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EXECUTI VE SUMVARY

From 1966 to 1968, Raynond (1979) estimated an average

survival rate of 89% for yearling chinook sal non ((Oncorhvnchus

tshawytscha) mgrating fromtrap sites on the Salnon River to Ice

Har bor Dam which was then the uppernbst dam on the Snake River.
During the 1970s, the estimated survival rate declined as the
proportion of hatchery fish increased and additional danms were
construct ed.

Recent survival indices for yearling chinook salnon snolts
in the Snake River Basin indicate that substantial nortalities
are occurring en route to Lower Ganite Dam now the uppernost
dam on the Snake R ver (Gorgi 1991). Detection rates for wld
and hatchery PIT-tagged snolts at Lower G anite Dam have been
much | ower than expected. However, for wld fish, there is
consi derabl e uncertainty whether overwinter nortality or snolt
loss during mgration is the primary cause for |ow survival.

In 1992, spring/sumrer chinook salnmon in the Snake River
Basin were listed as threatened species under the Endangered
Speci es Act. Efforts to rebuild these populations will have a
better chance of success after the causes of nortality are
identified and addressed. Information on the mgrational
characteristics and survival of wild fish are especially needed.

The goal of this initial planning phase is to develop a
research plan to outline potential investigations that wll
determine the timng, |ocation, magnitude, and cause of snolt
nortality above Lower Ganite Dam Experinmental approaches



suggested in this research plan should not be considered all-
inclusive or prescriptive. Details and logistics for each study
will be specifically addressed in research proposals submtted by
i ndi vidual investigators. Results from this research should
provide direction for inproving the survival of wld and hatchery
chi nook sal non produced above Lower Ganite Dam and possibly

el sewhere in the Colunbia R ver Basin.

The objectives of these studies will be to 1) determ ne
survival rates and mgrational characteristics of yearling
chinook salnon snolts from natural tributary production areas and
hatchery release sites to Lower Ganite Dam and 2) identify
factors affecting nortality and magrational characteristics of
wild and hatchery yearling chinook salnon snolts above Lower
G anite Dam Possible factors to be investigated include
environnmental influences, snolt condition and disease, predation,
food availability, and wild and hatchery snolt interactions.

Beginning with the 1993 mgration, all hatchery yearling
chinook salmon will be marked prior to release, providing the
opportunity to distinguish between wild and hatchery snolts
downst ream We recommend that pilot studies begin in 1993 to
devel op survival estimation nethods for wld and hatchery snolts.
This will require one or nore new trap sites in the Salnon R ver
and/or seining in the reservoir to obtain sufficient nunbers of

wild smolts for PIT tagging. These studies could be integrated

with the Snolt Monitoring Program



At a mininum this effort will produce inproved travel-tinme
estimates for wild and hatchery snolts along the mgration
corridor. This research plan also identifies the need to
determine distribution patterns and novenent of snolts in Lower
G anite Reservoir, especially in the forebay. Research shoul d
begin where potential factors causing nortality can be integrated
easily with survival estimation studies or other ongoing

r esear ch.



PURPOSE OF PROPOSED RESEARCH

Runs of spring/sumrer chinook sal nmon Oncorhvnchus

tshawtscha, in the Snake River Basin have been severely

depressed for the past few decades. There are three main races
of chi nook sal non: spring, sunmmer, and fall. These runs are
categorized primarily on the basis of adult mgration timng.
The Lower Granite Mgration Study (LGWs) will focus on spring and
sunmer races, which are considered a single species by the
Nati onal Marine Fisheries Service (NWS) and referred to as
chi nook salnmon or yearling chinook salnmon in this research plan
(NMFS 1991). Yearling or "stream type" chinook salnon (Healy
1983) migrate to the ocean in their second year. Fall or "ocean
type" chinook salnon, which mgrate to the ocean in their first
year, are being investigated in the Snake R ver by the United
States Fish and WIldlife Service (USFW5) and others (Rondorf et
al. 1991).

In recent years, wld spring/sumer chinook sal non
popul ati ons have declined to a level pronpting listing as a
t hreat ened species under the Endangered Species Act (ESA) (NWS
1991). Despite increased snolt releases (Table 1), substantial
i nprovenents in snolt bypass collection and transportation
facilities, and use of the Water Budget and spill, adult returns
of chinook salnon to the Snake River Basin renmain depressed.

From 1966 to 1968, Raynond (1979) estimated an average
survival rate of 89% for yearling chinook salnon mgrating from
trap sites on the Salnon River to Ice Harbor Dam then the

1



Table 1. --Nunber (in thousands) of yearling spring/sumer chinook
sal nron and steel head ((ncorhvnchus nykiss) rel eased
from hatcheries into the Snake River, 1982-1991. Dat a
from Fish Passage Center Annual Reports.

Chi nook

Year sal non St eel head Tot al

1982 2, 805 5, 300 8, 105
1983 5, 890 3,475 9, 365
1984 8, 318 6, 215 14, 533
1985 8, 608 5,939 14, 547
1986 6, 495 7,587 14, 082
1987 11, 721 7, 806 19, 527
1988 11,572 11, 388 22, 960
1989 11, 628 9, 009 20, 637
1990 12, 633 11, 116 23, 749

1991 9,742 11, 331 21,073




upper nost dam on the Snake River (Table 2). From 1970 to 1975,
Raynmond (1979) estinated an average survival rate of 68% from the
Sal mon River to the uppernost dam (Little Goose Dam from 1970 to
1974 and Lower Ganite Dam in 1975). Raynond's earlier estinmates
were predomnately for wild fish, while his later estinmates were
based on 43 to 75% hatchery fish.

Raynond (1979, 1988) attributed poor snolt-to-adult survival
for Snake River chinook salnmon stocks primarily to nortality
associated with snolt mgration through the eight dans and
reservoirs between production areas and the ocean. However ,
recent information indicates that significant nortality of
hatchery and wild snolts also occurs between the release sites or
tributary production areas and Lower G anite Dam (LGR), the
upper nost dam on the Snake River. CGeneral survival indices
(detection proportions expanded by constant fish guidance
efficiency estimates) for passive integrated transponder (PIT)
tagged yearling chinook salnmon in the Snake River Basin indicate
that substantial |osses occur en route to LGR (Gorgi 1991).

From 1989 to 1991, an average of only 7 and 30% of PIT-tagged
yearling chinook salnmon released from Sawtooth and Dworshak
National Fish Hatcheries (NFH) were detected at LGR--a general
survival rate of 14 and 56% respectively (Table 2).

Wld chinook salnon parr PIT-tagged in tributaries of the
Sal non, |maha, and G ande Ronde Rivers have also been detected
at rates lower than expected (Matthews et al. 1990, 1992).

Bet ween 1989 and 1991, detection rates at LGR averaged | ess



Tabl e 2.

--Survi val

estimates for
mgrating in the Snake R ver

yearling chinook sal non
Basin to the uppernost

dam Ice Harbor in 1968, Little Goose in 1970, and
Lower Granite in 1975.

Year St ock Tagged as At % survival
1966- 1968 O 20% hatchery |+ mgrants Ri ggi ns 89 a
1970- 1975 40-75% hatchery l+ mgrants Ri ggi ns 68 a
1989- 1991 Dwor shak NFH yearlings hat chery 56 °
1989- 1991 Sawt oot h NFH yearlings hat chery 14 °

1989 wild parr st reans 9 b

1990 wild parr streans 11 &~

1991 wild parr streans 15 -
1989- 1991 nostly hatchery 1+ mgrants Snake R ver 77 °
1989- 1991 nostly hatchery 1+ mgrants Cearwater R 63 °

Gatewell catches expanded by collection efficiency estinates

for yearling mgrants from the Riggins trap (Raynond 1979).
PIT-tag detections at Lower Ganite Dam expanded by a
constant fish guiding efficiency estimate of 53% (G orgi
1991).

Mean survival for all streans conbined from Matthews et al.
(1990, 1992) using the estimation nethod of footnote b.
Mean survival from the Snake or O earwater River traps
(Buettner and Nel son 1990, 1991) using estimation method of

f oot note b.



than 5 to 8% each year, indicating a general survival rate of 9
to 15% There is considerable uncertainty whether overw nter
nortality or snolt loss during mgration was the primry cause
for | ow parr-to-smolt survival (Table 2).

From 1989 to 1991, a mix of hatchery and wild PIT-tagged
yearling mgrants had an average general survival rate from the
Snake and Cearwater River traps of 77 and 63%, respectively
(Table 2) (Buettner and Nelson 1990, 1991). The discrepancy
bet ween past and present survival estinmates may be related to the
i nfl uence of chinook sal nobn hatchery prograns. Estimates from
the 1960s were for stocks with a higher proportion of wild fish,
while current estimates are primarily for hatchery stocks (Table
2). Today, greater than 90% of yearling chinook salnmon arriving
at LGR cone from hatcheries (Mller et al. 1990).

Poor survival of hatchery stocks could be attributable to
inferior snmolt quality, such as high levels of bacterial kidney
di sease (BKD), inconplete snolt devel opnent, maladaptive
behaviors, or a conbination of these factors. Possi bly, hatchery
fish interact with wild fish in such a way as to decrease the
survival of both. Moreover, the mgration corridor has changed
since the addition of LGR creating conditions that m ght
contribute to these | osses. I ncreased predator nunbers,

i ncreased conpetition for food due to increased snmolt nunbers,
conbined with extended residence tinmes, are factors which m ght

contribute to poor snolt survival within LGR Reservoir.



Al t hough these survival estimates may |ack precision, they do
indicate that significant nortality is occurring en route to LCR
and may be a significant factor limting the production of
spring/ summrer chinook salnon in the Snake River Basin. The
timng, |ocation, magnitude, and cause(s) of nortality nust be
determned in order to develop recommendations to inprove the

survival of snolts mgrating through LGR Reservoir.

H STORI C AND CURRENT STATUS

Several recent conprehensive conpilations of information on
the status and life history of chinook salnon in the Snake River
Basin are available (Chapman et al. 1991, Matthews and Wples
1991; COE 1992). Therefore, only information pertinent to this

research plan is summarized.

Study Area

The LGVS area will extend from LGR on the Snake River (River
kiloneter, RKM 696) upstream to tributary production areas and
hatcheries (Figure 1). LGR is the first hydroelectric facility
that snolts encounter on their mgration to the Pacific Ccean.
The primary tributaries contributing yearling chinook salnon are
the Salnmon and Clearwater Rivers in Idaho, and the G ande Ronde
and Imaha R vers in northeastern Oregon. Although the LGVS will
be limted to areas upstream from LGR, the information gained may

have application throughout the Colunbia R ver Basin.
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Figure 1.--Lower Granite migration study area showi ng locations
of dams and yearling chinook sal non hatcheries.



St ocks of Interest

Historically, sumer chinook sal nmon have spawned in the |ower
portions of tributaries, while spring chinook sal non spawned in
t he upper portions (Chapnan et al. 1991). Spring/ summer chi nook
salmon mgrate from their natal streams as subyearlings in the
fall or as yearlings the follow ng spring. Subyearlings that
mgrate in the fall probably overwinter in lower tributary
reaches until the following spring (Raynond 1979; Kiefer and
Forster 1990). Sunmmer chinook salnon snolts tend to migrate
earlier in the spring than spring chinook salnmon snolts, possibly
because of the earlier warming of |ower-elevation streans
(Raynmond 1979; Chapman et al. 1991). Their mgration periods
overlap at LGR so that no distinction between the two races is
practical unless fish are tagged prior to mgrating.

In recent years, hatchery production has accounted for
greater than 90% of the yearling chinook salnmon snolts arriving
at LR (MIller et al. 1990). There are currently seven chinook
sal non hatcheries in lIdaho and one in Oregon above LGR Tot al
current production from these facilities is about 12 mllion
yearling chinook salnon snolts (Table 3). A similar nunber of
hat chery steel head, 0. mykiss, are produced in the Snake R ver
Basi n. Hat chery production has increased steadily during the
1980s (Table 1) and is expected to continue to increase in future
years with additional production from the clearwater Hatchery and

the proposed Nez Perce Hatchery (Bow es and Leitzinger 1991).



Tabl e 3.--Spring/sumer chinook salnmon hatchery production above
Lower Granite Dam (Chapman et al. 1991).

Race Producti on First brood Agency
Rapid River Spring 3,000,000 1964 | DFG
Kooski a Spring 800, 000 1966 USFWS
Sawt oot h Spring 2,235,000 1978 USFWS
Dwor shak Spring 1,050,000 1981 USFWS
Looki nggl ass  Spring 1,390,000 1981 CDFW
Cl earwat er Spring 1,369,500 1991 | DFG
McCal | Sunmer 1,000,000 1978 | DFG
Pahsi mer oi Sunmmer 1,000,000 1987 | DFG




Al'though it is recognized that significant nortality of

spring/ summer chinook salnon nmay occur during various |life stages

(i.e., egg-to-parr, parr-to-smolt, smolt nortality downstream
from LGR, snolt-to-adult), the LGWS will focus only on factors
affecting the survival of yearling chinook salnmon from rearing or
rel ease areas to LGR Narrow ng the focus of the research plan

to this life stage should inprove the quality of study results.

Ongoi ng Managenent and Research

There are a variety of current chinook sal non managenent and
research activities in the Snake River Basin that could provide
information or affect the conduct of LGVB projects. Every effort
will be made to integrate LGVS research with these ongoing
activities to avoid duplication of effort while providing
sufficient information to these prograns (see page 53).
Endangered Species Act

Spring/ summer chinook salnon were recently listed as a
t hreatened species under the ESA (NWMFS 1991). The take, or
handl i ng, harassing, and/or sacrificing of listed species, is
nmonitored by the NMFS and will be restricted. The LGVB research
plan will be reviewed by the Snake River ESA Recovery Team to
determ ne whether it provides sufficient information to justify
the necessary handling of |isted stocks.
Smolt Monitoring Program

The Water Budget, managed by the Fish Passage Center (FPO),
is a volume of stored water available for use between 15 April

and 15 June to enhance the downstream mgration of salnonids (FPC
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1991, 1992). The FPC collects data on snolt passage at Snake and
Colunbia R ver dans through the Snolt Mnitoring Program (SMP) to
guide use of the Water Budget. To assess travel time, the FPC
mar ks groups of fish from selected hatcheries and traps
(including wild fish) with PIT tags or freeze brands each year in
the Snake River Basin. Many of the research needs identified in
this research plan could be conducted by or integrated with the
Smolt Mbnitoring Program
Dr awdown Experi nents

Drawi ng down LGR and other Snake and Col unbia River
reservoirs has been proposed as a neans to increase salnonid
m gration speed and presumably survival (COE 1992). During March
1992, LGR Reservoir was lowered to test the physical effects of
dr andown. Future drawdown experinents involving the LGR
Reservoir could affect the LGVS, because the LGR juvenile bypass
and PIT-tag detection system wi |l becone inoperable during
dr andown. These circunstances would nmake it difficult to nonitor
fish passing LGR
Hat chery Rel ease Timng

Hatchery releases of yearling chinook salnon are usually nade
from md-March to md-April, often before natural mnigration
occurs. One reason early releases are used is to avoid
m grational overlap and interaction with hatchery steelhead in
the collection facility at LGR However, release dates influence

mgrational timng and could affect snolt survival to LGR.

11



Lower Snake River Conpensation Plan

This plan mtigates salmonid | osses due to construction of
the four Snake River dans. Several chinook salnon hatcheries
upstream from LGR operate under this plan, which also supports
research to inprove snolt survival. Mar ked groups of chi nook
sal non used for this research and evaluation may be useful to the
LGVS.
Transportation Program

The juvenile salnonid transportation program collects
mgrating snolts at LGR Little Goose, and McNary Dans and
transports them by barge or truck to release sites bel ow
Bonnevi |l e Dam The decision to transport or return smolts to
the river is based on flow projections (Ceballos et al. 1991,
1992). Transport of PIT-tagged snolts from LGR could affect
survival estimates derived by certain nethods.
Snolt Monitoring at the Head of Lower Ganite Reservoir

As part of the Snolt Monitoring Program the |daho Depart nent
of Fish and Game (I DFG operates juvenile mgrant traps at the
confluence of the Cearwater and Snake R vers at Lew ston, |daho,
to nonitor the salnonid mgration (Buettner and Nel son 1990,
1991). A sanple of captured smolts (@ mix of hatchery and wild)
are PIT-tagged and released to evaluate mgrational timng and
detection at downstream sites, including LG&R During the 1993
m gration, all hatchery chinook salnon will be marked prior to
rel ease so that separate estimates of travel tinme and detection

from traps to downstream sites can be obtained for wild and

12



hat chery chi nook sal non. This will provide information On
mgrational timng and survival that will be useful to the LGMS.
Expanding this effort could provide sone of the information on
nortalities needed to achieve LGVS goals.
Assessnment of Snolt Condition for Travel-Tine Analysis

As part of the Smolt Monitoring Program the USFW5S nonitors
t he physiological condition of snolts at release from hatcheries
and downstream at the IDFG traps and Snake River dans (Beeman et
al. 1990, 1991). This research has shown that river flow and
snolt devel opnent are inportant factors influencing snolt travel
time through LGR Reservoir. Continuation and expansion of this
research will provide pertinent information to the LGVS.
Suppl enentation Studies

| daho Suppl ementation Studies began in 1992 with 19 treatnent
and 11 control streanms in both the Salnon River and the
Clearwater River drainage (Bow es and Leitzinger 1991).
Suppl ement ati on experinments consist of outplanting chinook salnon
at various life stages and conparing populations in treatnent
with those in control streans. Researchers freeze brand and PIT
tag chinook salnon at various |ife stages over a w de geographic
ar ea. Mgrant traps located in tributaries are used to evaluate
mgrational timng and survival. The LGVS will use these trapped
and nmarked fish if possible, and provide feedback on snolt

survival to the supplenentation studies.

13



WIld Parr Marking Studies

NMFS began PIT tagging wild chinook salnon parr in |Idaho and
Oregon tributaries in 1988 to determne if sufficient nunbers
could be captured, marked, and recovered at LGR to evaluate
transportation of wild stocks (Matthews et al. 1990; Achord et
al. 1992; Matthews et al. 1992). In 1991, the Bonneville Power
Adm nistration (BPA) began funding this project to evaluate
mgrational timng and survival of wld stocks. Survival of wld
chinook salnon to LGR has been nmuch |ower than expected; however,
there is considerable uncertainty whether it is overw nter
nortality or losses incurred during mgration that accounts for
this poor survival. The LGS will address survival questions for
wild snolts mgrating from upstream tributaries to LGR

IDFG also PIT tags wild chinook salnon parr as part of its
| daho Habitat and Natural Production Mnitoring Program (Kiefer
and Forster 1990), as does the Oregon Departnent of Fish and
Wldlife (ODFW as part of its Snolt Mnitoring Program
Fall Chinook Sal nmon Studies

The USFW5 and others are currently conducting studies on fall
chi nook sal non above LGR (Rondorf et al. 1991). Sone of the
t echni ques and equi pnent used in these studies could be used for
yearling chinook salnon research (e.g., hydroacoustic equipnent).
Additionally, information on yearling chinook salnon, gathered
whil e conducting fall chinook salnon research, could be utilized

by the LGVB.

14



Predator/Prey Studies

Several organizations are currently conducting predation
research in LGR Reservoir. The USFW5S and ODFW periodically index
predator populations in the reservoir (Shively et al. 1991; Wird
et al. 1993), while Colunbia R ver Inter-tribal Fish Conm ssion
(CRITFCQ), ODFW and Washington Departnent of WIldlife (WOW are
currently conducting predator control prograns (Beaty et al.
1993; Burley et al. 1993). Information from predator i ndexing
may be useful to the LGVS, and any LGVS research on predation
will be coordinated with these efforts.
BKD Segregation and Rearing-Density Studies

As part of the recent BKD segregation and rearing-density
studi es conducted at Dworshak and Sawtooth NFHs, |arge nunbers of
Pl T-tagged snolts have been released (Elliot and Pascho 1991,
1992). If this work continues, segregation and rearing-density
study fish could be used for LGVS survival estinmates.
smolt Quality Assessnent Studies

This research is ainmed at identifying the relation between
snolt devel opnent and adult returns, and factors that nmay be
controlled through fish husbandry techniques. The results to
date indicate that yearling chinook salnmon from Dworshak NFH
undergo little snolt devel opnent prior to release (Zaugg et al.

1991). This lack of developnent could influence their travel

time.
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Dredge Spoil Disposal Studies

Dredge disposal studies in LGR Reservoir conducted by the
Uni versity of Ildaho (U of |) have exam ned habitat use, seasonal
abundance, and food habits of salnonids and their predators, and
i nvertebrate abundance in portions of LGR Reservoir (Bennett and
Shrier 1986; Bennett et al. 1988a,b, 1990, 1991). Hydr oacousti c
surveys conducted by Biosonics have exam ned abundance and
distribution of fish in LGR Reservoir (Thorne et al. 1992). The
LGVS would utilize the results of this research as background

information for several areas of study.

RESEARCH NEEDS

Al t hough consi derable research has been conducted on yearling
chinook sal mon upstream from LGR, several inportant unanswered
guestions remain. For exanple, why are detections of marked
hatchery and wild yearling chinook salnon snolts at LGR | ower
than expected? Are |low detection rates related to variable fish
gui dance efficiency (FGE) and unidentified tagging effects or, in
the case of wild PIT-tagged fish, overwinter nortality? Separate
estimates of survival for wld and hatchery snolts are necessary
to determine if nortality between release and recovery at LGR is
excessi ve. If survival rates are unacceptably low for wild fish,
hatchery fish, or both, then determning when, where, and why
nortality occurs during mgration is necessary to alleviate

causes.

16



Better estimates of travel time for wld chinook salmon
snolts are al so needed. Existing travel-time estimtes, based
predom nantly on hatchery snolts, are partially dependent on
rearing history and the physiol ogical devel opment of fish at
rel ease tine. Travel tinme is often used as an indicator of
survival because it is nore easily obtained than actual survival
rates. Determning the distribution of wld and hatchery snolts
wWthin the reservoir is also necessary, since travel-tine
estimtes between release and recapture |ocations do not describe
the actual magration patterns. For exanple, sone biologists
specul ate that yearling chinook salnmon mgrate through LGR
Reservoir and then congregate or stage in the LGR forebay, Where
they may incur high nortality. This hypothesis should be
expl or ed. Devel oping inproved snolt traps for use in the Sal non
and Snake Rivers and in LGR Reservoir would help address these

guesti ons.
PROGRAM STRUCTURE AND SCHEDULE

This research plan is the product of Phase | of a study
designed to determne the timng, |ocation, nagnitude, and cause
of nortality of wld and hatchery chinook salnon snolts above
LR Thi s conprehensive research plan was devel oped during Phase
I to facilitate coordinated efforts in addressing survival
concerns in the Snake River Basin. Phase Il will consist of
coordi nated research projects to address the research needs

identified in this research plan.

17



After regional review of this research plan (fall 1992),
i ndi vidual agencies and other interested parties wll develop
specific project proposals for the LGV Proposals wll be
coordinated by the LGVW Steering Commttee, reviewed through the
I mpl enentati on Planning Process, and funded by BPA Program
managenent will be simlar to the white sturgeon and
predator/prey studies currently funded by the BPA The LGVB
Steering Commttee will continue to function in a technical
advisory role during Phase 1I1.

This research plan was prepared by a Steering Commttee
consisting of individuals representing the CRITFC, NWS, USFW5 U
of I, and others. This effort was supported by funding from the

BPA.
PROGRAM GOALS AND OBJECTI VES

Pr ogram Goal

Provide fisheries managers with information and recomrendations
for use in inproving the survival of wild and hatchery yearling
chinook salnmon mgrating to Lower Ganite Dam from production
areas in the Snake River Basin. Enphasis will be on obtaining
information useful for managing wld popul ations.

Research Coal
Determne timng, |ocation, nagnitude, and cause of nortality for
wild and hatchery yearling chinook salnon snolts above Lower
G anite Dam
Program Objectives
1. Determne survival rates and mgrational characteristics

from tributary production areas and release sites to Lower
Ganite Dam for wild and hatchery yearling chinook sal non snolts.

18



2. Identify factors affecting nortality and mgrational
characteristics of wild and hatchery yearling chinook sal non

smolts above Lower Granite Dam

Ootaining reliable estimates of survival and travel time for
wild and hatchery stocks of yearling chinook salnon is a
necessary first step in the LGV For the nobst part, research on
factors affecting snolt nortality and mgrational characteristics
(ojective 2) will begin after determ ning when and where
nortality occurs. However, devel oping and testing the techniques
necessary for reliable survival estinmation will take several
years. There is already sufficient evidence that excessive
nortality exists to begin investigating causes. These
investigations can often be easily integrated w th ongoi ng
survival /travel time or other studies. Potential factors
affecting nortality and mgrational characteristics include:

1. Envi ronnmental factors

2. Smolt condition and disease

3. Predati on

4. Food availability

5. WIld and hatchery snolt interactions

Wiile it is recognized that sonme or all of these factors are
i nt erdependent, each is discussed separately bel ow The
followi ng section suggests experinmental approaches to address the
program objectives, but should not be considered all-inclusive
nor prescriptive. Details and logistics for any particular study
will be addressed in research proposals submtted by individual

i nvestigators.
19



EXPERI MENTAL APPROACHES

oj ective 1. Determ ne survival rates and mgrational
characteristics from tributary production areas and release sites
to Lower Ganite Dam for wild and hatchery yearling chinook
sal ron snolts.
Backgr ound

Raynmond (1979) began studies in 1964 to estimate survival of
wild chinook salnmon snolts outmgrating from the upper Sal non
River to Ice Harbor Dam then the uppernpbst dam on the | ower
Snake River. Snolts were freeze branded at traps |ocated on the
Sal non River, and subsequently recovered from gatewells or the
sl ui ceway at the dam Capture-efficiency curves were used to
expand recovered fish nunbers and estimate total passage of fish
at the dam Begi nning in 1968, hatchery fish were also narked.
When Little Goose and Lower Ganite Danms were built, quantitative
estimates of fish arriving at those sites were also made.

Gorgi (1991) calculated a survival index based on recoveries

of marked fish at LGrR. Fish marked with either PIT tags or

freeze brands were counted, and the count was expanded by a

generalized, constant FCE estimate (53%. I ndi ces were
calculated only during years of no spill at LGR to avoid data
distortion due to uncertain variables such as spill efficiency.

These indices were only approximte estimtes of survival, as
they |acked definable statistical properties.

Kiefer and Forester (1990) estimated survival from rel ease
sites in tributaries of the Salmon River to the head of LGR
Reservoir. Marked tributary releases of PlIT-tagged fish were
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consi dered treatnment groups. PIT-tag releases from IDFG traps in
the Snake and C earwater Rivers near Lewiston Were considered
controls. The ratio of recoveries at LCGR to total fish released
provided the survival estimate for the reach from the damto the
trap site.

Buettner and Nelson (1990, 1991) calculated a "minimum
survival estimate™ from cunulative PIT-tag recovery percentages
at LGR, Little CGoose, and McNary Dans. However, this estimate
was not adjusted for FGE, spill, or other factors that could
affect its accuracy.

Both historic (Raynond 1979; FPC 1988) and current estinates
of survival (Buettner and Nelson 1991; Kiefer and Forster 1990;
Gorgi 1991) have been based on assunptions that may not be
correct for recoveries of all marked fish. For exanple,
collection efficiency at dans can change due to varying levels of
snolt devel opnent (Gorgi et al. 1988; Miir et al. 1988, 1990)
and subsequent behavioral changes (Miir et al. 1988). Snol t
readiness in fish conplicates survival estimtions by affecting
travel tine and FCGE Nonet hel ess, because a significant |oss of
snolts apparently occurs before arrival at LGR it is inportant
to isolate nortalities occuring after release and but before
recovery at LGR Studi es proposed for the LGVS to estimate
survival should, at a mninum produce good estimates of travel
time through various reaches. Although not a neasure of
survival, travel tine estimates may indicate areas of substantial

delay, which are a likely indirect cause of nortality. LGS
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studies will also attenpt to determine snolt distribution
patterns and novenent within LGR Reservoir, especially in the
forebay. This information nmay provide indications of areas where

snolt nortalities occur.

Potential Methods of Evaluation

Determ ning where fish nortality occurs upstream from LGR
will help focus other research efforts. Dependi ng upon the
accuracy and precision desired for |oss estinmates, methods
enpl oyed to evaluate potential problem areas m ght vary. t he
following are three potential nethods for survival estimation:

1) Use efficiency releases upstream from LGR to neasure
collection efficiency, then adjust mark recoveries from upstream
areas by collection efficiency, 2) Assune constant collection
efficiency of fish and then directly conpare recovery rates of
different groups of fish, and 3) Use re-rel ease nethods based
upon et hodol ogi es proposed by Skal ski and G orgi (1992).

Devel opnent of new techniques and technol ogi es should be
encouraged as an alternative to, or in conjunction with, standard
mar k-recapture nethods to estimate survival and travel tine. The
proposed acoustic PIT tag-offers potential capabilities that
woul d be useful to the LGMS;, however, devel opnent and eval uation
of this tag will take many years. Anot her new technol ogy which
may be applicable is radio telenmetry, which uses radio tags
smal ler than those currently avail able. Low cost, efficient
mass- mar ki ng techniques for hatchery stocks would also be

beneficial to the LGV and other studies. Efforts to devel op
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t hese techniques could be included in the LGVS or pursued
i ndependent | y.

Survival and travel-tine studies could be divided into three
general reaches: 1) from tributary production areas or hatchery
release site to LGR 2) fromthe head of the reservoir to LGR,
and 3) within LGR Reservoir to the dam  The nethods used woul d
vary depending on the reach of interest.

Reach 1. From tributary production areas or hatchery release
sites to Lower Ganite Dam Estimate travel tine and survival of
wild and hatchery stocks.

Efforts are currently underway to develop single-release

survival estimation methods to yield statistically definable
estimates of smolt survival from any upstream release site to the
tailrace of a downstream dam (Skal ski and G orgi 1992).
Esti mates would include instream and dam effects. A pilot study
to test this nethod could be initiated in 1993. Initial studies
m ght include an assortnment of chinook salnon hatchery stocks and
possibly wld stocks.

The proposed nethod will require re-release of all PIT-tagged
fish through the slide gate at LGR It wll also require an

i ndependent assessnent of detector/re-release effects.

Reach 2. From river or reservoir trap sites to Lower Ganite
Dam estimate travel time and survival of wld and hatchery
yearling chinook sal non.

Experinental fish would be collected during the spring

mgration at trap sites on the Salnon and/or Snhake Rivers and in
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LGR Reservoir. Travel tinme and survival estinmates from capture
sites to LGR could be nade using the nethods proposed for

Reach 1. Snolts for PIT-tagging would be captured at existing
smolt traps at Lew ston. New trap sites in the |ower Salnon
River and at the nmouth of the Mddle Fork of the Salnmon River
should al so be considered. Additional study fish could also be
collected from LGR Reservoir at one or nore |ocations, using
what ever capture nethod proved nost effective. Possi bl e capture
net hods include beach seining, purse seining, and two-boat
traw i ng.

Better mgrant traps with higher capture efficiencies for use
in reservoir and river areas would substantially inprove the
ability to estimate survival and travel tinme. WIld fish will be
di stingui shed from hatchery fish at the trap site by the absence
of external marks, since all hatchery fish will be narked before
rel ease, beginning in 1993. Fish could also be PIT tagged at the
trap site and released after a brief recovery period, and severa
daily releases could be pooled to increase sanple size.

If wild mgrant chinook salnmon survive at the high rates
Raynond (1979) estimated (85 to 95%), then relatively snal
sanpl e sizes could be used. Rel eases from these river and
reservoir trap sites would provide travel tine and surviva
estimates throughout different sections of the mgration corridor
for both wild and hatchery snolts. Differences in travel tine
and survival between release sites and release tinmes would help

isolate areas and tines where high nortality occurs.

24



Reach 3. From sequential reservoir release sites to Lower
G anite Dam estimate travel tine and survival for wild and
hat chery yearling chinook sal non

Study fish would be sanpled from the collection system at
LGR, PIT-tagged, and transported to upstream rel ease sites. Fi sh
would be held in net pens for recovery prior to release. Thr ee
si mul taneous releases of PIT-tagged snolts would be nade: near
Lewi ston, at a md-reservoir location, and in LGR forebay. This
tagging and release process would continue periodically as |ong
as sufficient nunbers of fish were avail able. Esti mates of
travel tinme and survival could be nade using nethods simlar to
those used in Reaches 1 and 2. Since fish would be rel eased and
recovered over a short tinme period, it nay be possible to assune
constant collection efficiency at the dam

Al ternatively, sinmultaneous releases of PIT-tagged hatchery
smolts, held in the reservoir for various lengths of time, could
be nmade at the same |ocations. Using hatchery snolts woul d
elimnate the problens associated wth recapturing and marking
fish of mxed origin. Furthernmore, this would allow continuous
sanpling for disease and snolt devel opnent profiles through
hat chery residence and reservoir rearing.

Differences in travel tinme and survival between release
points and release tines, and information from
di sease/ physi ol ogical profiles would help isolate |ocations and
times of high nortality and identify possible causes.

As an alternative to, or in conjunction with, direct surviva

or travel tinme estination, side-scan sonar could be used to
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di scern possible areas of high snolt density or staging. Boat s
nmounted with hydroacoustic equi pnment could periodically sanple
transects along the mgration corridor to determ ne yearling
chinook salnmon distribution patterns. Traditional sanpling

nmet hods for estimating relative abundance mght also be used.

oj ective 2. Identify factors affecting nortality and
m grational characteristics of wild and hatchery yearling chinook
sal non snolts above Lower G anite Dam
A Envi ronnental Factors

Backgr ound

In the absence of adequate snolt survival estinmates for
yearling chinook salnon, travel tine has been adopted as an index
of performance. Decreased travel tine is thought to increase
survival . This premise is the foundation for various flow
augnmentation strategies currently being considered for the
Col unbi a Ri ver Basin. There is evidence that a variety of
environmental and biological factors influence mgrational timng
and speed, including river flow levels (Raynmond 1979; Sins and
Cssi ander 1981; Buettner and Nel son 1990, 1991; Berggren and
Filardo, in press; FPC 1991, 1992), water tenperature (Raynond
1979), rainfall (Yamauchi et al. 1985), tine of day, turbidity
(Sol onon 1978), and level of snolt devel opment (Zaugg et al.
1985; Beeman et al. 1991; Miir et al. 1992). O these factors,
water velocity and the |level of snolt devel opnment appear to be
the nost influential with regard to yearling chinook salnon
m gration speed or travel tine (Beeman et al. 1991; Mir et al.
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1992; Berggren and Filardo, in press). Eval uations that strive
to identify and quantify effects on mgration speed nust consider
all of these inportant independent variables. To date, many
i nvestigations have been limted in scope: consequently, the
results have been confounded and the effects of various
environnmental and biological factors have been indistinguishable.
Potential Methods of Evaluation

Approach 1. Increase turbidity for mgrating snolts in Lower
G anite Dam forebay--Increased turbidity, often associated wth
rainfall or increased flow, reportedly increases salmonid
mgration rates (Solonon 1978; Sigler et al. 1984; Yamauchi et
al. 1985). It is thought that turbidity causes snolts to |ose
station through reduced visual cues. This hypothesis is
supported by diel passage behavior exhibited by snolts at
mainstem dans. Increased turbidity may also increase FCE at dans
(D. Brege-) and reduce predation rates by northern squawfish

(Shively et al. 1991).

Turbidity in the Snake River has probably been reduced from
historic |evels because of reduced flows and dam construction.
However, increases in turbidity still occur each spring, and have
been associated with large increases in snolt passage at LGR (FPC
1992).

To test the hypothesis that increased turbidity wll

stinmulate snolt mgration, dredge material could be deposited

"Dean Brege, National Marine Fisheries Service, P.O Box 97,
Rufus, OR 97050-0097. Pers. commun., August, 1992.
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into the water upstream from LGR forebay. The effects could be
nmeasured by releasing PIT-tagged snolts just prior to the test,
and conparing their travel tine to LGR with that of control fish
released during a time of lower turbidity. Tests could be
replicated several times to avoid confounding due to changes in
flow conditions, tenperature, or snolt devel opnent over the
mgration period. Actively mgrating snolts could be captured at
the head of the reservoir, PIT-tagged, and released after a short
recovery period. A second neasure of turbidity effects could be
taken by conparing changes in daily turbidity with changes in
daily snolt passage estimates at LGR Changes in snolt
distribution could also be nonitored with hydroacustics

Dredge material could be provided by the US. Arny Corps of
Engi neers (COE) from the Lewiston area. This material has been
exam ned for pollutants (dioxin, heavy netals, etc.), and found
to be within acceptable standards according to the Environnmenta
Protection Agency (COE 1991).

The effects of noderate increases in turbidity on sal nonids
have been found to be mnimal in the short term (Servizi 1990;
Sigler 1990). Since sal nonids have evolved to mgrate during
tinmes of increased turbidity, negative inpacts should not be
expect ed. However, to evaluate the effects of artificially
i nduced turbidity, snmolt condition should be nonitored at L&R
using the appropriate nethods to ensure that increased turbidity

does not cause undue stress or injury.
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Approach 2. Use nmultivariate analysis to define the
rel ati onship between snolt travel time and survival to Lower
Granite Dam and inportant independent variables--Activities and
protocols used by Beeman et al. (1991) and Buettner and Nel son
(1991) are appropriate for executing such an anal ysis. Seri al
rel eases of PIT-tagged mgrants from trap sites upstream from
LGR, coupled with neasures of inportant environnmental and
bi ol ogi cal variables for each group, wll provide useful data
sets. An index of snolt developnment (i.e., gill Na'-K' ATPase)
is required for each rel ease Qroup. O her biological variables
such as size, condition factor, and incidence of disease should
be considered (see following section on Snolt Condition and
D sease). These analyses will require the acquisition of
extensive data over several years. Since all hatchery fish wll
be marked beginning in 1993, it should be possible to collect
separate data for wild and hatchery fish.

Appr oach 3. Conduct manipul ative experinents so that effects
due to flow are separable from those associated with the changing
physi ol ogi cal status of the smolt popul ation--Fl ow vol unes
typically increase over the course of the spring mgration
peri od. It has been observed during several years since 1987
that travel tinme of yearling chinook salnmon to LGR decreases over
this mgration period (Buettner and Nelson 1991). Concurrently,
the level of snolt devel opnment exhibited by the popul ation
i ncreases. The conbined influence of these independent variables

confounds analysis and interpretation of travel tine estinates.
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By disrupting the pattern of the typical hydrograph, it nay
be possible to create conditions where the effects of flow and
snolt devel opnent can be evaluated separately. W recognize that
the opportunity for intentional flow manipulation in the Snake
River is constrained by limted water-storage capacity. However ,
this approach may be useful in certain flow years.

Alternatively, retarding or accelerating the level of snolt
devel opnment in mgrants may be necessary to identify

rel ati onshi ps between travel tinme and water velocity (Miir et al.
1992) .

Appr oach 4. Profile water velocities in LGR forebay--
Physical conditions in the LGR forebay may cause mgrating snolts
to congregate or stage for varying lengths of tinme. If this is
true, water velocity profiles could be obtained using an acoustic
doppl er current profiler (ADCP). The USFW5 is currently using
this equipnent in the Snake River for fall chinook sal nbn
studies. An ADCP could be used in conjunction with hydroacoustic
gear to determne where snolts reside in the forebay and under
what hydraulic conditions. Snolts could be marked with PIT tags
or mniature radio tags to nonitor the effects of changing
operating conditions at LGR such as turbine loading, spill, and
reservoir elevation. Snolt congregation or staging patterns nay
reflect changes in water velocities.

Approach 5. Measure water velocities at different flow
levels in Lower Ganite Reservoir--Water velocities along

transects in LGR Reservoir could be neasured at various flow
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| evel s using current nmeters or an ADCP. This information would
be required to determne how varying levels of flow or reservoir

el evation affect water velocity in the reservoir.

B. Smolt Condition and D sease

Backgr ound

Fish condition is defined as the physiological status of a
fish and includes the stage of devel opnent (snoltification in
mgrants), and the ability of the fish to perform activities
necessary for survival (such as sw nmng, predator avoidance,
prey acquisition, and osnoregul ation). Fish health is a
component of fish condition and involves interactions between
di sease resistance, pathogens, and the environnent.' Fish
condition and fish health are intimately associated w th other
factors such as diet, environmental quality, and stress. Stress
can be associated with entering a new environnent, as when wld
fish froma small tributary enter the mainstem or begin dam
passage. Stress can also result frominter- and intra specific
interactions between fish, such as predator avoi dance,
conpetition for limted resources, and new or increased exposure
to a pathogen. It is inportant to nonitor the various paraneters
of fish condition because fish wth simlar external appearances
(i.e., no apparent |esions or physical damage) may have
dissimlar internal functions, resulting in differential
survival .

The relations between physiological changes during
snoltification, disease, travel tine, and survival are very
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conpl ex. Cause and effect relationships have not been
satisfactorily established, and there are varying opinions as to
whet her river flow or physiological condition is nost inportant
for reducing travel tine (Beeman et al. 1991; Kindley 1991,
Berggren and Filardo, in press). It has been shown that gill
Na'-K' ATPase (ATPase) |evel increases during snoltification
(Zaugg et al. 1985), and this enzyne is commonly used as a
neasure of snoltification. Some studies suggest that for
hatchery fish, later release dates result in faster travel tines
(Chapman et al. 1991; Kindley 1991) because the fish have becone
nore fully snmolted and ready to mgrate.

Miir et al. (1992) reported that increased water tenperature
and advanced photoperiod resulted in yearling chinook sal non
smolts with higher |levels of ATPase at rel ease. Fi sh exposed to
this treatnent exhibited faster mgration, and higher detection
rates at dans, suggesting higher survival rates than controls.
However, sonme data suggest that fish with higher ATPase |evels
have higher FGE at danms than those with lower levels (Gorgi et
al. 1988; Miir et al. 1990). Furthernore, greater increases in
ATPase occur during mgration (Beeman et al. 1990; 1991) than
during prolonged hatchery rearing.

Bacterial kidney disease (BKD) is w despread in Col unbia
River Basin hatchery and wild chinook sal nbn (Beeman et al. 1990;
1991; Elliot and Pascho 1991, 1992) and may be responsible for
| ow survival of some stocks (Park et al. 1986; Matthews et al.

1987). Beeman et al. (1991) have shown that hatchery yearling
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chi nook salnon collected at dans had a higher incidence and
severity of BKD infection than occurred in the same groups prior
to rel ease. This apparent change nmay be the result of high-BKD
fish being guided nore efficiently by fish bypass systens than

| ow-BKD fish (Elliot and Pascho 1991). However, other work has
shown that salmonid i Mmune responses are reduced (Maule et al.
1987), cortisol response to stress is increased (Barton et al.
1985) and sensitivity to cortisol is increased (MCormck et al.
1991; Maule et al. 1989) during snoltification. Thus, it is
reasonable to expect that yearling chinook salnon are nore
susceptible to disease during their seaward mgration. These
studies illustrate the conplexity of interactions between
physi ol ogi cal devel opnent, environment, and estinmates of snolt
survival . These variables nust be considered when attenpting to
identify factors affecting the survival and mgrationa
characteristics of salnonids.

One goal of nonitoring fish condition and health is to
identify dysfunction affecting fish survival that nmay be I|inked
to alterations in the river or hatchery environment. Another
goal of nonitoring is to develop reasonable predictions of fish
performance and survival based on fish condition, fish health,
and environmental conditions. Ideally, these predictions would
project to adulthood; however, they can be projected nore
reasonably between two or nore sanpling points in the Colunbia

R ver Basin.
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Potential Methods of Evaluation

Approach 1. Assess the condition and health of mgrating
wild yearling chinook salnon in the Snake River Basin--Early in
their mgration, wild fish would be collected in tributaries and
sanpled non-lethally to determne fish physiological condition
and heal t h. A smaller subsanple of wild yearling chinook sal non
could be killed to develop a nore conplete physiological profile
and to screen for the presence of fish pathogens.

Approach 2. Determine the degree of difference in fish
condition and fish health between wild and hatchery yearling
chinook salnon--If wild fish are in good condition at the tine
they begin mgration, it is reasonable to assune that unusually
high nortality is a function of environnmental conditions. Thi s
assunption also inplies that the nore closely hatchery fish
approach wild fish physiologically, the greater the likelihood of
their successful mgration to seawater and survival to maturity.

One approach is to collect yearling chinook salnmon from the
wild, raise them with hatchery fish in a comobn environnent
(e.g., net pens, artificial streans, hatchery raceways) and
nmonitor fish condition and fish health. If it appears that
significant nortality occurs in LGR Reservoir, net pens could be
designed for novenent of fish through the reservoir at rates
simlar to those of mgrating fish. Frequent nonitoring of fish
condition and health would indicate whether nortality was caused

by factors intrinsic to the fish or to the reservoir environnent.
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Fish in these experinments should be held at very |ow densities,
in conditions as close to natural as possible.

The USFWS5 is beginning a study of the genetic differences
bet ween hatchery and wild spring chinook salnon in the |ower
Col unbia River at Carson and Warm Springs NFHs. The experinental
design involves collecting wild and hatchery adults, crossing
wild and hatchery fish, and rearing all sets of progeny
(hatchery, wild, and wld-hatchery crosses) in hatchery and wld
envi ronment s. In this study, fish condition, fish health, and
other factors will be nonitored. Baseline data on differences
between wild and hatchery fish that are attributable to
environment or life history will be directly applicable to the
LGVS.

Approach 3. Devel op non-intrusive nethods to assess fish
condition and health--Because wild yearling chinook salnon are a
t hreatened species, the use of nonlethal techniques is desirable.
A suite of nonintrusive neasures of the degree of snoltification
including skin reflectance, condition factor, and norphonetrics
should be available soon. An assay for gill ATPase that requires
clipping a small anount of gill tissue (mcro sanple), but not
killing the fish, should be available by 1993. Screening for
fish pathogens requires killing fish; however, there are
potentially nonlethal nethods of determning fish health by
exam ni ng inmune conponents in fish nucus.

An ideal reginmen at a smolt trap or collection facility would

be to sanple tagged fish nonintrusively for smolt condition,
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mcro sanple gill tissue for ATPase assays, and sacrifice a snall
nunber of fish for pathogen screening.

Approach 4. Assess fish condition and fish health of PIT-
tagged groups at tine of release from hatcheries, during their
mgration, and at Lower Ganite Dam- It is recommended that fish
from several hatcheries be PIT tagged and rel eased over a period
of time (see hjective 1). Al, or a large sanple, of these fish
could be exam ned nonintrusively to determ ne degree of
snmol tification. A small group of fish would have a m crosanple
of gill renoved nonlethally to determne gill ATPase. A second
group of fish from the sanme pond or raceway would be killed for
conpl ete fish pathogen screening.

As PIT-tagged fish are collected in-river, during their
mgration, and at LGR they will again be subjected to
noni ntrusive fish condition assessment and released. This would
allow determ nation of the degree to which individual fish change
during mgration, and the influence of fish condition on survival
and mgration rate. Fish health and condition data collected at
the tinme of tagging and recapture would add information to the
mul tivariate equation that describes a successful mgrant,
whet her the measure of success is survival, travel tine, or some
ot her performance standard.

Approach 5. Assess the effects of nodified hatchery rearing
practices on fish condition and fish health--There are many
hat chery evaluation prograns already in place (e.g., BPA's

Hat chery Evaluation Program Lower Snake River Conpensation Plan
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Hat chery Evaluation, and individual state eval uations). The
objective of this approach is to coordinate information obtained
on fish under various hatchery rearing practices wth subsequent
neasures of snolt developnent, fish health, travel tine, and
survival at in-river, reservoir, and Lower Ganite Dam collection
sites.

Numer ous hatcheries in the Colunbia R ver Basin are
evaluating alternative fish-rearing practices, such as providing
cover or substrate in raceways, changing |oad density, or
del ayi ng rel ease. There are indications that these alterations
can affect snoltification rates (Patiiio et al. 1987), fish health
(Maule et al. 1989), migration rates (D. Rondorf and R.
Roseberg‘), and survival to adulthood (Banks 1990). Monitoring
fish condition and health will be especially inmportant in
hatcheries that are nodifying conditions to produce fish that are
nore "wild" or “natural" after release. Results from this
nmonitoring will be conpared to results from Approach 1 (above) as
anot her nmeasure of how closely hatchery fish conmpare to wild fish
physi ol ogi cal l y.

Hat chery fish subjected to alternative rearing conditions
will be sanpled prior to rel ease. Fish from each treatnment wll
be PIT-tagged or freeze branded (if they are not already) and

sanpled at collection points during their mgration to LGR

"Dennis W Rondorf, US. Fish and WIldlife Service, National
Fi shery Research Center, Cook Field Station, M 5.48L Cook-
Underwood Rd, Cook, WA 98605 and Ral ph B. Roseberg, U S. Fish and
Wldlife Service, Fisheries Resource Ofice, Box 18, Ahsaka, |ID
83520. Unpubl i shed dat a.
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Cc. Predation

Backgr ound

Two ongoi ng studies have contributed nost of the available
information on predation on mgrating yearling chinook sal non
upstream from LGR The first, sponsored by the COE and conducted
by the U of I, began in 1979 to investigate warmwater fish
habitat and dredging in the |ower Snake R ver reservoirs (Bennett
et al. 1983, 1988a,b, 1990, 1991; Bennett and Shrier 1986). The
second study, sponsored by BPA and conducted jointly by ODFW and
USFW5, indexed abundance of and consunption by predaceous fish in
and slightly above LGR Reservoir. This work was conducted in
1991 as part of a systemw de study of predation (Shively et al.
1991; Wward et al. 1993).

Northern squawfish, Ptvchocheilus oregonensis, and smallmouth

bass, Mcropterus dolomeui, are relatively abundant in LGR

Reservoir and are known to consunme juvenile salmonids. Sanpling
with a variety of gears through several seasons and diverse
habitats, U of | researchers determned that northern squawfish
and smal | nouth bass were anong the top four (of 10) nost abundant
species in the reservoir in 1979 and 1980 (Bennett et al. 1983).
Northern squawfish were |ess abundant and small nouth bass were
nore abundant in LGR Reservoir than in other reservoirs on the
| ower Snake River (Bennett et al. 1983).

Sport-reward fishers participating in the BPA-funded predator
control program caught 20,994 northern squawfish greater than 250

mm long in LGR Reservoir in 1991 (Burley et al. 1993). This is

38



nore than three tinmes the nunber renoved from any other |ower
Snake River reservoir. However, catch per unit of effort (CPUE)
was simlar ambng the four reservoirs, suggesting that densities
of northern squawfish in LGR Reservoir are simlar to those in
the other reservoirs.

Sal noni ds conpose substantial portions of the diets of
northern squawfish and small nouth bass during the snolt
mgration, and represented 19 to nearly 50% (wet weight) of the
gut content of fish sanpled during that period (Bennett and
Shrier 1986; Bennett et al. 1988a,b; Shively et al. 1991). Snol t
consunption indices for northern squawfish in LGR Reservoir in
1991 were conparable to those for anal ogous areas of Little Goose
Reservoir, but greater than those of the other two |ower Snake
River reservoirs, and less than those for John Day Reservoir
(Shively et al. 1991).

Smal | routh bass, particularly |arge ones, also consune many
smolts in LGR Reservoir. In the spring of 1985, sal nonids
conposed 26% and 13% of the gut contents (wet weight) of
smallmouth bass sanpled at shallow and deep stations,
respectively, in LGR Reservoir. These percentages exceeded those
for northern squawfish sanpled at the sane tines and | ocations
(Bennett and Shrier 1986). Conversely, in 1987, sal nonids
accounted for only 1% of an index of relative inportance for the
diet of smallnmuth bass (> 150 nm. This percentage is much
| ower than the anal ogous value obtained for northern squawfish

(Bennett et al. 1988b). In 1991 predator consunption indexing,
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sanpl es taken in and above LGR Reservoir had higher average
nunbers of sal nonids per smallmouth bass of a given size class
than did sanples from other reservoirs in the |ower Snake River,
al t hough average nunbers were generally low (< 0.5 snolts per
fish, overall) (Shively et al. 1991). O the smallmouth bass
that had consunmed snolts, 90% were > 280 nm (Shively et al.
1991). Low water tenperatures during the snolt mgration may
suppress predation by smallnmuth bass (Bennett et al. 1983).

O her species of predaceous fish inhabit LGR Reservoir, but
appear to have less inpact on snolt populations than do northern
squawfi sh and smal | rout h bass. Channel catfish, lctalurus
punctatus, are |less abundant in LGR Reservoir than in other |ower
Snake River reservoirs (Bennett et al. 1983) and are |ess
abundant in LGR Reservoir than northern squawfish and snall nouth
bass (Bennett et al. 1983, 1988a,b, 1990, 1991; Bennett and
Shrier 1986; Shively et al. 1991). The few gut sanples obtained
from channel catfish in LGR Reservoir show highly variable snolt
consunption rates relative to those of northern squawfish and
smal | mouth bass in the sane years. Channel catfish also consune
a higher proportion of steelhead (Bennett and Shrier 1986;
Bennett et al. 1988a,b). The inpact of snolt predation by
channel catfish appears to be nmuch greater below LGR even at
fairly low water tenperatures (10°C), where as many as 41% of
catfish sanpled contained snolts (Bennett et al. 1983).

Al though much attention is now focused on control of northern

squawfi sh, predation is nore than a single-species issue. Lar ger
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yel | ow perch, Perca flavescens, and white crappie, Ponpxis

annularis, may also consunme salnonids in LGR Reservoir (Bennett

and Shrier 1986). Brook trout, Salvelinus fontinalis, and common

nmer gansers have been observed preying on chinook salnmon fry in
smal|l streans in the Snake River Basin above LGR Reservoir (\Welsh
1988). Al though flocks of common nergansers are wdely

di stributed throughout the Cearwater and Sal non River Basins,
their effect on chinook salnmon may be very localized (C
Petrosky'). O her potential avian predators include herons,
gulls, and belted kingfishers. Large hatchery steel head are also
potential predators on chinook salnon, especially on snaller

snol ts.

There is a paucity of information about predation on yearling
chinook salnmon in mainstem reaches above LGR Reservoir. Reaches
of the Clearwater River (RKm O 6) and the Snake River (RKm 229-
238 and 268-276) were sanpled for predator consunption indexing
in 1991, although only the latter reach on the Snake River (RKm
268- 276, "Rogersburg", near the nouth of the G ande Ronde River),
was identified as free-flowng (Shively et al. 1991). "High
numbers" of salnonids were consunmed by northern squawfish in
these three areas and in the upper part of LGR Reservoir
followi ng local hatchery releases. Catch rates of northern

squawfi sh were also relatively high in these areas and tines.

"Charles Petrosky, l|daho Departnent of Fish and Gane, 600 S.
VWl nut, Boise, |D 83707. Pers. commun., August, 1992.
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There are numerous anecdotal observations of northern
squawfi sh (many of them very large fish) that concentrate in
streanms above LGR in the spring and early sunmmer. It is unknown
whet her these are spawning or feeding concentrations, although
they readily attack lures and sonetines concentrate downstream
from hatchery rel ease points.

Sonme researchers advise that studies should extend upstream
to hatchery release points or natural production areas.

Predators in the reservoir and in the |ower reaches of nmgjor
tributaries (e.g., CUearwater, Gande Ronde, |maha, and Sal non
Rivers) may have overlapping ranges and may belong to the sane
"populations" during sonme seasons. Hence, studies should not
exclude either the inpounded or free-flow ng areas. Al t hough
predation on chinook sal non stocks occurs through the egg,

alevin, fry, and parr |ife stages, these |ife stages are outside
the present scope of the LGVS.

Because of potential conpensation anong predators and prey,
an ideal study would address the structure and function of the
fish comuniti es. For exanple, does the presence of abundant
hatchery snolts aneliorate or exacerbate predation rates on
natural  smolts?

In conclusion, it is clear that smolts fall prey to
predaceous fish in LGR Reservoir, particularly northern squawfish
and snal | nout h bass. However, it is uncertain whether predation
is a major source of nortality for wild and hatchery yearling

chi nook sal non above LGR
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Potential Methods of Evaluation

Approach 1. Estimate predation rates on specific stocks of
wild and hatchery yearling chinook sal non--W need sound
estimates of the proportion of hatchery and wld yearling chinook
salmon snolts that are preyed upon by various predators in a
given tine period and | ocale. The role of predation in renoving
snmolts that would otherwi se die anyway, and factors that affect
snmolt vulnerability to predators but alone nmay not be |ethal
(e.g., disease, starvation), nust also be considered.

Proposed nethods must not only offer the desired |evel of
precision, but nust be able to adjust to changing |evels of prey
and predator abundance. Northern squawfish control efforts in
and above LGR Reservoir, which began in 1991, are likely to
continue and will probably change the northern squawfish
popul ation and the fish community as a whole. The sport-reward
fishery reportedly renoved nearly 21,000 northern squawfish (>
250 mm) fromthe reservoir in 1991 alone (Burley et al. 1993).

Fl ow and reservoir-level managenent wll change the reservoir
environment from year to year, and there is sone evidence that
the fish community has already been changed narkedly by the
drawdown of LCGR Reservoir in March 1992 (D. Bennett'). Snol t
abundance may also change w th nmanagenent changes, which could
i nfluence indices and predation rates. LGR Reservoir and the

free-flow ng reaches upstream nmay require different experinental

"David Bennett, University of |daho, Departnment of Fish and
wildlife, Mscow, |D 83843. Pers. commun., August, 1992.
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approaches because of fundanental differences between i nmpounded
and free-flowi ng environnents.

Because of the potential for intra-specific and community-
| evel conpensation from predator renoval, functional and
denogr aphi ¢ changes in the fish community should be nonitored.

Approach 2. I ndexi ng-- Previ ous and ongoing predation studies
have indexed predator abundance and consunption (Bennett et al.
1983; Ward et al. 1993). Sonme researchers recomend that these
i ndexi ng met hods, supported with a nore intensive sanpling
effort, would provide sufficient information.

The ODFW and USFWS have devel oped a predation index that
nunerically conbines indices of predator abundance and
consunption of salmonids (Vigqq and Burley 1990). The predator
abundance index is the mathematical product of the follow ng
factors: 1) the natural logarithm of non-zero catches for
standardi zed efforts of boat electroshocking within a reservoir
and, 2) the reservoir surface area, excluding md-channel and
deep areas (Ward et al. 1993).

The consunption index (for northern squawfish), calculated
for portions of each reservoir, is a function of water
tenperature, nmean predator weight, nean nunber of salmonids per
predator, and nean gut weight per predator (Shively et al. 1991).
The consunption index iis not neant to be a rigorous nethod for
estimating the nunber of salnonids eaten per day by an average
predator (Petersen et al. 1990). A predation index, the

mat hemat i cal product of the abundance and consunption indices for
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a reservoir, is believed to be directly proportional to
differences in predation anbng reservoirs or parts of reservoirs.
However, this index is not an estimate of the nunber of sal nonids
consurmed by northern squawfish (VWard et al. 1993). I ndices are
relative, require careful standardization in sanpling to avoid
bi ases, and do not l|lend thenselves to firm estimtes of
preci si on.

Appr oach 3. Computer sinulation nodeling--Conputer
simul ati on nodels have been used to estimte salmonid nortality
from predation. The Colunbia R ver Ecosystem Mddel (CREM has
been devel oped under the BPA-sponsored Predator Control Program
to predict smolt nortality during downstream mgration (Bl edsoe
1990). In general, CREM estimates predation rate as a function
of predator-fish density, water tenperature, spawning condition
of predators, and density of salmonid prey (Bl edsoe et al. 1990).
Bi oenergetics nodeling has been reconmended as another
potentially useful tool, if reasonable estimtes of predator

popul ati ons can be obtained (Petersen et al. 1990; Shively et al.

1991) .

D. Food Availability

Backgr ound

Bennett and Shrier (1986) and Bennett (D. Bennett®) sanpl ed
stomachs of mgrating chinook salnmon snolts in LGR Reservoir.

Al t hough both studies reported a wide range in the types of food

‘David Bennett, Unpubl. data, University of Idaho,
Departnment of Fish and WIldlife, Moscow, |D 83843.
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consuned, chironom d |arvae predomn nated. Most fish sanpled
contained food itens and nunerous stonmachs were full. However ,
sone individuals |acked food and others contained exuviae that
are nutrient poor (D. Bennett'). In contrast, yearling chinook
sal mon smolts sanpled from turbine intakes at LGR in 1987, 1989,
and 1991 had a high percentage of enpty stomachs conpared to
snmolts collected at other dans (W Miir and T. Coley®). These
contrasting results may reflect differences in prey availability
and/or feeding success within LGR Reservoir.

The abundance of potential food items in the Snhake R ver
Basin has not been intensively studied. Dor band (1980) sanpled
LGR Reservoir with artificial substrates and core sanples and
reported high benthic diversity. Bennett and Shrier (1986) and
Bennett et al. (1988b, 1990, 1991) quantified benthos density and
standing crop in LGR Reservoir. These studies found nunerous
changes in the benthic comunity after inpoundnent, including a
substantial decrease in diversity and abundance. The present LGR
Reservoir benthic community is relatively "simple" with a
conposition of nearly 97% oligochaetes and chironom ds (Bennett
et al. 1988b, 1990, 1991).

In 1990, approximately 21 million salnon and steel head were
rel eased from hatcheries above LGR to mtigate for |osses from
hydr oel ectric devel opnment (FPC 1991). Yearling chinook sal non of

hatchery origin are usually released as inadequately devel oped

"WIlliam D. Miir, Unpubl. data, National Marine Fisheries
Service, Star Rt, Cook, WA 98605 and Travis C. Coley, U S. Fish
and WIldlife Service, 9317 Hwy. 99, Suite A, Vancouver, WA 98665.
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smolts (zaugg et al. 1991), a condition resulting in slow
m gration. For exanple, yearling chinook salnmon from Dworshak
NFH spend from 3 to 4 weeks in LCR Reservoir (Gorqgi et al. 1990,
1991, Muir et al. 1992), a length of time previously sufficient
for their entire downstream mgration. Sal noni ds actively feed
during their mgration through the Colunbia River to offset
energy depletion (Rondorf et al. 1985, Miir and Emmett 1988).
The increasing nunber of snolts and their protracted residence
time has raised concern about the capacity of the forage base in
LGR reservoir to support them
Potential Methods of Evaluation

Approach 1. Evaluate the food habits and nutritional status
of downstream mgrating smolts--The food habits and nutritiona
status of yearling chinook salnon snolts could be sanpled at
selected locations and tines during the mgration. Lavage coul d
be used for sampling stomachs, which would not require
sacrificing snolts. Di et conposition, stomach fullness, and
ot her indices of feeding success could be related to
characteristics of physical well being, such as growth rate,
condition factor, level of snolt devel opnent, and di sease state.
Feedi ng success could also be a function of origin (hatchery or
wi | d)

Approach 2. Conduct in situ rearing experinments in Lower
G anite Reservoir--Fed and unfed snolts could be confined in net
pens in LGR Reservoir, PIT-tagged and periodically rel eased

Treatnent effects could be neasured in terns of snolt and di sease
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devel opment, swimming performance, mgrational characteristics,
and detection proportions downstream

Approach 3. Determ ne the abundance and availability O food
items for yearling chinook salnon throughout the downstream
mgration corridor to Lower Ganite Dam-Information is |acking
on the availability of benthic food itenms (particularly
chironomds) to mgrating snolts in the Snake River Basin.

Al t hough conmunity biomass and productivity in LGR Reservoir is
conparable to other systens (C. Falter'), oliqochaetes are
generally wunavailable, and chironom ds are available only during
ener gence. The high incidence of enpty snolt stomachs observed
at LGR suggests that food availability or feeding sites may be
l[imted in certain areas, and may adversely affect survival in
LGR Reservoir.

Appr oach 4. Model the bioenergetics of downstream mgrating
smolts--A bioenergetics approach simlar to that conducted by
Rondorf et al. (1985) could be used to assess snolt energy
requi rements during downstream migration. A bioenergetics nodel
that incorporates data from |l aboratory and field studies could be
devel oped to evaluate the ability of the system to support
varying nunbers of hatchery and wild mgrants. This information

woul d have application to other Snake River reservoirs.

‘C.M Falter, University of Idaho, Departnent of Fish and
Wldlife, Moscow, |ID 83843. Pers. commun., August, 1992.

48



E. WId and Hatchery Interactions
Backgr ound

Hat chery and wild chinook salnon have sinmilar ecol ogical
requirements and thus are potential conpetitors if they co-occur
where critical resources are in short supply. Although little is
known about conpetition anong actively migrating snolts, an
inability to conpete effectively for food and space has often
been cited as a reason why many juvenile salnonids reared in
hat cheries do not survive in the wild (Steward and Bjornn 1990).

Conpetition and its effects on survival are typically
difficult to denonstrate, particularly under field conditions.
For this reason, the follow ng approaches are suggested: 1)
identify the neans by which chinook salnon snolts conmpete for and
defend needed resources, 2) determ ne whether resource denand
exceeds availability, and 3) evaluate the effects of resource
deprivation (or increased energy denmands) on survival and other
nmeasures of snolt perfornmance. From these |lines of evidence, the
occurrence of conpetition nmay be inferred and its relative
i mportance assessed.

Sone of the ways that hatchery smolts might affect the
survival of wild snolts include attracting and supporting | arger
predator populations, altering mgratory behavior or activity
levels, and transmtting disease. The outcone of these kinds of
interactions depends on the relative abundance of hatchery and
wild fish and the degree that they overlap in time and space.

O her types of interactions between hatchery and wld
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popul ati ons, such as genetic changes that mght result from
hybridi zation, may affect the long-term fitness of snolts. One
consequence of such a change mght be a reduction in snolt
survival during outmgration.

Interspecific interactions could also be occurring between
the increasing nunbers of hatchery steelhead, which are mnuch
larger than wild steel head, and chi nook sal nbn snolts. St eel head
have been reported to prey on small chinook salnon snolts,
el evate chinook salnmon stress levels (Park et al. 1984), and
possi bly conpete for food. These interactions could be
particularly acute at LGR

W1l d/ hatchery interactions are not a direct nortality factor,
but increase the likelihood of nortality from one of the factors
previously discussed. If hatchery and wild chinook salnon snolts
survive at different rates, or if survival rates are unacceptably
low for either or both, it is reasonable to ask whether the
presence of one sonehow affects the survival of the other. If
conpetition within or between groups of hatchery and wild snolts
is density-dependent, or if predation intensity, food
availability, or disease transmission is related to snolt
density, some form of negative effect on growh and survival wll
likely occur as snolt density increases.

Potential Methods of Evaluation

Approach 1. Det erm ne whet her the survival of hatchery and

wild snolts is related to their absolute and rel ati ve abundance--

General techniques to neasure snolt abundance were outlined above
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in the section addressing Objective 1. This wll probably
require obtaining estimates of hatchery and wild chinook salnon
and steel head abundance at different tinmes and |ocations during
the mgration period.

Alternatively, manipulating absolute and relative smolt
abundance or density by releasing or postponing the rel ease of
hatchery fish onto groups of wild snolts mght provide insight
into the survival of fish. Introducing different ratios and
densities of hatchery and wild fish into net pens that are towed
a fixed distance downstream at normal mgration speeds would
provide a variation to this approach. Food availability within
the net pens could be nonitored and supplenented if desired.
Predators, normally excluded from the net pens, mght be
introduced at different densities to enable conparisons of
predation nortality anmong hatchery and wild snolts. The use of
net pens, as described in earlier sections, enables replication
and control over inportant biological factors.

Appr oach 2. Det erm ne whether hatchery and wld chinook
salnon snolts use different mgratory routes and habitats--
Differences in habitat use between hatchery and wild snolts m ght
i ndi cate noninteraction or displacenent anong the two groups and
offer insight into the causes of apparently different |evels of
survival. To determine habitat use, nean densities of hatchery
and wild snolts could be estimated within the boundaries of
di screte habitats upstream from LGR Dam Here, habitat is

defined as generally honbgeneous areas of river used by smolts
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for mgration, feeding, resting, etc. The anount of tine spent
in each habitat and the type of activity pursued mght be related
to differences in survival over tinme.

Approach 3. Identify interactive behaviors that influence
the survival of hatchery and wild snolts--Interactive behavior
bet ween hatchery and wild fish may affect their survival. For
exanpl e, the dispersal characteristics of hatchery fish follow ng
rel ease may have sonme bearing on their subsequent survival and on
that of wild fish with which they interact. Studies to deterni ne
whet her hatchery snolts imediately migrate or disperse for
significant periods of tine into nearby habitats occupied by wld
fish before starting their downstream mgration mght show
differences in survival. Di spersion patterns could be studied by
direct underwater observation of marked hatchery snolts rel eased
into selected streans.

Under standi ng the behaviors of "typical™ wild smolts and
hatchery snolts exposed to simlar stinmuli mght |lead toward
understanding of survival differences and interactive behaviors.
Conpari son of behavioral characteristics should nmake it possible
to identify divergent behaviors that may directly (e.g., via
schooling) or indirectly (e.g., via conpetition) alter a fish's
chances of survival. Much of the work can be done in sem natural
environnments, such as artificial streams and net pens, to

facilitate observation.
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| NTEGRATI ON W TH ONGO NG RESEARCH AND MANAGEMENT ACTI VI TI ES

Before initiating travel tine/survival studies, current
mar ki ng and recapture programs in the Snake R ver Basin wll be
eval uat ed. Expandi ng sone current Snolt Monitoring Program
activities could adequately address sone LGVS objectives. PIT-
tagged hatchery rel ease groups from other work (SMP, hatchery
eval uations, ldaho traps, etc.) could be used when possible to

reduce marking requirenents.

Suppl ementation studies wll release PlIT-tagged snolts in

tributaries upstream from LGR Dam however, it is uncertain

whet her these will neet the needs of this study. Oten, these
fish are tagged as parr, released well in advance of initiating
downstream mgration, and incur sonme overwnter nortality. G ven

that nost supplenentation groups contain only 500 PIT-tagged
smolts (Bow es and Leitzinger 1991), detection nunbers at LGR
will probably be |ow I DFG ODFW and NVFS will again PIT tag
w I d chinook salnmon parr in tributaries. If tagging efforts and
recovery proportions at LCR are simlar to previous years,
detection nunbers will probably remain |ow

For fish condition work, nost of the sanpled fish will be
collected as part of the LGVS or other projects investigating
survival and mgration of wild and hatchery fish. Ther ef or e,
coordi nation of agencies and tribes will be essential to ensure
t hat conparable nethods are used and duplication of sampling is
avoi ded. Coordination with hatcheries conducting rearing
experinments nmay al so be necessary.
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RECOMVENDATI ONS

Research Priorities

1. Estimate survival and travel tine for wild yearling
chinook salnmon snolts along the mgration corridor using PIT
tags. Exi sting marking prograns may provide sone information,
but present snolt traps capture too few wild yearling mgrants to
mark for evaluation. New traps and weirs at upstream | ocations
will be required. Purse seining (or sone other nethod) may be
required in LGR Reservoir to increase sanple sizes for PIT
tagging.

2. Conduct survival studies from selected hatcheries and
downstream sites to quantify |losses of hatchery smolts along the
mgration corridor. These studies should be closely coordinated
wi th other marking prograns.

3. Make sinultaneous releases of PIT-tagged chinook sal non
smolts in the forebay, md-reservoir, and head of the LCR
Reservoir to partition areas of migrational delay. Exam ne
reservoir distribution patterns to identify possible staging
ar eas.

4, Begin investigating factors that influence nortality and
m grational characteristics when and where good evidence exists
that those factors increase nortality or affect travel tine.

5. Develop better mgrant traps w th higher capture

efficiencies for use in reservoir and river areas.
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APPENDI X

Comment Letters
A draft of this Research Plan was sent to the follow ng
menbers of the Fish Passage Advisory Conmmittee (FPAC) in
Sept enber, 1992 for review and comment:
James N el sen, Washington Departnent of Wldlife
Ronal d Woodin, Washington Departnent of Fisheries
Craig Tuss, U S Fish and WIdlife Service
Ronal d Boyce, Oregon Departnent of Fish and Wldlife
Christopher Ross, National Marine Fisheries Service
Steven Pettit, Idaho Departnent of Fish and Gane
Margaret Filardo, Fish Passage Center
Robert Heinith, Colunbia R ver Inter-tribal Fish Conm ssion.
Formal comments were received from the follow ng:
Craig Tuss, U S Fish and WIldlife Service
Ronal d Boyce, Oregon Departnent of Fish and WIldlife
Chri stopher Ross, National Marine Fisheries Service
Robert Heinith, Colunmbia R ver Inter-tribal Fish Conm ssion.
Al'l comments received were considered and the text was

revi sed where appropriate. The comment letters received follow
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MEMORANDUM

TO: MARGARET FILARDO, FPC
FROM: BDBOB HEINITH, CRITFC
DATE: DECEMBER 23, 1992

RE: COMMENTS ON_ RESEARCH lasN TO DETERMINE TIMING, LOCATION,

MAGNITUDE, AND CAUSE OF MORTALITY TOR WILD _AND _ HATCHERY
SORING/SUMMER CHINOOX SALMON SMOLTS ABOVE LOWER GRANITE DAM

General Comments

There i3 considerable <confusica i the gplan as =2
organization. -8 the plan part c¢f an entire program as ailudes
tec cn page 17, "Pzogram Goal"? I

t~ the regearch plan?

Environmental :influences on wild chinook productien and
me rTality should be the %top priority of <he olan. A theorough
compariscn between histcrical physical habitat characteristics of
the Snake Basin above Lower Granitg Dam, and extant physical
hacitat characterigtics, and their rolationship ro <chinook
freshwater life histories and mortality :s essential =« identify
environmental i.pacts as described by Petts (1980), Orsborn (1990},
Heede and Rinne (1990) and CRITFC (1991). w;th regpect to providing
the necessary lite ature review on historical physical habivaz
characteristics, <he plan lacks much detail. With respect <=¢C
research identifying extant physical habitat =zharacteristics, the
plan Zacks c thoarouzh systematic approach.

Phygical habitat characteristics which should De identified
and evaluated include 3 hirtorical Hyd*ologzﬂ and hydrauliic
yeometry analysis =2 describhed :n Orsbo-ﬂ 11990) and Aamerman and
Orxrgborn (1987), a <through water qua £y analys:is :waclucing
:dentification of incrganic and cxgunis mpenents, and a2 srimary
and secondary zroducztivity analysis ave crizical (Vannote et al.
1530 Watexrs 1963).

Without a compar.son as dasecriked sbowrs 417 senay nrovozen
clan objectives :tonmnot Le tut inte (Plouer Teyspegtive necausze
Lota Lty Tan 2nly Ze viewed dlthin Toe ToaterT I a2 nighly alterxad
6COosSystlem 23 2 Laseline. Tha _hunged =¢ceyevam o —he roce of tls
amolzw Mmooy piizy, ~h 1genci-:g and - xibal Managars neex
rezcmmendations *thrcugh -egecrch whicr will orev:ile avenues <o
Teartocre 2008ystam paramencrs and g veguce smelt mo-tality.



Page z Hexin:th Commenta cn LGMS Pegearch Plan

Recommended Research Frior.t:es

1. Define critical physical habitat characteristics which Zimit
crhinook croduction and survival in the Snake Bas:n above Lower
Sranite Cam. Define the 1impact ¢f c-itical gphysical habitat
parameters on primary and Ssecondary producticn. This can »e
accompliished by a very thorough literature review including work
done in other basins, an research comparang river reaches above the
Lower Granite Project, and within the Lower Granite 2roject.

2. Conduct a comprehensive Snake Basin hatchery review —o identify
causative factors related ¢ large mortalitiass of hatchery £f£ish
befors they reach Lower Granite Dam. Include a review ofF
operations, broodatock collection and propagation techniques,
diseasge higtories, retter definition of steck diffezences,
aespecially related to habitat requirements, and the natural
capacity of the basin to rear juveniles at diffarent 1:ifae history
stages as noted in Lichatowich and McIntyre {(1987).

3. Eatimatae the survival and travel time for wild and hatchery
yearling salmon smelts along the migration corridor using pit tags.
Wild smolts should be given priority. Coordination with existing
programa should be priority.

4. Conduct fisheries :impact studies fs5r wild and hatchaery £ish
with priority given to wild fish. Concentrate on gaining precise
and accurate measuraement of parameters which have a strong
nfluence on survival such a8 time and size at an important life
history stage at gelected reaches of the basin. lichatowich and
Cramer (1979) showed measurement ¢f 3urvival and abundance are 1e8s
statistically sgensitive to change than measurements of <=ime and
size at important life histcry stages. Without this approacn,
research to identify changes will be trying tc focus in on a mowviag
taxget.

Othar Commenzts

3 an absence of cri
in <he Packground sections <

t:zal evaluatiorn of past research

= ~ <

Approaches and in the apsence cf prescriptions
a ) s

nder ZIxpevimentas
Ny rasearch metlo<s

arsh review and apprewval Lrocg



Page 3 Hexn:th Commenta ~n LGMS Research "'an

Tho immedinte problam s that It 13 not kncwn how well wild
migrants survive, compared *c sarlier times (4.¢. when Xa potel
collected his data or Dbefcre chen). The =remise that vyea
chinook, particularly wild migrants, suffer very high morstal
during migration to Lower Grar.ite Dam s not well supported e
£lan. The extent of overwinter morzality i1e not well documented
in the plan.

3pecific methods preascribed as rasearch priorities in the plan

e

(6.g. simultaneous releases of PIT-tagged smolts in differenc

reservoir locations) appear to favor parct:cular study designs that
have not baen critically revieswed and sancticned by the steer:xn
committee.

The NMFS survival study treposal (Iwamoto and Skalski) was nst

reviewed by the Lower Granite Migrant Survival Steering Jcmmittee
prior to submrmittal to BPA, nor has 2he Csmmittee sanceioned the
NMF3’s proposal. Therefore, the NMFS proposal should bs ¢ons:idered

1ndepandant of ¢thisg plan.
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NVEMORANDUM 3| WLDLIFE
Dat e: Novenber 17, 1992
To: Bill Miir (NWS- Cook)
From R Boyce’"@?'
Re: Commrents on "Research Plan to determine the timng,

| ocation, magnitude, and cause of mortality for
wild and hatchery chinook snolts above Lower Ganite

Dam"

| have reviewed the referenced document and am pro-riding these
coments for your consideration.

It is unclear to me what type of comments you are soliciting at
this point of Research Plan development. | was under the

i mpression that the LGVWS Steering Commttee would be providing
detailed proposals including experinental designs for comrent.
Instead, the plan is a document that identifies research needs
and devel ops alternatives and recommendati ons for devel oping
research proposals. M original understanding was that the Phase
| product from the steerindCommttee would be an experimental
protocol for addressing the two program objectives.

It appears therefore that you are probably asking for direction
on the research prl_orltg recommendati ons provi ded on Page 53 and
that is what | provide below

1. Research Priorities 1 and 2 are the highest priorities to
pursue in 1993. | would defer Priorities 3-5 until we have an

under standrng of the nagnitude of |osses.

2. | am not convinced that it is necessary at the onset to nake
absolute estimates of survival to determmne if losses are
occuringand to identify causative factors. As your agency knows
best, the prospect of PIT taggi ng | arge nunbers of additional
WIld spring/sumrer chinook in the Snake is bleak under ESA |
suggest that the LGMS attenpt to design studies utilizing
existing marking prograns to assess the relative recover

of wild and hatchery spring/sumer chinook to Lower Ganite. An,
assessnent of the relative recovery rate of wlci and hatchery ;‘7/‘;%
spring/ sumrer chinook to Lower Granite would provide an "%

2%

NG

280 SW First Averue
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Pereiard, CR 47207
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November 17, 1992
Page

i ndi cation of relative mortalities of these fish. If losses are
indicated by these studies, nore in-depth studies can be designed
to determine location (tributary, upper, md- and |ower

reservoir) and cause of mortality.

3. The study needs to be closely coordinated with simliar
studies in the Snake River, ie studies being conducted under

LSRCP. The NPT is conducting mgration studies of wild and
hat chery spring chinook in the Imaha River. And, ODFW has been
di scussing a study that would involve serial releases of hatchery

spring chinook in the Grande Ronde to determne effect of release
| ocation on survival

4. FPAC need to discuss the appropriateness of using BPA funds
for future work by the Steering Conmttee and the planned
Coordi nator under LGWS. The Steering Commttee has drafted a
plan that should gui de proposal devel opment of _

m grational /survival studies of Snake River wld spring/sunmmrer
chi nook. | understand that this subject will be further

di scussed at FPAC today.

c. FPAC
Young, N gro, Beanesderfer,
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Otfice of Columbia Riv er Coordinator
9517 Highway 99, Suie A
Vancouver, Washingion 98665

MEMORANDUM November 16, 1992

TO: Bill Muir
FROM: %;?Tuss

SUBJECT: Review >f "Research Plan 10 determine timing, location, magnitude and cause of
mortal:ty for wild and hatchery smolts above Lower Gramte Dam”

Thank you for the opportunity to review and comment on this document. In general the research
plan 1s very well done. I do have some concerns with how the stated objectives are addressed

from this point.

The plan should provide some prionity for the sued objectives. If the current plan was used
by a group proposing work there would be no direction as to what should be accomplished right
away versus what should be accomplished secondarily. This plan should not be an open ended
vehicle for funding. Again, a priority on the objectives would go a long way toward tightening
up the document and making it a useful plan for future work.

An example of this problem is the recertly received proposal by Drs. John Williams and John
Skalski. The plan has not even been reviewed and we are already being askzd to review work
to address the plan’s objectives.

I think some of this concern and confusion comes from a misunderstanding as to the very future
of project 91-017. Some agencies may think 91-017 will continue while others see 91-017
coming 0 an end and other specific proposals conducted to address the specific objectives of the

research plan.
Please call me if you have questions.

cc: FPAC
Alec Maule; Bill Neison, NFRC CRFS

Wally Steucke, CBFWA



