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ABSTRACT

The objectives of this research project are:

To determine the mathenatical relationship between spawning escapenent, parr
production, and smolt production.

Estimate carrying capacity and optimal smolt producti on.

Determ ne habitat factors relating to substrate, riparian, and channel
quality that limt natural smolt production.

Field work began in 1987 in upper Salnmon River and Crooked River (South Fork

Cearwater Rver tributary).

Maj or findings of the project to date are:

Peak arrival at Lower Ganite Dam for PIT tagged natural spring chinook
sal mon Oncorhvnchus tshawtscha smolts from upper Salnon River and Crooked
Ri ver has been later in all years studied (1988-91) than the peak of the
total spring chinook salnmon snolt run. This difference results from earlier
arrival of hatchery smolts which greatly outnunber the wild/natural snolts.
The upper Salnmon River and Crooked River natural chinook salnon snolts
arrive at Lower Ganite Dam over an extended period. Natural spring chinook
sal mon smolts from each of these drainages appears to have its own unique
arrival timng curve at Lower Granite Dam Data from the National Marine
Fi sheries Service (NWS) (Mathews et al. 1991) for other wld/natural spring
chinook salnmon stocks in the upper Snake R ver corroborate these findings.

Esti mates of spring chinook sal non egg-to-parr survival rates in headwater
streams of upper Salnon River from natural spawners and adult outplants
averaged 20.2% (range 4.6% to 32.0% over 4 years.

Estimates of upper Salnon River parr-to-smolt survival to the head of Lower
Ganite Pool during run year 1988-91 averaged 8.9% (range 6.4% to 12.3% for
chi nook salnon and averaged 13.8% (range 3.7% to 23.3% for age 2+ and ol der
steel head trout 0O. mvykiss. Run year 1989-91 estimates of Crooked River
parr-to-smolt detections to the head of Lower Ganite Pool averaged 11.4%
(range 5.2% to 23.29% for chinook salnon and averaged 29.2% (range 14.1% to
39.9% for steel head trout age 2+ and ol der.

Esti mates of upper Salnon River parr-to-smolt survival to the head of Lower
G anite Pool for age 2+ and ol der steel head trout have dropped from an
average of 21.8%in mgratory years 1988 and 1989 to an average of 5.5%in
mgratory years 1990 and 1991.

Lower Granite Dam is not very efficient at collecting sockeyel/ kokanee sal non
0. nerka smolts.

In 1991, upper Salnon River sockeye/kokanee salnon smolts and |ate
em grating chinook sal mon smolts from upper Sal non River and Crooked River
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detections to the head of Lower Ganite Pool were at a significantly higher
rate than we have observed during any other period of this study. W
believe this is a result of heavy late spring rains in 1991 which increased
flows, velocities, and turbidities through the Snake Ri ver system.

7. Sawmooth Fish Hatchery adult steelhead trout released above the weir are
have not produced a self sustaining natural population.

Q her findings:
1. On snmaller spawning streanms a total ground count just after the peak
spawning time can accurately estimate fenale chinook salnon escapenent with

an assunmed female to redd ratio of 1:1.

2. Habitat inprovement structures that trap sedinment (sill logs, K-dans, rock
weirs, etc.) can provide clean gravel that attracts chinook sal non spawners.

3.  Chinook salnpbn and steelhead trout juveniles generally key on the sane

stimuli for emgration. Storm events are the prinmary stimulus in the
spring. Sharp drops in water tenperature, noon phase, and storm events are
the primary stimuli in the fall.

4. H gher elevation (harsher wnters) streans have a higher percentage of parr

emgrate from the stream in the fall. Age 0 chinook sal non and age 2+ and
ol der steelhead trout emigrating at simlar proportions for a particular
stream

5.  The Busterback, Aturas Lake Creek, Fourth of July Creek, Chanpion Creek,
Fisher Creek, WIIlians Creek, and Beaver Creek diversions block adult
chi nook salnobn from reaching the headwater streans of the upper Sal nmon
River. W estinated two tines greater egg-~to-parr survival in these stream
as conmpared to the Salnon River below these diversions.

6. Chinook salnmon and steelhead trout juveniles from the nainstem Sal non R ver

nmove during the spring into sonme of the tributaries with irrigation
di versi ons.
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| NTRODUCTI ON

The goals of this project is to provide escapenent objectives for
wi |l d/natural anadronous stocks that wll optimze snolt production, and provide
mtigation accounting based on increases in snolt production. Qur approach to
determ ne escaperment needs for wild/natural anadronmous stocks is: (1) to estimate
egg deposition using weir counts, redd counts, and carcass surveys;, (2) use
snorkel counts and stratified random sanpling to estinmate parr abundance and egg-
to-parr survival; (3) PIT tag representative groups of parr and use PIT tag
detections at the smolt collecting danms to estimate Parr-to-snmolt survival; and
(4) use adult outplants into tributary streans to estinmate carrying capacity.
A realistic approach to mitigation accounting based on increases in snolt
production is: (1) to estimate parr production attributable to habitat projects;
(2) to quantify relationships between spawning escapenment, parr production, and
smolt production; and (3) to use snolt production as a basis for assessing
habitat inmproverent benefits.

OBJECTI VES

The objectives of this project are to determne:

1. The mathematical relationship between spawning escapenent, parr production,
and snolt production;

2. Carrying capacity and optinmal snolt production; and
3. Habitat factors relating to substrate, riparian, and channel quality that
l[imt natural snolt production.

DESCRI PTI ON OF STUDY AREA

Upper__Sal non_River

The Salnmon River originates in the Sawtooth, Snmokey, and Wiite C oud
mountains in south central ldaho (Figure 1). The upper Salnmon River (USR) study
site is the Salmon River drainage upstream of the Sawtooth Fish Hatchery weir.
Study sections are |ocated throughout the upper basin above 1,980 m el evati on.
The USR is a mmjor production area for spring chinook salnon and to a | esser
degree A-run sunmmer steelhead trout (Petrosky and Hol ubetz 1985). O her
sal monids include native rainbow trout, westslope cutthroat trout 0. clarki
lewisi, bull trout Salvelinus malma, nmountain whitefish Prosopium williansoni,
and non-native brook trout s. fontinalis (Mallet 1974).

TEXT. 91 3
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Historically, sockeye/kokanee salmon existed in all noraine |akes in the
Stanl ey Basin (Everman 1895). A remant run of sockeye/ kokanee sal nobn returns
to Redfish Lake. The outlet of Redfish Lake enters the Salnon River 2.7 km
downstream from Sawtooth Fish Hatchery. Adult sockeye/kokanee salnon have been
seen in Alturas Lake Creek (K Ball, Ildaho Department of Fish and Game (IDFQ,
personal conmunication), but an irrigation diversion that conpletely dewatersthe
creek every summer nakes adult passage to the lake unlikely (Bow es and Cochnauer
1984).

Pristine water quality and an abundance of high quality spawning gravel and
rearing habitat is present throughout much of the upper Salnon River. Discharge
of the Salnon River at the Sawtooth Fish Hatchery Wir range from lows of 1.73-
3.46 w’/s from July through April to highs of 11.2-23.3 m‘/s during May and June.
Conductivity in the upper Salnmon River drainage ranges from 37-218 mhos/cm
(Emmett  1975).

Li vestock grazing and hay production are the predoni nant uses of private
land throughout the USR basin. In localized areas, grazing within riparian zones
has degraded aquatic habitat (Petrosky and Holubetz 1985). Irrigation diversions
fromthe river and its tributaries has reduced the production potential for
chinook salnon and steelhead trout (Petrosky and Hol ubetz 1985). In an average
flow year, the Busterback diversion between Alturas Lake Creek and Pol e creek
dewaters the river for approximately 3 km from July through Septenber. The | ower
reaches of four mmjor tributary creeks in the USR (Fourth of July, Chanpion,
Fi sher, and Beaver creeks) are dewatered during the summer and early fall.

In 1982, a water user along Pole Creek converted fromflood irrigation to
overhead sprinkler irrigation, leaving nore water instream for fish passage and
rearing. In 1983, a fish screen for the Pole Creek irrigation diversion was
install ed.

The Sawtooth Fish Hatchery was constructed to mtigate for the Lower Snake
River hydroelectric danms. The hatchery program traps, spawns, and rears chinook
salmon and steelhead trout for release to the Salnmon rivers. The hatchery can
produce 2.4 mllion chinook salnon snolts per year. Eyed steel head trout eggs
are sent to other facilities for rearing. The steelhead trout smolts are
transported back to Sawtooth Fish Hatchery for release. The mitigation goal is
to release 4.5 mllion steelhead trout smolts at Sawmooth Fish Hatchery. At
| east 33% of the adult chinook sal mon and steel head trout captured at the trap
are released upstream of the hatchery to spawn naturally.

Two irrigation screen bypass pipes on the Salmon River in the Challis Valley
were selected for installation of renote PIT tag nonitors. The two diversions
sel ected for these nmonitors were S27 on the south side at river kiloneter 523,
and S29 on the north side at river kilometer 525,

The Challis Valley is a fluvial valley |ocated between sem -arid nmountain
ranges, 118-144 km downstream of the Sawtooth Fish Hatchery Weir. The Sal non
River enters the valley as a single channel and spreads out across the valley
floor in several channels and then leaves the valley as a single channel. As in
the USR area, |ivestock grazing and hay production are the nmmjor agricultural
activities in this area.
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Rock weirs have been built in the Salnon River to divert water for
irrigation. In the Challis Valley, all of the diversions of the Salnon River
have had screens installed across them to prevent fish losses. At the screens,
bypass pipes carry the fish back to the Salnon River.

Crooked River

Crooked River (CR) originates at an elevation of 2,070 m in the Cearwater
Mountains within the Nez Perce National Forest and enters the South Fork
Clearwater River at river kiloneter 94 at an elevation of 1,140 m (Figure 2).
The study area includes the entire CR drainage. Hi storical chinook sal non and
steelhead trout runs were elimnated in 1927 by the construction of Harpster Dam
on the South Fork Cearwater River. Following removal of the dam in 1962, spring
chinook salnmon and B-run sunmer steelhead trout were reestablished in CR  Other
salmonids in the CR drainage are native rainbow trout, cutthroat trout, bull
trout, mountain whitefish, and non-native brook trout (Petrosky and Hol ubetz
1986). Measured flows on CR from March 14, 1991 through May 9, 1991 ranged from
0.44-5.68 m’/s. Conductivity ranges from 29-39 umhos/cm in flowi ng sections and
38-51 umhos/em in ponds (Mann and Von Lindern 1987).

Dredge mning during the 1950s degraded habitat within the two neadow
reaches of CR  Mning in the upstream neadow resulted in a nostly straight, high
gradi ent channel. Dredge tailings in the |lower neadow forces the streaminto
long neanders with many ponds and sloughs. Juvenile trout and salmon are often
trapped in these ponds and sloughs as flows recede after spring runoff (Petrosky
and Hol ubetz 1985).

In 1984 densities of juvenile chinook salnmon and steelhead trout in the two
nmeadow reaches were lower than typical for other |daho streans (Petrosky and
Hol ubetz 1985). Densities of chinook salmon parr in the pools and high velocity
sections were simlar to each other. The lack of a relationship between chinook
salmon parr density and habitat type indicates that CR was under seeded in 1984.
Habitat inprovement work was initiated in 1984. A series of log structures, rock
and boul der deflectors, organic debris structures, and |oose rock weirs were
built in the upper neadow stream section. Streanbanks were stabilized and
revegetated, an off-channel pond was connected with a side channel, and a cul vert
bl ocking adult passage was renoved (Hair and Stowell 1986). Recent efforts have
concentrated on connecting additional ponds in the dredge tailings to the main
channel and devel opi ng side channels to provide continuous water supply during
low flow periods.
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METHODS

Physi cal Habi t at

Physi cal habitat surveys were conducted using the I|daho ocular nethod
(Petrosky and Holubetz 1987). For each study section, transects are established
at 10 mintervals. Stream width is neasured at each transect. Depth, velocity,
substrate conposition, enbeddedness, and habitat type (ie. pool, run, riffle,
pocket water, or backwater as described by Shepard [1983]) are neasured or
determined at the one-quarter, one-half, and three-quarter wdths of each stream
transect. Proportions of sand (O-O5 cm dianeter), gravel (>0.5-7.4 <cn), rubble
(>7.5-30.4 cnm), boulder (>30.4 cnm), and bedrock that conprise the substrate are
estimated visually. Enbeddedness (the proportion of surface area of gravel,
rubble, and boul der surrounded by sand) is estimated in 5% intervals from 0% to
100% Stream gradient is measured with a surveyor's transit and stadia rod.
Stream channel type is classified according to Rosgen (1985). For future
nmeasurenents and reference, all sections were flagged and photographed.

During 1991, in the USR study area, a physical habitat survey was conducted
on one study site, and in the CR study area, physical habitat surveys were
conducted on six study sites. Project data have been entered into the |IDFG
physical habitat database (Rich et al. 1992).

Adult Escapenent, Redd Counts, and Potential Egg Deposition

Adul t Escapenent

Escapenments for adult chinook salnmon and steelhead trout in the USR
consisted of fish that were collected in the hatchery trap and then rel eased
directly upstream ortransportedto specific outplant sites and released to spawn
naturally (Al sager 1991). Adult chinook salnmon escapenment into CR was obtained
from CR adult collection facility records (MGehee 1991). Escapenents for adult
steel head trout in CR were obtained from trap records (Kiefer and Forster 1991)
and from known Dworshak National Fish Hatchery returns outplanted into CR (Ralph
Roseberg, personal conmunication).

Qutplants of adult chinook salmon and steelhead trout are used to estimate
egg-to-Parr survival at higher seeding levels than are achieved naturally with
current depressed status of adult returns. Annual seeding levels for these
outplants were based upon projected adult returns and seeding levels needed for
eval uati on. The selection of sites for adult outplants were based on habitat
suitability and the absence of natural reproduction as determ ned by past ground
redd counts. Picket weirs are used to block adults into the outplant sites.
Spawni ng activity in adult outplant sites were nonitored on alternate days.
Carcasses were neasured (fork length) and cut open to confirm sex and determ ne
conpl et eness of spawni ng.
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For USR in 1991, five pair of adult steelhead trout were outplanted into
Pole Creek, and 13 female and 24 nale adult chinook salnon were outplanted into
Frenchman Creek. For CR in 1991, 15 adult chinook salnon (4 fermales, 9 nmales,
and 2 jacks) were outplanted into Relief Creek, and 516 female and 260 nale adult
steel head trout from Dworshak National Fish Hatchery were released into the
mai nstem CR

Redd Counts

Annual Trend counts for chinook salmon redds have been conducted by regional
fisheries personnel since 1957 for USR and 1974 for CR (Hassemer 1993a). The
trend count for the USR was a one-day peak count by helicopter on Septenber 5,
1991, that covered the entire probable spawning area. The trend count for CR was
not conducted in 1991 because only one fermale and three male adult chinook sal non
were released to spawn naturally and we had al ready observed the redd nmade by
this female.

In addition to the aerial trend count, project personnel conducted a one-day
ground redd count of the entire probable chinook sal nbn spawni ng areas of USR
just after the historic peak of spawning. This ground count was conducted to
better estimate potential egg deposition in our study area, to check the accuracy
of aerial redd counts, and to validate redd counts as an estimator of escapenent
in streams without adult traps. W used the nethodologies outlined in the |DFG
Redd Count Manual (Hassener 1993b in progress). The 1991 ground count on the USR
was conducted on Septenber 4, and the data is reported in Hassemer 1993a. All
carcasses which were found were neasured (fork length and m d-eye to hypural
l ength) and cut open to confirm sex and conpl et eness of spawning. No chi nook
salnon redd ground count of the total probable spawning area was conducted in CR
in 1991. The reason we did not conduct this redd count was that only one fenale
and three males were rel eased above the weir, and a single redd was observed
prior to the scheduled redd count.

To evaluate the spawning success and potential egg deposition of steelhead
trout, helicopter redd counts were conducted in both study areas and ground
counts were conducted in the upper nmeadow section of CR On May 14, 1991 the
hel i copter count was conducted on the USR from Sawtooth Fish Hatchery weir to
Frenchman Creek. In CR, the two meadow sections were counted by helicopter on
May 15, 1991. The first CR steel head ground redd count was conducted on April
30 and May 1, 1991. The second count was conducted on May 25, 1991. For the
st eel head trout ground redd counts we followed the sanme net hodol ogi es used for
chinook salnmon redd counts described above.

Potential Egg Deposition

The nunber of female chinook salnon and steelhead trout spawning in the USR
was estimated as the nunber of fermales released above the Sawtooth Fish Hatchery
weir multiplied by pre-spawning survival observed at Sawtooth Fish Hatchery
(0.936 for chinook salmon, 0.98 for steelhead trout; Al sager 1991). Egg
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deposition was estimated as the nunber of fermale spawners multiplied by the
average fecundity (5,193 eggs/femal e for chinook sal non, 4,019 eggs/fenale for
steel head trout Al sager 1991).

The potential egg deposition for chinook sal non and steel head trout in CR
was estimated with different nmethods in 1991. Only one fenale chinook sal non was
known to spawn naturally in CR outside of our adult outplant site in Relief
Creek. Three females spawned in our Relief Creek site, and we estimted average
egg retention for these females. W used the average chinook sal non fecundity
(4,400 eggs/female) from the nearby Red River trapping facility (MGehee 1991),
the average egg retention, and the nunber of spawners to estimate chinook sal non
potential egg deposition in CR The nunber of fenale steel head trout spawning
in CR was estimated as the nunber of fenales released above the weir or
out pl anted from Dworshak National Fish Hatchery nultiplied by pre-spawning
survival estimated by our carcass surveys. Egg deposition was estimated as the
nunber of female spawners nultiplied by (the average fecundity observed at
Dworshak National Fish Hatchery nminus the average egg retention observed during
our carcass surveys). In 1991, steelhead trout fecundity for steelhead trout at
Dworshak National Fish Hatchery was 7,115 eggs/fenmale (Ralph Roseberg, personal
comuni cati on).

Parr _Abundance

Parr abundance by species and age class was estimated by snorkeling through
establ i shed sections (Petrosky and Holubetz 1985). Surveys were conducted in 35
sections on CR during June 26-30, 1991, and in 88 sections on the USR during July
10- 16, 1991. Total abundance of steelhead trout and chinook sal nbon parr were
estimated by stratified sanpling (Schaeffer et. al. 1979).

For this stratified sanpling method of estinmating parr abundance, we divided
each study area into several strata. The decision on where to separate the
strata was based upon stream habitat, with each stratum having a sinmilar habitat
type. V€ then randonly selected several study sections approximtely 100 min
length within each stratum Snorkel counts were then conducted in July wth
enough snorkel ers noving upstream parallel to each other in order to see the
entire stream width. |Immediately after a site was snorkeled its total length and
five widths were measured. From t hese neasurenents the surface area of the
section snorkeled was estinated and the parr densities (nunber of fish of a
particul ar species and age group per 100> n) were estimated. A topographical nmap
and digitizer was used to estimate each stratum length. The total surface area
of the stratum was estimated by multiplying the stratum | ength by the average
widths of the study sections sanpled. By using the sanple section densities as
estimates of the total stratumdensity and the estinmate of the stratum surface
area, we then estimated for each stratum the abundance of each species and age
group with a nean and confidence interval. The individual stratum abundance and
variance estimates for each species and age group were added and an overall
estimte of abundance and a confidence interval were calculated for the entire
study area. W set alpha equal to 0.10.
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In addition to our regular snorkel sections, we estimated total parr
abundance for the 1990 adult outplant sites. For each outplant site, we
established three strata and six sections, extending from 1.0 km above to 2.0 km
below the outplant site. These strata were based upon distance from the outplant
site. The abundance of parr produced from these outplants was estimated in the
sane way as overall study area abundance.

PIT Taqging

Chi nook salnon and steel head trout parr were PIT tagged in their sunmer
rearing areas in order for us to estimated Parr-to-snolt survival and snolt
producti on. In 1991, we PIT tagged in CR during July 24 - 31, and in USR during
August 7-15. Additional parr and pre-smolts were collected and Pl T-tagged during
the fall and spring enmigration trapping operations (see emigration trapping
sections).

Depending on site suitability and species available, we collected fish for
PI T-tagging with a Smth-Root nodel 12 electrofisher or with a m nnow seine.
Seines were primarily used to sanple pools for chinook salnmon parr and the
el ectrofisher was used to sanple riffles for steelhead trout Parr. The
el ectrofisher was operated with a 30.5 cm di aneter anode ring on a 2.0 m pol e,
2.4 mrat-tail cathode, voltage setting between 200 and 400 V DC, and pul se rates
of 90 cycles/s when fishing primarily for chinook sal mon and 30 cycl es/s when
fishing for steelhead trout. Conductivity in the USR drai nage ranges from 37
pmhos/cm to 218 umhos/em (Emett 1975). The conductivity in CR ranges from 35
umhos/cm to 50 wmhos/cm (Mann and Von Lindern 1987).

Taggi ng procedures included anesthetizing fish with M5-222 and injecting PIT
tags into the body cavity using a 12-gauge hypodermc needle and nodified
syringe. The needle was oriented anteriorly to posteriorly and inserted just off
the mid-ventral |ine about |/4 of the distance between the tip of the pectoral
fin and the pelvic girdle. Inmediately after the needle entered the body cavity,
it was rotated to change the angle so the bevel of the needle nmade contact wth
the inner surface of the body wall. The tag was then inserted.

After each tag was inserted, tag presence was confirmed using a hand-held
detection and decoding device. Fork length was measured to the nearest 1 nm on
all fish that were PIT-tagged and all fish that were too small to tag (<55 mm).
On most of the fish tagged, fish weight was measured on a Port-O G am balance to
the nearest 0.1 g. W summarized |l ength data by |ocation for both chinook and
steel head. Perforated 5 X 4 m plastic tote boxes were used to hold fish before
tagging, during reccvery, and for 24-hour delayed nortality tests.

A hand-held PIT tag detector was used to detect and send the tag codes to
a battery powered |aptop conputer. The laptop computer used a program supplied
by NMFS to organi ze tag codes and associated data into tag files. Copi es and
print outs of these tag files were nade daily.

To determine a 24 h del ayed mortality and tag loss for all tagged fish, we
conducted tests on chinook salnon and steelhead trout in both study areas. Fish
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were held 24 h in perforated plastic tote boxes in the stream sections they were
tagged in. After the 24 h holding period all fish were scanned to confirmtag
presence and then released. Tags were retrieved from any nortalities.

Enigration Trapping

To better estinmate snolt production and determ nenigration characteristics,
we nonitored the fall and spring enigrations, and PIT tagged juvenile anadronous
fish captured during this nonitoring. W used floating scoop traps equipped with
a 1.0 mwide inclined traveling screen (Mdwest Fabrications Inc., Corvallis,
Oregon). The USR trap was located directly below the permanent weir at Sawtooth
Fish Hatchery. Water was funneled to the trap froma 3.1 mw de bay of the weir.
The funnel was constructed of a picket weir with 3.8 cm spaces that acted as a
louver. To evaluate the spring 1991 (chinook brood year [BY] 1989) enigration,
the trap was operated continuously (except for breakdowns) from March 7 to
May 31, 1991. To evaluate fall emigration (BY 1990) the trap was operated from
August 16 to Cctober 31, 1991.

Oh CR the trap was located 0.2 km above the nmouth of CR about 20 m bel ow
the adult trapping weir. A rock weir was installed in 1990 to funnel fish to the
trap. To evaluate the spring emigration, the trap operated from March 14 to
June 5, 1991. Ice flows, high water, and mechanical problems caused the trap to
be out of operation on May 20 and May 25. On May 8 and 9, during daylight hours,
the trap was shut down for repairs. Due to dangerous water conditions, the trap
was repositioned on April 4, 6, and 7 and May 26 and 29. For the fall 1991
em gration, the trap was operated from August 23 to Novenber 16. The trap was
shut down for repairs on August 25, 26, 27, 29, and 30.

The total emgration estimates are the sum of each daily estimate. Dai l y
estimtes are the product of daily trap efficiencies multiplied by daily trap
catches. Trap efficiencies were calculated by releasing the PIT tagged juveniles
captured by the trap, 0.5 km back upstream at twilight of the day of their
initial capture. Trap efficiencies were estimated for several ranges of flows
in a particular enmigration season. Since naturally produced steelhead trout parr
numbers in the USR were |low, we conbined the hatchery steelhead trout parr from
the fall 1990 fry outplants with the naturally produced steelhead trout parr to
obtain a better estimate of steel head trout trapping efficiency. We used the
length frequency of the steelhead trout juvenile catch to estimate age
conposition of the total enigration.

Survival Rates

To estimate survival to the head of Lower Granite Pool we used PIT tag
detections at the Lower Snake and Colunbia River dans. W PIT tagged
representative groups of parr from our parr population estimate areas. \W then
conpare the detection rates of these PIT tag groups at the |ower Snhake River and
Columbia River smolt collection facilities with the detections for fish PIT
tagged at the head of Lower Ganite Pool (Buettner and Nelson 1991). W assuned
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that both groups are detected at the dans at the same rate, and that both groups
suffer the same tagging and migration nortality through Lower Ganite Reservoir.
To make this estimate we used the follow ng equation:

PTDysg / PTDiGR pot = SLGR pool (1)
Wher e:
PTDysx = proportion of the USR PI T-tagged parr
and emigrants detected at LGR dam

PTDi6k ot = Proportion of LGR pool PIT-tagged
snolts detected at LGR dam

Ster pt = the proportion of the USR PIT-tagged
fish surviving to head of LGR pool.

W multiply this estimate of the proportion of PIT tagged parr and enigrants

surviving to the head of Lower Granite Pool by the parr population estimate to
get the estimate of snolts surviving to the head of Lower Ganite Pool.

Del aved Mortality Study

W initiated a two-nonth study to asses the delayed nortality of PIT tagged
natural chinook salmon parr in a natural stream environment. On August 14, 1991,
a 200 m section of a side channel of the Salmon Ri ver was screened to prevent
fish novement. The stream section was seined and electrofished and 412 chinook
salnon parr collected. Two hundred forty-two of these chinook sal mon were PIT
tagged and upper caudal clipped. The remaining 170 were |ower caudal clipped.
Al 412 were held for 24-h nortality test and returned to the screened stream
section. Before the fish were returned to the stream a snorkel count was
conducted and an additional 275 chinook salnmon parr were counted in the section.
On Cctober 30, 1991, the side channel was electrofished three times to deternine
survival anmong groups, and 298 chinook salnmon pre-snolts were collected.

Renote Mnitors

During fall 1991, we conducted a pilot study to determine the feasibility
of using remote PIT tag nonitors on irrigation diversion screen bypass pipes.
The hypothesized utility of these renmote PIT tag nonitors is that they can help
determ ne where the fall emgrants from USR are overw ntering and USR snolt
mgration and survival rates. On August 29, 1991 (for S29) and Septenber 3, 1991
(for s27), in the Challis, ldaho area, PIT tag renote nonitors were installed on
two irrigation diversion screen bypass pipes. The monitors consist of two parts.
One part is a nmetal housing unit with a 1.2 mlong 10 cm dianmeter PVC pipe

running through it. Surrounding the pipe are detector loops and exciter cards.
The other part is a housing unit that contains a PIT tag recorder, a conputer to
store the data, and a 12 volt battery to provide 24 hours of operation. The

battery was changed on a daily basis.
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When a PIT tagged fish is detected by the nonitor, the tagcode, date, and
time is recorded on a daily conmputer file.

Bypass nonitor efficiencies were tested by attaching PIT tags to floating
material and passing them through the bypass pipes. |In addition, PIT tagged fish
were released into the Salnon River above the diversions and in each diversion.

The nonitors were operated until the irrigation diversions were closed for
the winter season (Cctober 13, 1991 for 529 and Cctober 25, 1991 for S27).

RESULTS

Upper Sal non River

Physi cal Habit at

Physi cal habitat data for 1991 have been entered into the |IDFG physical
habitat data base. The managenent of this data base is reported in the Idaho
Habitat Evaluation for Of-Site Mtigation Record 1991 annual report (Rich et al.
1993 in progress).

Adul t Escapenent, Redd Counts, and Egg Deposition

In 1991, 201 (81 fermmles) of the 498 adult chinook sal non captured at the
Sawt ooth Fish Hatchery adult trap were released above the weir to spawn naturally
(Table 1). In addition, 37 (13 fenmles) adult chinook sal non were transported
to the Frenchman Creek outplant site.

A total of 57 chinook sal mon redds were observed by ground counts, and 46
by helicopter counts in the entire probable natural spawning areas (Table 1).
An additional, 10 redds were counted from the ground in our supplenmentation
section which was not counted from the air. In 1991, 81 (10 fermles) of the 261
adult steelhead returning to Sawtooth Fish Hatchery weir were released above the
weir to spawn naturally (Table 2). On May 14, 1991, 15 steel head trout redds
were observed from a helicopter during counts on USR from the Sawtooth Fish
Hat chery Weir to Pole Creek. In addition, five pair of the adults were
out planted i nto upper Pole Creek. Upper Pole Creek is not counted during the
heli copter redd count.

In the Pole Creek adult steel head trout outplant section, we observed two
redds during our ground counts. We found pieces of adult steelhead trout
carcasses associated with bear sign, but not conplete fenmale carcasses to check
for egg retention.

TEXT. 91 14



Table 1. Adult escaperment, redd counts, and estinmate of eggs deposited (in
thousands) for Upper Salnon R ver chinook salnon, BY 1986-91.

Brood Year

1986 1987 1988 1989 1990 1991
Tot al
escapenent 876 506 552 470b 615 238
Femal e
escapenment 248 252 275 73b 167 94
Hel i copt er
redd count 105 124 76 52 60 46
Ground
redd count 261 123 100 67

s Per

'f:'ggal e 5, 156 5, 399 5, 653 5, 456 4,501 5,192
Estimated .
eggs deposited 1,278.7 1, 360.5 1,554.5 671.1 450. 1 347.9

¢ Nunmber i s average eggs/femal e observed at Sawt ooth Fi sh Hatchery.

b Portions of the Sawtooth Fish Hatchery weir were pulled due to high water
and uncounted fish probably passed the weir.
Chi nook escapenent above Sawtooth Fish Hatchery was reduced by at |east 65
fish due to rotenone Kill.

Total escaperment, fermale escapenent, and eggs/fermale data are from Sawtooth Fish
Hatchery brood year reports. Redd count data are from Idaho Departnent of Fish
and Ganme redd count reports.
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Table 2. Adult steel head trout escapenent, redd counts,

and estimate of eggs

deposited (in thousands) for Upper Salnon River, BY 1986-91.
Brood Year
1986 1987 1988 1989 1990 1991

Tot al
escapemnment 1, 956 979 635 378 528 91
Femal e
escapenment 322 383 136 157 219 15
Hel i copter redd
counts;
mai nst r eam 56 15
G ound redd
counts;
tributaries 4 2

P
AR E°T 4,468 4,854 5, 069 5, 637 4,734 4,019
Estimated
eggs deposited 1,438.7 1,859.0 689. 3 885.0 1,036.7 60. 3

Total escapenent, fermale escapenent, and eggs/female data are from Sawtooth Fish

Hat chery brood year reports.
and Ganme redd count reports.

TABLE- 2. 91
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Potential egg depositions in USR for BY 1991 for adults released above the
hatchery weir to spawn naturally were, 347,900 chinook sal non eggs and 60, 300
steel head trout eggs. |In addition, we estimated 51,920 chinook salnmon eggs were
deposited in our adult outplant study sites.

Adult Qutplants

In 1991, a total of 37 (13 female) adult chinook salnon, and 5 pair adult
steel head trout were outplanted into the USR (Table 3 & 4) (A sager 1991).

Estimated abundance of chinook salnmon parr produced from the 40 fenale adult
chi nook salnon outplanted in 1990 was 18,214 + 18,582 (a = 0.05).

Parr Abundance

Estimates for total parr abundance from snorkel counts in the USR during
sumer 1991 were: 30,589 i 18,894 (a = 0.05) age 0 chinook salnon; 1,359 f 475
age |+ steelhead trout; and 703 f 604 age 2+ steelhead trout. The age O chinook
sal mon popul ati on estimate was the second |owest observed since we began
intensive evaluation in 1987 (Table 5). Densities of both age |+ and 2+
steel head trout were anmong the |owest observed by this project (Tables 6 and 7),
and the population estinmates for these steelhead trout age groups were both the
| owest cal cul at ed.

PIT Tagging

W PIT-tagged 1,996 chinook salnmon parr and 435 steelhead trout parr in USR
during August 1991 (Table 8). These nunbers were bel ow our goals of 2,500
chinook salnon and 900 steelhead trout, and reflects the low densities of Parr.
During August, we also PIT tagged 100 hatchery steel head trout parr that were
fromthe 1990 fall parr outplants. Col I ecting, tagging, and 24-hour del ayed
nortalities for August PIT tagging totaled 0. 7% for chinook trout and 1.6% for
steel head trout Parr.

In addition to our August PIT tagging we also tagged and rel eased 405
chi nook salnon parr of unknown origin, 97 hatchery steelhead trout Parr, and 20
natural steelhead trout parr for efficiency tests on our renote PIT tag nonitors
in Challis. During Cctober, to conplete our delayed nortality study we also PIT
tagged 451 natural chinook salnon Parr, 51 natural steelhead trout Parr, and 16
hat chery steel head trout Parr.

In general, the chinook salnon parr resulting from adult outplants were
smal |l er than chinook salmon parr from natural spawners (Table 8).
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Table 3. Upper Salnon River chinook salnon supplenentation, summary by BY

1986-91.
Brood Year
1986 1987 1988 1989 1990 1991
Adult fenales 0 6 30 9 40 13
Eyed Eggs 0 28, 000 56, 530 0 0 0
Fry 0 48,000 326,000 0 0 0
Fall Parr 0 43, 000 0 2, 000 0

Table 4. Upper Salnmon River steelhead trout supplementation in thousands
(except for adults), summary by BY 1986-91.

Brood Year
1986 1987 1988 1989 1990 1991
Adult Fenal es 1, 055 0 83 0 114 5
Fry 832. 4 678.6 537.7 361.0 0 0
Fall parr 0 0 0 0 311.1 0

TABLE 3&4.91
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Table 5. Density (fish/100 m?) of age O chinook salnmon in the upper Sal mon
R ver during July, 1987 to 1991.
Stratum 1987 1988 1989 1990 1991
Sal mon R ver
3,4 7.0 13.8 9.7 0.4 2.5
5,6 0.3 4.1 3.6 0.1 0.1
7 20. 3 13.3 32.9 3.2 0.1
8 10.3 3.9 0.6 0 0
9 7.4 1.4 2.6 7.1 0
10 0.1 0 32.0 9.8 0
Sal mon  River
side channel s
3,4 16.0 24.6 1.0 5.2
5,6 17.9 0.6 1.2 0
7 16.1 85.7 4.7 0
8,9,i0 6.8 1.7 0 0
Pole Creek
1 25.7 2.0 0.9 0 0
2 2.9 4.3 11.2 0.3 0.1
3 0 0.1 55.8 12.6 5.0
4 0 0 0.3 0 0
5 0 0 0
Al turas Lake Creek
1 18.3 8.6 20. 3 1.9 0.3
2 0.6 0.9 2.5 0.4 0
3 0.1 0 7.7 0.1 0
Snmiley Creek
1 35.2 6.9 14.1 0.3 0
2 1.1 13.5 23.4 0 0.3
Beaver Creek
1 2.1 0.4 0 0
2- 0.4 20.8 0.1 0
Frenchman Creek
1 0 0.6 4.0 0.4 0.3
2 0 41. 4 109.5 10. 2 87.9
Huckl eberry Creek
1 0.2
2 0.2
Gol d Creek
1 30.2
4t h of July Creek
1 0
2 0
Yel | owbel |y Creek
1 0
Pettit Lake Creek
1 0]
Chanpi on Creek
1 0

TABLE-5. 91
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Table 6. Density (fish/100m*) of age 1+ steelhead trout parr in the upper
Sal mon River during July, 1987 to 1991.

Stratum 1987 1988 1989 1990 1991

Sal mon  River

3, 4 0.1 0.2 <0.1 co.1 0.1
5, 6 co.1 0.1 0 0 <0.1
7 0.7 0.4 0.2 0.3 0.5
8 0.4 0.4 0 0 0
9 a.5 2.8 2.6 4.5 0.1
10 7.3 3.5 8.4 4.5 0.1
Sal mon  River
side channels
3, 4 0.6 0.2 0.2 0.1
5, 6 0 0 0 0
7 0 0 0 0
8, 9, 10 0.3 0 0 0.2
Pol e Creek
1 3.0 2.1 0.1 0.2 0.2
2 5.1 0 0.5 0.3 1.0
3 0 0 0.3 0.2 0.2
4 1.3 4.8 0.8 0 0
5 0 0 0 0 0
Al turas Lake Creek
1 0.8 0.6 0.1 <0.1 co.1
2 0.9 0.4 0 <0.1 0
3 0 0.1 0.1 0.1 0
Smiley Creek
1 0.2 0 0.5 0.5 0.1
2 0 0.2 0.1 0 0
Beaver Creek
1 0.5 0.1 0.6 0.3
2 0.2 0 2.0 0
Frenchman Creek
1 1.8 0 1.5 2.6 0
2 0 0.1 0 0 0
Huckl eberry Creek
1 0
2 0.5
Gold Creek
1 0
4t h of July Creek
1 0.7
2 0.4
Yel | owbel |y Creek
1 0.1
Petit Lake Creek
1 0.4
Chanpi on Creek
1 0
TABLE_6.91
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Table 7. Density (fish/100 m?) of age 2+ steelhead trout parr in the upper
Sal nron River during July, 1987 to 1991.

Stratum 1987 1988 1989 1990 1991
Sal mon  River
3, 4 <0.1 co.1 0.1 <0.1 <0.1
5 6 <0.1 <0.1 0 0 0
7 0 0.1 0.2 0.1 0.3
8 0.2 0.1 0.7 0 0
9 2.1 0.8 0.9 0.4 0.1
10 2.4 2.9 4.4 0.5 0.2
Sal mon  River
side channel s
3, 4 0 0.2 0 0.1
5, 6 0 0 0 0
7 0 0.4 1.2 0.2
8, 9, 10 0 0 0 0.1
Pol e Creek
1 1.2 0.6 0.1 0 0
2 1.6 0 0.3 0 0.1
3 0.1 0 1.2 0.1 0
4 1.3 0.5 0.9 0.2 0
5 0.1 0.7 0 0 0
Al turas Lake Creek
1 <0.1 co.1l 0.1 <0.1 0
2 0.5 0.3 0.1 0 0
3 0 0.1 0.1 0.1 0
Smiley Creek
1 0.6 0 0.6 0.3 0
2 <0.1 co.1 <0.1 0.1 0
Beaver Creek
1 0 0.1 0.4 0
2 co.1 0 0.3 0
Frenchman Creek
1 2.2 0.6 2.3 1.0 0
2 0 0.1 0.1 0 0
Huckl eberry Creek
1 0.2
2 0.3
CGol d Creek
1 0
2 0
4t h of July Creek
1 0.2
2 0
Yel | owbel Iy Creek
1 0.4
Petit Lake Creek
1 0.3
Chanpi on Creek
1 0
TABLE _7.91
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Table 8. Mean fork lengths (mm) of PIT tagged parr from upper Salnon River,

August  1991.
Chi nook Nunber Chi nook Nunber St eel head
outplant chi nook aver age st eel head aver age
Tag Site met hod neasur ed | ensth neasur ed | enat h

SALR- 3HSC Nat ur al 242 75 33 82
SALR- 3SA Nat ur al 170 73 8 100
SALR- 3BRB Nat ur al 353 79 5 99
SALR- 4BRB Nat ur al 295 79 20 119
SALR-9 Nat ur al 3 70 62 138
SALR- 10 Nat ur al 0 0 40 168
HUCKLC Nat ur al 183 72 18 139
4JULYC Nat ur al 16 80 206 109
ALTULC Nat ur al 155 76 2 176
POLEC Nat ur al 6 69 40 154
FRENCC Adul t 573 60 1 126
Tot al Adul t 573 60 1
Tot al Nat ur al 1, 423 75 434
G and Total 1,996 73 435 122
TABLE _8.91
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The del ayed nortality study we conducted from August to Cctober showed no
di fference of PIT tagged chinook salnon parr than fin clipped chinook sal non
Parr. Of the 242 chinook salnmon parr we PIT tagged, we recaptured 57 (23.6%,
and of the 170 lower caudal clipped chinook salnon Parr, we recaptured 34 (20%.
One of the 57 PIT tagged fish had a broken tag in it that was no |onger working.
We found marked fish outside of our delayed nortality study section indicating
our weirs did not block parr movement. The conpari son between marked and un-
handl ed chinook salmon parr portion of the study was conpronised.

Spring 1991 Emigration Trapping

We captured 434 chinook salnmon snmolts with an estimated overall trapping
efficiency of 16.3% and 164 steelhead trout juveniles with an overall estimated
trapping efficiency of 6.3% during spring 1991. W estimated total spring 1991
USR emigrations of 2,663 chinook salnmon smolts and 2,603 steelhead trout
juveniles. We al so captured 149 emigrating sockeye/ kokanee snolts juvenil es,
presunmably from Alturas Lake (Figure 3). We assumed that these fish were
captured by our trap with the same trap efficiency as chinook salnmn snolts
during this period (16.3%, and estimated a total emgration of 914,

Estimated age conposition of steelhead trout emgrants was 53.7% (1,398) age
1, 11.7% (305) age 2, and 34.6% (901) age 3 and ol der. Usi ng summer 1990 parr
abundance estinmates (Kiefer and Forster 1991), we estimated that 18.7% of the
chinook salmon Parr, 7.4% of age |+ steelhead trout Parr, and 68.7% of age 2+ and
ol der steelhead trout parr enmigrated in spring 1991.

Fall 1991 Enigration Trapping

W captured 806 chinook salnon parr with an overall trapping efficiency of
10.4% and 58 natural steelhead trout with an overall trapping efficiency of
14.1% during fall 1991. W estimated total fall 1991 USR enigrations of 7,750
chinook salnmon parr and 411 steel head trout Parr. Esti mated age conposition of
steel head trout emigrants were 21% (86) age 0, 7% (29) age |+ and 72% (296) age
2+ and ol der. The estimted percentages of sunmer parr popul ations that
emgrated in the fall were 25.3% for chinook salmon, 2.1% for age |+ steel head
trout, and 42.1% age 2+ steelhead trout. In fall 1991, both chinook salmon and
steel head trout parr peak emgrations were simlar (Figure 4).

During fall 1931, we also captured and PIT tagged 41 adi pose fin-clipped
hat chery steel head trout parr fromthe outplant of 304,907 age 0 parr rel eased
into the USR on Cctober 5, 10, and 17, 1990. W estimated that 291 of these
hatchery steelhead trout parr emigrated in fall 1991. Thus, 41% of the fall 1991
st eel head trout age 2+ and ol der emi grants were hatchery fish.
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Figure 3. Spring 1991 upper Salmon River chinook salmon, steelhead trout, and
sockeye/kokanee salmon emigration timing (3-day moving average).
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Figure 4. Fall 1991 upper Salmon River chinook salmon and steelhead trout emigration timing
(3-day moving average).
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Renote PIT Tag Monitors

On Cctober 9, 1991, 524 fish (407 naturally produced chinook sal non, 97
hatchery chinook salnmon, and 20 naturally produced steelhead trout) were
collected with seines and PIT tagged fromthe two diversion canals in which we
had installed the renote nonitors. One hundred five fish (79 naturally produced
chinook salnon, 20 hatchery chinook salnmon, and 6 naturally produced steel head
trout), were released into the south side diversion canal (S27). One hundred
seven fish (77 naturally produced chinook salnon, 26 hatchery chinook sal non, and
4 naturally produced steelhead trout), were released into the north side
di version canal (S29). The remai ning three hundred twelve fish (251 naturally
produced chinook salnmon, 51 hatchery chinook salnon, and 10 steel headtrout) were
released into the Salmn River upstream of the nonitors.

The nonitor in the North side irrigation diversion (S29) detected 62% (66
of 107) PIT tagged fish released into that diversion. The South side nonitor
(527) was out of operation during a period of time that we would have expected
a significant proportion of the efficiency test fish to move through the bypass,
and we were unable to directly estinmate the efficiency of this nonitor. Bot h
nonitors had detected simlar proportions of the tagged fish released into their
respective canals (48% for S27 and 53% for S29) during the period of tine after
the efficiency test fish were rel eased and before the S27 nonitor was shorted
out.

W inadvertently released the in-river test group below the intakes to the
upper (S29) diversion, and none of these fish were detected by this nonitor.
Twenty-two of the 312 PIT tagged fish from the in-river release group were
detected by the S27 nonitor while it was working. N neteen of the 70 PIT tagged
fish (27% detected by the upstream (S29) nonitor while both nonitors were
operating were also detected by the downstream (527) nonitor.

The nonitors detected six chinook salmon and four steelhead trout parr that
were originally captured and PIT tagged at our USR emigrant trap during fall
1991. Two of the six chinook salnmon that were detected were originally tagged
at our USR trap before September 1, and they took an average of 56 d to get to
Challis. The four chinook salnon tagged at our USR trap after Septenber 1 took
and average of 4.25 d to get to Challis. The four steelhead trout parr took an
average of 7.75 d to get to Challis. On Septenber 19, 1991 Sawtooth Fish
Hat chery made a release 1,500 PIT tagged chi nook sal non pre-snolts, and three
(0.2% were detected by our nonitors in Challis. These three hatchery chinook
sal non took an average of 23.3 d to get to Challis. In addition, these nmonitors
detected 14 chinook out of a total release of 976 (1.4% originally tagged and
rel eased during August 1991 in the East Fork Salnon River drainage (Steve Achord,
NMFS personal communi cati ons). None of 969 chi nook sal non parr PIT tagged and
released in Valley Creek during August by Achord's NMFS crew or the chinook
salmon and steelhead trout parr we PIT tagged in USR were detected.
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Dam Detections

A significant negative correlation was found for USR chi nook sal non and
steel head trout snolt enmigration date and travel tine to Lower Granite Dam
(Figure 5). Steelhead trout snolts had a lower travel tine for a given release
dat e. Mean travel tinme to Lower Granite Dam was estimated to be 46.2 +5.4 d
(alpha = 0.10) for 73 chinook salnmon, 25.1 + 7.8 d (alpha = 0.10) for 10
st eel head trout, and 10.9 * 2.3 d (alpha = 0.10) for 10 sockeye/ kokanee sal non.

The conbined PIT tag detection rates at the Lower Snake and Colunbia River
smolt collecting dams for the spring 1991 USR smolts were 27.0% for chinook
sal mon, 56.8% for sockeye/ kokanee salrmon, and 21.4% for age 3 and ol der steel head

trout. For the fall 1990 USR enigrants, the detection rates were 9.5% for
chinook salnmon and 6.1% for age 2+ and ol der steelhead trout. Detection data for
the August 1990 PIT-tagged parr were summed by strata (Table 9). Overall, the

smolt collecting dans detected 4.7% of the PIT-tagged chinook salnon and 3.1% of
the age 2+ and ol der steelhead trout parr from the August 1990 taggi ng. The
conbined PIT tag detection rates for the snoblts tagged at the Snake River trap
in 1991 were 68.2% for all chinook sal non and 83.3% for wild\natural steel head
trout (Buettner and Nelson 1991).

Lower Ganite Dam is not as efficient at collecting sockeye/ kokanee sal non
snolts as Little Goose Dam In spring 1991, Lower Ganite Dam detected 10 of the
37 (27.0% sockeye/kokanee salmon smolts we PIT tagged and rel eased from Redfish
Lake Creek, and Little Goose Dam detected 11 of the 37 (29.7%. Since the smolts
collected at Lower Ganite Dam are transported, for Little Goose dam to collect
virtually identical nunbers indicates that Little Goose dam is nore efficient at
col l ecting sockeye/ kokanee sal non snolts.

In spring 1991, no USR chinook salnon snolt length group had a significantly
different PIT tag detection rate (a = 0.05) than the other Ilength groups
(Table 10). Those steelhead trout juveniles snaller than 130 mm wll presumably
rear another year or nore before emgrating.

Survival Rates

Bys 1987 through 1990 egg-to-Parr survival rates in the headwaters of the
USR for adult outplants and natural spawners averaged 20.2% (Table 11).
Estimated egg-to-Parr survival rates in the entire USR for naturally spawning
chinook salnon for 6 of the past 7 years that we have data averaged 5.2%
(Table 12).

In past years, we have observed chinook salmon fry in our emgrant trap
during the spring trapping season. W have no fry emigration estimates because
our emgrant trap has screen openings too large to effectively capture fry.
Unaccounted fry emigration from the study area would result in underestinates of
egg-to-Parr survival. In spring 1991, the University of I|daho operated fry traps
at the Sawtooth Fish Hatchery Wir to estimate chinook salnon fry emgration from
USR. They estimated that 93,651 chinook salnon fry emgrated from the USR during
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Figure 5. Spring 1991 chinook salmon and steelhead trout smolt travel time from upper Salmon
River trap to Lower Granite Dam.
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Table 9. Detections in 1991 at the Lower Snake River and Col unbia River smolt
collecting dans of August 1990 PIT tagged parr from Upper Sal non

Ri ver.
Chi nook St eel head age 2+

Nunber Nunber Per cent Nunmber Nunber Per cent
Stratum t agged det ect ed det ect ed t agged det ect ed det ect ed
SR- 3 85 2 2.4 51 0] 0
SR-7 25 0 0 0 -
SR-9 70 3 4.3 141 3 2.1
SR- 10 69 3 4.3 95 2 2.1
HC- 1 5 0 0 6 0 0
FC-1 7 0 0 18 0 0
FC-3 195 5 2.6 1 0 0
SC-1 3 0 0 24 3 12.5
ALC-1 407 24 5.9 19 2 10.5
PC-1 13 0 0 60 3 5.0
PC-3 196 13 6.6 0 -
Total s 1,075 50 4.7 415 13 3.1
TABLE 9.91
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Table 10. Smolt fork length and PIT tag detection at Lower Snake River and
Col unbi a Ri ver smolt collecting dans for upper Salnon River, spring

1991.
Nunber Nunber Per cent
Length (nmm t agsed det ect ed det ected
Chi nook Sal non
<80 29 7 24.1
80 - 89 133 41 30.8
90 - 99 162 48 29.6
>99 95 21 22.1
Tot al 419 117 27.9
St eel head  Trout
<90 61 1 1.6
90 - 129 46 0
>129 55 11 20.0
Tot al 162 12 7.4

TABLE _10. 91
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Tabl e 11. Esti mat ed chi nook sal nbn egg-to=-parr surviva

headwat ers of the upper

rates (%) fromthe
Sal nron River adult outplants and natura

spawners, BYs 1987-90.
Brood vears
Adult origin par anet er 1987 1988 1989 1990
Femal es 5 30 9 13
Adul t Egg deposition 26, 995 169, 590 50, 400 58,513
Qut pl ant's
Parr  production 8, 625 27,438 2,295 18, 214
Egg-to-Parr 32.0 16. 1 4.6 31.1
surviva
Redds observed 0 6 4 0
Nat ur al Egg deposition 33,918 22,400
Spawner s
Parr  production 8, 500 2,759
Egg-to-Parr 25.1 12.3
surviva
TABLE- 11. 91
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Table 12. Egg-to-Parr survival rates for natural chinook salnon in upper
Sal mon River, Bys 1984-90.

Brood year

1984 1986 1987 1988 1989 1990
Estimated egg
deposition in
thousands' "' 1,095-1 1,287.7 1,360.5 1,724.2 688.8  450.1
Parr
production
in thousands 73.5 65.7 70. 3 88.0 14.2 30.6
Egg-to-Parr
survi val 6. 7% 5.1% 5.2% 5.1% 2.1% 6. 8%

“ From Table 2.

TABLE 12.91
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spring 1991 based on mark recaptures at their traps (Perry and Bjornn 1992).
When they used a catch per unit area nethod, they only estinmated that 25,227
chinook salmon fry emigrated. They believe that their estimate of 93,651 based
on mark recaptures to be more accurate.

W estimated that in 1991 approximately 55% of the spring chinook sal non
juveniles produced by natural spawners in the USR enigrated out of our study area
as fry before we conducted our snorkel counts. Fast et al. (1986) estinated
spring chinook salnmon egg-to-fry survival in the Yakima River to be 508. For the
USR headwaters, we estinmated spring chinook sal non egg-to-parr survival to be
20.2% If USR spring chinook salnon egg-to-fry survival is sinilar to what Fast
et al. (1986) estimated for the Yakim then USR fry-to-parr survival should be
around 40% Scully and Petrosky (1991) estinmated fry-to-parr survival for
hat chery spring chinook salnon fry outplants to average 18.9% (range 7% 30% for
several Salnon River and Jearwater River tributaries. W assumed that naturally
produced fry would survive at a higher rate than fry outplanted from a hatchery.
If the USR fry-to-parr survival is around 40%, then approxi mtely 37,460 parr
woul d have been produced from the 93,651 fry that Perry and Bjornn estimated
emgrated from the USR From our snorkel counts, we estinated the USR chi nook
sal mon parr population in 1991 to be 30, 589. W can, therefore, estimate the
total nunber of chinook sal non parr produced from the spring chinook sal non
adults naturally spawning above the Sawtooth Fish Hatchery weir to be 68,049, and
37,460 is approximately 55% of 68, 049.

Wth BY 1990 steel head trout we were able for the first time to estimate
egg-to-age 1+ parr survival. However, the resulting survival estimate was
extremely low, 0.1%

To estimate survival to the head of Lower Granite pool, we used PIT tag
conparative detections at Lower Snake River and Col unbia River dams from our
study and Snake River trap information (Buettner and Nelson 1991). For parr PIT
tagged in August 1990, the estimted parr-to-smolt survival to the head of Lower
Ganite pool was 6.9% for chinook salnon and 3.7% for age 2+ and ol der steel head

trout. For fall 1990 emi grants, we estimate that 13.9% of the age 0 chinook
sal mon emigrants and 7.3% of the age 2+ and older steelhead trout emigrants
survived to Lower Granite pool. For spring 1991 emigrants, the USR to Lower

Ganite pool survival rates were 39.6% and 25.7% for age O chinook salnmon and age
3 and older steelhead trout, respectively. The estimated survival rates for the
age 2+ and ol der steelhead trout for August parr, fall emgrants, and spring
emgrants were the |owest we have observed except for spring 1989 when we believe
smal | sanple size biased our estimate (Table 13).

W released 37 of the sockeye/ kokanee sal non snolts we captured and PIT
tagged from Redfish Lake Creek in spring 1991. O these fish, 21 were detected
at the snolt collecting dans for a detection rate of 56.8% From this detection
rate and the detection rate of Snake River chinook salnon snolts tagged by
Buettner (1991)(68.2%), we estimate that 83% of the sockeye/ kokanee salnon snolts
survived to the head of Lower Ganite pool in 1991. This estimate i s based on
the assumption that the snolt ~collecting dam will detect PIT tagged
sockeye/ kokanee salmon snolts at the sane rate as chi nook sal nmon snolts.
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Table 13. Yearly conparison of percent total PIT tag detections at Lower Snake
Ri ver and Col umbia River snolt collection facilities and estimated
survival to the head of Lower Ganite pool for age 2+ and ol der upper
Salmon River steelhead trout.

August Fal | Spring
Parr Tagging Em gration Tagai ng Eni gqrati on Tagagi ng
Esti mat ed Esti mat ed Esti mat ed

Snol t Det ected survival Det ected survival Det ected surviva
run _vear 1% (%) (%) (%) (%) 1%
1988 14.0 23.3 23.5 42. 4
1989 16.7 20. 4 15. 3 18.8 14. 3" 17.5¢%
1990 6.2 7.8 9.8 12. 4 25.8 31.6
1991 3.1 3.7 6.1 7.3 21.4 25.7

* FEstimate is probably biased due to small sanple size in spring 1989. Only 21
steel head trout smolts were PIT tagged and only three were detected at the
snmolt collection facilities.

TABLE _13.91
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Crooked River

Physi cal Habit at

Physi cal habitat data for 1991 have been entered into the |DFG physical
habitat data base. The managenent of this data base is reported in the |daho
Habi tat Evaluation for OFf-Site Mtigation Record report (Rich et al. 1993).

Adult Escapenent, Redd Counts, and Egg Deposition

Accurate adult escapenent nunbers were available for the first time from CR
with the conpletion of the weir and trap in summer 1990. In 1991 the total adult
chi nook sal nbn escapenment to CR was 5 fermales, 18 males, and 2 jacks. Four
females were transported to the Red River holding ponds until ripe, then returned
and released into the Relief Oeek supplenmentation site. Chinook salnon female
escapenment and total egg deposition estimates for 1985-91 are provided in
Tabl e 14.

On Septenber 1, 1991, we observed a redd, presumably from the one femnle
rel eased to spawn naturally. This redd was located in a side channel of the
forced neander section in the | ower neadow. The helicopter and ground counts
were not conducted because all probabl e redds had al ready been observed.

The Relief Oeek supplenentation site was wal ked every other day to observe
spawni ng activity, count redds, and check female nortalities for egg retention.
Three of the four females were found and examined. Two were conpletely spawned
out and one had about 30 eggs remaining. Four male carcasses were found. Three
redds were observed. The other adults (1 female, 8 males) were unaccounted for.

On April 15, 17, and 18, 1991, a total of 776 adult steelhead (516 fenales)
from Dworshak National Fish Hatchery were outplanted in CR O these adults, 26
(12 female) were transport nortalities. Adult steelhead returns to the CR trap
nunbered 49 total and 22 females. Only 5 of the 49 adults returning to CR were
naturally produced fish.

On May 15, 1991, we counted a total of 50 redds in CR from the nouth to the
O ogrande townsite excluding the canyon stratum from a helicopter. On April 30
and May 1, we conducted ground counts on CR from the canyon to Orogrande and
observed 12 redds. Nine redds in this same section were counted by helicopter
2 weeks later.

We collected a total of 516 adult steelhead trout carcasses at the CR weir,
353 were fennles. We found 80 (23% pre-spawning fermale nortalities. The
remaining 273 fermales contained a mean egg retention of 1,503.

Data on chinook salnmon and steelehad trout supplenentation (1986-91) in CR
is summarized in Tables 15 and 16, respectively.
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Estimated chinook salmon adult
eggs deposited for Crooked River,

Tabl e 14.

escapenent,

1985 to 1991.

redd counts,

and nunber of

ESTI MATED EGG 67.54 59.09 108.27 181.50 4,400 399.00 17.60
Chi nook Salnon Brood Year
1985 1986 1987 1988 1989 1990 1991
Fermal e escapenent’ 16 14 27 43 15 95 5
Trend redd count 10 9 17 27 3
Gound redd count 43 15 10t 4
Eggs per fenale' 4,010 4,400 4,200 4,400
Estinmated eggs
deposited
(X1000) 67.54 59.09 108.27 181.50 66.00 399.00 17.60
* Fenal e escapenent was estimated for 1985-87 based on |/l ratio of female
escaperment to ground redd counts observed in USR and 43/27 ration of ground

to trend redd counts observed in 1988.
was assuned to equal the ground
i ncl uded.

outplanted into Cooked River

¢ Average nunber of eggs/female obtained
facility.

TABLE _14.91
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redd count.

Redd counts were conducted before 157 adult
from Dworshak National

Femal e escapenent
Pr e- spawni ng

in 1988 and 1989

mortality 1is

chinook salmon (86 fenales) were

Fi sh Hatchery.

from nearby Red River

t rappi ng



Tabl e 15. Crooked River

chi nook sal non supplenmentation in thousands (except

adul ts) summary by brood year, 1986 to 1991.

Brood Year

1986 1987 1988 1989 1990 1991
Adult fenal es 0 0 0 0 92 0
Fry 0 200.1 401.5 0 0
Fall parr 227.5 0 0 339.1
Smolts 0 199.7 300.4 0 0
Table 16. Crooked River steelhead trout supplenmentation, summary by brood year,

1986 to 1991.
Brood Year

1986 1987 1988 1989 1990 1991
Adult femal es 0 468 0 0 167 516
Fry 87,750 0 0 0 0 0
Fall parr 0 0 0 0 0
Smolts 200,162 201,325 109, 898 214,633 0

TAB15&16.91
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Parr Abundance

We conducted snorkel counts on CR between June 26 and June 30; two weeks
earlier than normal. Wth the late cold spring, the chinook sal non age 0 parr
were not out of the gravel yet, since we did not observe any (Table 17). The
mean stream tenperature during our snorkel counts in 1991 was 7.9°C, as conpared
to 12.6 to 12.7°c in 1987-90.

St eel headtrout age 2+ parr densities in 1991 were the |owest observed since
1986, while age 1+ steelhead trout densities were in the md-range of values
observed since 1986 (Table 18). We estimated the CR steelhead trout parr
abundance in 1991 to be 9,129 * 2,788 age 1+ and 566 * 241 age 2+ (al pha = 0.05).
Qur analysis of fall 1991 emigrant trapping data (see fall 1991 Emigration
Trapping Section) indicates that a significant portion of the CR steelhead trout
parr may still have been in their wnter hiding locations (within the
boul der/gravel substrate) and not observable when we conducted our snorkel
counts.

PI T Taggi ng

We PIT-tagged a total of 23 chinook sal non and 2,048 steel head trout parr
in CR during July 24-31, 1991. W decided not to target chinook salnmon parr for
PIT tagging because approximtely 75% of those collected were below the m ninmm
tagging size of 55 mm fork length. W held all tagged fish for 24-hour delayed
nortality tests. Collecting, tagging, and 24-hour delayed nortalities for July
PIT tagging totaled 1.3% for chinook sal non and 0.4% for steel head trout.

The nunber of steelhead trout PIT tagged in CR during July (2,048) resulted
from not targeting chinook salnon and the noderately high densities of age 1+
steelhead trout. W tagged a total of 410 age 2+ and ol der steel head trout.

Spring 1991 Emigration Trapping

We captured 235 chinook salnmon snmolts with an overall trapping efficiency
of 35.1%, and 142 steelhead trout juveniles with an overall trapping efficiency
of 10.3% during spring 1991. We estimated total spring 1991 enigration for
chi nook sal nmon and steel head trout to be 670 and 1,379 respectively. Duri ng
spring 1991, increases in discharge were associated with increases in enigration
for both chinook salmn and steelhead trout smolts from CR (Figure 6).

Estimated age conposition of steelhead trout emgrants were 49% (676) age7
1, 13% (179) age 2, and 38% (524) age 3 and older. Based on the summer 1990 parr
abundance (Kiefer and Forster 1992) we estimated that 6.8% of chinook sal non
parr, and 4.2% of age 1+ steel head trout, and 28.7% age 2+ and ol der steel head
trout emigrated in spring 1991.
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Table 17. Density (fish/100 m?) of age O chinook salnon in COooked River, August
1986 to 1991.

Stratum 1986 1987 1988 1989 1990 1991

Headwat er s co.1 0.1 0 s
| 14.0 3.0 23.8 28. 4 <0.1
Il 1.1 16.5 19.7 19.7 <0.1
Canyon 8.0 10. 3 1.0
1 57.8 22.3 36.6 58.7 5.0
IV 71.8 15. 4 42.2 59.0 4.7

Rel i ef Creek 0.8 45.5 0

Ponds a® 62.9 3.2 65.4 206. 1 0.6
Ponds B 268.0 8.1

* Snorkel counts were conducted before the chinook salmon age 0 parr probably
emerged from the gravel and none were observed.

*In 1986-88, the data for connected ponds was conbined and is reported here as
Ponds A

TABLE _17.91
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Table 18. Density (fish/100 m*) of age 1+ and age 2+ steel head trout parr for
Crooked River, 1986 to 1991.

Stratum 1986 1987 1988 1989 1990 1991

Age 1+ Steel head Trout

Headwat er s 1.5 0.2 0.4 0.1
| 6.8 4.3 5.2 1.9 0.2 0.7
Il 11.7 10.8 8.8 4.4 1.5 7.3
Canyon 11.4 4.1 1.0 4.7
I 6.2 6.1 10.3 6.5 2.5 2.8
IV 7.2 7.2 7.5 3.4 1.5 3.7
Rel i ef Creek 19.1 5.2 0.2 5.3
Ponds a® 4.8 42. 4 17.8 7.2 1.2 0.6
Ponds B 10.1 0.1 1.7
Age 2+ Steel head Trout

Headwat er s - 0.2 0.3 0.1 0
| 0.2 0.7 0.2 0.8 0.3 0.1
Il 1.1 3.7 0.4 1.4 1.3 0.4
Canyon - 1.2 2.1 1.2 0.4
I 0.2 2.8 0.5 1.8 1.4 0.1
IV 0.3 1.5 7.1 1.5 1.1 0.1
Rel i ef Creek - 0.6 1.8 0.1 0.5
Ponds A*® 0.3 4.8 1.6 1.7 1.0 co.1
Ponds B - 2.2 0.3 0.2

® |n 1986-88, the data for connected ponds was conbined and is reported here as
Ponds A

TABLE 18.91
40



100 ———
Chinook
Steelhead
- /,‘
Flows ’ \\ -6
! \
80 | I
- ', \‘
, v/ | .5
I
. “ ’
60 : I/\‘ ':
= oo ! \ ! -4 0
» AN I v I =
L \. I \ ! (&)
— 1\ I ~ 7]
o o 1 =
1 (=)
* ,f \ [I -3 TH
40— ': :\‘,
.'
[/
. -2
20
) 1
0_.._. | r_O
3/14 3/28 4/11 4/25 5/9 5/23
Date

Spring 1991 Crooked River chinook salmon and steelhead trout emigration timing

Figure 6.
and flows (3-day moving average).

41



Fall 1991 Emigration Trapping

During fall 1991, we captured 2,267 chinook salnmon parr with an overall
trapping efficiency of 26.3%, and 1,478 steelhead trout parr with an overall
trapping efficiency of 20.2% We estimated the total emigration for chinook

sal mon and steel head trout to be 8,723 and 7,390 respectively. In fall 1991,
both chinook salnon and steelhead trout parr emgration peaks were sinilar
(Figure 7). Esti mated age conposition of steelhead trout emigrants was 45.1%

(3,333) age 0, 33.5% (2,476) age 1+ steelhead trout, and 21.4% (1,581) age 2t and
older. The estimated percentages of summer steelhead trout parr popul ations that
emigrated in the fall were 27.1% for age 1+ steelhead trout, and 279.3% for age
2+ steelhead. Obviously, we have a data problem if we estimated that 279.3% of
the summer age 2+ and ol der steel head trout population emigrated in the fall.
We believe that this data discrepancy was caused by conducting the CR snorkel
counts in 1991 when many of the parr were still in their winter cover |ocations.

Dam Detections

Mean travel time was calculated during the spring 1991 emgration from PIT
t agged chi nook sal non and steel head trout snmolts captured at CR Trap and | ater
detected at Lower Ganite Dam 266 km downstream A significant negative
correlation was found between travel time and date of emgration (Figure 8).
Chi nook sal nbn smolts take longer to get to Lower Granite dam than steel head
trout snolts. The best fit for steelhead trout snolt travel time was an
exponential curve with the fornmula; travel tine = 1l/exp (-7.215 + 0.037 x
emgration julian date).

The conmbined PIT tag detection rates at the Lower Snake and Col unbia River
snolt-col lecting dans for spring 1991 CR snelts were 38. 7% for chinook sal non,
and 61.1% for age 3 and older steelhead trout. For fall 1990 CR emigrants, the
detection rates were 19.3% for chinook salnon, and 36.9.% for age 2t and ol der
steel head trout. Detection data for the August 1990 PIT tagged parr were sunmed
by strata (Table 19). Overall, the snolt collecting danms collected 12.6% of the
PIT tagged chinook salmon, and 29.6% of the age 2+ and ol der steel headtrout parr
from the August 1990 tagging. However, we believe the 92 small and emmaci at ed
natural chinook salnmon parr we PIT tagged from the intake structure to the
hatchery rearing ponds were not representative of the general popul ation, and
without these 92 chinook salnon the snolt collecting dans detected 14.0% The
conbined PIT tag detection rates for the snolts tagged at the C earwater River
Trap by Buettner and Nel son (1991) were 60.5% for chinook sal non and 74. 1% for
steel head trout.

Only those chinook salnmon snolts from CR having a fork length of greater
than 99 nm had a significantly different (higher) PIT tag detection rate (a =
0.05) than the other length groups anal yzed (Table 20). For steelhead trout,
predom nately only those larger than 129 mm (age 3 and ol der) were detected at
the snolt collecting dans.
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Table 19. 1991 detections at the Lower Snake and Columbia River smolt
collecting dams of August, 1990 PIT tagged parr from O ooked River.

Chi nook _Sal nmon Steel head Trout age 2+

Number Nunber Per cent Number Number Per cent
Stratum t agged det ect ed detected taqged det ect ed det ect ed
CR-I* 92 2 2.2
CR-11 95 13 13.7 41° 13 31.7
CR-111 218 29 13.3 36 8 22.2
CR-1V 201 27 13.4 140 42 30.0
Canyon 141 23 16.3 101 31 30.7
Total s 747 94 12.6 318 94 29.6

* Chinook parr tagged in Strata | were collected fromthe intake system to the

hat chery rearing ponds. These fish were emaciated and snaller than those
tagged in other areas of Cooked River.

* Due to | ow steel head trout numbers, Strata | and Il were conbined.

TABLE- 19. 91

45



Tabl e 20. Smolt fork length and PIT tag detection for Crooked River, spring

1991.
Nunber Nunber Per cent
Length () t agged det ect ed det ect ed
Chi nook _Sal non
<80 40 13 32.5
80 - 89 112 46 41.1
90 - 99 70 22 31.4
>99 13 10 76.9
Tot al 235 91 38.7
Steel head Trout
<90 68 0 0.0
90 - 129 20 3 15.0
>129 54 33 61.1
Tot al 142 36 25.4
TABLE _20. 91
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Survival Rates

Chi nook sal non egg-to-parr survival for BY 1990 was not directly calcul able
because the parr were not out of the gravel when we conducted our snorkel counts.
We assumed that on average 24% of the summer chinook sal non parr population in
CR emigrates in the fall (Kiefer and Forster 1991). Based on our 1991 estimate
of 8,723 chinook salnon fall emgrants we calculated a rough estimate of 36,346

summer parr in 1991. In 1990, we had an estimate of adult fenmale chinook sal non
successful spawner of 88 and an average of 4,400 eggs/female, for an estimated
egg deposition of 387, 000. From this data, we can nake a rough estimte of

chi nook salnon egg-to-parr survival for BY 1990 of 9%

From our aerial and ground steelhead trout redd counts in 1990 our best
estimate of the nunber of adult steel head trout females spawning in CRis 180.
The estimate of the nunmber of eggs/female for adult steelhead trout returning to
Dworshak National Fish Hatchery in 1990 was 6, 880. From these two nunbers, we
can make an estimate of 1,238,400 steelhead trout eggs deposited in CR in 1990.
The 1991 estimate of age |+ steelhead trout parr in CR was 9, 129. From these
numbers, we calculate a rough mninmum estimate of steelhead trout egg-to age |+
parr survival of 0.78 for BY 1990 in CR

W believe that many of the age |+ steelhead trout parr were not visible due
to cold tenperatures when we conducted our snorkel counts on CR  Thus, the egg-
to-age 1+ parr survival rate is probably higher than 0.7%

For August 1990 parr, the estimated parr-to-snmolt survival to the head of
Lower Granite pool was 23.2% + 2.3% (a = 0.10) for age 0 chinook sal non, and
39.98 + 4.3% (a = 0.10) for age 2+ and ol der steelhead trout. The parr-to-snolt
survival estimates for CR chinook salnon is approximately four tines higher than
we have calculated in the past, and the steelhead trout survival is also the
hi ghest we have calculated but only slightly above the second highest year (1989,
35.3%.

In addition, we used detection rates for PlIT-tagged emigrants and Buettner
and Nelson's (1991) detection rates to estimate fall and spring emgrant-to-snolt

survival at the head of Lower Ganite pool. For fall 1990 enigrants, we estinmate
that 31.9% of the age 0 chinook sal non emigrants and 49.8% of the age 2+ and
ol der steelhead trout emgrants survived to Lower Ganite pool. For spring 1991

emgrants, the CR to Lower Granite pool survival rates were 64.08 for age O
chinook, and 82.5% for age 3 and older steelhead. These estimates of survival
to the head of Lower Ganite pool are all the highest we have observed for each
respective species and emgration period.

Smolt  Production

W estimated snolt production from CR to the head of Lower Ganite pool to
be 2,297 chinook salmon and 729 steelhead trout. This is based on our estinates
of parr abundance using snorkel counts and parr-to-smolt survival to the head of
Lower Ganite pool wusing conparative PIT tag detection rates.
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DI SCUSSI ON

Physi cal Habi t at

Anal ysis for correlations between physical habitat, parr densities, and
smolt production was scheduled to be conducted in winter 1992. However, with the
extremely |low densities observed in both study areas during the past several
years, we decided to concentrate our analysis time on other data for this report.

Adult Escapenent and Redd Counts

The adult weirs at both study sites allow us to obtain accurate adult
escapenent  numbers. This is critical to our efforts to determne the
relati onship between adult escapement and snolt production.

The ground and helicopter redd counts provide us with additional adult
spawni ng i nformation. Since we are working in study areas wth known
escapenents, we can estimate the efficiency of each method in counting redds.
Qur data indicate that a total ground count just after the peak spawning tinme can
accurately estimate chinook salnon escaperent in smaller streans with an assuned
female to redd ratio of 1:1. This has allowed us to estimte total female
chi nook sal mon escapenent in CR before the adult trap was built in 1990 and in
the USR in 1989 when high water forced Sawtooth Fish Hatchery personnel to renove
weir panels during the adult chinook mgration. However, 3 years of intensive
ground counts on Red River (Southfork Clearwater Tributary) by |DFG regional
fisheries personnel resulted in a female/redd ratio of 17/1.6 (Tim Cochnauer, |DFG
per sonal conmuni cat i ons) .

The redd counts also show us where spawning has occurred. This information
allows us to estimate egg~to-parr survival rates for natural chinook sal non
spawners in headwater tributary streams, and helps prioritize ares for parr PIT

t aggi ng.

Chi nook salmon and steel headtrout escaperments during the period of analysis
(1984 to 1991) have been variable, but typically less than 25% of estinmates of
full seeding (IDFG 1990) for both study areas.

The preferred chinook salnon spawning areas in CR may be changing in
response to some of the habitat rehabilitation work conducted there. G avel
cleaned during the habitat work in the |lower neander section is associated with
nore adult chinook salnmon spawning verses the upper neadow where they had
previously spawned.
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Adult CQutplants

Adult outplants of chinook salmon in the USR headwater streams resulted in
simlar egg-to-parr survival as naturally spawned fish (Table 11). Based on this
information, we decided to use adult outplants to increase seeding levels in USR
tributaries in order to help define adult escapement to snolt production
rel ati onshi ps. We recomend supplementation with other |ife stages be
di scontinued in both study areas, except where incorporated into the
suppl ementation research projects currently being devel oped.

Qur experience with outplanting adult steelhead trout is fairly limted to
date, and our results have been nixed. Adult steel head trout from Dworshak
Nati onal Fish Hatchery outplanted in 1990 appeared to be fairly successful at
spawni ng (3% pre-spawning nortality and an average egg retention of 16), and
resulted in a 1991 steel head trout age 1+ parr popul ation of 9,129 and density
of 3.4 fish/100 m?. We believe that the true 1991 age 1+ steel head trout
popul ation may actually be larger than this because many of the steel head trout
parr were not visible to count because of |ow stream tenperatures when we
conducted our snorkel counts.

In 1991, the adult steel head trout outplants did not spawn well (23% pre-
spawning nortality and average egg retention of 1,503). Several factors nay have
contributed to this | ower success of our CR adult steel head trout outplants in
1991. First, in 1991 we outplanted a greater number of steelhead trout adults
(516 fermales) than in 1990 (167 fermales), and we stocked beyond spawning ground
capacity. W estimate that it would take 268 steel head trout females to fully
seed CR. Second, coordination with Dwaorshak National Fish Hatchery personnel was
insufficient to ensure quality adults at the right tinme. And third, many of the
adults to be released in the upper mnmeadow were nmistakenly released in the |ower
meadow on top of the adults already released there.

The five pair of adult steel head trout rel eased into upper Pole Creek was
the first time this project has supplemented the USR with adult steelhead trout.
We were unable to locate any intact female carcasses from this outplant and
observed only two redds. Qur inability to determine spawning success was because
of difficult access conditions, the predom nance of snow bridges, and bears
eating the carcasses. The | ow nunbers of steelhead trout fry observed in the
Pole Creek during July 1991 also indicates that this outplant was not very
successful.

The smaller size of chinook sal mon parr produced from adult outplants in
upper Frenchman Creek (X = 60 nm) as conpared to naturally produced USR parr (%X =
75 m) probably resulted from colder water tenperatures in Frenchman Creek. The
limted tenperature data we have collected (m d-day tenperatures taken during
snorkel counts and PIT taggi ng operations) and our August chinook sal mon parr
| engths show a relation between USR study site tenperature and fish length
(Kiefer and Forster 1992).
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Parr Abundance

Overall, chinook salmon parr densities during the study period 1987 to 1991
appear to be related to adult escapenents and supplenentation |evels. In 1991
chi nook salnon parr abundance in both study areas were anong the |owest observed
since we began collecting data in 1984. We attribute this to the | ow natural
escapenments in 1990, Ilow levels of supplenmentation, and the high estimted
percentage (55% of the USR chinook salmon that emigrate as fry. W hypothesize
fry emigration is related to chinook salnmn spawning just upstream of the weir,
and to the predomnant habitat (fast runs) in this section of the USR H |l man
and Chapman (1989) reported simlar emgrations of chinook salnon fry in the
Wenatchee River and attributed it to the limted anount of habitat that provided
protection from high velocity water and predation. W have not detected a |arge
fry emgration from the USR neandering headwaters streams or from CR

St eel head trout parr populations in USR have dropped with the elinination
or reduction in supplementation. Qur estimate of USR steel head trout egg-to-parr
for BY 1990 was extrenmely low (0.1%. Part of this low survival may actually be
caused by steelhead trout juveniles spawned in our study area rearing downstream
(simlar to chinook salnon).

In 1991, we conducted snorkel count surveys on several of the snaller
tributaries that we had not surveyed in the past. W found chinook sal non and
steel head trout parr rearing in many of these tributaries. Surprisingly, we
observed both chinook salnbn and steelhead trout parr above the dewatered
sections of Fourth of July and Chanpion creeks. Chinook sal non nmust nove into
these tributaries as fry in the spring.

W hypot hesize that our snorkel counts on CR in 1991 were conducted to early
(June 24 - 31) and stream tenperatures were too low (X = 7.9" C, which resulted
in many of the parr not being observable. Hllman et al. (1989) observed that
juvenile chinook salnon and steel headtrout concealed thenselves in the substrate

when stream tenperatures remai ned bel ow 10" C. We did not observe a single
chinook salmon parr during these snorkel counts, but we captured 2,267 during our
fall trapping and estimated a total fall emigration of 8,723. In 1990, we

estimated that on average 24% of the CR chinook salnon parr population wll
emgrate in the fall (kiefer and Forster 1992). W assunmed that 24% emi grated
in fall 1991 and estimated a summer chi nook sal mon parr popul ation of 36, 346
(8,723/0.24 = 36,346). W also estimated that alnost three tines as many age 2+
and ol der steelhead trout emigrated in fall 1991 from CR than our estimate of
sunmer abundance. W believe that our snorkel count nethod has not suffered this
bias in past years in CR or in USR

PI T Tagqging

The nunbers of chinook salnmn parr PlT-tagged from both study areas in 1991
were below what we estimate is necessary to obtain enough detections at the dans
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for good statistical conparisons. The primary reasons for the low nunbers were
that chinook salnon densities were too low in the USR to make collecting
efficient, and in CR besides the population being low, 75% of the chinook sal non
parr captured were too snall to tag. We did not tag enough steel head trout in
the USR because of their |ow densities, and we spent nost of our effort there
taggi ng chinook sal non.

In all years, we PIT tagged in both study areas (1988 to 1991) the naturally
produced chi nook salnon parr from the USR were significantly larger (al pha =
0.05) than those from CR  This is contrary to what elevation and thermal units
for growth would predict. Possi bl e expl anations are the higher conductivity
(nore productivity) in USR and genetic differences in stocks.

Short-term (24-hour) nortalities for PIT tagging operations were well wthin
our goal of less than 5%, and were simlar to other PIT tagging studies (Prentice
et. al 1986; Matthews et. al 1992).

Qur delayed nortality study indicated that there was no significant (alpha
= 0.05) difference in the survival rate between caudal nipped chinook salnon parr
and caudal nipped and PIT tagged chinook salnmon parr from md August to late
Oct ober. This study also indicated that there is no significant tag | oss or
failure for August PIT tagged parr. Because our migration barriers failed, we
were unable to determine if there was a difference in survival between PIT tagged
chinook salnon parr and un-handled chinook salnmn parr. W plan to conduct the
study again in 1992 to answer this question.

Spring Emi gration

Contrary to what we expected, the chinook salnmon snolt mgration from USR
occurs slightly earlier than from CR (Figure 9). W had originally hypothesized
that since CRis lower in elevation and has earlier increases in discharge and
water tenperature, that the snolts from CR would begin emgrating earlier. A
possi bl e explanation for the USR chinook salnmon snolts migrating earlier may be
the greater distance to travel to the ocean may have selected for stocks that
| eave earlier. In 1991, we began to operate the USR trap earlier to make sure
we are not missing part of the USR run.

Fall Enmigration
Qur data suggest that higher elevation (harsher clinmate) streans wll have
a higher proportion of parr enmgrate in the fall and emgrate earlier

(Figure 10). The 1988 to 1990 averages of the chinook sal non and age 2+ and
ol der steelhead trout sunmer parr popul ations emgrating in fall from CR were 24%
and 17%, respectively, while both chinook salnon and age 2+ and ol der steel head
trout from the USR averaged 62% In both study areas during this period, fewer
age 1+ steelhead trout emgrated in the fall than age 2+ and ol der steel head
trout, and a higher percentage of age 1+ steelhead trout emgrated from USR (14%
then from CR (5%.
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In fall 1991, the percentages of the USR summer parr popul ations for both
chi nook salmon (25.3% and age 2+ steel head trout (42.1% were |ower than the
consi stent 1988-1990 average for both groups of 62% Reasons for this drop are
not known at this tine. For CR chinook salmon, we were not able to accurately
estimate the summer parr popul ations because all chinook salnmn and many
steel head trout were still in the gravel when we conducted our snorkel Counts.

In fall 1990, a higher percentage of all parr groups (except CR chinook
sal mon) em grated than in the previous 2 years, and the percent of CR chinook
salnon was close to the highest (Kiefer and Forster 1991). If the availability
of suitable overwinter habitat was the key, then we would have expected | ower
percent ages because the parr populations in 1990 were nmuch |ower than the
pervious 2 years. One possible explanation is the natural fish are nore likely
to emigrate in the fall, and with the cessation of fry supplementation for 1990
parr, the overall percentage of fall emgrants increased. Qher possibilities
are that the fish nmay be responding to environnental cues, or that the low parr
popul ations result in relatively larger sanpling errors.

Remote PIT Tag Monitors

Efficiency tests we conducted indicated that the irrigation diversion bypass
pipe remote PIT tag nonitors (nmonitors) are capable of detecting at |east 60% of
the PIT tagged fish passing through them We do not know at this time if the
remai ning 40% were not detected, swam back out of the diversion, lost their tags,
the tags failed, nortalities, or were lost to the diversion system

Detections of previously PIT tagged fish show that at |east sone of the USR
and East Fork Salmon River natural pre-snmolts overw nter as far downstream as

Chal l'i s. Inconplete data collected indicate that at least 27% of the fall 1991
em grants passing through this section of the Salnon River passed through the S27
(sout h-side) diversion bypass pipe. This estimte was calculated as the

percentage of PIT tagged parr detected in the upstream (S29) nonitor and
subsequently detected in the (S27) nmonitor, while both nonitors were operating.
W caution against using the estimates from this pilot study as hard data until
further evaluation of these nonitors is conducted.

The trial operation of the nonitors on the Salnmon River near Challis
indicated that they could be a useful tool in determining where the fall
emgrants from the USR overwinter, and evaluating factors affecting their
survival . These monitors should also be useful in determining nmigration and
survival rates for spring smlts from the USR

Dam Det ections

Detections of PIT-tagged snolts at Lower Ganite dam allows us to deternine
mgration characteristics of chinook salnon and steelhead trout snolts from both
study areas. As in previous years at Lower Ganite Dam the majority of the total
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chinook salmon run (predomnately hatchery fish) arrived earlier than the natural
fish from CR and USR (Figure 11).

As in previous years the natural steelhead trout smolts from CR and USR
arrived at Lower Granite Dam within the last major peak of all wld/natural
steel head trout (Figure 12).

In all years studied, increases in flows at Lower Ganite Dam corresponded
with peaks of arrival at Lower Ganite Dam for all PIT tagged snmolt groups. This
suggests to us that only at higher Snake River flows are velocities sufficient
for snolt mgration.

The Redfish Lake Creek sockeye/ kokanee salnon snolts we PIT tagged and
rel eased were detected at a rate higher than USR chinook salnon. Although only
37 PIT tagged sockeyel/ kokanee snolts were released in Redfish Lake Creek, 10 were
detected at Lower Ganite dam and 11 were detected at Little Goose Dam (57%.
This relatively good detection of Redfish Lake sockeye/kokanee salnmon snolts was
associated with wunusually heavy late spring rains increasing the flows,
velocities, and turbidity through the lower Snake River reservoir system during
t he period when nost sockeye/ kokanee sal non snmolts were emigrating (Marsh and
Achord 1992). The chinook salnon snolts from USR and CR that enigrated from the
study areas during the sane period as the Redfish Lake sockeye/ kokanee sal non
snmolts also had a high detection rate at the dans.

Survival Rates

Estimated overall egg-to-parr survival rate for chinook salnon in the USR
averaged 5.2% for BYs 1984-90, and is about /2 to I/3 of that observed from
other ldaho streams (Scully et. al. 1990). At least part of the reason for the
apparent low survival likely is that a large proportion of the chinook salnmon fry
emgrate from the study area during the spring. Wen we adjust the BY 1990 USR
chi nook sal non egg-to-parr survival for our estimate of 55% of the USR chi nook
sal ron production that em grated out of the study area as fry in 1991, the
esti mated USR chi nook egg-to-parr survival for BY 1990 is 15.1% If this 55%
emgration of fry is accurate and has been consistent, then we can estimate the
BY 1984-90 average egg-to-parr survival to be 11.6% w thin the range observed
by Scully et al. (1990).

Esti mated egg-to-parr survival rates for BYs 1989 and 1990 chi nook sal non
in CR (15% and 9.4% respectively) were sinmilar to what Scully et. al (1990)
observed in other l|daho streams. W have not observed significant chinook sal non
fry enmigrations from CR

W have consistently estimated greater chinook salnon egg-to-parr survival
fromredds (natural and suppl enentation) constructed in the headwaters of USR
than in the mainstem (Table 11 and 12). Two factors are probably contributing
to this difference. First, the low gradient, neandering headwater streans are
probably better juvenile chinook salnon rearing habitat than the predom nately
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fast runs found in the mainstem  Second, based on 1991 studies, nore than half
of the fry produced in the mainstream emgrate out of the study area inmmediately
after sw mup.

W calculated egg-to-age 1+ parr survival for steelhead trout that were much
| ower than we expected, 0.7% for CR and 0.1% for USR  Possible reasons for the
| ower than expected steel head trout egg-to-parr survival are: 1) |arge nunbers
of steel head trout fry may em grate downstream out of our study areas and rear
el sewhere; 2) undocumented steelhead trout parr rearing occurs in snall
tributaries of our study areas that we are not surveying; 3) many of the
steel head trout parr may have still been in the gravel when we conducted our
snorkel counts in CR in 1991; 4) nost of the USR adults released above the weir
spawn in the lower two strata of our study area, and we believe the best
st eel head spawni ng and rearing habitat is further up in the system 5) and the
Snake River A-run steelhead trout stock used to start the Sawtooth Fish Hatchery
program may not have been a good habitat match for the USR

Data we collected indicate that the adult steelhead trout outplants from
Dwor shak National Fish Hatchery in 1991 were not real successful at spawning in
CR (23% female pre-spawning nortality and 21% egg retention on successful
spawners) and are probably not representative of natural spawners. W believe

there are two main reasons for this poor perfornance. First, we outplanted
approximately twice as nmany adults as we estimate it would take to achieve full
seedi ng. And second, nistakenly, npst of the adults were outplanted into the

| ower neadow section instead of being released throughout the drainage as
pl anned.

The nethod used to estinmate parr-to-smolt survival from sunmer 1990 to
spring 1991 uses PIT tags and conparative detections at Lower Snhake and Col unbia
River dams from our study and traps at the head of Lower Ganite pool (Buettner
and Nel son 1991) to estimate survival to the head of Lower Granite pool. For
this nethod, we must nmake two assunptions that may not be true: first, we assune
that the snolts of unknown origin that they tag are representative of the natural
snolts that we tag; and second, we assume equal detection rates at the dams even
t hough the peak arrival timng for the snolts they tag occurs earlier than the
peak arrival timng for the smolts we tag.

Qur estimates of chinook sal non parr-to-smolt survival to the head of Lower
G anite pool based on August 1990 PIT tagging were 6.9% for USR and 23.2% for CR
For August 1990 age 2+ and older steelhead trout, parr-to-smolt survival
estimates to the head of Lower Ganite pool were 3.7% for USR and 39.9% for CR

For the three snolt mgration years studied at both sites (1989-91), PIT tag
detection rates for all steelhead trout groups have been consistently higher for
CR than USR In smolt nigration year 1991, this difference in PIT tag detection
rates for steelhead trout from our two study areas got nmuch wider. W estimted
very low survival to Lower Ganite pool of USR age 2+ and ol der steelhead trout
parr PIT tagged during summer and fall in 1989 (7.8% and 12.48, respectively) and
1990 (3.7% and 7.38, respectively). This raises doubts that the current stock
of steelhead trout (lower Snake River A-run) can produce a self sustaining
natural population in the USR with current poor mainstem survival conditions
(I DFG 1990). For August 1987 and 1988 PIT tagged steel head trout age 2+ and
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ol der parr from USR our estimated survival rates to the head of Lower Granite
pool were 23. 3% and 20. 4% respectively. The majority of USR age 2+ and ol der
steel head trout parr we PIT tagged in August 1987 and 1988 were probably produced
from Pahsineroi Fish Hatchery fry outplants. It is possible that parr resulting
from Pahsineroi Fish Hatchery fry outplants survive to the head of Lower Ganite
pool at a higher rate than parr produced from Sawtooth Fish Hatchery adult
steel head trout returns rel eased above the weir to spawn. However, the |ow
nunber of unmarked adult steelhead trout returning to the USR the past few years
indicates that even the fry outplants from Pahsineroi Fish Hatchery did not
return enough adults to produce a self sustaining population.

The estimated survival of CR age 2+ and ol der steel head trout from August
PIT tagging to the head of Lower Ganite pool(39.9%) was the highest we have
observed, but still fairly close to what we estimated in migratory year 1989
(33.5%). These data suggest that given adequate snolt-to-adult survival rates
CR should be able to produce a viable naturally reproducing steel head trout
popul ati on.

Smolt  Production

A maj or objective of this project is to develop adult escapenent-to-snolt
production curves for both chinook salnmon and steelhead trout. Qur study design
breaks this objective down into two conponents; egg-to-parr survival and parr-to-
smolt  survival.

When we conbine our estimates of chinook sal non egg-to-parr survival from
USR and CR, we can calculate a nean of 11.7% + 3.0% at alpha = 0.05. W believe
this estimate i s unreliable because of several factors. First, our estimate of
55% of the USR chinook salmn fry emgrating was calculated only in 1 year and

has some tenuous assunptions. Second, estimates of parr abundance using the
snorkel count method could be negatively biased if rearing is occurring in small
side channels and tributaries that we do not sanple. Finally, in no year do we

have a direct estimate of chinook sal non egg-to-parr survival for CR either the
weir was not operated during the entire mgration or we were not able to directly
estimate the parr population with snorkel counts. However, we do have confidence
in our estimates of chinook sal non egg-to-parr survival from the headwaters of
the USR These estimates have averaged 20.2% and have ranged to 32%

The average chinook salnon parr -to-smolt survival rate for both USR and CR
were fairly simlar, 8.8% and 11.18, respectively. These estimates are for parr
PIT tagged in August, and the survival is to the head of Lower Ganite pool. For
smolt migration year 1991, the CR chinook salnmon parr-to-snolt estimate increased
to 23.2% We believe this increase occurred, because, in the previous 2 years
in CRR we were prinmarily PIT tagging chinook salnmon parr produced from hatchery
fry outplants. The later migrating CR smolts benefited from the heavy late
spring rains in 1991 like the USR sockeye/ kokanee salnon did. Because of this,
we believe that under good sub-basin flow conditions 23.2% is nore representative
of the true CR natural chinook sal non parr-to-smolt survival rate.
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Wth this information, we estinmate that an USR feral e chinook sal non spawner
produced (during drought conditions) on average 94 snolts to the head of Lower
Ganite pool, and for CR the average is 118 snolts. These estinmates are based
on the follow ng assunptions. The USR fenal e chinook sal mon have an average
fecundity of 5,233. Qur headwaters USR adult supplenmentati on research gives us
our best estimate of what the average egg-to-parr survival rate for the USR
(20% . The average USR chi nook sal mon parr-to-smolt survival to the head of
Lower Ganite pool based on PIT tag detections (9% is accurate. For CR chinook
salnon the average fecundity has been 4,203. The average estimted egg-to-parr
survival rate for CR chinook sal non has been 12% (this estimate is based on
inconplete data). And our best estimate of CR natural chinook sal nbn parr-to-
snmolt survival based on PIT tag detections is the 23% we observed in 1991. This
neans that forthesetwo natural chinook salnon populations to replace thenselves
(if these survival estimates are correct) they need a snolt to adult survival
rate of 2.1% for USR and 1.7% for CR

At extrenely high density levels, we believe there will be a reduction in
parr body condition and a corresponding reduction in the parr-to-smolt survival
rate.

I f enough adult chinook salnon are available for supplementation at high
densities we should be able within the next 3 years to develop adult-to-snolt
production curves for chinook salnmon at both study areas. However, we are not
sure if the results fromour two study areas will be applicable to the rest of
the anadronous streans in |daho.

For steelhead trout, we do not know at this tine if we will be able to
successfully use adult outplants to eval uate egg-to-parr survival at niddle and
high escapement levels. Wthin the next 3 years, we should be able to devel op
the | ow seeding level portion of the adult steel head trout escapenent-to-snolt
production curve, and the nmddle to high portions are dependant upon our success
with adult outplants.

RECOMVENDATI ONS

1. Qur survival estimates and adult returns at Sawooth Fish Hatchery indicate
that Sawtooth Fish Hatchery adult steelhead trout released above the weir
are not producing a self sustaining natural population with current survival
condi tions. We recommend trying alternative brood stocks to supplenent
steel head trout in the USR

2. The NMFS and our PIT tag detection data from Lower Ganite Dam indicates
that Snake River stocks of wld/natural chinook smolts arrive at Lower
Ganite Dam over an extended period and that each stock appears to have its
own unique arrival timng. We recommend that measures taken to inprove
snmolt migration survival occur over the entire smolt migration period to
rebuild all wld/natural Snake River chinook salnon stocks.

3. W& recommend that further work be conducted to elimnate adult and juvenile
passage problens associated with irrigation diversions in the upper Sal non
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Ri ver. Conpl ete dewatering of streams (Fourth of July, Chanpion, WIIians,
Fisher, and Beaver creeks) during sunmer and early fall prevents adult
chi nook sal mon from reachi ng spawni ng areas where we have estinmated better
chi nook sal nbn egg~to-parr survival rate than what we estimated for the
mai nstem upper Salnon River. U S. Forest Service personnel have observed
salnmonids stranded in drying pools of Fourth of July and Chanpion creeks as
they becanme dewatered in 1991 (Walter McClure personnel conmunication). In
addition, all of these tributaries have unscreened diversions; and we have
observed chinook salnmon and steel head trout parr in all of the streans

listed above except WIliams and Fisher creeks. In all probability,
juvenile chinook salnmon and steelhead trout are being |ost down these
diversions; especially in the fall as approximately 60% will attenpt to

emgrate downstream to overw nter.

4. Because of the uncertainties of Perry and Bjornn's (1992) estinate of the
proportion of USR chinook salmon fry emgrating in the spring and the effect
of this estimate on our stock/recruitnent curves, we recommend refinenent of
these estinmates.

5. W recommend that snorkel count surveys to estimate juvenile salmonid

densities not be conducted when the daily water tenperatures do not reach
10°Cc.
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