Enpirical variance of Sgj; 0. 000119
Average estimated variance 0. 000487
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Table 29.--Enpirical variance and average estimated variance of
the estimated survival probability from Lower
Ganite Damtailrace to Little Goose Dam tailrace
based on prinmary rel eases.

Poi nt estimate of Estinmated

Rel ease survival (Sgp;)  variance
Rp 0. 888 0. 00152
Rps 0. 889 0. 00084
Rps 0. 831 0. 00096
Rpg 0.818 0.00116
Rps 0. 831 0. 00137
Reg 0. 902 0. 00194
Rp~ 0. 869 0. 00130

Enpirical variance of Sg,; 0.000115
Average estimated variance 0.000130
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Tabl e 30.--Tests of honogeneity of passage distributions at
downstream danms for Lower Ganite Dam paired bypass

rel eases.
Degr ees
Passage 2
distribution Rel eases X of P val ue*
freedom
Little (Rgi11+ Cpg11) 10. 978 8 0. 203
Goose
Dam (Rg12, Cpi2) | O 383 9 0. 320
(Rg13, Cg13) 13. 419 7 0. 063
Lower (Rgi1r Cp11) 2.243 8 0.973
Monument al
Dam (Rg12, Cgi2) 10. 700 7 0. 152
(Rg13r Cg13) 2.875 5 0. 824
McNary (Rg11r Cp11) 16. 458 9 0. 058
Dam
(Rg12+ Cgi2) 4.200 10 0.938
(Rg13» CBl3) 8.641 8 0.373

* To control experinent-wise Type | error rate (e.g.
oz, = 0.051, test-wise P values are conpared to adjusted

significance levels (e.g., an = 0.017) for three tests
(see Table 8).
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distributions at Little Goose Dam but the difference was not
evident at Lower Mnunental or MNary Dans (Table 31). The
estimated capture probabilities for the treatment and reference
rel eases of the first pair were 0.494 (standard error 0.020) and
0.505 (0.020), respectively, and this difference was not
significant (x* = 0.157, 1 degree of freedom (df),
P =0.692). The differences in the passage distributions did not
result in differences in detection probabilities. The second and
third paired rel eases fromLower Ganite Dam had no significantly
different passage distributions at any of the downstream dans.

Figures 20 and 21 show the passage distributions at
downstream dans for release groups at Little Goose Dam i ncl udi ng
turbi ne, bypass, spillway, and reference groups. None of the
downstream passage distributions were significantly different
(ag, = 0.05) for the Little Goose Dam paired bypass rel eases
(Table 32). The passage distributions at Lower Mnunental Dam
for the first set of bypass releases were significantly different
at the ai, = 0.10 level, but not at the a, = 0.05 level. No
disparity was evident at MNary Dam

Tests of honogeneity of downstream passage for the Little
Goose Dam turbine/spillway/reference release sets show severa
significant differences (Table 33). Data presented in Figure 21
suggest that tests based on contingency tables were sensitive to
very small differences anong the distributions. There was no
i ndependent nethod to test differences anong parameters for the

various paired rel eases.
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Table 31.--Tests of honobgeneity of passage distributions at
downstream dans for Lower Granite Dam paired turbine

rel eases.

Passa Degr ees
. ssage Rel eases xz of P val ue'

di stribution fr eedom
Little (Rr11, Cr11) 35. 319 8 <0.0001
Gngse (Rr1z2, Cr12) 16. 912 10 0. 076
m (Rpp3, Cr13) 9. 063 6 0.170
Lower (Rr1:s Cri1)d 4. 671 8 0. 862
anug;”t al (Rr1z, Cri2) 16. 858 9 0. 051
m (Rr13, Cr13) 2.029 7 0. 958
McNary (Rr11, Cr11) 6. 985 11 0. 800
Dam (Rr12, Cr12) 9. 000 11 0. 622
(Rp13, Cr13) 17. 378 10 0. 056

* To control experinent-wise Type | error rate (e.qg.
ap, = 0.05), test-wise P values are conpared to adjusted
significance levels (e.qg., an = 0.017) for three tests
(see Table 8).
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Tabl e 32.--Tests of honpbgeneity of passage distributions at
downstream dans for Little Goose Dam paired bypass

rel eases.
Degr ees
Passage 2 *
distribution Rel eases X of P val ue
freedom
Lower (Rp21, Cg21) 11.436 3 0. 010
Monunent al
Dam (Rp22, Cg22) 8. 236 3 0. 041
(Rg23, Cpg23) 0.234 1 0. 628
McNary (Rg21, Cg21) 8. 208 6 0.223
Dam
(Rp22/, Cg22) 8. 435 5 0.134
(Rp23s Cp23) 5. 542 5 0. 353
* o control experinment-wise Type | error rate (e.g.
., = 0.05), test-wise P values are conpared to adjusted

significance levels (e.g., an = 0.017) for three tests
(see Table 8).
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Table 33.--Tests of honpbgeneity of passage distributions at
downstream dans for Little Goose Dam turbine/
spillway/reference releases.

5 Degr ees
_ rassage Rel eases x2 of P val ue*

di stribution freedom
Cower (Rr21, Rs21. Cr21)  25.358 8 0.0014
Monument al (Rr22, Rg22, Cr22)  38.383 6 <0.0001
Dam (Rr23s Rgo3, Cr23) 2. 166 2 0.339
McNary (Rr21, Rs21, Cp21)  11.599 14 0. 638
Dam (R, Rs22s Cr22)  16.954 10 0.075
(Rr23, Rs23, Cr23) 19,575 10 0. 032

* To control experinment-wise Type | error rate (e.g.,
a., =C.05), test-wise P values are conpared to adjusted
significance levels (e.g., an = 0.017) for three tests
(see Table 8).
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In conclusion, analyses of the data collected during the
1993 study indicated no major statistical problems with applying
the Single-Rel ease Mdel or Paired-Rel ease Mdel for paired
rel eases to survival studies using PIT-tagged hatchery-reared
yearling chinook salnmon through river sections and hydroelectric

projects on the Snake River.

Survival Estimtion

btaining prelimnary estimates of survival and detection
probabilities was a secondary objective of the 1993 study. The
study was not designed to characterize survival for a variety of
river conditions or throughout the mgration season. \Wile the
estimates obtained suggest future research directions, the
results do not characterize the entire 1993 hatchery chinook
sal non m gration.

Survival estimates for the primary releases in Lower Ganite
Reservoir fromthe N squally John boat |landing to the tailrace of
Lower Granite Dam ranged from 0.886 to 0.920 (Tables 34 and 35).
The SR Mvdel was used for analysis, because PR Mdel anal yses of
pai red bypass and tailrace releases at Lower Granite and Little
Goose Dans showed no significant post-detection bypass nortality,
obviating the need for the NMSR Model

The survival estimates fromrelease to Lower Ganite Dam
tailrace Wwere not significantly different anong the replicate
rel eases (x> = 1.53, 6 df, P =0.957), so a nodel using a conmmon
survival probability for all seven releases was used to obtain
the pooled estimate of 0.902. The standard error using the

pool ed nmodel was extremely small (0.008). The 95% confidence
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Table 34.--Estimated survival probability from primary rel ease
site to Lower G anite Dam tailrace and detection
probability at Lower Ganite Dam based on prinary
rel eases (standard errors in parentheses).

Survival from Det ecti on
Release oo e am tattrsce  Loer Granite Dam
(Sq-) (P.)
Rp 0.920 (0.024) 0.458 (0.020)
Rp> 0.500 (0.019) 0.488 (0.017)
Rp3 0.911 (0.022) 0.475 (0.019)
Rpg 0.504 (G.023) 0.474 (0.015)
Rps 0.901 (0.022) 0.532 (0.020)
Rpg 0.895 (0.024) 0.507 (0.022)
Rp 0.886 (0.020) 0.531 (0.018)
Pool ed 0.902% (0.008) 0.4952 (0.007)

2 Pooled estimate of survival probability conputed using
SURPH program to estinmate a single survival probability
for all popul ations.

b pooled estimate of detection probability conputed as
wei ghted average of the seven independent estimates, wth

wei ghts inversely proportional to the respective
estimated vari ances.

106



Table 35.--Estimated survival prcbability from Lower G anite Dam
tailrace to Little Goose Dam tailrace and detection
probability at Little Goose Dam based on primary
rel eases (standard errors in parentheses).

Survival from Lower Det ecti on

Release (e e oose Dam  Littl e cooss an

tailrace (S;,) (Py)

Rp; 0.888 (0.039) 0.520 (0.025)
Rp> 0.889 (0.029) 0.564 (0.021)
Rp3 0.831 (0.031) 0.557 (0.022)
Rpg 0.818 (0.034) 0.492 (0.022)
Rps 0.831 (0.037) 0.465 (0.024)
Rpg 0.902 (0.044) 0.463 (0.027)
Rp7 0.869 (0.036) 0.449 (0.022)
Pool ed 0.862" (0.013) 0.505% (0.009)

2 pool ed estimate of survival probability conputed using
SURPH program to estinmate a single survival probability
for all populations.

b pool ed estimate of detection probability conputed as
wei ghted average of the seven independent estimtes, with
wei ghts inversely proportional to the respective
estimated variances.
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interval for the survival probability fromrelease to Lower
Ganite Damtailrace was 0.886 to 0.918.

Detection probabilities at Lower Ganite Dam varied
significantly between the seven primary rel eases (x> = 13.97
6 df, P = 0.030), but suggested a trend toward increasing
probability of detection over tine. The pooled estimate (0.495)
was a weighted average of the individual estimates. Using
wei ghts equal to the inverse of the respective estinmated
variances provides a weighted average with mninmm standard error
(Hunter et al. 1982).

Estimated survival probabilities fromLower Ganite Dam
tailrace to Little Goose Damtailrace ranged from0.818 to 0.902
but were not significantly different as measured by SURPH
(x> = 5.50, 6 df, P =0.482). The pooled estimte was 0.862
wth a standard error of 0.013. Detection probabilities were
significantly different (4> = 25.82, 6 df, P < 0.001) and
appeared to be decreasing over time at Little Goose Dam The
pool ed estimate of the detection probability at Little Goose Dam
(0.505) was obtained by the weighted average approach.

The weighted average of turbine survival estimates for the
paired releases at Lower Ganite and Little Goose Dans were 0.823
and 0.920, respectively (Table 36). The weighted average of the
spillway survival estimate at Little Goose Dam was 1.021
(Table 37). There was no spill at Lower Ganite Damuntil nost

of the primary release groups had already passed. Therefore,
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Tabl e 36.--Turbine passage survival estimates for Lower Ganite
and Little Goose Dans based on paired turbine
rel eases (standard errors in parentheses).

a) Lower Granite Dam

Rel eases ar o-IL-ereastur:?/?tval e esrL(Ja‘rn\;:ievaglJr o Tsul:rb\l/in\?al pa(sSsTalg)e
(Rr11, Cr11) 0.689 (0.021) 0.844 (0.021) 0.816 (0.034)
(Rr12, Cri2) 0.739 (0.025) 0.864 (0.027) 0.855 (0.039)
(Rr13, Cr13) 0.797 (0.107) 1.308 (0.186) 0.609 (0.119)

Pool ed* 0.823 (0.025)

b) Little Goose Dam

Tr eat nent
roup Ref erence group Tur bi ne passage
Rel eases 91 detection rate . 9
detection rate (%) survival (Sqs)
(%) °
(Rr21+ Cr21) 61.0 66.0 0.924 (0.036)
(Rp22/ Cr22) 57.7 60. 4 0.955 (0.041)
(Rr23, Cr23) 30.1 31.5 0.957 (0.075)
Pool ed* 0.920 (0.025)

* Pooled estinmates are weighted averages of the three
i ndependent estimates, wth weights inversely
proportional to the respective estimted variances.

109



Table 37.--Spillway passage survival estimates for Little Goose

Dam based on paired spillway rel eases (standard
errors in parentheses).

Trgiggint Reference group Spi | | way passage
Rel eases detection rate detect:gr rate survival (Sg3)
(%) ’
(Rg21, Cs21) 66.7 66.0 1.011 (0.037)
(Rg22, Cs22) 63.6 60.4 1.053 (0.042)
(Rg23, Cg23) 30.3 31.5 0.963 (0.075)
Pool ed* 1.021 (0.026)

*

Pool ed estimate |Is weighted average of the three
i ndependent estimates, W th weights inversely

proportional to the respective estimted variances.
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results of the Single-Release Mdel and Paired-Rel ease Mdel

anal yses were conbined to derive the Lower Ganite Dam reservoir
and project conmponents of survival using Equations (4), (5), and
(6). V¢ assuned a bypass survival probability of 0.98. The
pool ed estimates of survival probability from release to Lower
Ganite Damtailrace and detection probability at Lower Ganite
Dam (Tabl e 34) and turbine survival (Table 36), were used to
conpute estimates of survival conponents and fish guidance
efficiency for Lower Ganite Dam (Table 38).

Spill occurred at Little Goose Dam during nearly the entire
passage of all upstream releases of survival study fish, so it
woul d have been necessary to use Equations (1) through (3) to
derive the Little Goose Dam reservoir and project conponents of
survival. However, wi thout information on the percent of fish
passed over the spillway per unit of spill, we did not partition
the survival estimate fromLower Granite Damtailrace to Little

Goose Dam tailrace.

Hat chery Rel eases

Prelimnary analyses to determne the conposition of pooled
rel ease groups are sunmarized bel ow.

1) Dworshak National Fish Hatchery: Paraneters did not vary
significantly for releases made on the same date. Therefore,
rel ease groups fromthe six raceways on each date were pool ed,
providing three releases of about 1,500 fish each. Survival and

detection rates differed anmong the pool ed groups.
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Table 38.--Estimates of Lower Granite Zam reservoir and project
survival probabilities and fish guidance efficiency
at Lower G anite Dam based on primary rel eases and

paired rel eases at Lower
errors in parentheses).

Granite Zam (standard

Par amet er

Estimate
Survival Probability,

Rel ease to 1.012 (0.531)

Lower Granite Dam Forebay

(Spq)

Lower Granite Dam Project 0.852 (C.C26)

Survival Probability (Sy;)
Lower Granite Dam 0. 442 (3.925)

Fi sk Quidance Efficiency
(FGE,)
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2) Kooskia National Fish Hatchery: No significant
differences were found for parameters anong the six release
groups. They were pooled to provide a single group of 1,171
fish.

3) Lookingglass Hatchery releases: The nornal -density and
| ow-density raceway release groups were found to differ in
survival and detection probabilities. However, the probabilities
between the two replicates within each density were not
significantly different. Attenpting to characterize a "typical"
rel ease fromthe hatchery, we used the pooled data fromthe two
nornal -density raceways for a total of 999 fish

4) Imaha River releases: The four rel eases of Lookinggl ass
Hat chery-reared fish were not found to have significant
differences anong paraneters. The four groups were pooled to
provide a single group of 1,991 fish.

5) McCall Hatchery timng study releases: The three
rel eases did not have significant differences in paraneters, and
so were pooled to provide a single release of 1,501 fish.

6) MCall Hatchery tagging study releases: Fish fromthe
two tagging groups did not have significant differences in
par anet ers. The data were pooled to provide a single rel ease of
2,993 fish.

7) Rapid River Hatchery: Fish fromthe tw tagging groups
did not have significant differences in paranmeters. The data

were pooled and treated as a single release of 2,985 fish.
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8) Sawtooth Hatchery: Only one release of 799 fish was
avai | abl e.

Results of analyses of the pooled data sets using the
Singl e-Rel ease Model are reported in Table 39. Sanple sizes and
standard errors for the survival probability estimates from
rel ease to Lower Granite Damtailrace were conparable to those
for our primary releases. Survival probability estimates to
Lower Granite Damfor hatchery-rel eases were | ower than for our
primary rel eases and appeared to be inversely proportional to the
di stance from the hatcheries to Lower Ganite Dam Detection
probabilities at Lower Ganite Damwere generally |ower for the
hat chery rel ease groups, especially for those passing the dam
later in the season, when water was spill ed.

Survival probabilities fromLower Ganite Damtailrace to
the tailrace of Little Goose Damfor the hatchery rel eases are
directly conparable to those for the primary rel eases, because
the section of the river is the same. The pooled estimate from
the hatchery releases for Lower Ganite Damtailrace to Little
Goose Damtailrace was 0.791, conpared to the pooled estinate
obtained from our primary releases (0.862). Releases with the
| owest survival probability between the hatchery and Lower
Ganite Damtailrace often had the higher probability of survival
between the tailraces of Lower Ganite and Little Goose Dans.

Detection probabilities at Little Goose Damwere | ower for the
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STt

Tabl e 39.--Estimates of survival
and from Lower
detection rates at

par ent heses).

Lower

from hatchery release site to Lower
G anite Dam tailrace to Little Goose Dam tailrace and
Ganite and Little Goose Dans.
Spring 1993 hatchery releases of yearling chinook salnon (standard errors in

G anite Dam tailrace

Based on sel ected

Lower G anite Dam Little Goose Dam

Hat cher Rel ease Rel ease Sur vi val Det ecti on Sur vi val Det ecti on

y dat e size probability probability probability probability
Dwor shak 4/08 1, 467 0.657 0.438 0.746 0. 497
(0.027) (0.023) (0.048) (0.028)
Dwor shak 4/22 1, 460 0.739 0.476 0.790 0.330
(0.031) (0.024) (0.065) (0.028)
Dwor shak 5/06 1, 445 0.835 0.334 0.616 0.283
(0.061) (0.028) (0.074) (0.029)
Kooski a 4/19 1,171 0.668 0.436 0.708 0.299
(0.043) (0.032) (0.086) (0.034)
Looki nggl ass 4/07 999 0.672 0.492 0.870 0.574
(0.023) (0.023) (0.041) (0.028)
Looki nggl ass 4/12 1,991 0.669 0.432 0.759 0.405
(I'maha River (0.025) (0.020) (0.047) (0.024)
rel eases)

McCal | 4/03 2,993 0.503 0.457 0.804 0. 399
(0.017) (0.018) (0.044) (0.022)
M Cal | 4/09- 1,501 0.563 0.403 0.731 0.468
5/05 (0.028) (0.024) (0.052) (0.029)
Rapi d Ri ver 4/17 2,985 0.680 0.494 0.866 0.355
(0.017) (0.015) (0.041) (0.019)
Sawt oot h 4/20 799 0.264 0.440 1. 153 0.248
(0.021) (0.042) (0.147) (0.028)




hatchery releases than for our primary rel eases, because nost of
the fish fromprimary rel eases passed Little Goose Dam before
spill began, while the hatchery-rel eased fish passed later in the

season.
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SUMMARY/CONCLUSIONS

The 1993 NMFS/ UW survival study was able to nmeet the primary
goal s which were to:

1) field test and evaluate the SR MSR and PR Mdels
for the estimation of survival probabilities through sections of
a river and hydroelectric projects;

2) identify operational and |ogistical constraints
that would Ilimt the ability to collect data for the nodels; and

3) determne the usefulness of the nobdels in providing
estimates of survival probabilities.

Results of the 1993 NVFS/ UW survival study satisfied the
assunptions of the Single-Release and Paired-Rel ease Mdels for
survival estimation in the Snake River. W denonstrated the
feasibility of collecting, PIT tagging, and releasing |arge
numbers of hatchery-reared yearling chinook salnmon into Lower
Ganite Reservoir, at Lower Ganite Dam and at Little CGoose Dam
Col l ection by purse seine in the reservoir and by juvenile
collection facilities at Lower Ganite and Little Goose Dans were
successfully executed as were the releases for the turbine,
bypass, spill, and tailrace survival evaluations. Bypass systens
at Lower Ganite and Little Goose Dans successfully detected and
diverted PIT-tagged fish back to the river, and detector systens
at Lower Monunental Dam and McNary Dam were operational.

We were unable to document any major statistical
problems.  Evaluation of nodel assunptions indicated that all
were satisfied: detection rates and survival probabilities for
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downstream river sections and sites were not dependent on the
history of survival and capture at upriver sites; detected fish
at Lower Ganite and Little Goose Dams did not suffer significant
post-detection bypass nortality; and the Single-Release Mde
provi ded accurate estimates of sanpling variability associ ated
Wi th point estimtes.

Survival estimates were obtained during validation of these
nmodel assunptions. These estinmates do not reflect tenporal or
seasonal variability and were based on a limted segment of the
hat chery-reared yearling chinook salnmon mgration. However
where valid conparisons could be made (e.g., survival from Lower
Ganite Damtailrace to Little Goose Damtailrace), results from
our releases were simlar to results from hatchery rel eases nade
over the entire outmgration.

As part of the logistical evaluation, two areas were
identified for inprovement in future survival studies at Lower
Ganite and Little Goose Dans:

1) Handling and tagging nortalities of chinook sal non
in 1993 at Lower Ganite Dam were higher than at other sites.
H gher nortalities were attributed to lack of a juvenile
separator which resulted in stress and injury fromthe
comm ngling of chinook salnmon with steel head in raceways when the
fish were crowded together for tagging. Until a permanent
juvenile fish separator is installed for the Lower Ganite Dam
collection facility, a tenporary separator should be used in the

flume diverting fish to raceways. It would separate |arger
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steel head from smaller chinook salmon prior to tagging and should
mnimze nortalities when handling fish for marking.

2) The diversion systens at both Lower Ganite and
Little Goose Dans functioned at |ess than 80% efficiency. Higher
diversion efficiencies will increase the precision of surviva
estimates obtained with current sanple sizes or permt reductions
in sanple sizes without |oss of precision.

In conclusion, we believe that accurate and precise
estimates of system survival from an upstream release site in the
Snake River basin to the tailraces of Lower Ganite, Little
Goose, or Lower Mnunental Dans are now possible using the SR
MSR and PR net hodol ogies with the PIT-tag diversion systens in

place and with sufficient release nunbers.
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RECOMMENDATIONS

Successful validation of field and statistical nethodol ogies
in 1993 formed the basis for the follow ng recommendations for
1994 and future years:

1) The SR (MSR when appropriate) and PR met hodol ogi es shoul d
be adopted for survival estimation. Future protocols should be
designed to evaluate the effects of seasonal and environnenta
variation, differing capture and rel ease protocols, and expanded
study areas on additional species of salnonids.

2) The significantly different survival estimtes for
turbine passage at Lower Ganite and Little Coose Dans enphasize
the need for further evaluation of all sources of passage
mortality. Future studies should also attenpt to determne
direct and indirect effects of passage using avail able
technol ogi es such as the PIT tag and bal |l oon tags.

3) NMFS shoul d provide mnimum rel ease-size requirenents to
hatcheries for their PIT-tag studies so that survival estinates
from hatcheries to detection sites at dans can be made with known
preci si on.

4) |f prospects for a Lower Ganite Reservoir drawdown
continue on the present track, we recommend that the SR and PR
nmet hodol ogi es be applied to collect survival data during both the
basel i ne data-collection period and the drawdown test.

5) Future survival studies should be coordinated with other
inriver projects to naxinze the data-collection effort and
m nimze study effects on salnonid resources.
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6) Inmproved statistical precision should be acconplished by
maximzing the return of PIT-tagged juveniles to the river
through increased detector and diverter efficiency.

7) Until a permanent juvenile fish separator is constructed
at Lower Granite Dam tenporary neasures to separate juvenile
sal monids by size should be investigated to mnimze handling
during collection and taggi ng.

8) Survival investigations will be inproved by increasing
the number of detection facilities in the Colunbia River Basin.
This would include installation of detectors and diversion

systens at John Day, The Dalles, Bonneville, and Priest Rapids
Dans.
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Appendi x Table 1. --Contingency tables used to test
of Little Goose Dam passage for two subgroups
of primary releases. Sone contingency table

cells were pooled over days to provide

honogenei ty

sufficient cell totals. Days that were pool ed
are marked with an "x," with the pool ed total
at the beginning of a sequence of pool ed days.

Rpy Rp2 RP3 Rpg Rps Rpg RP7
Julian |let. LGR|let. LGR|let. LGR|iet. LGR|let. LCR|let. LCER|let. LR
Day Y N Y N Y N Y N Y N Y N Y N
112 1 1 X X X X X X X X X X X X
113 X X X X X X 2 i X X X X X X
114 4 5 3 5 1 7 X X X X X X X X
115 4 11 X X X X 4 9 1 2 X X X X
116 X X 3 8 2 12 X X X X 1 2 X X
117 5 18 4 5 X X 5 8 1 4 X X 10 21
118 7 12 14 16 5 8 3 11 1 3 3 9 X X
119 10 21 16 29 5 19 4 11 3 11 2 13 X X
120 21 34 23 42 10 23 8 19 4 9 5 22 16 17
121 23 45 26 54 26 57 19 31 8 20 11 17 28 27
122 30 39 51 73 40 63 29 57 26 51 12 25 28 46
123 14 24 28 30 26 26 24 38 21 18 14 18 33 34
124 8 8 19 21 15 14 19 14 20 25 11 12 24 28
125 9 9 14 17 17 11 15 18 15 19 10 12 22 21
126 3 4 8 3 4 13 9 11 15 14 14 12 16 10
127 5 2 3 2 2 2 5 5 7 4 6 4 8 4
128 X X 3 5 5 9 X X 13 2 4 1 7 8
129 X X 1 3 X X X X 1 4 5 2 1 3
130 1 2 X X 2 4 1 2 X X 1 2 1 2
131 1 3 3 3 X X 2 2 5 1 X X 1 2
132 X X X X X X X X X X 5 1 X X
133 X X X X 1 1 X X X X X X X X
134 X X X X X X X X X X X X X X
135 X X X X X X X X X X 1 1 1 3
136 X X X X X X X X X X X X X X
137 X X X X X X X X X X X X X X
138 X X X X X X X X X X X X X X
139 X X X X X X X X X X X X X X
140 X X X X X X X X X X X X X X
141 X X X X X X X X 1 1 X X X X
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Appendi x Table 2. --Contingency tables used to test honbgeneity
of Lower Mnunental Dam passage for four
subgroups of primary rel eases. Sone
contingency table cells were pooled over days
to provide sufficient cell totals. 3ays that
were pooied are marked with an "x," with the
pool ed total at the beginning of a sequence
of pool ed days.

Rpl RPZ RP3

Julian | -GR/LGO detection |.GR/LGO detection|.GR/LGO detection
Day 00 01 10 11 co 01 10 11 03 01 10 11
116 7 72 5 [ x x x x S -
117 X X X X 2 3 1 5 X X X X
118 X X X X X X X X X X X X
119 2 2 4 8 9 10 9 13 X X X X
120 X X X X X X X X X X X X
121 X X X X X X X X X X X X
122 X X X X X X X X X X X X
123 X X X X X X X X 4 5 5 11
124 4 4 2 9 22 31 28 26 18 27 26 25
125 17 28 18 16 17 22 5 15 19 18 10 15
126 12 14 4 15 8 5 5 3 [ 8 5 3
127 1 4 1 1 1. 5 E 5 9 9 T 8
128 4 - 7 : 1 5 5 2 5 5 5 1
129 2 4 2 3 5 3 2 2 2 4 4 1
130 X X X X 4 3 3 5 1 1 1 4
131 3 2 4 5 X X X X 2 2 1 3
132 X X X X X X X X 1 3 1 2
133 X X X X X X X X X X X X
134 X X X X X X X X X X X X
135 X X X X X X X X X X X X
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Appendi x Table 2.--Continued.
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Appendi x Table 2.--Continued.

Rp7
Julian | LG/ LGO detection
Cay 00 01 10 11
123 3 3 6 13
124 9 12 23 28
125 15 12 14 15
125 3 6 10 5
127 15 10 8 10
128 2 5 11 7
129 7 2 3 5
133 4 12 1
131 4 5 5 4
i 32 X X X X
133 X X X X
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Appendi x Table 3.--Ccntingency tables used to test honogeneity
of downstream capture histories for two
subgroups of primary release groups detected
at Little Goose Dam defined by capture
history at Lower Ganite Dam (TEST3 of
Burnham et al. 1987).

Capture Capture history at
hi story Lower Monunental and McNary Dans
to
Rel ease Little 00 01 10 11
Goose Dam
Rpj 11 71 45 56 9
01 46 22 42 4
Rpo 11 95 61 77 5
01 53 43 69 5
Rp3 1T 57 45 74 8
01 33 26 57 8
Rpg 11 48 36 73 11
01 42 25 43 6
Rps 1T 52 24 55 5
01 33 27 40 8
Rpg 11 37 30 34 4
01 28 12 33 7
Rp4 11 80 43 50 4
01 53 33 54 9
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Appendi x Table 4. --Contingency tables used to test
of Littl e Goose Dam passage for
rel eases from Lower
contingency table cells were pooled over
to provide sufficient
were pooled are marked with an "x,"
the begi nning of a sequence

a) First set

of

pool ed total at
ot pool ed days

honogenei ty
pai red
G anite Dam Sone

days
cell totals. Days that
with the

rel eases:
. Bypass Tur bi ne
Jut;an rel eases rel eases
Y R311  Cgyp | Rt11 Coppq
121 27 13 57 16
122 98 99 196 187
123 31 s0 | 167 154
124 56 43 135 65
12y 38 29 55 49
125 5 3 8 21
127 2 7 11 3
128 2 3 X X
125 1 I X X
1323 X X 1 1
131 X X X X
132 X X 1 1
133 X X X X
134 X X X X
135 X X X X
135 X X X X
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Appendi x Table 4.--Continued.

b) Second set

c) Third set

of

of

rel eases:
_ Bypass Tur bi ne
Julian | ¢ eases rel eases
Day
Rp12  Cgiz | Rriz  Cris
122 6 2 11 13
123 36 25 89 54
124 99 72 212 150
125 101 57 203 155
126 45 39 73 77
127 7 12 12 23
128 3 9 15 18
129 1 2 5 6
130 X X 5 7
131 1 1 X X
132 2 2 1 2
133 X X X X
134 X X 1 1
135 X X X X
rel eases:
. Bypass Tur bi ne
JuL;an rel eases rel eases
Y [Res Cp13 | Rr23  Cri3
134 4 7 8 9
135 44 24 65 51
135 35 28 49 56
137 13 15 14 14
138 10 3 6 6
139 1 2 3 5
140 1 5 1 9
141 X X X X
142 3 1 X X
143 X X X X
144 X X X X
145 X X X X
146 X X X X
147 X X X X
148 X X X X
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Appendi x Table 5.--Contingency tables used to test honogeneity
of Lower Monunental Dam passage for paired
rel eases from Lower G anite Dam Sone
contingency table cells were pool ed over days
to provide sufficient cell totals. Days that
were pooled are marked with an "x," with the
pooled total at the beginning of a sequence
of pool ed days.

a) First set of releases:

, Bypass Tur bi ne
Julian [ o eases rel eases
Day RBll CBll RTll CTll
123 28 24 43 CO
124 105 58 1856 172
125 70 58 (LY 130
125 13 5 43 29
127 22 19 42 35
128 12 11 22 19
125 5 5 15 11
130 2 3 6 3
131 1 3 2 2
132 X X 2 1
133 X X X X
134 X X X X
b) Second set of releases:
. Bypass Tur bi ne
Juggan rel eases rel eases
Y Re1z Carz | Rriz Cri
124 19 10 33 25
125 68 47 155 g7
126 21 29 49 48
127 81 73 128 121
128 38 38 60 65
125 15 15 30 32
130 5 10 5 14
131 3 8 7 5
132 X X 5 8
133 X X 3 2
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Appendi x Table 5.--Continued.

c)Third set

of

rel eases:
. Bypass Tur bi ne
Julian [ o] eases rel eases
Y Reir Cay | Rrir Cong
134 18 13 24 20
135 20 23 28 23
135 2 4 19 21
137 9 8 7 6
138 2 4 5 5
139 4 3 3 4
140 X X X X
141 X X 1 3
142 1 2 X X
143 X X X X
144 X X 1 1
145 X X X X
145 X X X X
147 X X X X
148 X X X X
148 X X X X
150 X X X X
151 X X X X
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Appendi x Table 6.--Contingency tables used to test honobgeneity
of MNary Dam passage for paired rel eases
from Lower Ganite Dam Sone contingency
table cells were pooled over days to provide
suffi cient cell totals. Days that were pool ed
are marked with an "x," with the pooled total

at the beginning of a sequence of pool ed days.

a) First set of releases:

. 3ypass Turbine
Jul'ian rel eases releases
Day Rp13 Cgp13 Rri3 Cr13
125 2 2 - i
125 5 4 -3 i 4
127 23 11 32 24
128 27 9 23 27
L5 12 13 34 35
130 13 9 20 22
131 3 12 24 20
i32 5 7 5 11
133 4 4 5
134 & 5 & 10
135 X X 5 3
135 X X o 2
137 X X X X
138 X X X X
135 X X X X
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Appendi x Table S.--Continued.

b) Second set

c)Third set of

of rel eases:

. Bypass Tur bi ne
J“L'an rel eases rel eases
2y Rpi2 Cgri2 Rri2 Cr12
127 4 4 5 5
128 11 8 21 20
129 24 28 47 42
130 23 15 48 43
131 20 23 35 22
132 22 23 38 35
133 11 12 18 28
134 12 10 17 23
135 5 2 6 10
135 4 3 2 3
137 X X 2 4
138 X X X X
135 4 3 2 1
140 X X X X
141 X X X X
r el eases:
. Bypass Tur bi ne
JuL;an rel eases rel eases
Y Reur Cgi1 | Rr11 Cp1a
134 X X 1 2
135 X X X X
135 X X X X
137 5 4 11 14
138 33 19 57 29
135 34 27 63 57
140 19 21 30 34
141 5 12 10 21
142 5 5 4 4
143 2 4 2 3
144 2 3 X X
145 2 5 2 5
146 X X 1 4
147 X X 2 2
148 X X X X
145 X X X X
150 X X X X
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Appendi x Table 7.--Contingency tables used to zest honogeneity
cf Lower Monunental Dam passage for paired
releases fromLittle Gocose Dam Some
contingency table cells were pool ed over days
to provide sufficient cell to-als. Days that
were pooled are marked with an “x,” with the
pool ed total at <he beginning of a sequence
of pocled days.

a) First set of releases:
i Bypass Tur bi ne/ Spi | | way
JuDgan rel eases rel eases
y R32: Cap- | Br21 Rs21 Crpos
127 X X 55 31 25
22 X x A 335 255
129 23 4 53 113 g7
230 228 142 A 21 12
121 73 70 3 2 3
132 5 X X X
133 %4 X X X X
b) Second set of releases:
. Bypass Tur bi ne/ Spi | | way
Jub;an rel eases rel eases
Y Rp22  Cppy | Rr22 Rs22  Cpos
175 X X 107 57 54
13290 58 52 218 252 222
131 223 237 38 53 52
132 37 51 3 12 3
133 5 8 X X X
134 X X X X X
c) Third set of releases:
. Bypass Turbire/Spilliway
JuE;an rel eases rel eases
y Rp23z  Cpprz | Pr23  Rs23  Cros
135 17 11 71 i/ 83
136 3 3 27 35 24
137 X X X X X

138



Appendi x Table 8. --Contingency tables used to test honogeneity
of McNary Dam passage for paired rel eases
fromLittle Goose Dam Sonme contingency table
cells were pool ed over days to provide
sufficient cell totals. Days that were pool ed
are marked with an “x,” with the pooled total
at the beginning of a sequence of pool ed days.

a) First set of releases:

i Bypass Tur bi ne/ Spi | | way
Julian | e eases rel eases
Day
Rg21  Cgoy; | Rt21 Rs21 Coppp
130 X X 9 12 S
131 5 3 47 36 29
132 11 11 49 54 43
133 60 32 39 47 37
134 81 58 55 79 55
135 15 17 18 18 23
136 9 2 3 7 3
137 4 1 1 2 3
138 X X X X X
139 X X X X X
140 X X X X X

b) Second set of rel eases:

. Bypass Tur bi ne/ Spi | | way
Julian | | eases rel eases
Day
Raz2  Cpoo | Rr22  Rs22  Crpp
132 9 2 50 35 38
133 51 42 X X X
134 91 102 104 109 106
135 20 27 19 43 38
136 5 5 12 10 5
137 6 3 2 5 4
138 X X X X X
139 X X X X X
140 X X 1 2 1
141 | x X X X X
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Appendi x Table 8.-- Conti nued.

c) Third set

of rel eases:
. Bypass Tur bi ne/ Spi | | way
Julian | o eases rel eases
Day
Rp23  Cgr3 | Rr23  Rs23  Cros
137 16 13 21 14 -
138 51 73 58 55 65
139 15 24 50 42 30
140 8 5 1 17 15
141 1 1 3 2 5
142 X X X X X
143 3 1 X X X
144 X X 1 4 1
145 X X X X X

140



