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EXECUTI VE SUMWARY

The ldaho Departnent of Fish and Game has been nonitoring and
evaluating existing and proposed habitat inprovement projects for
steel head (Salm gairdneri) and chinook salmn (Oncorhynchus tshawtscha)
in the the Cearwater and Sal non River drainages over the Tast four
years. Projects included in the evaluation (Figure 1) are funded by, or
proposed for funding by, the Bonneville Power Administration (BPA) under
the Northwest Power Planning Act as off-site mtigation for downstream
hydropower devel opnent on the Snake and Columbia rivers.  This nonitoring
project is also funded under the same authority (Fish and Wldlife
Program Northwest Power Planning Council).

A mtigation record is being devel oped to use increased snolt
production at full seeding as the best measure of benefit froma habitat
enhancenent project. Determination of full benefit froma project depends
on presence of adequate nunbers of fish to document actual increases in
fish production.  The depressed nature of upriver anadronous stocks have
precluded attainment of full benefit of any habitat project in |daho.
Partial benefit will be credited to the mtigation record in the interim
period of run restoration

According to the BPA Wrk Plan, project inplenentors have the primary
responsibility for measuring physical habitat and estinmating habitat
change. To date, Idaho habitat projects have been inEIenented primarily
by the U S Forest Service (USFS).  The Shoshone-Bannock Tribes (SBT) have
sponsored three projects (Bear Valley Mne, Yankee Fork, and the proposed
East Fork Salnon River projects). |IDFGinplenmented two barrier-remova
projects (Johnson Creek and Boul der Creek) that the USFS was unable to
sponsor at that time. The role of IDFG in physical habitat monitoring is
primarily to link habitat quality and habitat change to changes in actual
or potential, fish production.

Estimation of anadromous fish response to BPA habit at ﬁrojects in
|daho is generally the responsibility of |DFG However, the SBT have
primary responsibility for the three projects that they have sponsored.
| DFG and SBT have worked jointly to ensure that data collected by both
entities are conpatible.

Approaches to nonitor habitat projects and document a record of
credit were devel oped in 1984-1985. The IDFG nonitoring and eval uation
approach consists of three basic, integrated levels: general nonitoring
standing crop evaluations, and intensive studies. Annual general
nonitoring of anadronous fish densities in a small number of sections for
each project will be used to follow population trends and define seeding
| evel s. For nost projects, standing crop production estinmates of parr
will be used to estimate smolt production by factoring appropriate
survival rates fromparr to smolt. Intensive studies wll determne
Parr-to-smolt survival rates and provide other basic information that is
needed for evaluation of the Fish and Wldlife Program



CLEARWATER RIVER
1. LOLO CR, ELDORADO CR
2. UPPER LOCHSA R
3. CROOKED R
4. REDR

SALMON RIVER

. PANTHER CR

. LEMHI R

. EAST FORK SALMON R

. UPPER SALMON R, ALTURAS
LAKE CR, POLE CR

9. VALLEY CR

10. SEAR VALLEY CR, ELK CR

11. MARSH CR

12. SULPHUR CR

13. CAMAS CR, LOON CR

14. SOUTH FORK SALMON R

15. JOHNSON CR
. BOULDER CR

oy O U

0 SaimMon

Figure 1. BPA habitat project areas in Clearwater River and Salnon River
drai nages.



The relationship of general level studies to intensive studies is
depicted in Figure 2. Data conpartments depicted by square boxes will be
conponents of both general and intensive |evel evaluations. The general
nonitoring studies wll be confined to these types of data.

~ Intensive level studies will include information collected by general
monitoring and will add quantitative assessments through weir counts of
adult escapements and smolt production.

Data collected through other managenent activity and research will
conplenment the nonitoring and evaluation data base. These data
conpartments are depicted in Figure 2 by hexagons. Integration of these
data conponents will assist in defining realistic estimates of snolt
production and adult production.

General monitoring and eval uation of BPA habitat projects durin
1984- 1987 document the depressed status of wild and natural steelhead an
chinook populations (Petrosky and Holubetz, Part 1). Population |evels
have inproved fromthe early 1980s, and parr densities of wld chinook
increased 2.6 fold from 1984 to 1987 in the nonitoring sections.

A parallel IDFGfunded nonitoring program was established in 1985 to
I ndex anadronous fish abundance in the remainder of the Cearwater,
Salmon, and Snake River subbasins in |daho. General monitoring data
indicate that potential chinook production is higher in |owgradient
habitats, whereas steelhead production is optimal in steeper stream
reaches. I ncreased sedinentation reduces production potential for both
species (Petrosky and Holubetz, Part |; Welsh, Part I1).

Benefits (parr production) attributed to inplenented BPA habitat
proj ects throug?h 1987 have been relatively small due to depressed
popul ations and Tag tine in habitat response. = To date, none of the four
Instream structure projects have produced major benefits.  Additions of
new increments of habitat through barrier renoval (Wlsh, Part II;
Hol ubetz and Petrosky, Parts V and VI), or devel opnent of off-channel
rearing ponds appear anong the nost effective ways to increase production

potential. The potential benefits are also hi ?h for sedi ment-reduction
projects in the Idaho Batholith. Production efficiency can be increased
In various |ife stages by significant decreases in sedinent. These
changes in production efficiency will yield significant benefits at all
seeding levels. In sone cases, such as the Bear Valley Creek drainage,
success of BPA-funded projects to reduce sediment depends on concurrent
|l and managenent inprovenents (Petrosky and Holubetz, Part | - Appendix Q.

There are a nunber of suitable techniques for nonitoring changes
in sediment levels (Torquemada and Platts, Part I1l1). Results from nost
of the techniques correlated strongly. A two-step sanpling design
was recommended for general inventories using ocular surface nmonitorin
techniques (first step) conbined with nore intensive nethods suc
as neasured enmbeddedness at a subsanple of locations (second step) to
provide estimates wth increased precision at relatively |ow cost.
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Standardi zation of sedinent variables is needed particularly at the
general inventory level to nake data fromdifferent sources conpatible,
Additional work is needed to define effects of sedinent |evel changes on
all life stages of anadronous fish.

I ntensive studies were begun in 1987 in the upper Salnon R ver and
Crooked River (South Fork Clearwater River tributary) to determne
quantitatively the relationships between spawning escapenent, parr
product ion, and smolt production (Kiefer and Apperson, Part V). The
studies incorporate data fromgeneral nonitoring and rely on weirs to trap
adults and juvenile mgrants. PIT tags (passive integrated transponder)
are being inserted into juvenile fish to determne parr-to-smelt survival
rates. ~ They will also provide other basic information such as snolt.
mgration timng, effects of flow, spill and bypass on smolt survival,
upstream mgration timng, etc. PIT ta%s can provide a nmajor key to
extrapolating survival rates between fish populations in streanms wth
different stocks, habitat types, flow regine, and sedinent |evels.

A physical habitat and fish population data base is being devel oped
for every BPA habitat project in Idaho to develop the record of credit for
off-site’ mtigation. These data conbined with data from ot her |daho
streans will serve to nonitor progress of the Fish and Wldlife Program

Success of the entire Fish and Wldlife Programw || be determ ned
ultimately by the restoration of runs that are affected by hydropower
operation, particularly the runs of depressed upriver stocks,  Successful
on-site mtigation to increase passage survival through inproved flows and
bypass systems is essential to the success of off-site mtigation projects
i npl emented in Idaho.
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| NTRODUCTI ON

The |daho Department of Fish and Gane (IDFG has been conducting an
eval uation of proposed and existing habitat inprovement projects for
steel head (Salm gairdneri) and chinook sal mon (Oncorhynchus tshawtscha)
inthe Cearwater River and Sal non River drainages over the Tast four
years.  Projects included in the evaluation are funded by or proposed for
fundin% by the Bonneville Power Administration (BPA) under the Northwest
Power Planning Act as off-site mtigation for downstream hydropower
devel opment on the Snake and Colunbia rivers. This evaluation project is
al so funded under the same authority (Fish and Wldlife Program Northwest
Power Planning Council).

A mtigation record is being devel oped to use increased snolt
production (i.e., vyield) at full seeding as the best neasure of benefit
froma habitat enhancement project. Determination of full benefit froma
proj ect depends on conpletion or maturation of the project and presence of
adequate nunbers of fish to docunent actual increases in fish production.
The depressed nature of upriver anadronous stocks have precluded neasuring
full benefits of any habitat project in Idaho. Partial benefit will be
crﬁd|t?d to the mtigation record in the interim period of run
restoration

According to the BPA Wrk Plan (BPA 1985), project inplenentors have
the mjor responsibility for neasuring physical habitat and estimating
habitat change.  To date Idaho habitat projects have been inpl emented
primarily by the U.S. Forest Service (USFS).  The Shoshone-Bannock Tribes
(SBT) have sponsored three projects (Bear Valley Mne, Yankee Fork, and
the proposed East Fork Sal non River projects). | DFG inpl emented two
barrier removal projects (Johnson Creek and Boul der Creek) that the USFS
was unable to sponsor at that time. The role of IDFG in physical habitat
monitoring is primarily to link habitat quality or habitat change to
changes in actual and potential fish production.

Estimation of anadromous fish response to BPA habitat projects in
| daho is generally the responsibility of |DFG (BPA 1985).  However, the
SBT have prinary responsibility for developing the mtigation record for
the three projects that they have sponsored.

Approaches to monitor habitat projects and document a record of
credit were developed in 1984-1985 (Petrosky and Hol ubetz 1985, 1986).
The 1 DFG eval uation approach consists of three basic, integrated |evels:
general nonitoring, standing crop evaluations, and intensive studies.
Annual general nonitoring of anadromous fish densities in a small number
of sections for each project will be used to follow population trends and
define seeding levels. For nost projects, standing crop estimate of parr
will be used to estimate snolt production by factoring appropriate
survival rates from Parr-to-snolt stages. Intensive studies (é?efer and
Apperson 1988) will determne parr-to-smelt survival rates and provide
other basic biological informtion that is needed for evaluation of the
Fish and Wldlife Program



A physical habitat and fish population data base is being devel oped
for every BPA habitat project in Idaho. The data will be integrated at
each level of evaluation.” Conpatibility of data is also needed between
| daho and other agencies and tribes in the Colunbia River Basin.

~ The schedul e of BPA habit at Project | mpl ement ation and | DFG gener al
noni toring-eval uation activities from 1983-1987 is presented in Table 1.
A full mtigation record will be nade as three conditions can be net:
(1) the habitat project is conpleted or at full maturation; (2) the fish
ﬁopulatlon affected is observed at full seeding, or a full seeding Ievel
as been determned for the affected habitat type; and QS) the appropriate
survival rates fromlate sumer parr state to smolt stage have been
determned from the intensive monitoring studies

After a habitat enhancement project has been inplemented and prior to
the time that the aforementioned conditions have been net, IDFG wll
construct a partial mtigation record based on estinmated increases in parr
production. At a later time, the interim parr responses can be converted
to estimted snolt yields. Monitoring data will be essential to establish
trends and estimate partial benefits during the years that project
evaluations are not conducted (Figure 1).

In 1987 the general monitoring and eval uation project focused on five
areas © (1) general density nonitoring, (2) anadronous fish introductions
above treated passage barriers, (3) investigations into rearing potentia
for chinook and steelhead, (4) measurement of physical habitat variables
for all general nonitoring sections, and (5) participation in a study to
conpare the performance of commonly used sedinent variables for use in
habitat project evaluations (Torquemada and Platts 1988)

METHCDS

Physical Habitat Monitoring

Monitoring sections were established in 1984-1987 in all BPA habitat
project areas and other streans to provide an  annual index of anadronous
fish abundance in different habitat types anti drainages. The section
boundaries were defined at breaks between habitat types; nost sections
included at |east one riffle-pool sequence. Streans, project reaches
(strata), and sections were cross-referenced to the Environnenta
Protection Agency (EPA) reach nunbering system

Physi cal habitat variables were standardized and neasured at |east
one tine in each of the 121 established nonitoring sections and in nost
other sections used in habitat project evaluations. In 1987 | DFG
incorporated this list of variables into a parallel nonitoring program
being conducted in addition to this BPA-funded program (Appendix A-23).
| DFG has encouraged other agencies and tribes to incorporate this
standardized variable list into their nonitoring prograns.
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Table 1.  Schedul e of BPA project inplenmentation (1) and eval uation
activities (P = pretreatment evaluation, M= nmonitoring, and
E= posttreatnent evaluation) in Idaho, 1983-1987.
Proj ect®
Proj ect type 1983 1984 1985 1986 1987
Lolo Creek IS | | P E E M M
El dorado Creek PA |, P I, M E M
Upper Lochsa River IS | | E M M M
Crooked Fork Creek PA | P | P E E
Colt Creek PA | M
Crooked River PA [P M E M
IS |, P |, P, M E M
BC P |, P E M
, ac |, M |, M |, E |, M
Red River BC | |, M M M M
IS |, M |, M I, M E M
RR
Meadow Cr eek PA | M
Panther Creek SP P M M M
Pine Creek PA | M
Lemhi River | F P M M
Upper Sal non Ri ver | F P P M P
RR M P M P
Alturas Lake Creek | F P M M P
Pole Creek PA M M M M
RR M P M P
Val ey COreek RR P M M
Bear Valley Creek SP |, P |, P Y M
RR M P P M
Elk Creek RR M P P M
Marsh Creek RR M P M M
Knapp O eek PA M P M | M
Camas Creek RR M M M M
BC M M M M
Johnson Creek , PA [P | E | E E
South Fork tributaries PA |, M M
Boul der Creek PA P | P E M
Loon Creek CO M M M
Sul phur  Creek C0 M M P M
South Fork Sal mon 60) M M M M

*BC=bank- channel rehabilitati on, CO=control stream [F=Inproved flows,

| S=instream structure,
RR=riparian revegetation,

OC=of f - channel
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PA=passage,
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Physical habitat data were collected for the sections according to
the transect method derived primarily from Platts et al, (1983). The
standardi zed variables are:  channel type (Rosgen 1985), section length
measured mdstrean), percent gradient, width, depth, percent habitat type
pool, run, pocket water, riffle, and backwater) as described by Shepard
(1983), and percent substrate conposition (sand, gravel, rubble, boulder,
and bedrock) as defined by Torquemada and Platts (19882. Transects were
established systematically (usually 10 or 20-m intervals).  Stream width
was neasured at each transect. At the quarter, half, and three-quarter
point of each transect, we classified habitat, neasured depth, and
visual |y estimated substrate conposition.  Physical habitat data were
summari zed as section means.

Mre detailed physical habitat data were collected in several project
streams in 1984-1987 to conplement the common habitat data base. 1n 1985
| DFG cooperated in pretreatnent and problemidentification inventory of
rlFarlan and aquatic habitat conditions of headwater streans of the upper
Sal non River and Mddle Fork Salmon River (OEA 19873, D). In 1986 | DFG
expanded this inventory into Sul phur Creek, an adjacent wilderness stream
that is ungrazed by cattle or sheep (Petrosky and Hol ubetz 1987).
Pretreatment physical habitat data were collected 1n 1984-1986 in sections
of Red River, Crooked River, Bear Valley Creek, and El k Creek through
subcontract with the Internountain Forest and Range Experiment Station
(IFRES) (Torquemada and Platts 1985; Platts et al. 1986, 1987).

Physi cal habitat data collected during 1984-1987 were sunmarized b?/
channel type. Because this variable simultaneously categorizes severa
nor phol ogi cal characteristics, we used it as a primary classification to
conpare conposition of habitat types and substrate within and between
streams and to investigate chinook and steelhead rearing potential and
popul ation response to sedimentation.

Because several BPA habitat projects are designed to reduce sediment,
and bi ol ogi sts have not agreed on the best sedinent nonitoring techniques,
| DFG subcontracted with TFRES in 1987 to investigate the perfornmance of
several commonly used sedinment variables in Idaho Batholith streans
(Torquemada and Platts 1988). |DFG cooperated in this study by conducti nfg
observer bias tests for classification of habitat type, estimtes o
substrate conposition, and ratings of embeddedness class and dom nant
Eartlcle. A pair of |DFG observers independently and sinul taneously rated
abitat at the same 33 locations in each of 6 different stream sections.
(bservers 1 and 2 rated sections in the Salnmon R ver, Frenchman Creek,
Bear Valley, and the South Fork Salmon River in Septenmber 1987; Cbserver 1
and a third observer did the ratings for Red River and Crooked River,

The physical habitat data base will be used in conjunction with data
col [ected by project inplenentors to devel Oﬁ the mtigation record for BPA
habitat projects. Quantity and quality of habitat added and inproved will
be estinmated using standardized variabl es. Actual and potenti al
Broduction of steelhead and chinook parr attributable to each project will
e estimated using relationships devel oped from this data base.



Density Monitoring

In 1984-1987 | DFG established a total of 121 nonitoring sections to
i ndex the annual abundance of juvenile rainbow steel head and chinook in
BPA habitat project streans. These data, and data froma parallel
| DFG funded nonitoring program wll be used to index annual trends in
abundance, estinate rearinq potential in different habitats and devel op
rel ationshi ps between adult escapements and juvenile fish densities
éAppendix A-23). Mtigation benefits will be determned in part from
bensity trends and habitat-fish relationships developed fromthis data
ase.

Because nost anadromous production streans in Idaho are very clear
and have |ow conductivity, snorkeling counts by trained observers are
usual Iy preferred over estinmates obtained fromelectrofishing. In larger
streams, electrofishing techniques are neither practical or reliable for
juvenile fish. Density estimtes were obtained by snorkeling counts for
all sections, except those in the highly conductive and slightly turbid
Lemhi River during 1984-1987. In 1986 | DFG calibrated popul ation
estimates obtained by snorkelin% wth reanaI-tyPe popul ation estimates
(Seber and LeCren 1967; Zippen 1958) in streams of different conductivit
and water clarity (Petrosky and Holubetz 1987). Census nethods and fis
popul ation field forms are presented in Petrosky and Hol ubetz (1986).

Conparisons of snorkel counts and el ectrofishing estimates in typica
| daho anadronous streans (Petroskr and Hol ubetz 1987) denonstrated that
direct observations are an excellent nethod of censusing sal non and
steel head parr popul ations. Hanki n and Reeves (in press) presented
simlar evidence for western Oregon streans.

W summari zed rai nbow- st eel head and chinook parr densities by year,
production type (wld or natural), and channel type. WId chi nook
popul ations monitored under the BPA program were exclusively in the Mddle
Fork Salmon River tributaries. WId steelhead were in the Mddle Fork and
and South Fork Salnon River drainages. Al other BPA nonitoring streanms
were classified as natural production areas, managed with varying degrees
of outplanting (Appendices A-23 to A 25)

Anadr onous Fi sh | ntroductions

The 1984-1987 steel head and chi nook rel eases into BPA project and
monitoring streams are sunmarized in Appendices A-24 to A-25. Chinook fry
stocking in 1987 was designed to establish popul ati ons above
barrier-renoval projects and to eval uate chinook rearing potential in
different habitats in Johnson Creek and in the upper Lochsa River.
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Steel head Rearing Potential

Prelimnary inferences to steelhead rearing potential in different
habitats were drawn fromannual nonitoring of parr densities in selected
streans with relatively strong escapements and in streans that received
large out-plants of hatchery spawners and/or fry.  The selected streans
(tributaries to the |ower Salnon River and Snake River) had parr densities
higher than nost other |daho streans.  Evidence that the streams were
general | y underescaped in 1984-1987 was provided in part by counts of
natural adult steelhead past Rapid River Hatchery weir in 1983-1986 that
averaged only 39% of the 1968-1972 escapenents.  Releases of hatchery
spawners and fry were of a na%lnitude to expect full seeding in some years
for Eldorado Creek, Crooked River, the upper Lenmhi River, and possibly
upper Panther Creek (Appendices A-24 to A-25).

Rai nbow- st eel head parr densities in the selected nonitoring sections
vere sunmarized by channel t{fe’ dyear, and by the maxi num density observed
during the period. e considered the maxi num observed densities for these
selected streams to be a conservative estimate of steelhead rearing
potential.  Means and standard errors were calculated for the maxinum
observed densities by channel type and by classes of percent gradient,
percent pool and run, and percent surface sand.

Chi nook Rearing Potenti al

~ Inferences to chinook rearing potential. were drawn from annual
monitoring of parr densities and from fry outplants specifically designed
to test carrying capacity in different habitats.

A subset of the highest densities observed in established mnitori\?g
sections during 1984-1987 was created for Cchannels and B-channels.
consi dered nost of the sections in this subset underseeded and believe the
maxi nu.mlobserved densities represented conservative estimtes of rearing
potential .

Chinook fry stocking in 1987 was designed to establish popul ations
and to estimate rearing potential in portions of Johnson Creek and upper
Lochsa River tributaries, Crooked Fork, Wite Sand, and Big Flat creeks.
Johnson Creek and tributaries, Rock Creek and Sand Creek, were stocked hy
helicopter with a total. of 118,424 summer chinook fry.  Results of the
Johnson Creek investigations are reported in \Welsh (1988). Five sites in
the upper Lochsa River were stocked on May 7-8, 1987 with Rapid River
spring chinook fry (average 414/pound) by helicopter or truck.

The five stocking sites in the upper Lochsa River tributaries
sel ected represented a range of streamsize, gradient and channel type in
nondegraded habitat (Figure 2). W allocated 600,000 chinook fry to the
sites.  Each site received nore or less fry than another based on its
stream width. A site estimated to be 20-m wide would receive four tines
the nunmber of fry stocked in a 5-mwde site (Table 2). Based on an
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Table 2. Chinook fry stocking summary,

upper Lochsa River, 1987.

rearing potential

I nvestigations,

Stream Esti mat ed® Chi nook fry stocking
stocking site wi dth Nunber Nunber /1 b. Dat e Met hod
Crooked Fork Creek
L. 5.4 58, 800 400 517/ 87 hel i copt er
2. 9.7 105, 630 400 5/7/87 hel i copt er
3. 17.0 185, 120 400 5/7/87 truck
Big Flat Creek
4. 9.0 98, 000 434 5/ 8/ 87 hel i copt er
Wite Sand O eek”
b. 14.0 152, 450 434 5/ 8/ 87 hel i copt er

Estimated frompast data and aerial inspection (4/27/87),
"An addi tional 50, 000 fry were stocked near the nouth of Wite Sand O eek.



initial expectation of 15%fr?/-to-parr survival (Petrosky and Hol ubetz
1987), the stocking rate would seed 1.63 kmof streamat an average
density of 100 parr/100 nf. The only site with substantial natural
production before stocking was the |lower site (3) on Crooked Fork Creek.

W systematically established sections at 0.5 km intervals begi nni ng
at each stocking site and extending 1.0 km upstream and 3.0 km
downst ream VW rmeasured habitat variables and estimated fish densities
during August 10-20, 1987. Two sites (upﬁer Crooked Fork Creek and Wite
Sand Creek) were also sanpled May 27-28, three weeks after stocking.

Systematic stratified sanpling (Scheaffer et al. 1979R was used to
estimate the total abundance and fry-to-parr survival for all sites exceBt
Site 3 where natural spawning occurred. Strata were defined a priori as: Ul
éO. 25 to 1.25 km upstream of the site), D1 (0.25 upstreamto 1.25 km
ownstream of the site), D2 (1.25 to 2.25 km downstrean), and D3 (2.25 to
3.25 km downstrean). Each stratum contained two sections, except for D1
whi ch contained three. Dispersal of fry outside the 4.5-km study area
would nake estimates of total abundance and fry-to-parr survival
conservative.

Chi nook Reproductive Curves

Col umbi a River Basin system planning docunents (NPPC 1986) assume
snolt carrying capacity of rearing habitat to be a density-dependent
relationship in the formof a Beverton-Holt function (Ricker 1975). As
redd densities increase, snolt (or parr) densities increase to an
asynptote (carrying capacity).

Densities of age 0 chinook from Sal non River streans in 1984-1987
were conpared to densities of redds in |IDFG spawning ground survey
reaches.  The conparison was limted to |ow gradient (C channel) reaches
that have a predom nance of age 52 (age 5, two years in freshwater, three
ears in saltwater) spawners (Table 3). W classified the stream reaches
y average percent surface sand measured in the nmonitoring sections (<30%

3%-48% and >40%. Linear and Beverton-Holt regressions were fitted to
the data.

Chi nook Egg-to-Parr Survival

Total abundance estimtes of age O chinook and redd counts in upper
Salmon River and Mddle Fork Salnon River streans were used as the basis
to estimate and conpare eggr-to-par_r survival rates in streams with
different sedinent |evels. DFG estimted total parr abundance for the
upper Salnon River, Valley Creek, Marsh Creek drainage, and Elk Creek in
1985 (1984 brood year); and for Elk Creek in 1986 and 1987.  SBT provi ded
comparable data for Bear Valley Creek (BY 1983-1985) and Herd Creek
(BY 19894986) . Al'l populations included in the analysis have a
predom nance of age 52 spawners. Fecundity was assunmed to be 5,900
(1981-1984 average, Sawtooth Hatchery). Redd counts were assumed to
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Table 3. Reaches and sections of the Salmon River and tributaries used to develop chinook reproduction
curves, brood years 1983-1986.
. Spawni ng ground Mean Densi ty
Sedi ment survey reach per cent moni tori ng
class Stream upst ream downst ream sand sections
<30% Salmon R ver headwat er s/ di versi on 19.7 8A 8B, 9A 9B 10A 10B
diversion/RS. bridge 17.2 58 6A 68 7A 7B
RS Dbridge/Sawtooth weir 17.2 3A 3B 4A 4B SA
Aturas Lake G Alpine O./Aturas Lake 29.0 1A 2A
Cabin C. Bridge/mouth 10.0 3
Pole Creek headwat er s/ di version 16.0 1A 1B 2A 2B
di ver si on/ mout h 20.5 3 3B
Valley Creek Trap O./Stanley Lake O 26.0 A 3B
E Fk. Salmon R weir/Herd Gr. 15.0 5
Herd Cr./mouth 5.0 8
Marsh O eek airstrip/Cape Horn G 2.7 4B, 5A 6A
Knapp Creek beaver ponds/ mouth 21.0 1A
Cape Horn Oreek Banner Or./nouth 13.5 1A 2B
Beaver (reek Bear Or./ bridge 8.0 1A 3B
Loon Creek Cabin Or./steep canyon 23.5 12
Canas O eek Castle O./Hmer Q. 9.0 12
30-401  Bear Valley G mne/Ek C. 35.7 3A 5A BIG MEADOW
Sul phur - Creek Sul phur - Cr. Ranch/ | ower 3.0 1A 4B
>40% Valley Creek Stanley Lake Or./nouth 46.0 1B
Bear Valley Cr. Bk G./Fr G, 57.0 2A, 2B
Ek Oeek Vest Fork Elk Or./Bearskin O. 45.0 2A 2B
Bearskin C./Bear Valley G 46.0 1A 1B
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represent either 1.0 redd/female (Bjornn 1978) or 1.5 redds/female
(Otmann 1968).  Sedinent |evels were sunmarized as percent surface sand
in Cchannels based on CEA (1978a,b) and SBT data for Herd Creek.

Partial Project Benefits

Partial project benefits were estimated in |-984-1987 accordi ng to the
project-specific approaches in Petrosky and Holubetz (1986) and
Appendi x B. The interimbenefits are expressed in terns of parr
production until reliable estimates of parr-to-smolt survival rates can be
Tgég)i ned from the intensive snolt nonitoring studies (Kiefer and Apperson

RESULTS

Physi cal Habitat Mnitoring

Monitoring sections established in Cchannels were Eenerally | ower in
gradient and contained nore pool and run and |ess pocket water habitat
than the B-channel sections (Table 4). Sand and gravel nmade up a |arger
percentage of the substrate in the depositional G channels than the
gon.fineolll| B- channel s. None of the sections or streams were bedrock
om nat ed.

Sediment |evels varied widely between streanms (Table 4).  The mean
surface sand ranged from6%to 66%in C channel sections (Hayden Creek and
El dorado Creek, respectively) and from 0% to 30% in B-channel sections

Alturas Lake Creek and Red River, respectively). Lolo Creek, Bear Valley
eek, El'k Creek, and the South Fork Salmon River and tributar ies also had
conparatively high sedinent |evels.

Variation and bias of habitat data collected by different observers
were investigated in six Cchannel stream sections in conjunction with a
nore conprehensive sedinent study by |FRES (Torquemada and Plants 1988).
Experienced observers generally gave simlar ratings to habitat t%/pe_
substrate conposition, embeddedness class, and domnant particle, but wth
i ndi cations of observer bias for sonme variables

The observers gave simlar ratings to percent pool and run conbined,
but the separation of pool fromrun was subject to observer bias
(Table 5). (oserver 1 consistently rated a higher percentage of pool and
| ower percentage of run than either observer 2 or 3. Percentage of riffle
was rated sim'IarIJ/. Unlike the IFRES team (Torquenada and Platts 1988),
| DFG observers did not rate any pocket water in the six G channel
sections.

The observers gave simlar ratings to percent substrate conmposition
wi thout significant observer hias (Table 5). Percentages assigned to each
substrate class (averaged for the section) varied at most by 7% for sand,
11% for gravel, and 6% for rubble. Very little boulder and no bedrock
substrates were present in the sections.
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Table 4. Summary of physical habitat variables neasured in monitoring sections, Clear-water River and Salnon River subbasins,
1984- 1987.

Subbasi n, Channel Nurber Mean % Mean Mean percent habitat type® Mean percent substrat ¢’
stream type sections gradient  wdth(m  Pol Run PW RF BU S G R B BR

(l earwater Subbasin

Lolo Creek C 4 1.1 12.3 1l 83 0 6 0 ¥ 8 3 U 0
B 2 1.2 16.3 0 100 0 0 0 6 19 66 10 0
E dorado Creek C 2 0.8 7.4 24 67 0 9 0 66 24 8§ | 0
B 2 2.0 6.7 4 26 24 46 0 23 18 44 U 0
Crooked Fork Creek B 6 1.6 11.6 26 38 10 26 0 6 2 42 3N 0
Colt Creek B ! 1.7 5.5 0 3367 0 0 I 10 22 67 0
C 5 0.6 10.5 30 60 0 10 0 29 37 3N 3 0
Crooked R ver B 2 1.6 8.0 25 2 0 33 0 10 41 34 15 0
Red River C 5 0.3 11.5 40 3 0 1 0 % 39 22 2 0
B 2 1.2 9.4 20 20 60 0 0 0 13 B R 0
Meadow Creek C ! 0.6 1.2 0 2 0 58 0 2 39 39 0 0
B ! 1.6 8.0 25 0 50 2 0 22 18 23 3% 0
Sal mon Subbasin
Panther (reek C 4 1.2 7.6 23 3 4 38 0 15 46 31 7 0
B 2 0.8 18.2 0 5 6 38 4 1 37 4 9 0
Pine Oreek B 2 4.6 4.4 25 % B B 0 2 32 38 9 0
Lenhi R ver C 3 1.4 8.6 15 65 19 0 0 8 62 19 0 0
Hayden O eek C ! 1.4 7.4 kX! 20 0 47 0 6 92 2 0 0
B 2 2.4 9.8 0 5 21 29 0 3 28 48 2 0
East Fork Salmon River C 4 0.9 15.0 b 86 0 8 0 8 44 48 7 0
Sal mon River C 8 1.4 11.9 20 8§ 1T 2 18 29 44 8 0
B 1 2.5 23.7 0 60 40 0 0 1316 31 40 0
A'turas Lake Creek C 3 0.4 1.9 15 52 3 0 24 64 30 0 0
B 1 1.0 8.4 0 21 10 3 0 0 39 46 15 0
Pole Creek C 4 0.6 4.1 29 B 1 3B 0 4 66 19 2 0
Val ley Creek C 3 1.5 13.0 23 5 0 2 0 329 H 3 0
B 1 1.8 6.3 0 72 16 1 0 2420 3H 22 0
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Table 4. Continued.

Mean percent habitat typea Mean percent substrateh
Subbasin, Channel Number Mean % Mean
stream type sections gradient width (m) Pool Run PW RIF BW S 6 R B BR
Salmon Subbasin (cont.)

Bear Valley Creek C 5 1.0 14.4 27 64 O 4 5 46 32 20 2 0
] 1 1.5 21.9 0 40 60 0 0 2 3 10 56 0

Elk Creek C 5 1.6 12.6 37 49 0 12 2 49 42 9 0 0
Marsh Creek c 3 1.3 8.5 29 32 0 3 0 23 59 16 1 0
B 2 2.2 19.0 44 20 0 36 0 10 26 37 26 0

Knapp Creek ( 2 1.0 5.7 16 58 0 26 0 2% 39 36 0 0
Cape Horn Creek c 2 1.2 7.5 10 43 0 47 0 14 5 28 O 0
Beaver Creek c 2 1.2 12.8 20 46 0 34 0 8 34 48 1 0
Sulphur Creek c 2 0.7 10.4 62 9 0 29 0 35 57 8 O 0
B 1 3.0 10.2 33 0 67 0 0 21 11 32 36 0

Camas Creek c 2 0.2 17.1 6 72 0 15 6 9 5 35 1 0
8 1 0.8 9.1 0 33 58 8 0 4 45 25 26 0

Loon Creek c 2 0.2 18.0 75 8 O 17 0 28 60 12 2 4
B 1 1.4 18.4 0 0 100 0 0 - - - - -

South Fork Salmon River c 3 0.4 17.4 24 64 0 11 0 45 28 29 1 0
Dollar Creek 8 1 3.3 6.2 25 33 0 & 0 26 15 34 25 0
Johnson Creek C 5 0.3 7.1 46 2 0 13 0 39 54 7 O 0
] 3 1.3 14.3 17 16 67 0 0 12 16 23 50 0

Boulder Creek c 1 0.6 5.0 93 7 0 0 0 42 30 27 1 0
B 3 2.3 9.7 2 34 54 10 0 9 2 37 3R 0

Little Salmon River B 2 L3 161 6 10 2 3 0 4 8 2 5% 0
MEAN C 81 0.9 11.3 27 52 2 18 1 29 42 25 4 0

8 40 2.0 11.6 11 37 33 19 0 12 23 37 28 0

dabitat types: PW = pocket water; RIF = riffle; BW = backwater.
bsubstrates: S = sand; G = gravel; R = rubble; B = boulder; BR = bedrock.
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Table 5 Summary of observer hias tests, conparing estinates or percentage of rating by 2 observers who independently rated
the same 33 locations in 6 stream sections, 1987.
Sal mon R Frenchmans Q. Bear Valley O, S Fk. Salnon Red R Crooked R
Variabl e (hservers: | 2 ! 2 l 2 1 2 ! 3 1 3
% Habitat type
Pool 9 0 10 55 18 6 15 6 64 24 67 15
Run 61 64 9 30 19 91 76 19 18 58 15 58
Pocket wat er 0 0 0 0 0 0 0 0 0 0 0 0
Rffle 30 36 15 12 3 3 9 15 18 18 18 2
Backwat er 0 0 b 3 0 0 0 0 0 0 0 0
% Substrate
Sand 1 6 44 48 56 49 34 36 26 2 28 33
Gavel 61 65 56 52 35 i 54 45 b4 59 60 49
Rubbl e LY 29 0 0 ) 1 12 19 20 20 12 18
Boul der 0 0 0 0 3 3 0 0 0 0 0 0
Bedrock 0 0 0 0 0 0 0 0 0 0 0 0
% Embeddedness class
<5% 19 85 9 30 9 18 9 12 42 2 15 13
5-25% 15 9 2 12 9 6 2 12 24 58 30 33
25-50% 6 ) 3 9 3 18 6 9 15 9 2 30
50- 75% 0 0 15 9 2 18 9 24 6 6 12 9
>75% 0 0 52 39 58 39 55 42 12 6 15 12
% Domnate particle
Fine sand 0 0 24 33 18 2 2 24 9 12 12 12
Coarse sand 0 0 b 9 39 2 0 0 3 0 0 3
Gravel 82 97 10 58 36 45 67 58 13 82 85 16
Rffle 18 3 0 0 0 0 12 18 15 b 3 9
Boul der 0 0 0 0 6 6 0 0 0 0 0 0
Bedrock 0 0 0 0 0 0 0 0 0 0 0 0




Ratings of enbeddedness class varied between observers (Table 5).
Cbserver 1 tended to assign higher class values than Coserver 2.

Ratings of percent dominant particle agreed noderately well between
the observers, wth no apparent bias (Table 5). Ratings of dom nant
article varied nore than conparable ratings of substrate conposition,
owever .

~The three sedinent variables investigated for observer bias have
aPP.I|.cab|I|ty for general streaminventories because estimates can be nade
efticiently. However, the variable percent substrate conposition contains
nmore information than enbeddedness class or percent dom nant particle.
Torquenada and Platts (1988) found high correlation between nost sedinment
variables investigated in their study. For general inventories in the
| daho Batholith, they recommended use of the variables percent substrate
conplositliggrl,) percent enbeddedness (ocular), and substrate score (Crouse
et al. :

Density Mnitoring

Parr densities of wld steelhead and chinook in established
noni toring sections indicate depressed popul ation status during the period
1984-1987 (Table 6). Average parr densities of wild steel head popul ations
(Mddle Fork Salnmon River and South Fork Salnon River) were [ower than in
natural production areas (Appendix A).  Mean densities of wld chinook
(Mddle Fork Salnon River) increased 2.6 fold from 1984 to 1987 in the
monitoring section. WId steelhead and chi nook J)arr densities in the
highly sedinented Bear Valley Creek and Elk Creek drainages have remained
very [ow, especially conmpared to sinilar wild production streans with |ess
sedi ment (Appendix A).

Densities of natural juvenile steelhead and chinook in established
monitoring sections varied by streamand year (Appendix A). Qutplanted
hat chery chinook accounted for increased densities above barrier renoval
projects in Eldorado Creek, Crooked Fork Creek, Johnson Creek, Boul der
Creek, and Panther Creek (a proposed BPA project streanj. Conversely, the
trapping of chinook adults for Sawtooth Hatchery accounted for a decrease
in natural production above the weir (upper Salnmon River, Aturas Lake
Creek, and Pole Creek?. Large outplants of excess Dworshak NFH spawners
in 1985 probably fully seeded El dorado Creek and Crooked River with
yearling steelhead in 1986. Large outplants of steelhead adults and fry
into the upper Lenhi River and upper Panther Creek may have resulted in
full seeding. No other nonitoring streans were considered to be at
rearing potential in 1984-1987.

Channel type influenced parr densities, even at the currently
depressed population levels (Table 6). Chinook densities averaged three
times higher in the Cchannels conpared to B-channels, whereas
rai nbow steel head parr densities averaged 2.3 times greater in the
B-channel secti ons.
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Table 6. Rai nbow steel head and chinook parr densities (nmean nunber/l00 nR)
in established BPA nonitoring sections, sunmarized by wild versus
natural production and by channel type, Cearwater and Sal mon River
drai nages, 1984-1987.

Speci es, W d Nat ur a
age Year G channel  B-channel G channel B-channel Conbi ned

Rai nbow st eel head

Age >1 1984 0.2 3.2 1.6 1.5 1.4
1985 0.5 3.4 3.5 4.6 2.7
1986 0.8 3.1 5.3 7.0 3.7
1987 0.6 1.6 4.6 5.9 3.9
Mean 0.5 2.8 3.8 4.8 2.9
Rearing  15.0 20.0 15.0 20.0 17.5
potent al

Chi nook

Age 0 1984 5.2 3.2 17.9 1.2 10.9
1985 9.4 4.0 16.7 8.6 12. 4
1986 14.0 5.9 19.0 5.9 13.9
1987 18.4 2.9 22.2 10.9 17.8
Mean 11.8 4.0 19.0 6.6 13.8
Rearing  108.0 67.0 108.0 67.0 88.0
potenti al

“Authors™ expectation for nondegraded streans based on [iterature for
| daho streans, nonitoring and eval uation data, and results of chinook fry
and outplanting study, upper Lochsa River, 1987
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Steel head Rearing Potential

Rai nbow- st eel head parr densities in selected streanms w th above
average seeding ranged fromO to 44.6/100 nf in 1984-1987 (Table 7).
Lowest densities in the subset were observed in the highly sedinmented
Eldorado Creek. The Lemhi River, a fertile stream and some |ower Sal non
River and Snake River tributaries had the highest densities.

Al though nost streans were underseeded, some relationships existed
bet ween the nmaxi num observed parr density for a section and habitat
variables (Table 8, Figure 3). B-channels tended to rear nore
rai nbow steel head parr than Cchannels.  Maxinumparr density increased
with gradient and decreased with sedinent. No sinple relationship was
apparent between maxi num parr density and the percent of habitat
classified as pool and run.

Chi nook Rearing Potential

The highest chinook parr densities observed during 1984-1987 in
established monitoring sections have been in Cchannels (Table 9). Both
the C and B-channel sections in this data subset had characteristics
simlar to the average for all nonitoring sections. However, three
C-channel sections with the higher densities had sedinent |evels at |east
as high as 40% surface sand. These sections were in su#)pl emented streans
(Apdpendlx A-25). The subset also included sections fromwld chinook
production streans (Cape Horn, Marsh, and Loon creeks).

Chinook fry stocking in upper Lochsa River tributaries fully seeded
streamreaches in the vicinity of the stocking sites. W sumarized
chinook parr densities by location and habitat to estinmate summer rearing
potential and fry-to-parr survival. Chinook fry dispersed slightly in the
first three weeks after stocking in Crooked Fork and Wite Sand creeks
(Table 10).  Fry were present at high density only within 1.0 kmof the
stocking sites in late May. At the higher gradient site (Crooked Fork
Geek, Site |), dispersal was primrily downstream In |ow gradient
(Wite Sand Creek, Site 5), fry dispersed slightly, upstream Based on
nean density in late My (257/100 and 283/100 nf for sites 1 and 5,
respectively), approximtely 62% of the fry survived the first three weeks
after stocking.

By August 1987 chinook parr had dispersed substantially, primrily
downstream from the stocking sites (Table 11). r‘[r)Fensity within 2 km
downstream of the sites averaged 93.1/100 (range = 26.6 to
228.41100 nf).  Density n%Jpstream and greater than 2 km downstream of the
sites averaged 35.0/100 and 53.8/100 nf, respectively. A nmajor storm
system and cold weather during August 13-15 may have influenced
distribution at some sites. Mjor emgration of sumrer chinook parr was
associated with this stormin Johnson Creek (Welsh 1988).
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Table 7. Rainbow-steelhead parr density (number/100 m2) by channel type in established monitoring sections of selected
Idaho streams with above-average seeding, 1984-1987.

rrimary
Channel  means of Drainage, Observed
type seedinqa stream Proaramb Section 1984 1985 1086 1987 mAximum
C N Salmon River
Boulder Creek BPA 1 6.3 3.7 6.8 15.6 15.6
Slate Creek RES 5 - 4.4 6.1 13.4 13.4
MEAN 6.3 4.0 6.4 14.5 14.5
H Clearwater River
Eldorado Creek€ BPA 2M ° 0 0 1.3 1.3
BPA 2LG o 0 4.3 1.8 4.3
Crooked Riverd BPA I1-Treatment 2 1.5 13.7 19.6 19.6
BPA [I-Control 2 - 2.6 14.0 9.5 14.0
BPA I1I-Natural 3.1 - 3.5 9.0 9.0
BPA IV-Meander 1 - 0.4 6.1 11.0 11.0
BPA IV-Meander 2 1.2 1.1 7.7 9.4 9.4
Saimon River
Panther Creek® BPA MO1 4.3 8.4 13.3 14.8 14.8
BPA PC10 4.3 - - 2.0 4.3
BPA PC9 7.1 - 12.5 7.7 12.5
Lemhi River BPA LEM-1A - 44.6 15.8 20.8 44.6
BPA LEM-28 - 20.0 21.5 19.8 21.5
BPA LEM-3A - 15.9 12.7 8.2 15.9
MEAN 2.9 9.4 10.4 10.4 14.0
C-channel mean 3.3 8.6 9.9 10.9 14.1
B N Salmon River
Boulder Creek BPA 2 2.7 7.5 5.3 8.8 8.8
BPA 3 8.1 13.3 - 15.5 15.5
BPA 5 4.9 16.8 24.1 20.9 24.1
Little Salmon River BPA 1 - 13.2 9.8 7.6 13.2
BPA 2 - 10.1 14.8 7.3 14.8
Hazard Creek IDFG HAZ-1 - 12.2 13.1 15.6 15.6
Rapid River IDFG RAP-1 - 7.9 3.5 8.7 8.7
IDFG RAP-2 - 9.8 15.4 14.8 15.4
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Table 7. Continued.

Primry
Channel  means of Drai nage, (oser ved
type seedi ng d stream Progr anf Section 1984 1985 1986 1987 maxi num
Slate Creek RES 1 - 4,5 8.2 5.6 8.2
RES 2 i 4.6 6.6 3.2 6.6
RES 3 - 5.1 5.2 5.6 5.6
RES 4 45.4 20.7 1.4 45. 4
Witebird Creek RES 1 - 25.5 1.9 25.5
RES 2 19.5 29.2 16.2 29.2
RES 3 28.5 31.6 26.0 31.6
RES 4 19.4 1.2 3.8 19.4
Snake River
Captain John Creek | DFG ! 11.0 23.4 11.2 23.4
| DFG 2 15.6 30.0 13.3 30.0
Wl f Creek | DFG ! 19.5 8.9 12.2 19.5
| DFG l 24.6 37.8 41.8 41.8
| DFG 2 7.0 9.0 5.6 9.0
Ganite Creek | DFG ! 19.4 15.2 12.7 19.4
| DFG 2 - 22,5 9.7 8.7 22.5
| DFG 3 N ] 15.2 13.0 15.2
VEAN 5.2 15.3 16.1 12.0 19.5
B H Olearvater River
E dorado Creek BPA 1HG 0 0 111 1.9 111
o BPA 1B 5.1 5.3 8.7 1.5 8.7
Crooked River BPA |-Sill Log A 0.2 L5 5.9 7.0 7.0
BPA |-Control 1 0.7 0.5 5.7 2.9 5.7
VEAN 1.5 1.8 1.8 6.3 8.1
B-channel nean 3.1 13.3 14.8 11.2 17.9

b
(Rohrer, IDFG personal communi cation)

% gh sediment levels; sections 2M 2LG and 2HG upstream of barrier-removal project.

"Channel i zed by dred%e i ni ng,
“Upstream of mine pol lution.

“Nenatural escapement; Hehatchery adult and fry outplants.
BPA=BPA habitat monitoring and eval uation

| DFG=I DFG fishery management (unpublished data); RES=IDFG fishery research
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Table 8. Maxi mum density (number/100 nfg of rai nbowst%el headlg%a}lrrlgg?d habitat summaries in established monitoring sections of
ove-average Sseeding, -1987.

selected Idaho streans with a

(Chser ved a b
Channel mximum  Percent Wdth Mean % habi t at Mean % substrate

type Stream Section density gradient (m Pool  Run PW RIF BU S G R BBR

C Lemhi River LEM 1A 44,6 1.1 6.9 3340 0 27 0 B30 § 0 0

Lemhi River LEM 2B 21.5 1.4 8.3 3 1 0 13 0 28 5% 1L 0 0

Crooked River [-Treatnent 2 19.6 0.9 9.1 60 40 0 0 0 302 H» 1T 0

Lemhi River LEM 3A 15.9 1.6 9.9 3 5% 0 ¥ 0 0 8 17 0 0

Boul der Creek 1 15.6 0.6 5.0 93 70 0 0 2 3 27 1L 0

Panther Creek ML 14.8 1.8 6.5 2 482 2 2 0 9 5% 27 9 0

Crooked River [1-Control 2 14.0 0.9 9.9 0 8 0 17 0 2 4 3% 2 0

Slate Creek 5 13.4 0.5 2.1 67 28 6 0 0 8 6l 10 0

Panther Creek PCY 12.5 1.9 6.3 72 0 73 0 132 48 16 0

Crooked River | V- Meander 1 11.0 0.3 9.0 a7 40 0 13 0 40 40 20 0 0

Crooked River | V- Meander 2 9.4 0.3 12.9 61 33 0 6 0 333 L0

Crooked River [ 1 [-Natural 9.0 0.5 8.9 67 15 0 18 0 2 60 120 0

Panther Creek PC10 4.3 0.6 4.1 7.5 0 0 0 3% 64 0 0 0

El dorado O eek LG 4.3 1.0 8.9 a7 67 0 1 0 349 16 2 0

E dorado O eek 2M 13 0.5 6.0 2 67 0 1 0 100 -0 0 0 0

\ean 141 0.9 1.6 3 4 2 16 O 347 19 3 0

B Slate Ceek 4 45.4 2.5 105 3 27 60 0 0 6 15 24 5% 0

Sheep Creek 1 41.8 10.0 6.8 20 20 60 0 0 L2423 52 0

Witebird Creek 3 31.6 4.0 5.5 713 8 0 0 118 51 31 0
Captain John Q. 2 30.0 36 4 ¥ 0 2 0

Witebird Ceek 2 29.2 3.5 53 0 T 81 1 0 0 1 4 4 90

Witebird Creek 1 25.5 8.9 20 0 80 0 0 1 9 45 46 0

Boul der Creek 5 24.1 1.6 8.6 760 2 13 0 9 32 45 U 0
Captain John . 1 23.4 3.2 5 3% 0 2 0

Ganite O eek 2 22.5 8.6 7.8 17 0 8 0 0 0 2 8 90 0

Wl f O eek 1 19.5 4.9 4.7 13 20 13 5 0 2 33 54 11 0

Ganite Ceek ! 19, 9.5 9.0 20 0 8 0 0 0 1 32 5 0

Witebird O eek 4 19.4 1.0 6.2 47 13 40 0 0 1356 2 13 0

Hazard O eek HZ- 1 15.6 -7  14.3 7 6 8§ 8 0 I 13 28 5 0

Boul der Creek 3 15.5 3.2 122 0 8 7517 0 0 18 42 30 0
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Table 8. Continued.

Chserved a h

Channel maxi num  Percent Wdth Mean % habi t at Mean % substrate
type Stream Section density gradient (m Pool Run PW RF BW S G R B BR
B Rapid R ver RAP- 2 15.4 1.3 139 33 25 42 0 0 7T 24 35 340
Ganite Oeek 3 15.2 5.8 1.2 0 40 60 0 0 0 13 30 57 0
Little Salmon R 2 14.8 1.4 126 11 1 1 6 0 3 5 31 61 0
ittle Salmon R 1 13.2 1.2 196 0 67 33 0 0 5 10 34 50 0
Eldorado Creek | HG 11.0 1.6 1.0 75 20 2 0 38 12 28 21 0
Sheep Creek 2 9.0 6.5 6.0 0 0 100 0 0 115 4 390
Boul der Creek 2 8.8 2.2 8.2 0 3 6 0 0 8 16 23 530
Rapid River RAP-| 8.7 2.1 6.4 0 100 0 0 0 2 3 42 190
El dorado Creek 1B 8.7 2.5 6.4 0 0 21 13 0 8 25 59 70
Slate Ceek 1 8.2 2.5  13.6 7 2 6 717 0 4 2 47 29 0
Crooked River |-Sill Log A 7.0 1.8 8.4 50 42 8 0 0 11 49 32 80
Slate Oreek 2 6.6 1.0 136 0 27 713 0 0 4 2 42 340
Crooked River |-Control 1 5.7 1.2 7.6 0 42 5 0 0 10 32 36 220
Slate Ceek 3 5.6 50 5.6 T2 6 1 2 2% 32 4 0
\ean 17.9 3.7 8.7 13 0 47 | 0 6 21 3% 37 0

PWepocket water; RIF=riffle; Bibackvater.
"S=sand; Ggravel Rerubbl e;  B=houl der; BR=bedr ock.



€¢-1

Figure 3.
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Maxi mum observed density of rainbowsteelhead parr in established monitoring sections of
selected ldaho streams sunmarized by channel type and classes of percent gradient, percent
pool and run, and percent sand, 1984-1985. Vertical bars represent + SE
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Table 9. Subset of highest observed chinook parr density (nunber/100 n) and habitat summaries in established monitoring sections,
summarized by channel type and neans of seeding, 1984-1987.

Pri nary®

Channel neans of . . Percent Wdth _ Mean % habi tat ty|oeb Mean % substr at e°
type  seeding  Stream Section Year Density gradient (m Pool Run PWRIF BW S G R BBR
C N Salmon River 8A 1984 97.4 0.5 9.0 67 20 0 13 0 8 30 39 12 0
Cape Horn Creek 2B 1987 96.8 1.0 .5 20 3 0 47 0 19 46 3 0 0
Salmon River B 1984 94.7 0.5 6.9 25 7 0 0 0 26 29 42 3 0
Crooked River | V- Meander 1 1986 93.4 0.3 9.0 47 40 0 13 0 40 40 20 0 0
S. Fk. Salmn R Stolle 2 1987 91.5 0.4 116 33 5% 0 17 0 5 30 1 0 0
Crooked River [1-Control 2 1985 90.2 0.9 9.9 0 8 0 17 0 22 41 3% 2 0
Marsh O eek bA 1987 89.3 L5 12 &£ % 0 33 0 14 63 22 1 0
Salmon River 3BRA 1987 88.8 0.6 280 16 4 0 2 22 49 5 3 0
Red River I-MIlers 1987 88.4 0.3 35 64 18 0 18 0 26 53 2 0 0
A'turas Lake Cr. 3 1984 81.9 0.4 9.0 24 3% 6 3 0 7 54 39 0 0
H El dorado Creek M 1987 160.9 0.5 6,0 2 67 0 1 0 100 0 0 0 0

El dorado Creek M 1986 1116 - -
Nean 98.7 0.6 101 33 4 0 211 3% 21 2 0
N Red River [I-Treatment 2 1985 5.4 1.2 90 40 40 20 0 0 3 18 23 2 0

Red River [I-Treatnent 2 1987 48.1 - S
Boul der  Creek 5 1987 40.9 1.6 8.6 760 20 13 0 9 32 4 U 0
Red River [1-Control 2 1985 39.9 1.2 9.8 0 0 100 0 0 26 8§ 21 38 0
Crooked River [-SiTl Log A 1985 3.9 1.8 84 50 &£ 0 8 0 1 49 32 8 0

Loon O eek NV 1 1986 25.4 - -
Boul der  Creek 3 1987 20.2 3.2 122 0 § 5 171 0 10 18 42 30 0

Red River [I-Treatnent 2 1986 19.3 o -

Boul der Creek 5 1986 18.1
Crooked River [-SiTl Log A 1986 17.8

H Crooked Fork Cr. 2A 1987 57.0 2.4 47 200 30 20 30 0 8 2 N 3 0

Crooked Fork Gr. 2A 1986 24,2 - S
Nean 348 1.9 88 20 30 39 1 0 16 24 34 26 0

Nenatural (or wld

"PU=pocket

water;

es.ca{)emsnt;
F=rif

“Ssand; Gegravel; Rerubble; B=boulder: BR=bedrock.

FEhatchery fry outplants.
le; Bliebackwater.
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Table 10, Surmary of chinook fry density (number/100 rf) three weeks after stocking near two sites, upper
Lochsa River, May 1987.

Per cent
Stream 1987 Channel Per cent Mean pool Per cent
stocking site date Sratum  Section®  Density type gradient  width (m run sand”
Orooked Fork Creek
L 528 u 0.5U 0° B 5.4 3.6 25 5
0 0.5D 505. 6 C 0.8 5.1 18 1
0J0)) 865. 3 C 1.2 5.6 67 15
0 1.0D 68.4 B L7 5.0 47 8
1.5D 86.5 C 2.8 6.1 60 1
2.0D 15.5 B 2.5 5.4
Wite Sand O eek
J 5121 u 1L 1.8 C 0.1 13.6 87 13
0.5U 592.0 C 0.2 12.5 100 40
0 0 764.2 C 0.1 14.0 92 33
0.5D 53.3 C 0.1 11.2 100 13
|.D 15 C 0.1 10.5 100 26

“1.OEL km upstream of stocking site; O CD=stocking site; 1001 km downstream of stocking site, etc.
‘igust 1987 data.
Passage block for juvenile chinook located at downstream end of section.



Table 11 Sumary of chinook parr density (number/100 nf) 13 to 15 weeks after stocking near 5 sites,
upper Lochsa River, August 1987.

Mean Per cent

Stream 1987 ~ Channel  Percent width Pool,  Percent
stocking site date Stratum  Section® Density type gradient (m run sand
Crooked Fk. G,
L 8/ 10-12 L 1.0U q B
0.5U o B 5.4 2.4 25 5
il o 224.8 C 0.8 3.1 78 11
0.5D 228.4 C 1.2 3.4 67 15
|.D 89.0 B 1.7 2.9 47 8
02 1.5D 109.1 C 2.8 4.4 60 1
2.0D
03 2.5D 97.4 C 1.2 4,2 56 6
3. 57.0 B 2.3 4.7 50 T
2 8/ 13- 14° u 10U 4.6 C 0.5 8.3 83 8
0.5U 7.3 C 11 9.7 83 18
) 0.0D 35.3 C 0.8 6.3 92 6
0.5D 78.1 B 1.7 1.8 66 3
N0)) 1.5 B 1.4 8.8 58 10
02 1.5D 44.9 B 1.6 8.2 42 2
2.00 57.3 B 1.6 1.4 83 5
03 2.5D 53.1 B 1.2 11.5 67 10
3.0 44,2 B 2.3 8.4 § 0
3.° 811 u 1.0V 29.2 B 0.7 16.0 81 !
0.5V 3l B 2.1 24.8 15 4
) 0 87.8 B 0.7 14.5 15 2
0.5U 9.1 C 0.6 13.6 92 4
l.OD 26.6 B 2.1 20.4 42 !
1.5D 89.5 B 0.7 14,2 100 5
2.(D 64.6 B 0.9 17.2 58 b
2.5D 39.0 B 1.1 22.9 15 4
3.0 49.9 B 1.0 14.7 93 5
Big Flat C.
4, 8/19° UL 1.00 36.1 C 0.2 6.1 67 2
0.5U 88.8 C 0.1 5.0 100 2
0l 0o 66. 6 C 0.4 6.1 50 25
0.5D 13.2 C 0.1 1.8 100 25
N0)) 76.4 C 0.1 1.6 100 16
0 1.5D 65.5 C 0.1 9.0 100 28
2. 68.9 C 0.2 6.4 100 2
03 2.5D 74.2 C 0.3 8.3 100 17
3. 65.8 C 0.4 7.8 67 25
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Table 11.  Continued.

Mean  Percent
Stream 1987 Channel  Percent  width pool,  Percent
stocking site date Stratum  Section® Density type gradient (M run sand
Wite Sand C. c

5. 8/18 w° 2.50 12.8 C 0.1 9.8 75 4

2.0U 53.0 C 0.1 10.7 100 16

1.50 41.7 C 0.6 9.5 100 43

Ut 1.00 36. 8 C 0.1 12.0 87 13

0.5u 106.8 C 0.2 10.2 100 40

0l 0 86. 6 C 0.1 11.0 92 3

0.50 138.5 C 0.1 12.7 100 13

1.0D 125.0 C 0.1 1.1 100 26

02 1.5D 114.3 C 0.4 10.6 100 10

2. 64.5 B 0.7 10.2 83 4

03 2.5D 3.1 B 0.6 81, 0 !

3. 23.9 B 0.8 10.9 67 5

a

b

“Sampl ed after major stormand col d weather on 8/13-15.

d

Maj or emigration of chinook from sumer

rearing areas associated with this stormin Johnson Creek (Velsh, personal communication).
I'ncludes chinook production fromnatural spawning.

“Extra sections sanpled to determine upstreamrange of dispersal.
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1.00=1 kmupstreamof stocking site; QO CD=stocking site; 1.CD=I km downstream of stocking site, etc.
Upstream of passage block for juvenile chinook.



_ In Crooked Fork, Big Flat, and Wite Sand creeks, August density
within 2 km downstream of the sites was related to channel type
(Figure 4).  GCchannels supported a density of chinook parr (107.6/100 n?
that averaged 60% higher than the B-channel density (67.41100 nf). No
sinple relationship was apparent between density and percent gradient,
percent pool and run, or percent sand

The systematic stratified sanpling design produced moderately precise
but conservative estimtes of chinook parr abundance and surviva
(Table 12). Bounds on the error of estimation (£2 SE) averaged 22% of the
estimated totals for sites 1, 2, 4, and 5. Total abundance was not
estimated for Site 3 because natural spawning occurred in this area.
Estimted chinook fry-to-parr survival (Mwy to August) averaged 24% for
the four sites. Survival estimates were conservative because some parr
di spersed outside the study areas.

Chi nook Reproduction Curves

In general, chinook parr density correlated directly with redd
density for the 1983-1986 brood years in the Salnon River drainage
(Table 13, Figure 5). The h|%best redd density observed in the period was
12.5/hectare in Sul phur Creek (a wld production stream) in 1986; redd
density averaged 1.8 hectare for all reaches. By contrast, the 1960-1969
average redd density for the Marsh Creek drainage was 18.7/hectare.

Chinook parr densities observed in 1984-1987 (BY 1983-1986) varied
considerably, but ranged and averaged higher in the |ess-sedimented
reaches (Table 13).

A linear regression fit noderately well ( r°=0.56) to chinook parr
density and redd densit{_data for G channel stream reaches with less than
30% sand (Table 13). inear relationships were weak to nonexistent for
data from sediment classes 30-40% and >40% The regression slopes
decreased as sedinent |evels increased. Poor fit of |inear regressions
for higher sedinent classes probably resulted fromsmall sanple size and
low, variable survival rates in highly sedinented streans.

~ Beverton-Holt functions did not fit data fromany of the three
sedi ment classes or conbined data (Table 13) because redd densities were
too low to effect a definable density-dependent response in parr survival

Results from the 1987 upper Lochsa releases of chinggk fry suggest a
Beverton-Holt asynptote of approximately 108 parr/100 for G- channel s

(Figure 4).  Extrapolation of the linear relationship of parr to redd
density to this asynptote roughly approximtes the shape of a
Beverton-Holt function (Figure 6). Parr density data have not been

col lected in ldaho streans for the md to high range of chinook redd
densities to define this relationship. ~Wth nore enpirical data and
aBplied research, it should be possible to shape spawning escapenent
opbjectives fromthis data base. However, such relationships wll be
conservative unless they also account for juveniles that energed from the
maj or spawning areas but reared downstream
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Figure 4. Chinook parr density near five stocking sites (within 2 km downstream of site) summarized by

channel type and classes of percent gradient, pool and run, and percent sand, Crooked Fork,
Wite Sand, and Big Flat creeks, August, 1987.  Vertical bars represent + SE



Table 12.  Total abundance and fry-to-Parr survival estimtes for age O chinook, four stocking

sites, upper Lochsa River, August 1987.

Stream Stratum Nunber  of % of nunber
stocking site Stratum  area (nf)  sections Total abundance £2 SE stocked
Orooked Fork Oreek
L Ul 2,400 2 040 0
DL 4,700 3 8, 49414, 179 14.4
02-3 8,870 3 1,71242, 659 13.1
Total 15,970 8 16, 20614, 953 27.6°
2 I 9,000 2 5291219 0.5
) 11,450 3 7,099:2, 911 6.7
0 7,800 2 3, 9141896 3.7
03 9,950 2 4, 8201835 4.6
Total 38,200 9 16, 36213, 166 15.5°
Big Flat Oreek
4, Ul 5,600 2 3,423+2, 793 3.5
DL 10, 750 3 7,8501592 8.0
0 7,700 2 5, 1451239 5.2
03 8,050 2 5, 6881647 5.8
Total 32,100 9 22,106£2, 937 22, 6°
Wite Sand O eek
5, 2 15,000 3 5, 4813, 399 3.6
Ul 11,100 2 7,66816, 800 5.0
DL 17,400 3 20, 11545, 051 13.2
0 10,400 2 9, 14414, 880 6.0
03 9,500 2 2, 6561812 LT
Total 63,400 12 45, 064110, 382 29.6"

“Conservative estinate of fry-to-parr survival.



Table 13.  Coefficients for linear and Beverton-Holt relationships fitted to chinook redd
density and parr density data, Salmon River drainage, 1983-1986 brood years

. Sedi ment_cl ass
Variable <30% 30-40% >40% Conbi ned
Sanple size 45 8 15 68
P (redds/ha) 1.8(0-8.9) 2.8(0-12.5) 1.2(0-2.6) 1.8(0-12.5)
mean (range)
R (parr/100 nf) 17.5(0-81.9) 13.0(0.6-44.2) 4,3(0.1-21.9) 14.1(0-81.9)
mean (range)
Li near regression
a 4,62 8.12 12.05 5.15
b, 1.19 174 -5.89 4,93
r 0.56 0.21 0.37 0.36
Bevert on- Hol t*
B 0.0873 0.4100 -0.7374 0. 6501
x 0.0141 0. 0046 2.1718 -0.0031
ré 0.12 co.01 0.10 co. 01

a
g = B +ot P (Ricker 1975).
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Figure 5. Relationships between chinook redd density and chinook parr
density, C-channel streams with [ow sediment (<30% surface sand),

Salmon River drainage, 1983-1986 brood years.
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| ow sedi ment (<30% surface sand), Salnon River drainage. Linear
regression was fitted to redd density and parr density data, 1983-
1986 brood years. Horizontal line represents mean parr density for
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Chi nook Eqgg-to-Parr Survival

Estimates of egg-to-Parr survival for chinook (calculations based on
1.5 redds/female) ranged from 1.2% in Elk Creek (1987) and Bear Valley
Creek (1986) to 74%in Valley Creek (1985) (Table 14). Estimates averaged
29% for Marsh Creek and the upper Salnon River and 13% for Herd Oreek.
The extremely high survival estimate for Valley Creek was an apparent
ou(tjollier and may indicate that the 1984 redd count underestimated total
redds.

Estimated egg-to-Parr survival for chinook was inversely related to
sediment |evel (Figure 7). Estimated survival in the two nost sedimented
streans (Bear Valley and El k creeks) averaged only 12% of survival in the
two cleanest streams (Marsh Creek and Sal non River). Correl ation
coefficients between percent survival and percent surface sand were -0.65
and -0.97 for data that included and excluded the Valley Creek estinmate,
respectively.

Partial Project Benefits

Nunbers of steel head and chinook parr attributed to inplemented
projects from 1984-1987 are presented in Tables 15 and 16 according to
apf)roaches in Appendix B. Analysis of trends fromdensity monitoring data
w il be used to estimate benefits in noneval uation years (Figure 1).

Largest benefits (nunmber of parr produced) accrued to date have been
from barrier-renoval ;t))roj ects where fish have been available for
introductions. Total benefits from off-channel devel opnents have been
relatively small, due primarily to the small area involved (Tables 17
and 18). O f-channel devel opments in Crooked R ver have shown good
potential for rearing high densities of chinook. W have not detected
major increases in steelhead or chinook parr densities fromany of the
four instreamstructure projects inplemented in Idaho, although the Lolo
Creek project apparently resulted in a slight increase in steel head

rearing potential.  Success of some BPA-funded projects will depend on
concurrent land management inprovements.  BPA sedinent reduction projects
in the Bear Valley Creek drainage will likely be ineffective unless

acconpani ed by inprovenents in cattle grazing managenent and revegetation
(Appendix C).

DI SCUSSI ON

Success of the entire Fish and Wldlife Programw |l be determ ned
ultimtely by the restoration of runs that are affected by hydropower
operation, particularly the runs of depressed upriver stocks. Successful
on-site mtigation to Increase passage survival through inproved flows and
bypass systens is essential to the success of off-site nitigation
projects, including those listed in Masure 703(c).  The aforenentioned
| nprovenments are also essential to evaluation of the full benefit of
habitat enhancement in |daho (Tables 15 to 18).
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Table 14.  Estimted survival fromegg-to-Parr for chinook populations with a predom nance of 5
spawners, Salmon River drainage.

IDFG  Sumer Percent survival®  Percent’

Brood redd total 1 redd 1.5 redds/ surface
Stream Reach year count  abundance feml feml e sand
Marsh Creek drai nage 1984 61 77,913 21.6 32.5 17.8
Valley Creek min stem 1984 21 61,126 49,3 74.0 30.2
Salnon River above Valley Cr. 1984 76 76,102 17.0 25.5 19.8
Ek Creek min stem 1984 21 6,559 4.1 6.2 49,2
1985 28 1,885 1.1 1.7 49,2
1986 55 2,581 0.8 1.2 49,2
Bear Valley O.  main stem 1983 56 18, 100° 5.5 8.2 47,5
1984 55 4, 814° 15 2.2 47.5
1985 134 b, 274" 0.8 1.2 47.5

Herd O eek min stem 1985 9j 9 274j 8.7 13.0 34.17
1986 31 37,444 9.1 13.6 34.1

“Assunes 5,900 eggs per femle (1981-1984 average, Sawtooth Hatchery) and either 1.0 redds/female
(Bjornn 1978%, or 1.5 redds/female (Ortmann 1968).
) data for Cchannels.

"CEA (1987 a, ' |
;Shoshone-Bannock Tribes data (Konopacky et al. 1986, Rchards and Cernera 1987).
Shoshone- Bannock Tribes data (Richards, personal communication).
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Figure 7. Estimated egg-to-Parr survival for chinook popul ations conpared to

percent surface sand (C-channels), Salnon River drainage.  Survival
estimtes based on assunptions of 1.5 redds/female and fecundity of
5 9?(). Qpen circle represents Valley Creek estimte, an apparent
outlier.
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Table 15.  Standing croPs of steelhead parr attributed as benefits of inplemented projects, 1984-1987.

Proj ect “bene
and eval uation data.

its in nonelevation years (PB) will be estimated at a later time fromnonitoring

Project type, o Year Steel head parr standing crop
stream i npl ement ed 1984 1985 1986 1987 1988
Barrier Removal - Conplete
El dorado O eek 1984- 1985 0 7,310 PB
Pine Ceek 1987 - - PB
Barrier Removal - Partial®
Orooked Fork O eek 1984- 1985 PB/ f 505/ f 154/
Orooked River (culvert) 1984 - PB/ f 2,750/ f PB/ f
Pole Qreek (screen) 1983 0 376/ f PB/ f PB/ f
South Fork tributaries 1986 - - - -
(ff-Channel  Devel opment s
O ooked River 1984- 1985 - 0 69 PB
Red River 1985 i 1 PB
Instream Structures
Lolo Oreek 1983- 1984 M 2,152 P B
Upper Lochsa R ver 1983- 1984 0 PB PB PB
Orooked River 1984- 1985 - PB 0 PB
Red River 1983- 1985 - P 0 PB

"Benefits frompartial barrier-removal projects to be calculated as a fraction (I7f) of standing crop

based on analysis of preproject potential.
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Table 16.  Standing croPs of age O chinook attributed as benefits of inplemented projects, 1984-1987.
Project benefits in noneval uation years (PB) will be estimated at a later tine from
monitoring and evaluation data.

Project type, - Year Age 0 chinook standing crop
Stream | mpl enent ed 1984 1985 1986 1987 1988
Barrier Removal - Conplete
El dorado Oreek 1984- 1985 ) 0 30,319 B
Crooked Fork Creek 1984- 1985 - . 17,588 32,571
Johnson (reek 1984- 1985 - PB 23,711 17,700
Boul der  Creek 1985 . . 28,112 0
Meadow Creek 1987 - - - -
Knapp Oreek 1987 . - - -
Barrier Removal - Partial®
Orooked River (culvert) 1984 ) PB/ f 1,413/ 1 PB/ f
Pole Creek (screen) 1983 0 0 0 0
Off-Channel  Devel opnent s
Orooked River 1984-1985 - 12 739 PB
Red River 1985 ) i 215 PB
Instream Structures
Lol o Creek 1983- 1984 B 0 PB B
Upper Lochsa River 1983- 1984 0 PB PB PB
Crooked River 1984- 1985 ; B 0 PB
Red River 1983- 1985 : PB 0 PB

*Benefits From parfal Darrier-removed projects to be calculated as a fraction (I7f) of standing crop
based on analysis of preproject potential.
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Tabl e 17.

projects from project evaluations, 1984-1987.

Change in steelhead parr density and streamarea (hectares) attributed to inplemented

Year Steel head Parr/100 nf (hectares) ,

Project type, stream i npl enent ed 1984 1985 1986 1987 1988
Barrier Removal - Conplete

El dorado Oreek 1984- 1985 4,4(13.8) -

Pine Oreek 1987 0 -
Barrier Removal - Partial®

Orooked Fork O eek 1984- 1985 0.2(11.2)  0.1(1L2

Orooked River (culvert) 1984 5.7(5.3)

Pole Creek (screen) 1983 1.0(2.9) : (2.9)

South Fork tributaries 1986 0
O'f-Channel  Devel opnent s

Crooked R ver 1984- 1985 0.0(0.02)  8.2(0.08

Red River 1985 0.2(0.05
Instream Structures

Lolo Creek 1983- 1984 - 1.8(15.3) -

Upper Lochsa R ver 1983- 1984 0.0(12.5) 0

Crooked River 1984- 1985 - 0.0(5.3 -

Red River 1983- 1985 0.0(7.5

"~ “Benefits from partial barrier-removal projects to be calculated as a fraction of standing crb'p' '
based on analysis of preproject potential.
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Tabl e 18.

from project evaluations, 1984-1987.

Change in chinook density and streamarea (hectares) attributed to inplenmented projects

Year Age 0 chinook/ 100 nf (hect ares)

Project type, stream i mpl enent ed 1984 1985 1986 1987
Barrier Removal - Conplete

El dorado Creek 1984-1985 27.1 (13.8 - (13.8

Orooked Fork Oreek 1984- 1985 201 (112 29.1(11.2

Johnson Creek 1984- 1985 1.4 (34.7) - (34T

Boul der Creek 1985 28.9 (9.7) 0 (97
Barrier Removal - Partial®

Orooked River (culvert) 1984 6.4 (53

Pole Creek (screen) 1983 0.0 (24 - 0 (29
(ff-Channel  Devel opment s

Orooked River 1984- 1985 6.7 (0.02) 88.0 (0.08

Red River 1985 44.0 (0.05)
Instream Structures

Lolo Creek 1983- 1984 - 0.0 (15.3)

Upper Lochsa River 1983- 1984 0.0 (12.5) -

Crooked River 1984- 1985 - 0.0 (5.3

Red River 1983-1985 0.0 (7.5

“Benefits frompartial barrier-removal to be calculated as a fraction of standing crop based on

analysis of preproject potential.
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During the period of run restoration, nost anadromous populations in
I daho will exhibit a wide range of seeding |evels. The current
under seeded conditions and the expected trend for increasing steel head and
sal non escapenents as main stem passage conditions inprove preclude a
sim ple “before and after” conparison of populations to estimate benefits
from habitat projects

The IDFG general evaluation approach relies heavily on nonitoring
popul ation trends to define full-seeding |evels and separation of those
parts of “final” densities or standing crops due to specific enhancement
activities (Figure 1, Appendix B). Intensive production studies relating
spawning escapenents, standing crops of juveniles, and snolt vyields
(Kiefer and Apperson 1988) will be integrated with the survey approach of
the general evaluations. A conmon data base will be needed to apply
results froma small nunber of intensive studies across a broad range o
habitats and stocks. Mnitoring will assist in applying know edge gained
over tine, as well as over a broad range of habitat types, and is
essential to estimating partial benefits prior to the project reaching
full mturation and/or the parr densities reaching full seeding

IDFG initiated a parallel nonitoring programin 1985 that annually
moni tors anadromous fish densities in streams unaffected by BPA habitat
projects.  The physical habitat and fish population data bases fromthe
BPA and non-BPA nonitoring prograns are conpatible and tqgether provi de
inportant enpirical information on the status of wld and natural
anadronous st ocks. Further management enphasis is needed to integrate
data fromthese nmonitoring prograns wth other information from | and
managenent activities, redd counts, dam counts of adults and smolts, main
stem flow conditions, and ocean, downriver, and tributary harvest.

The data base being devel oped in Idaho through general and intensive
monitoring progranms wll not only determne the effectiveness of
i ndi vidual habitat enhancement projects but will also contribute to the
determnation of the effectiveness of major elenents of the Fish and
Wldlife Program as described below.

Section 203  Programgoal s for anadromous fish
Section 303 \ter budget and mgrant surviva
Section 403  Downstream mgrant passage

Section 503 ocean survival, harvest managenent, and escapenent
obj ect ives

Section 703  WId, natural, and hatchery proEagation _
Integration of natural and hatchery propagation

Evaluation and nonitoring data will provide a scientific basis for
informed decisions. Planners, managers, researchers, and admnistrators
will utilize a common data base to Inprove t-heir ability to effectively
perform their tasks
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A data collection system using standardized formats that would
assimlate physical habitat- data, juvenile density data, and spawning
escapement data fromall sources (fish and wildlife agencies, tribes, |and
managenent agencies, and private entities) into a common data base shoul d
be inplenented for the entire Columbia River Basin. This data base woul d
better serve fisheries nmanagers, |and managers, and planners than the
present data collection process.
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Appendix Al Awnual trends in density (number/100 nf) of yearling-and-ol der
rai nbow steelhead and age 0 chinook in established monitoring sections,
Lolo Creek. Sections are listed sequentially, upstream to downstream

Time of inplenentation is indicated by a (/); evaluation years are

indi cated by shading.

Speci s, age Treatment®  Section

1983

1984 & 1986

Rai nbow st eel head

Age >1 I 8303
RN 1U
RN 7U
8360
DS 6

RUN 6D
Mean

COWLWWLWTHTHOW

ChiAgoolB | 8303

€

RN 1U
RN 7U
8360
DS 6

RUN 6D
Mean

OULWHO O W

1987

1988

4.4 3.6 2.4
3.9 2.5 1.4
' 6.9 2.2
5.4 6.3 1.3

[ 10 142
2.5 0.4 9.9

6.3 25.2 383
0 .1 10.7
0.2 11
0.9 0.6 0.4
[ 0.7 1.0

0 0 0

1§ 56 18,6

—
TP owoo

[FONS ]
O~ —Pro oo

19.0

IS=Instream structure; C=control.
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Appendix A-2.  Annual trends in density (number/100 nf) of yearling-and-ol der
rai nbow-steel head and age 0 chinook in established monitoring sections,
Eldorado Oreek. Sections are listed sequentially, upstream to downstream
Time of inplenentation is indicated by a slash (/); evaluation years are
indi cated by shading.

Species, age  Location’  Section 1083 1984 198 DN 1987 1988

Rai nbow st eel head

Age >l AU M [0 0 13
AL 1HG 0 [0 1.1 1.9
AL 2LG 0 [0 4.3 1.8
B 1B 51 53 8.7 1.5
Mean 1.7 1.3 6.0 4.6
Chi nook
Age 0 AU M [0 111.6  160.9
AL 1HG 0 [ 0 2.6 11.3
AL LG 0 [0 61.4 2.0
B 1B 0 0 2.0 1.3
Mean 0 0 44,4 43.9

“RUEabove barriers, quer meadow, AL=above barriers, [ower neadow, B=below barriers.
dul t steelhead outpl anted.
Chinook fry introductions.
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Appendix A-3. Annual trends in density (number/100 nf) of )(_earling-and-ol der
rai nbow steelhead and age O chinook in established monitoring sections,
(rooked Fork Creek. Sections are listed sequentially, upstream to downstream
Time of inplementation is indicated by a slash (/); evaluation years are
indicated by shading.

: : : N W —
Species, age Location® Section 1983 1984 1985 &\ 1988

Rai nbow st eel head

Age ! A 1A 0 0 | 0 0.2
A oA 0.1 0/ 0 0
A 3 0 0 0 0
A 4A 0 0 | 04 0
B 1B 5.3 5.3 0.8 0.5 16
B 2B 48 5.0 1.8 20 1.8
Man  1.7° 1.7 0.4 0.5 0.6
Chi nook
Age 0 1A 0 0 | 123 L5
oA 0 0 | 2242 5.0
3A 0 0 | 64 155
4A 0 0 | 52 10.6
B 1B 43 2.9 0.4 2.3 15,0
B 2B 8.6 3.8 0.5 58 2.9
Man  2.2° 1.1 0.2 0.4 111

ZA:abpve barriers; B=below barriers.
Densities above barriers assuned to be zero.
Chinook fry introductions.
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Appendix A4 Annual trends in density (number/100 nf) of Yearling-and-oll der
rai nbow-steel head and age 0 chinook in established monitoring sections,
Qooked River. Sections are listed sequentially, upstream to downstream
Time of inplementation is indicated by a slash (/); evaluation years are
indicated by shading.

. Reach, . N\
Species age treatnment Section 1983 1984 1985 N 19871988

Rai nbowsteel  head

Age >1 I,1S Sl Log A 0.2 | 1.5 5.9 1.0
|, C Control 1 0.7 0.5 5.7 2.9

[1,1S Treatment 2 1.5/ 13.7 19.6

Il,C Control 2 2.6 14.0 9.5

1,V Nat ur al 1.2 31 3.5 9.0

V.U Meander 1 0.4 6.1 11.0

V.U Meander 2 0.2 0.7 0.1 5.3 6.5

Mean 0.7 1.2 1.1 1.7 9.4

Chi nook

Age 0 I,1S Sl Log A 0 [ 3.9 17.8 5.2
l,C Control 1 0 9.7 12.2 0.8

[,1S Treatnent 2 52.4 | 21.9 17

Il,C Control 2 90. 2 29.8 0.4

1, U Nat ur al 19.5 32.2 57.8  22.3

V.U Meander 1 91.9 93.4 12.5

IV U Meander 2 4.2 3.8 40.7 50.1 18.3

Mean 11.8 9.0 52.8 40.4 8.7

*'S=i nstream struct ure; C=control; Urundetermned treatnent.
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Appendix A-5.  Annual trends in density (nunber/100 rﬁ) of yearling-and-ol der
rai nbow-steelhead and age 0 chinook in established monitoring sections,
Red River. Sections are listed sequentially, upstream to downstream
Time of inplementation is indicated by a slash (/); evaluation years are
indicated by shading.
Reach, N
Species, age treatment®  Section 1983 1984 1985 N 1987 1988
Rai nbow st eel head
Age 21 | MIlers 0
1S Treatment 2 2.3 2.2 3.1
11,C Control 2 11 13 L7
1V, C Control 2 3.9 2.1 11 3.5 4.5
IV, 1S Treatment 2 1.8 1.6 0.8 1.6 3.3
V. C Control 2 0.4 191 1.9
V, BSR Treatment 2 0.5 114 5.4
Mean 2.8 2.2 1.0 6.5 3.7
Chi nook
Age 0 | MIlers 88.4
1S Treatnent 2 75.4 193 481
11,C Control 2 39.9 4.1 165
1V, C Control 2 1.7 9.8 7.8 343 46.6
IV,1S Treatment 2 5.1 17.0 60.2  39.7  47.4
V. C Control 2 1.2 494 119
V, BSR Treatment 2 8.0 151 9.5
Mean 134 134 4.8 21.3 8.3

%I S=instream structure; C=control: BSRe=bank

stabilization, riparian revegetation.
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Appendi x A-6.  Annual trends in density (nunber/100 ) of

ear|ing-and- ol der
rai nbow-steel head and age 0 chinook in estab | shed rmmtonng secti ons,

Panther Qeek. Sections are listed sequentially, upstream to downstream
Time of nBI enentation is indicated by a slash (/); evaluation years are

indi cated by shading.

1983

Speci es, age Locati on® Section
Rai nhow st eel head
Age <1 A MOL
A PC10
A PCY
B, A2 PCo
B1, B2 PC4
B1, B2 PCl
Mean
Chi nook
Age 0 A MOL
A PC10
A PCY
B, A2 PCo
B1, B2 PC4
B1, B2 PCL
Mean

OO + OO O

0
0
0

0

1987 1968
133 148
' 2.0
125 7.7
2.5 3.8
0.2 0.1
0.8 1.3
5.7 5.0
0 0.3

0
0 5.2
0 3.2
0 1.0
0 0.1
0 10.1

“A=above mne effluent; BI=below Blackbird Creek; A2=above Big Deer G eek;

B2=hel ow Big Deer Creek.

cEngineering feasibility, habitat assessment only.

“Adult chinook out plant ed.
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Appendi x A-T.

Lenhi River.

Annual trends in density (nunber/100 nf) of )( nd- ol .
rai nbow-steelhead and age 0 chinook in established monitoring sections,
Sections are listed sequentiall

earling-and-ol der

U
Time of inplenentation is indicated byaslas% (/f

indi cated by shading.

stream to downstream

; evaluation years are

Specle_s‘gge _ Locatjon® Section 1983 1984 Nwsa 1987 1988
Rai nbowe steel head .
Age >l Big Springs Or.  LEMIA - - 446 158  20.8
Lemi R LEM 2B - 200 215 198
Lemhi R LEM3A - 159 127 8.2
Bear Valley 0.  HG1B 1.0 0.3 0.4
Hayden Q. HC- 2B 0 0.2 0
Hayden Q. HC- 3B 0.5 4.1 0.9
Mean - - 13.7 9.1 8.4
Chi nook . .
Age 0 Big Springs O.  LEMI1A - - 0.5 0.7 4.9
Lemhi R LEM 2B - - 14 50 30.9
Lemhi R LEM3A - - L7 11 149
Bear Valley .  HG-1B - - 0 0 0
Hayden Q. HC- 2B - . 14.4 0 0
Hayden Q. HC- 3B - - 1.3 0 0
Nean - 4.2 11 8.4

“AT sectTons Tocated above devefered area.
Engineering feasibility, habitat assessment only.

b
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Appendix A-8.  Annual trends in density (number/100 nf) of Yearling-and-ol der
rai nbow-steel head and age 0 chinook in established monitoring sections,
East Fork Salmon River. Sections are listed seguentially, upstreamto
downstream  Time of inplenmentation is indicated by a slash F/); eval uation
years are indicated hy shading.

Species, age Locat i on* Section 1983 1984 1085°  1986°  1987° 1988
Rai nbow st eel head
Age >l AW / 0.2 L5 0.2
AW 3 0 0.7 0.8
BW 5 1.2 1.4 2.4
BW § 6.2 2.6 2.0
Mean 19 1.6 1.4
Chi nook
Age 0 AW / 0 0.3 0.1
AW 3 0 6.5 0.4
BW 5 6.0 105 238
BW § 21.0 13 3.7
Mean - - 5.2 4.7 7.0

Z‘AV\tabove East Fork weir; Bbel ow weir. .
Pretreatment evaluation by Shoshone-Bannock Tribes.
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Appendix A-9.  Annual trends in density (number/100 n%) of Yearling-and-ol der
rai nbow steelhead and age O chinook in established nonitoring sections,
upper Salmon River. Sections are listed sequentially, upstreamto
downstream  Time of inplenentation is indicated by a slash (/); evaluation
years are indicated by shading.
Speci es, age Location”  Section’ 198 19sa DN 196 DX 1988
Rai nbow st eel head
Age 21 AD 10A - 0 10,9 159 204
AD 9A . 0.2 3.9 11 10.0
AD 8B - 0 0.8 0.6 0.3
AD 8A - 1.9 0.4 1.2 11
BD 1B - 0.2 0.8 0.2 1.2
BD TA - 1.4 1.2 0.5 0
BD 6A - 0.1 0 0
BW 3BRA 8.2 3.7 3.3
BW 2B - 2.0 11 3.1
Mean 0.8 3.1 3.8 4.4
Chi nook
Age 0 AD 10A - 28.1 1.1 3.4 0.4
AD 9A - 53.2 12.8 6.0 1.1
AD 8B - 12.9 1.2 1.6 2.2
AD 8A - 97.4 14 169 189
BD B - 9.7 10.8 L7 36.0
BD TA - 41,2 7.4 20.2 1.0
BD 6A - 0 0.4 0.2
BW 3BRA - 2.2 70.6 8.8
BW 2B 2.2 4.1 5.8
Mean 54.0 9.4 145 18.6

d

AD=above irrigation diversion; BD-below diversion; BWbelow Sawtooth Hatchery weir.
Sections 10A 9A, 8B, 8A and 7A were initially nunbered in 1984 as I 2 3 4 5

b

and 6, respectively.
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Appendix A-10.  Annual trends in density (nunber/100 n2) of
rai nbow-steel head and age 0 chinook in estab

ear!ling-and-ol der

ished monitoring sections,

Aturas Lake Qreek. Sections are |isted sequentially, upstreamto _
downstream  Tine of inplementation is indicated by a slash (/); evaluation
years are indicated by shading.

Species, age Locat i on® Section 1983 1984 1985 1986 & 1988
Rai nhow st eel head
Age >1 AL 1A 0 0.1 0 0
AL 2A 0 0 0 0
A 2 0.5 : 1.0 3.5
B 3 0.5 0.8 0.3 1.5
Mean 0.2 0.3 0.3 1.2
Chi nook
Age 0 AL 1A 0.1 0 0 0
AL 2A 1.2 0 0.1 0.1
A 2 6.8 - 5.7 1.2
B 3 1.9 12,5 123 38.9
Mean 2.5 4,2 4.5 9.8

“A=above irrigation diversion; B=below diversion; [=above Alturas Lake.
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Appendi x A-11.  Annual trends in density (number/100 nf) of yearling-and-ol der
rai nbow-steel head and age 0 chinook in estab||shed moni toring sections,
Pole Qreek. Sections are listed seﬁgent|ally, F ream to downstream
Time of |nE|enentat|on Is indicated by a slash (/); evaluation years are
indicated by shading.

Species, age Locat i on® Section’ 1983 1984 &\ 1986 N9 8 8

Rai nbow st eel head
Age >

Chi nook
Age 0

A 38 / 0 0 0.2 0

A 3A - 0 0 0 0.3

B 28 0 0 0.3 10.4

B 2A - 0.8 3.2 3.6 2.1
Mean 0.2 0.8 1.0 3.4

A 38 - 0 0 0 0

A 3A / 0 0 0 0

B 2B 45,2 0 0 0.9

B 2A - 15.5 0 0.3 0.8
Mean 15.2 0 0.1 0.4

;A-above irrigation diversion screen; B=below irrigation diversion screen.
Sections 3B, 3A 2B, and 2A were |n|t|aIIy nunbered in 1984 as 1, 2, 3, and 4,

Crespect|vely

proj ect.

Habitat inventory and problemidentification, not an evaluation of BPA screening
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Appendix A- 12.  Annual trends in density (number/100 nf) of

indicated by shading.

Species, age Section

Rai nbow st eel head
Age >l 6B
3B
3A
1B

Mean

Chi nook
Age 0 6B
3B
3A
1B

Mean

[ . . Y.earling-a.nd-oll der
rai nbow-steel head and age 0 chinook in established monitoring sections,
Valley Creek. Sections are listed sequentially, upstream to downstream
Time of inEI enentation is indicated by a slash (/); evaluation years are

w ST oo RO

— B
—o1o &~

26.1

Vit 1

1987

1988

o1

o
()

Lo o
O o1

6.5

— o> oo —

~ oo
oo~ o

21.4

*Habi tat inventory and problem identification.
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Appendix A-13. Annual trends in density (nunber/100 rf) of ¥ear|ing-and-ol der
rai nbow-steel head and age O chinook in established nonitoring sections,
Bear Valley Creek. Sections are listed sequentially, uPstreamto
downstream  Time of inplementation is indicated by a slash (/); evaluation
years are indicated by shading.

Species, age Locati on® Section’ 1083  198a Y 1986°  1987° 1988

N

Rai nbow st eel head

Age >1 AM 9B 0 0 0 0
BM HA - 0 0 | 0 0.1
BM 3A - 0.2 0 | 0.8 0.3

BE 2A - t 0.1 | 0.1 0

BE 2B t 0 | 0 0
BE 1A - 1.1 0 | 3.3 17
Mean 0.2 t 0.7 0.4

Chi nook

Age 0 AM 9B - 5.9 0 0 2.2
BM HA - 5.4 0.2 |/ 4.1 1.3
BM 3A - 2.0 1.0/ 4.7 1.7
BE 2A - 4.7 1.9/ 3.0 0.9

BE 2B - 1.3 0 0.3 0
BE 1A - 3.2 0.2/ 0.5 1.2
Mean 3.8 0.6 2.1 2.2

a
a

AVeabove mning area; BMbelow mning area; BE--below mning area and Ek Creek. -

Sections 2A and 2B were initialy nunbered by IDFG in 1984 as sections 4 and 5;
all other sections established by Shoshone-Bannock Tribes.

Pretreatnent and posttreatnent evaluation by Shoshone-Bannock Tribes for
"point-source" sediment reduction project.

Habitat inventory and probl em sdentification.

C

d

|-60



Appendi x  A- 14,

Annual trends in density (nunber/100 nf) {
rai nbow-steel head and age 0 chinook in estab ished nonitoring sections,

ear| i ng-and- ol der

El k Creek Sections are |isted seguennally, upstream to downstream
Time of inplementation is indicated by a slash (/); evaluation years are
i ndi cat ed y shadi ng.
Species, age Location® Sect1‘onb 1983 1984 § 1986 1987 1988
Rai nbow st eel head
Age > 1 A 2A 0 0 + 0
A 2B 11 0.2 0
B 1A 0.4 0 0
B 18 ¥ 1.4 0.6 0
BC 18 t 0 - 0
Mean t 0.6 0.2 0
Chi nook
Age 0 A 2A 0.5 0.5 0.9 0
A 2B 6.1 2.6 3.8
B 1A 2.8 0.1 0.1
B 18 1.7 1.0 2.9 0.1
BC 18 0.2 - 0
Nean 4.1 2.1 1.6 0.8

A-above Bearskin Greek confluence; B=bel ow Bearskin Greek; BC=Bearskin Creek,
"Sections 2A and 1B were initially numbered in 1984 as 1 and 2, respectively.
Habitat inventory and problemidentification.

C
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Appendi x A-15.  Annual trends in density (number/100 nf) of )(earling-and-ol der
rainbow steelhead and age 0 chinook in established nonitoring sections,
Marsh Creek drainage. Sections are n1isted sequentially, upstream to
downstream  Tine of inplenentation s indicated by a slash (/); evaluation
years are indicated by shading.

Species, age  Location® Section” %,MIQBLM% 1686 1987 1988

Rai nbow st eel head

Age >l KN, M 28 0.6 0.3 0
KN, M 1A 0.2 1.0 0.7 3.5
VA M 6A 0.4 0 0.5 0.7
VA, M bA 0.4 1.2 1.5
VA M 48 1.3 1.0 1.3 1.2 1.7

CH M 28 0.2 0.5 0
CH M 1A 0 0.6 0.9
BV. M 3B 1.2 2.1 0.7
BV. M 1A 1.4 0 0.1
WA C 1B 1.5 1.6 0.3
WA C 1A 1.7 0.2 1.0
Mean 0.6 1.0 0.8 0.8 0.9

Chi nook

Age 0 KN, M 28 0.4 0 0.1
KN, M 1A 16.9 23.6 1.2 10.4
VA M 6A 25.9 9.7 8.3 36.0
VA M bA 35.7 45.4 89.3
VA, M 48 21,6 11,9 22.2 26.2 34.0
CH M 28 : 48.0 12.6 96.8
CH M 1A 25.0 14.5 39.4
BV. M 3B 10.8 28.6 5.9
BV. M 1A 12.9 1.2 0.5
M C 1B 10.6 1.7 0.2
WA C 1A 5.4 0 6.5

Mean 2.5 119 1 13.8 29.0

~

Mocations: KN-Knapp Creelk; “AsMarsh Creek; CH=Capehorn Creek; BV=Beaver Creek.

Hahitat:  Memeadow; C=oanyon.
Ulection 4B Marsh Coeek, was initially numbered in 1984 as |
Siiabrrtar treeptary and probliem identificat .on.
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Appendi x A-16.  Annual trends in density (nunber/100 nf) of yearling-and-ol der
rai nbow-steel head and age 0 chinook in established monitoring sections,
Sul phur Creek.  Sections are listed sequentially, upstream to downstream
Time of inplementation is indicated by a slash (/); evaluation years are

indi cated by shading.

§

Species, age Section 1984 1985 1987 1988
Rai nbow st eel head
Age 2l 48 0 1.0 1.1 0.2
47 0 0.2 3.2
3A 3.0 1.9
Mean 0 0.5 1.4 1.8
Chi nook
Age 0 4B 9.2 18.1 62.6 18.8
47 0.1 25.8 39.3
3A 8.1 3.6
Mean 9.2 9.1 32.2 20.6
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Appendix A-17.  Annual trends in density (number/100 nf) of yearling-and-ol der
rai nbowsteelhead and age O chinook in established monitoring sections,
Camas Creek and Loon Creek (control streanj. Sections are listed sequentially,
upstream to downstream Tine of inﬁl ementation is indicated by a slash (/);
evaluation years are indicated by shading.

Location, ® b
Speci es, age hahi t at Section 1983 1984 1985 1986 1987 1988
Rai nbow st eel head
Age > 1 C,DM ! 0.4 0.8 1.9 4.6
C,DM 2 2.5 1.0 0.4
CC CAM 1 16.8 1.8
L, CM l 1.7 4.0
L, CM 2 1.4 4.0
L,C LNV 1 0.2 9.1
Mean 0.4 1.6 3.8 4.0
Chi nook
Age 0 C,DM ! 2.5 0.8 3.0 10.0
C DM 2 . 1.3 3.6 5.2
L,C CAM 1 2.1 0.2
L, CM ! 3.3 19.8
L, CM 2 3.3 44,8
L,C W 1 1.7 25.4
Mean 2.5 1.0 2.8 1.7

“Stream  C=Camas Creek; L=Loon Creek. Habitat: DMrdegraded meadow, C=canyon;
, Ovcont rol ~ meadow. o
Sanpl ed after downstreammgration of parr (8/28).

| - 64



Appendi x A-18.

South Fork Salmon River.

Annual trends in density (nunber/100 n%) of yearling-and-ol der
rai nbow-steel head and age 0 chinook in established monitoring sections,
Sections are listed sequentially, upstream to
downstream Tine of inplementation is indicated by a slash (/);
eval uation years are indicated by shading.

Species, age Stream Section 1983 1984 1985 1986 1987 1988
Rai nbow st eel head
Age > | South Fork Stol e-1 0.2 11 1.0 11
South Fork Stol | e-2 - 0 0.1 0
South Fork Poverty - 0
Dol lar Creek | 19 3.3
Nean 0.2 0.6 1.0 1.1
Chi nook
Age 0 South Fork Stol | e-1 146 750 9.0  5L.7
South Fork Stol | e-2 - 1.5 197 9L5
South Fork Poverty - 2.1
Dol lar Creek 1 0 0
Nean 146 412 129  36.3
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Appendix A-19  Annual trends in density (nunber/100 nf) of year!ing-and- ol der
rai nbow-steelhead and age 0 chinook in established nonitoring sections,
Johnson Creek and tributaries. Sections are listed set\uennally, upstream to
downstream  Time of inplenmentation is indicated by a slash (/); eval uation
years are indicated by shading.

Stream, . v ., ,,
Species, age habitat® Section 1983 é/ 4 // 7 W%% 7. 1988
Rai nbow st eel head
Age >1 J, MA M 0.6 | 0 0.3
J, A 1 0.2 | 0 0.5
J, A \B 08 | 0 0.3
S, MA 1/ 0 [0 -
R VA M 0 [0 0
J, CA PWA - 0.5 | 0.2 0.1
J,CA PViBA - 8.1 | - 9.3
J, (B P\i8B - 31 0.7
Mean - 1.7 t 1.6
Chi nook
Age 0 J, A M - 0 [ 2.8 174
J, W 1 - 0 [ 03 2.3
J, VA \8 0 | 1.6 5.2
S, VA W 0 [ 8.0
R MA M 0 [ 40 158
J, CA PWA 0 [ 0.8 1.0
J, CA PViBA 0 | : 13.6
J,CB P\i8B 0 3
Mean 0 2.9  10.6

"Stream  J=Johnson Creek; S=Sand Creek; ReRock Creek. Habitat: MA=meadowabove barri ers;
,CA=canyon above barriers; CB=canyon below barriers.
Pretreatment survey.

“Success of chinook introductions evaluated through subcontract (Welsh 1988).
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Appendi x A-20.
Sal mon River.

shadi ng.

Species, age Stream

Rainbow-steelhead
Age 2| Boul der Q.
Boul der Cr.
Boul der Cr.
Boul der Cr.
Little Salmn R
Little Salmn R

Chi nook
Age 0 Boul der Gr.
Boul der Cr.
Boul der Cr.
Boul der Cr.
Little Salmn R
Little Salmn R

Annual trends in density (nunber/100 nf) of yearling-and-ol der rainhow steel head
and age O chinook in established monitoring sections, Boulder Creek and Little
Sections are listed sequentially, upstreamto downstream Time of
implementation is indicated by a slash (/); evaluation years are indicated by

Location® Section 1983 1984 1985b m 1987 1988
A 1 6.3 3.7/ 6.8 15.6
A 2 21 1.5 5.3 8.8
B 3 8.1 133 15.5
B 5 49 16.8 24.1 20.9
B 1 13.2 9.8 1.6
B 2 - 10.1 14.8 1.3

Mean 55 10.8 12.2 12.6
A 0 0.4/ 3.1 0
A 2 0 0 / 0 0
B 3 25 39 20.2
B 5 1.8 4.2 18.1 40.9
B 1 - - 0.1 0.1 1.8
B 2 - - 13 2.8 3.5

Mean 11 L7 4.9 111

~ *A-above Boul der Creek harrier; B=below barriers.

Chinook fry introduction.
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Appendi x A-21.  Rainbow- steel head and chinook parr density (nunber/100 nf?( In monitoring
sections established in 1987, Colt, Meadow, and Pine creeks.

Speci es,
age Stream Section 1987
Rai nbow st eel head
Age 2l Colt Creek BRI DGE 0
Meadow Creek GRAZED- | 15.0
M LEPCST- 2 11.6
Pine Creek SAWM LL 0.5
BRI DGE 8.0
Mean 7.0
Chi nook
Age 0 Colt Creek® BRI DGE
Meadow Creek GRAZED-| 0
M LEPCST- 2 0
Pine Oreek’ SAVM LL
BRI DGE
Mean 0

"No prans for chinook introductions.
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69-1

Appendix A-22.  Steelhead and chinook production type for BPA project and nonitoring streans, and channel type of established
monitoring sections, Cearwater and Salnon River drainages.

Product i on type®
Dr ai nage, Vewi [ d: Nenat ural
stream steel head chi nook C- channel B- channel
Clearwater R Subbasin

Lolo Creek N N 8303; Run 1U Run 7U 8360 (5-6; Run 60
El dorado Creek N N M 2LG 1HG 1B
Crooked Fork Creek N N 1A 2A 3A 4A 1B 2B
Colt Creek l BRI DGE
Crooked River N N [I-Treatment 2; [I-Control: I1l-Natural: [-SiIl Log A I-Control 1
|'V-Meander 1. 1V Meander |1
Red River N N [-M1lers; IV-Control 2; IV-Treatnent 2: [I-Treatment 2: I1-Control 2
V-Control 2. V-Treatment 2
Meadow Cr eek l l GRAZED 1 M LEPCST- 2
Salmon River Subbasin
Panther Creek N N ML, PC1O, PC9; PCo PC4: PCl
Pine Creek N SAWM LL; BRI DGE
Lenhi River N N LEM 1A LEM 2B, LEM3A HC-1B HC-2B: HC-3B
East Fk. Salmon River N N 235 8
Sal mon R ver N N 10A 9A 8B 8A 7B 7A: 6A 3BRA 28
Aturas Lake Creek N N 1A 28 3 2
Pole Creek N N 3B 3A 2B 2A
Valley Oeek N N 3B 3A 1B 68
Bear Valley Creek U W 9B, 5A 3A 2A 2B 1A
Bk Ceek W W 2A 2B 1A 1B Bearskin-1B
Marsh O eek U U 6A; 5A; 4B, Knapp-2B, 1A 1B, 1A
Cape Horn 2B, 1A Beaver-3B, 1A
Sul phur - Creek U U 4B, 4A 3A
Camas Oreek U U 1, 2 CAM L
Loon O eek U U {, 2 LNM 1
South Fork Salmon River U N Stolle-1, Stolle-2; Poverty Dol [ar-1
Johnson Creek U N M: M: M: Sand-HZ Rock-M PWLA PWBA PVBB
Boul der Creek N N ! 2,3 5
Little Salnon R ver N N 1, 2

“TDFG_(1985) definitron: wld fish-mintained through natural production wth no hatchery supplenentation, often the Indigenous
stock; natural fish-progeny of hatchery fish which have reproduced in natural environnents.



Appendi x A-23.

monitoring program production type, and channel type.

| DFG anadromous fish density nonitoring sections in Idaho drainages, summarized py

Subbasin

Main stem

Production typea

~drainage or tributary steelhead chinook Program b C-channel B-channel Total
Cearvater R ver
Lower and Mddle Forks main stem N N 0 0 0
Clearvater Rver tributary N N BPA 6 4 10
. N N | DFG 0 ! !
Lochsa R ver min stem N N | DFG 0 2 2
tributary N N BPA 0 [ T
. N N | DFG 0 l !
Selway River min stem W A | DFG 2 9 1
tributary W N | DFG 3 § 1l
S. Fk. Cearvater R min stem N N | DFG ! 0 !
tributary N N BPA 1 5 16
N N | DFG 3 l 4
Subbasin Tot al 26 38 64
Salmon River
Lower Sal non River min stem 0 0 0
to Vinegar Creek tributary N N BPA ! 5 6
N N | DFG l 1l 12
Salmon River Canyon min stem 0 0 0
(Vinegar to Corn Q) tributary W W | DFG / 10 12
S. Fk. Salmon River main stem W N BPA 3 0 J
W N | DFG 2 12 14
tributary W N BPA 5 4 g
. . W WN | DFG 5 3 8
Y. Fk. Salmon River min stem W | DFG 2 2 29
tributary W W BPA 25 6 3l
W W | DFG 2 14 16
Salmn River (Corn Q. main stem 0 0 0
to Pahsineroi) tributary N N BPA 8 6 14
N N | DFG 3 l 4
Salmn R (Pahsi mer oi min stem N N BPA 8 ! g
River to headvaters) . N N | DFG ! 0 !
tributary N l BPA 14 / 16
N N | DFG ! ! 2
Subbasin Tot al 83 103 186
Snake River min stem N N | DFG 0 0 0
tributary N N | DFG 0 § 0
Subbasin Tot al 0 8 0
| daho Total 109 149 258

IDFG (1985) definitions: wld . .
suppl ementation, often the indigenous stock; natural fish = progeny of hatchery fish that have

wld fish = mintained through natural production with no hatchery

reproduced in natural environnents.

C
as wild.

[-70

"BPA- f unded monitoring programinitiated in 1984, |DFG funded pro%ramin 1985.
Natural population established with wild fish transfers and hatc

ery fish introductions; managed



Appendi x A-24.

Summary of hatchery steelhead releases (in thousands) into natural
pggducéé on areas for BPA habitat project and nonitoring streans,
1984- 1987.

Stream

Race®

Si ze

1984

1985

1986 1987

Lolo Creek

E dorado Creek

Orooked Fork Cr.

Colt Creek

Crooked River

Red River

Meadow Creek

Panther Creek

Pine Creek

Lok, Salmon R,
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Appendi x A-24.  Cont i nued.

Stream Race’ Size 1984 1985 1986 1987
Upper Sal non R, SA eqq 0 0 0 0
fry 0 503 533 0
snol t 124 786 637 688
adul t 2.66 0 0 0
Aturas Lake Gr. SA eqq 0 0 0 0
fry 0 LY) 300 175
snol t 0 0 0 0
adul t 0 0 0 0
Pole Oreek SA eqq 0 0 0 0
fry 318 488 349 189
snol t 0 0 0 0
adul t 0 0 0 0
Valley Greek SA 8qq 0 0 0
fry 215 173 0 142
snol t 0 0 0 0
adul t 1.55 0.10 0.52 0
Boul der  Creek SA eqq 0 0 0 0
fry 149 0 21 0
sl t 0 0 0 0
adul t 0 0 0 0
Little Salmn R SA eqq 0 0 0 0
fry 0 82 126 0
smol t 0 0 0 0
adul t 0 0 0 0

“SA=A-run steelhead: SB=B-run st eel head.
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Appendi x  A-25.

Summary of hatchery chinook releases (in thousands) into natural
pggducéé on areas for BPA habitat project and monitoring streans,
1984- 1987.

Stream

Race’

Si ze

1984

1985

1986

1987

Lolo Creek

E dorado Creek

Orooked Fork Cr.

Crooked River

Red River

Meadow Creek

Panther Creek

Lenhi R ver

E. Fk. Salmn R

Upper Salmon R

Aturas Lake O,

P

P

P

P

P

P

P

P

P

P

P

€09

fr
srr%lt

adul t

€09

fr
sn%lt

adul t

€09

fr
srr%lt

adul t
?gg

r
sn%lt
adul t

€09

fr
sn%lt

adul t
?gg

r
srr%l t
adul t
?gg

r
srr%l t
adul t
Fgg

r
srr%l t
adul t
Fgg

r
srr%l t
adul t

€09
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adul t
eqq

fr
sn%lt

adul t
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Appendi x A-25. Conti nued.

Stream Race®  Size 1984 1985 1986 1987

Pole Creek SP eqq
fry
sl t
adul t
Valley Oeek & eqq
fry
sl t
adul t
5 Fk. Salmn R Su eqq
fry
smol t 21
adul t
Dol lar Creek sU eqg
fry
Smolt
adu ¢t
Johnson Creek su ey
fry
Smo !l ¢
adu ¢
Boul der Creek P eqq
fry
sl t
. adult
Little Salmn R P eqq
fry
smol t
adul t
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Appendi x B-1.  Proposed definition of mtigation benefits for inplenented
projects on Lolo Creek.

Project type: Instream structures
Year inplenented: 1983-1984

Sponsor:  Clearwater National Forest

Speci es benefited

Enhancement B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hectares enhanced 15.3 15.3

Production constraints: Hgh sedinent |evels

Definition of benefits: Statistical comparison of steelhead and
chinook parr densities in treated and untreated sections will be done at 3
to 5-year intervals to deternine the difference in densities. The
differences in parr densities will be factored by Parr-to-snmolt survival
rates derived from the intensive studies.

Eval uations were conducted in 1984 and 1985 at relatively |ow parr
abundance.  The 1985 eval uation determned that sections with structures
supported a slightly higher rainbowsteel head parr density (1.81100 nf)
t#lan lkmtreat ed sections. No difference in density was evident for
chi nook.
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Appendix B-Z.  Proposed definition of mtigation benefits for inplemented
project in Eldorado Creek.

Project type: Passage barriers

Year inplenented: 1984-1985

Sponsor:  Clearwater National Forest

Speci es benefited

Enhancenent B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hect ares added 13.8 13.8

Production constraints: Hgh sedinent |evels

Definition of benefit:  Conplete passage barriers to adults of both
species were removed. Benefits will be determned from estimted nunbers
of parr reared above the project at 3 to 5-year intervals. Parr abundance
vw'l!j. be factored by Parr-to-snolt survival rates determned fromintensive
studi es.

Total abundance of steel head parr above the project was estimated in
August 1985 fol | owing an outplant of 1,150 Dworshak National Fish Hatchery
adult steelhead in 1984.  An estimated 7,310 yearling steel head were
present above the project in 1985, and additional parr were produced
downstream of the project.

Total abundance of chinook parr above the project was estimated in
August 1985 followi ng an outplant of 199,000 Rapid chinook fry in
April-May.  August 1985 abundance total ed 30,300 (15% survival). Mbst of
the area was underseeded as evidenced by decreases in abundance away from
stocking sites.
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Appendi x B-3.  Proposed definition of mtigation benefits for inplemented
projects on upper Lochsa River

Proj ect type: Instg%an1structures (I ower Wiite Sand and Crooked Fork
creeks

Year inplenented: 1983-1984

Sponsor:  Clearwater National Forest

Speci es benefited

Enhancenent B-run_steel head Spring chi nook
Production type nat ur al nat ura
Hectares enhanced 12.5 12.5

Production constraints:

Definition of benefit: Statistical comparisons of steelhead and
chinook parr densities in treated and untreated sections will be done
at a future date for a sanple of remaining structures. Differences in
parr densities will be factored by Parr-to-snolt survival rates from
the intensive studies.

An evaluation was conducted in 1984 at |ow parr abundance for both
species. Little habitat change was observed, and no difference in
densities for either species was detected between treated and untreated
sections. A high rate of structure failure occurred the first year
after inplementation. No definable benefits are anticipted fromthis
proj ect
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Appendi x B-4. Proposed definition of mtigation benefits for inplenented
projects on Crooked Fork Creek.

Project type: Passage barriers

Years inplenented: 1984-1985

Sponsor:  Clearwater National Forest

Speci es benefited

Enhancenent B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hect ares added 11.2 11.2

Production constraints:

Definition of benefits:  Passage barriers to adults of both species
were removed. Benefits will be determned from estimated nunbers of parr
reared above the project at 3 to 5-year intervals. Parr abundance will be
facdtored by Parr-to-snolt survival rates determned fromintensive
studi es.

~As of 1987 steelhead fry have not been allocated for introductions
into upper Crooked Fork Creek.  The estimated 500 rainbow steel head parr
reared above the project in 1986.

Total abundance of chinook parr above the project was estimated in
August 1986 and August 1987 following fry outplants of 156,200 in My 1986
and 164,400 in May 1987. Estimated parr abundance was 17,600 and 32,600
in 1986 and 1987, respectively. Mst of the area was underseeded in both
years as evidenced by decreases in abundance from stocking sites.
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Appendi x B-5.  Proposed definition of nitigation benefits for inplemented
project on Colt Creek.

Project type: Passage barriers

Year inplenented: 1986

Sponsor:  Clearwater National Forest

Speci es benefited

Enhancenent B-run steel head Spring chinook
Production type nat ur al nat ur al
Hectares added 6. 4 0

Production constraints: Gadient judged too steep to achieve chinook
passage.

Definition of benefits: Passage barriers to adult steelhead were
renoved. Benefits will be determned from estimted nunbers of steel head
Barr reared above the barriers at 3-5 year intervals (after introductions
egin).  Parr abundance will be factored by Parr-to-snolt survival rates
determned from intensive studies.

As of 1987 steel head fry have not been allocated for introductions
into Colt Creek.  No rainbowsteel head parr were observed in a single
nonitoring section in 1987.
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Appendi x B-6. Proposed definition of mtigation benefits for inplenented
projects in Crooked River.

Project type: Passage barrier (culvert)
Year inplenented: 1984

Sponsor:  Nez Perce National Forest

Speci es benefited

Enhancenent B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hect ares added 13.3 9.1

Production constraints:  Channelized (treated with structures in
1985), Tack of riparian vegetation for 6.1 km upstream of barrier culvert.

 Definition of benefits: A partial barrier to adult steelhead and
chinook was renoved by replacenent of a culvert with a bridge. Benefits
wll be determned annually from estimted nunbers of parr reared above

the project . A fraction of this production will be the mtigation
benght. Smolt production will be estimated directly by the intensive
stuay.

Total abundance of rainbow steel head parr for the 6.1 km between the
project and the confluence of the East Fork and West Fork was 2,750 in
1986 and 2,347 in 1987.  Chinook parr abundance for this reach was 7,413
and 1,483, respectively.
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Appendi x B-6.  Conti nued.

Project type: Instream structures, riparian revegetation
Years inplenented: 1984-1985

Sponsor:  Nez Perce National Forest

Speci es benefited

Enhancenent B-run st eel head Spring chinook
Production type nat ur al natura
Hect ares enhanced 7.3

Production constraints: Channelized, lack of riparian vegetation

~ Definition of benefits:  Statistical conparisons of steelhead and
chinook parr densities in treated and untreated sections will be done at 3
to 5-year intervals to determne the difference in densities. The

intensive study in Crooked River will provide direct estimtes of
parr-to-snolt survival rates.

An eval uation was conducted in July and AH§USt 1986 at a fully seeded
condition for yearling steelhead, ‘and rnoderate seeding levels for
chinook. Alteration of habitat by the structures had occurred riparian
conditions had not yet inproved. No difference in densities could be
attributed to the instreamstructure project.
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Appendi x B-6.  Conti nued.

Project type: Off-channel devel opnents
Years | inpl enented:  1984- 1987

Sponsor:  Nez Perce National Forest

Speci es benefited

Enhancenent B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hect ares added No data No data

Production constraints: Pond and side channel habitat will primrily
benefit chinook.

Definition of benefits: The total abundance of steelhead and chinook
Earr In connected ponds and side-channels will be considered mtigation
enefits.  Parr-to-snolt survival rates will be estimated directly in the
I ntensive study.

An eval uation of off-channel rearing densities was conducted in 1986.
The 0.08 hectares added to Crookeg River through 1985 reared an estimated
69 rainbow steel head parr (8/100 nf) and 739 chinook parr (88/100 nf).
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Appendi x B-7. Proposed definition of mtigation benefits for inplemented
projects in Red River.

Project type: Instream structures

Years inplenmented: 1984-1985

Sponsor:  Nez Perce National Forest

Species benefited

Enhancenent B-run steel head Spring chi nook
Production type nat ur al nat ur al
Hectares enhanced 7.5 7.5

Definitions of benefits:  Statistical conparisons of steelhead and
chinook parr densities in treated and untreated sections will be done
at 3 to 5-year intervals to deternmine the difference in densities. The
differences in densities will be factored by Parr-to-snolt survival
rates derived from the intensive studies.

An eval uation was conducted in July and August 1986 at noderately
| ow steel head and chinook parr abundance. No difference in densities
could be attributed to the instream structure project.
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Appendi x B-7.  Conti nued.

Project type: COff-channel devel opnents

Year inplenented: 1985

Sponsor:  Nez Perce National Forest

Speci es benefited

Enhancenent B-run steelhead Spring chi nook
Production type nat ur al nat ur al
Hect ares added 0.02 0.02

Production constraints: Limted opportunity for side-channel/pond
devel opment.

Definition of benefits:  The total abundance of steelhead and chinook
arr in off-channel production areas will be considered mtigation
enefits. Parr-to-smolt survival rates will be derived from the intensive
studi es.

Nunbers of steel head and chinook parr estimated in the 0.02 hectares
added by 1986 totaled only 1 and 215, respectively.
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Appendi x B-8.  Proposed definition of nitigation benefits for inplenented
project in Pine Creek.

Project type : Passage barrier
Year inplemented: 1987

Sponsor:  Nez Perce National Forest

Species benefited

Enhancement o A-run steelhead
Production type natural
Hectares added 6.9

Production constraints:

 Definition of benefits: A barrier. to adult steelhead was renoved by
this é)rog')ect. Benefits will be estimated fromtotal abundance of parr
reared above the barrier. Parr- to- smolt survival rates will be determ ned
from the intensive studies.
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Appendi x B-9. Proposed definition of mtigation benefit8 for inplenented
project in Pole Creek.

Project type: Diversion screen

Year inpl enented: 1983-1984

Sponsor: Sawtooth National Forest

Speci es benefited

Enhancenent B-run_st eel head Spring chinook
Production type nat ur al nat ur al
Hectares affected 4.2 4.2

. OT’rdoducti on_constraints: Juvenile steel head upstream passage is
| mpeded.

Definition of benefits: An unscreened irrigation diversion was
screened . The proportion of the steelhead and chinook parr reared
upstream of the diversion that are screened fromthe ditch and returned to
Pole Creek will be considered as mtigation benefits. The upper Sal non
River intensive study wll determne this proportion during PIT tag
operations and directly estimte parr-to-smolt survival.

Estimated total abundance of rainbow steel head parr upstream of the
diversion was 420 in 1985 and 63 in 1987.  Chinook have not been available
for introduction upstream of the diversion.
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Appendi x B-10.  Proposed definition of mtigation benefits for inplenmented
project, Bear Valley and Elk creeks.

Project type: Sediment reduction, riparian revegetation

Year implemented: 1987 - ongoing

Sponsor:  Boise National Forest

Speci es benefited
M ddl e Fork Sal mon River

Enhancenent (B-run) steel head Spring chi nook
Production type wild wild
Hectares enhanced 0 0

Production constraints: Hgh sediment |evels, streambank degradation

Definition of benefits: The Bear Valley and Elk Creek project wll
attenpt to significantly reduce sedinent from point and nonpoint sources
in the drainage, and conplenent anticipated grazing nanagenent
improvements.  Benefits will be estimated based on: &)a) measured changes
in sedinent and on fish-sedinent relationships, and (b) relative changes
in efficiency (survival) from eggb deposition to parr production.
Pard(-to-snolt survival rates will be applied based on the intensive
st udi es.

Only a minor amount of work was acconplished in 1987. Recovery of the
aquatic habitat is expected to be a slow process and hinges on inproved
grazing management by the USFS (Appendix Q).
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Appendix B-11.  Proposed definition of nitigation benefits for inplenented
project, Knapp Creek.

Project type: Passage barrier (diversion structure)

Year inplenented: 1987

Sponsor:  Challis National Forest

Species benefited

Enhancenent Spring chi nook
Production type wld
Hectares added 8.0

Production constraints:

Definition of benefits: An irri fg_ati on diversion that conpletely
bl ocked adul't chinook passage was nodified Benefits will be estimated

from total abundance of chinook Barr reared above the barriers.
Pardr_-to-srmlt survival rates will be applied based on the intensive
st udi es.
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Appendi x B-12. Proposed definition of mtigation benefits for inplemented
project, Johnson Creek.

Project type: Passage barrier

Year inplenmented: 1984-1986

Sponsor:  ldaho Department of Fish and Game

Speci es benefited

Enhancenent Summer chi nook
Production type nat ur al
Hect ares added 50.0

Production constraints: Hgh sedinment levels in portions of drainage.

Definition of benefits: Natural rock barriers that conpletely blocked
adult chinook passage were nodified. Benefits wll be estimated from
total abundance of chinook parr reared above the barriers. Parr-to-snolt
survival rates will be applied based on the intensive studies.

A total of 186,000 and 118,424 summer chinook fry were stocked into
the uPper Johnson Creek drainage in 1986 and 1987. ~Total abundance of
parr fromthese plants were estimated at 23,700 and 17,700 for the two

years, respectively. Fry stocking did not fully seed the drainage either
year.
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Appendi x B-1?.  Proposed definition of mtigation benefits for inplemented
pCrrOjelf)t , South Fork Salmon River tributaries (Dollar
eek).

Project type: Passage barrier (partial)
Year inplenmented: 1986

Sponsor:  Boise National Forest

Species benefited
South Fork Salmon River

Enhancement B (B-run) steelhead Spring chinook
Production type wild nat ur al
Hectares added 6.8 5.4

Praduction constraints: Hgh sedinent |evels

Definition of benefits:  Debris jambarriers that partially bl ocked
passage were selectively renmoved. Benefits will be estimated based on a
yet-to-be-determned fraction of the total parr abundance for each
speg.i es. Parr-to-smolt survival rates will be applied fromintensive
st udi es.
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Appendi x B-14. Proposed definition of mtigation benefits for inplenented
project, Boul der Creek.

Project type: Passage barrier

Year inplenented: 1985

Sponsor:  ldaho Department of Fish and CGanme

Species benefited

Enhancenent spring chi nook
Production type nat ur al
Hectares added 10.2

Production constraints:

Definition of benefits: A barrier falls that was a nearly conplete
block to adult chinook was nodified. Benefits will be based on total
chinook parr abundance. Parr-to-smolt survival rates will be applied
from intensive studies.

An estimated total of 28,6100 chinook parr were reared in 1986 from
a May release of 99,900 fry. The area above the project was
underseeded in 1986.
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BEAR VALLEY CREEK AND ELK CREEK

Project 84-24
I npl enentation Plan (FY 1988-1992)

The BPA Mddle Fork and wupper Salnon Rver Habitat |nprovenent
| npl enentation Plan for FY 1988-1992 (Andrews and Everson 1988) outlines
Phase Il plans to inplenment habitat restoration projects in Bear Valley
Creek and Elk Creek drainage. Objectives of Project 84-24 in the drainage
are to reduce the inpact of sediment loading from USFS l|ands through
streanbank stabilization and erosion control structures, and to revegetate
riparian areas to abate sedinentation of aquatic habitat.

~ Project 84-24 activities will be in addition to BPA Project 83.359
whi ch was inplenmented by the Shoshone-Bannock Tribes in 1984 to reduce the

sediment recruitment from an unstable dredge mned area in upper Bear
Val l ey Creek.

. The BPA Inplenentation Plan was devel oped based on the assunption that
| nprovements in grazing managenent woul d acconpany the BPA projects. The
Plan notes that the USFS has an ongoing process for inproving the

managenent of livestock grazing and road nmintenance, and that BPA

expenditures are not substitutions for USFS responsibility. A grazing
allotment review is scheduled to occur in 1991

Habi tat Probl em Definition

Phase | of Project 84-24 consisted of problem definition and inventory
of aquatic and riparian habitat conditions in 1985 in the upper Salmon and
Mddle Fork Salnon rivers (CEA 1987a,b). The Bear Valley Creek and El K
Creek drainages were identified as danmaged by cattle grazing and had the
hi ghest sedinment |evels of the drainages Inventoried.

Sediment |evels in Bear Valley and El k creeks have increased since a
1941 inventory by the Bureau of Conmercial Fisheries (1941 data provided by
J. Sedell, Pacific Northwest Research Station, USFS, Corvallis, OR). Bear
Val ey Creek sedinent |evels increased from 29% surface sand in 1941 to 40%
in 1985 (CEA 1987a). Elk Creek sedinent |evels increased from41%to 49%
during the same period. By contrast, sediment levels in adjacent Sul phur
Creek which was not extensively cattle grazed averaged 27% surface sand in
both 1941 and 1986 (Petrosky and Hol ubetz 1987).

The OEA (1987a,b) study «clearly linked decreases in streanbank
stability to cattle grazing in'riparian zones. Streanbanks associated with
wet community types were inherently nmore stable than drier sites.
Stability decreased significantly for all comunity types where grazed b

cat%[?: Control | ed sheep grazing did not significantYy reduce streanban
stability.
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_ In addition to streanbank sloughing induced by grazing, OEA (1987a,b)
identified several other erosion problens in the study area: recreation,
improper use of rip-rap, mning (particularly in Bear Valley Creek),
irrigation diversions, roads and bridges, natural sources, and epheneral
dr ai nages. However, the inventory results indicated that cattle grazing
probably had the largest effects on sedimentation.

For each habitat section, OEA (1987a,b) categorized the cunulative
percentage of streanbank upstream that was managed for cattle grazing into
four classes: 0-25% 26-50% 51-75% and 76-100%  Statistical conparisons
were nade between sedinent [evels (percent surface sand) and cumul ative
cattle use upstream of a seciton.  Surface sand in ungrazed or lightly
grazed (with 25% or |ess of streanbanks upstream managed for cattle)
averaged 21%and 17%for the upper Salmon and Mddle Fork drainages,
respectively. As cattle wuse increased, sediment |evels increased
significantly to levels higher than 30% surface sand.

I DFG physical habitat data from C-channels unaffected by cattle
grazing in the Batholith supports the baseline sedinent values fromthe CEA
Inventory. A set of “control” streans and sections was established to
conpare physical and fish density conditions in the Bear Valley Creek and
Elk Creek drainage to simlar, undisturbed streans. Control streans
contained wild chinook and steel head. Qther criteria were that the streans
were located in ungrazed, undeveloped Batholith watersheds wth
| ow-gradient, C-channels. The control streams were:  Sul phur, Loon, Cape
Horn, Beaver, Knapp, Chanberlain, and \est Fork Chanperlain creeks.
Surface sand in espablished monitoring sections averaged 51%in the Bear
Valley Creek and Elk Creek drainage and 20% in the control streans

(Appendix C ).

During 1984-1987, wild chinook and rainbow steel head parr densities
averaged nore than ten times higher in the control streans than in the Bear
Valley Creek and Elk Creek drainage (Appendix C1). Hgh sediment |evels
have been linked to decreased egg-to-Parr survival for chinook in Sal mon
River tributaries (Table 14; Figure 7). Degraded riparian vegetation,
al tered channel norphol o%y, and reduced streanbank and instream cover were
al so associated with high sediment levels and extrenely depressed
anadromous fish population in Bear Valley and El k creeks.

Habitat Restoration Objectives

For effective restoration of Bear Valley and El k creeks, objectives
shoul d be established for instream sedinent level and riparian vegetation.
These objectives should be established for both the BPA Fish and Wldlife
Program projects and the Forest. Service |and managenment activities.
Wthout such comnmon objectives, both the BPA program and the inproved |and
management coul d be ineffective in achieving the intended restoration of
the highly inportant anadromous fish habitat in Bear Valley Creek drainage,
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Appendix G-I, Percent surface sand and densiti of wild chinook and rainbowsteelhead parr in established nonitoring sections,
Bear Valley Creek and E'k Creek drainage and control drainages, 1984-1987.

Per cent Chi nook Parr/100 nf Rai nbowe st eel head Parr/100 nf
Location Stream Section  sand 1984 1985 1986 1987  Mean 1984 1985 1986 1987 Mean
Bear Valley Bear Valley Gr. 2A 43 4.7 19 30 0.9 26 0.1 01 0.1 0 0.08
& Bk 2B 11 1.3 0 0.3 0 0.4 0 0 0 0 0
3A 25 2.0 1.0 47 1.7 3.8 0.2 0 0.8 0.1 028
5A 28 54 0.2 4.1 1.3 2.8 0 0 0 0 0
98 55 59 0 0 2.2 2.0 0 0 0 0 0
Bk C. 1A 44 0.4 0 0.1 0.2 0.4 0 0 0.13
1B 63 0 1.4 0.6 0.1 05 0.1 14 0.6 0 0.52
2A 53 0 0 0 0 0 0 0 0.1 0 0.02
2B 37 1.1 0.2 38 L7 1.1 0.2 0 0.43
Bearskin . 1B 84 0 0 0 0 0 0
MEAN 5.6 28 06 14 16 L6 0,06 03 0.2 0.01 0.14
Controls Chanberlain Or., W Fk. CHA- 2 22 43.8 68.2 38.0 50.0 8.8 16.2 7.9 110
Chanberlain C. CHA-4 21 0.2 10.2 4.7 4.7
Knapp Cr. 1A 23 23.6 1.2 10.4 13.7 L1 07 35 1.8
Beaver Q. 1A 5 129 1.2 0.5 6.9 1.3 0 0.1 0.5
3B 11 0.8 28.6 59 151 1.2 21 0.7 13
Cape Horn G, 2B 19 49.0 10.7 9.8 52.2 0.2 0 0 0.1
1A 8 4.7 145 39.4 295 0.1 0.6 0.9 0.5
Sul phur Gr. 4A 40 0.1 25.8 399 219 0 0.3 32 12
4B 30 9.2 181 626 188 271.2 0 .0 1.0 0.2 0.6
Loon Cr. 1 28 33 19.8 11.6 - 1.7 41 2.9
2 19 3.3 448 24.0 - 1.4 3.9 2.6
NEAN 2005 9.2 20,0 28.9 289 218 0 1.7 2.9 2.4 1.8
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ABSTRACT

W\ stocked sunmer chinook salmon fry in upper Johnson Creek
drainage during three years, 1985-1987. The nunber of salnmon fry
stocked during the three years was 20,000, 186,000 and 105, 000
respectively. — Snorkel counts and el ectrofishing collections reveal ed
that brook trout conprised over 96%of the standing fish crop in the
upper Johnson Creek drainage prior to the first stocking of salnmon fry
on August 2, 1985. By autumm of 1987, after three years of chinook
salmon fry introduct ions, brook trout conprised only 10% of the
standing crop in study site in the upper Johnson Creek drainage,

-\ renoved or relocated over 3,200 brook trout during the three

field seasons. Salnon fry production was conmpared in the brook trout
reduction (treatnent) sites and adjacent control sites. Mre salnon
fry reared in the control sites than in the treatnent sites in eight

out of nine replicates of the study.

Densities of salmon fry stocked via helicopter in early My of 1986
and 1987, renmined high at the stocking sites. Fry noved up and
downstream 2-3 km during the summer and fall growh period. F
densities dem nished sequentially according to distance fromtﬁg
stocking site. _ o

W stocked salnon fry at geometrically progressive increases from
0.3 to 4.8 fry/msquare. Rearing densities were positively correlated
with stocking densities. Salmon fry growh was negatively correlated
with the conpined densities of salnon fry and brook trout and percent
sand in the substrate. S

Predation by brook trout on salnmon fry was insignificant. W saw
only two instances of brook trout preyi nq on salmon fry in snorkel
surveys covering 140 km of stream channel during three study years. W
saw no salmon fry in examnations of brook trout stomachs,

Common mergansers preyed heavily on sal mon and brook trout in two of
the three study streans during 198/.  Snorkel counts subsequent to
nerganser sightings were about 50% | ower than pre-nerganser counts.
Mergansers not only consune the entire carcass of salnon and brook
trout, at time they eat only the heads, skins, and some of the internal
organs.  \Wile nmergansers were present in the study sites, surviving
fish remained concealed in mats of vegetation and undercut banks,

_In early August of 1987, salnon fry disappeared from the |ower
helicopter stocking site in upper Johnson Creek. Because of the early
emgration of salnon fr?/, we were unable to estimate total production
and survival of salmon fry in 1987. At the upper helicopter stocking
site in Tyndall Madows, salnon fry survival was estimted at 14.5%in
June of 1987, and 9.0% in August of 1987. _

Upper Johnson Creek drainage should be stocked with salnmon fry at
the rate of 0.4 to 1.0 salnon/m square, Sand substrates will rear
autum-age-0 salnon to a length of 80-85 mmat an average rearing
density of 0.4 fry/msquare. Gavel substrates will rear salmon fry to
the sane |ength (80-85 nmm) at 0.8 to 1.0 fry/m square. Uptper Johnson
Creek drainage is capable of rearing about 375,000 salmon fry to an
autum-age-0 length of 80-85 nm  Overseeding of salmon rearing areas
will result in higher fry mortality and slower growth. .

W saw no returning jack salnmon fromthe 1985 fry stocking In upper
Johnson Creek. No junping activity was noted at the barriers in
m d-Johnson Creek. W have seen adult salmon and sal mon and steel head
redds in upper Johnson Creek so we assune the barrier inprovement
projects were successful.
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| NTRCDUCTI ON

| conpared natural production and survival to autum-age-0
summer-run chinook salmon fry (Oncorhynchus tshawyscha) stocked at
different densities in upper Johnson Creek dra|na%F, [daho (Figure 1).
The study was designed to determne the relationship between salmon fry
stocking densities, timing and methods of stocking, and survival and
prodic  tion of autum-age-0 salmon fry. | also estimted natura
production potential and summer chinook escapenent necessary to fully
seed the upper Johnson Creek drainage. Additionally, in the third and
final year of the study, we used both underwater and stream bank
observers to assess the effectiveness of the fish passage inprovenent
E;ojfcts funded by Bonneville Power Admnistration in mddle Johnson

eek.

Native stocks of chinook, salmon, steelhead trout (Salno gairdneri),
and introduced brook trout (Salvelinus fontinalis) coexist In numerous
tributaries of the Salmon River drainage 1n central |daho (Petrosky and
Hol ubetz, 1985).  Under-seeding of anadronous fish spawning areas in the
drainage during the past decade may have allowed non-anadromous species
such as brook trout, to make further intrusions into anadromous fish
production areas. It was unknown whether expansion of brook trout
Bopulations woul d depress salnon production because no studies have

een done on synpatric populations of chinook salmon and brook trout.

In addition to developnent of strategies for outplanting of chinook
salmon fry to supplement depressed runs, | investigated potentia
conpetition between brook trout and chinook salnon. | determ ned
whet her the presence of brook trout reduced the survival or density of
stocked salmon fry. By making multiple passes with electrofishing
gear, We removed as many brook trout as possible from sone sites, while
addj acent sites served as controls. Weekly snorkel counts and bi-weekly
el ectrofishing sanples were used to conpare densities and growth of
salnon fry at various population |evels of salmon fry and brook trout.
During the snorkel counts, | nade observations of fish predation by
brook trout and nergansers (Mergus nerganser).

OBJECTI VES

1. Estimate the density (fish/m square) and abundance and surviva
of summer age-0 chinook salnmon fry fry stocked In portions of upper
Johnson Creek drainage.

2. Relate salnon production to habitat types, according to
substrate, gradient, and pool-riffle-run habitat.

3. Estimate salnon carrying capacity within the various habitat
tyﬁes and the number of adult sal mon necessary for full seeding in
Johnson Creek upstream from the barriers.

4. Conpare salnon growth and condition factors in brook. trout
removal sites and in control sites. Conpare growth to rearing
densities in all primary study sites (Figure 1).

5. Relate growth and condition factors of stocked salmon fry in
the upper Johnson Creek drainage to their wld cohorts in [ower Johnson
Creek and the upper South Fork Salmon River drainage.

6. Relate salmon fry growth to water tenperatures in upper Johnson
[1-3
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Figure 1. Location map of the Johnson Creek study area in central | daho.
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Creek and upper South Fork Salnmon River.

1. (Ooserve any evidence of brook trout predation on salnmon fry
during the snorkel surveys and incidence of salnmon fry in gut contents
of the larger brook trout.

8. Evaluate the effectiveness of the barrier inprovement projects
for fish passage (Figure 1) in nmddle Johnson Creek and provide
recormendations for additional corrective action if necessary.

DESCRI PTION OF THE STUDY AREA

Johnson Creek is the largest tributary of the East Fork, of the
South Fork Salmon River. Hstorically, the South Fork Salnon River
was one of the largest contributors of summer-run chinook salnon In the
Colunbia River drainage (Mllet, 1974). The study area in upper
Johnson Creek drainage is predominately high alpine nmeadow at
elevations in excess of 2,090 mabove MSL.  Precipatation falls minly
as snow between Cctober and May with snow accumul ations of 3-4 mbeing
common.

Soils in upper Johnson Creek are geol ogically youn? and easily
erodabl e §P|att$ and Torquenada, 1985). The drainage lies in a
ﬁeolog|c ormation known as the |daho Batholith.  Upper Johnson Creek

as a long history of livestock overgrazing beginning in the late
1800's.  In 1920, the upper Johnson Creek allotnent came under USDA
Forest Service administration and the nunber of grazing sheep was
reduced to 5,000 fron1£revious|y uncontrolled levels. In 1961, the
al ot ment was converted to a 500 cow (and cal f) grazing operation
(Platts and Torquenada, 1985). The effects of over-use of the
meadows by livestock is plainly evident, even to the casual observer.
The riparian ve?etatlon and stream banks are heavily tranpled
resulting in a [oss of overhead cover as the banks fall into the stream
channel. ~ Surface sand over the substrate in the primary study sites,
Sand and Rock creeks and Tyndal | Meadows, was 25% 90% and 48%
respectively (Appendix 1 ).

Sone long-time residents of the Johnson Creek area saw dense
concentrations of salnmon spawners during the 1920's in the headwater
meadows of Johnson Creek and its tributaries, particularly Sand Creek
Only infrequent sightings of sal non spawners have been reported during
the past three decades. Apparently, a land slide deposited Iarﬂe
boul ders in the steep section of mddle Johnson Creek. The |daho
Depart ment of Fish and Game has drilled and bl asted sel ected boul ders
to inprove fish passage (Holubetz and Petrosky, 1988) Lower Johnson
Creek, downstream from the barriers, provides spawning and rearing
areas for chinook salmon and steelhead trout. Prior to stockin% of
upper Johnson Creek with chinook salnon fry in August of 1985, brook
trout conprised 96.4%of the fish collected in electrofishing sanples
in Tyndal| Meadows and Rock. and Sand creeks. The remainder of the fish
in the sanples was about equal |y divided between rai nbow st eel head
trout and |ongnose dace éRhinic thys cataractae). O interest is the
fact that the other resident species of fi1sh inhabiting |ower Johnson
Creek have not been col lected or seen in upper Johnson Creek and its
tributaries in nearly 140 kmof snorkel surveys during the three
years of this research. The downstream resident species include
whitefish (Prosopium williansoni), cutthroat trout (Salno clarki?,
bulltrout (Salvelinus malme), and cottids (Cottus sp.). Qbviously, the
barriers have prevented nost resident fish species fromcolonizing the
headwat ers of Johnson Creek drainage.
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METHODS:

Field work on this project began In June of 1985. Earlier data on
fish species and physical habitat in upper Johnson Creek had been
gathered in 1984 by Petrosky and Holubetz (1985). | established
primary study sites in Tyndall Meadows on the headwaters of Johnson
Creek and on Rock and Sand creeks, the two largest tributaries of upBer
Johnson Creek (Figure 28. Sone of the monitoring sites established by
Petrosky and Hol ubetz (1985) were retained for this work and
designated as supplemental sites. The primary function of the
suppl emental sites was to serve as indicators of drainage-w de changes
in fish populations in areas that brook trout had not been renoved by
el ectrofishing.

In 1985, | marked 14 sites 100 min length in [ower Tyndall Meadows.
By making multiple passes with an electrofisher in the mddle 800 m |
removed as many brook trout as possible. The lower 300 m and upper 400
m served as controls. W collected length and wei %ht measur enents on
brook trout removed from the treatment sites. In 1985 | duplicated
the brook trout renoval procedures on 800 mof Rock Creek and 500 m of
Sand Creek. Adjacent sites served as controls. On August 2-3, 1985,
we stocked all the primary study sites with summer chinook sal non
fry at sequential densities of 30-60-120-120-60-30 fry/100 m sqg. of
wetted substrate. The fry were reared at the Idaho Department of
Fish and Gane’s MCall Summer Chinook Salnon Hatchery. Rearing areas
in main Johnson Creek from Tyndal| Meadows downstream to Landmark
(Figure.Z) received fry that were in excess of the needs of the primary
study sites. W conducted weekly snorkel counts between 1000 and 1800
hours to deternmine rearing densities. Fish were collected bi-weekly by
el ectrofishing and neasured to the nearest nm and weighed on a
triple-beambal ance to the nearest 0.01 gm

On May 9, 1986, personnel from the |daho Department of Fish an?
Gane stocked 176,000 salmon fry in upBer Johnson Creek drainage (Figure
3). The USDA Forest Service (WIliam Platts, pers. com) suggested that
| nmove the primary study sites in lower Tyndall Meadows to upper
Tyndal | Meadows in a grazing study area. The grazing study consisted
of three streamsites, each 184 mlong with the mddle site fenced to
exclude livestock. The USFS had collected fish population and channel
measurenents on all three sites annually since 1975. e renmoved brook
trout from the upper and lower sites (treatnent) and the fenced site
served as the control. W duplicated the brook trout removal operation
on treatment sites on Rock and Sand Creeks. On June 30-July 1, 1986,
we stocked 10,000 salmon fry in the primary study sites at Tyndall
Meadows, Rock and Sand creeks. Sand Creek received salnmon fry at the
rate of 30 fry/100 msqg., Tyndall Meadows at 60 fry 100 m sg., and Rock
Creek at 120 fry/100 m sq.

On May 5 1987, we stocked 34,500 salnon fry from the MCall Sal non
Hat chery in Tyndal| Meadows 200 m upstream from the USFS grazing study
and 55,500 fry in Johnson Creek at its confluence with Sand Creek
(Figure 4 ). Because the winter of 1986-87 was a near record |ow
precipitation year in central |daho, stream flows were abnornmally |ow
In June of 1987, and we were able to renove brook trout earlier than
in 1985 and 1986. In addition, the brook trout populations were much
reduced from the 1985-86 levels. W were able to stock salnon in the
brook trout removal (treatment) sites and control sites on June 12,
1967, three weeks earlier than in 1986 éFi gure 4). W\ stocked a total
of 105,300 salnon fry via helicopter and truck during 1987. Rock Creek
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Landmark
0

Tyndall
Meadows

Primary study sites [0). 8,000 salmon stocked.
Supplemental sites(q). 12,000 salimon stocked.
August 2-3, 1985.

Figure 2. Primary and supplemental study sites in upper Johnson Creek

drainage, and nunber, |ocation, and date of salnon fry
stocking, 1985.
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Meadows

Helicoptor stocking (O] on May 9, 1986.
Truck stocking [q] June 30-July 1, 1986.

Salmon fry stocking total — 186,000.

Figure 3. Primary and supplenental study sites in upper Johnson Creek
drainage, and nunber, location, and date of salmon fry
stocking, 1986.
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Tyndall

35,000
Meadows

Helicopter stocking (0] - May 5, 1987.
Truck stocking [q)-June 17, 1987.
Salmon fry stocking total —105,000.

Figure 4  Primary and supplemental study sites in upper Johnson Creek
drainage, and number, location, and date of salmon fry
stocking, 1987.



was stocked at 120 fry/ 100 m sq, Sand Creek at 240 fry/100 msq, and
Tyndal | Meadows (helicopter stocking) was designated as the highest
stocking density (480 fry/100 m sq.% because we released all the fish
at one site.

The 1987 salnmon fry stocking methods were Identical to the 1986
operation with two exceptions. W stocked only two sites In Johnson
Creek in 1987, one at the head of the Tyndall Meadows grazing study and
the other at the confluence of Sand and Johnson creeks. Also, in 1987,
we increased the stocking densities from 30-60-120 fry/ 100 msquare, to
120- 240- 480 fr>§/ 100 m square. Rock Creek was stocked at the |owest
density In 1987 (same as in 1986), Sand Creek the intermediate density,
and Tyndal | Meadows the highest density.

During the salmon fry stocking operations, we used both stream bank
and underwater observations to record the behavior of salmon fry and
predation by brook trout inmmediately after the fry were stocked. In
addition, we noted all fish predation seen durinP the weekly snorkel
counts and examined the gut contents of 2-year-old and ol der brook
trout removed from the brook trout reduction sites.

Stocked salnmon fry mgrate upstream and downstream during the
rearing season. At both the Tyndall Meadows and nouth of Sand Creek
hel'i copter stocking sites, we established snorkel areas at 0.5 km
intervals 3 km downstream and 1.5 km upstream from the two stocking
sites, [Each snorkel site was at least 40 min length. W neasured the
physical habitat using the methods of Petrosky and Hol ubetz (1965)
(Appendix 2 ). | snorkeled the Tyndall Meadows nmovement study sites on
June 24 and August 15, 1987. On August 15-17, 1987, we conducted a
systematic snorkel population survey of Rock and Sand Creek plus all of
the supplemental snorkel sites on main Johnson Creek.

| calculated average rearing densities from the weekly snorkel
counts durinE the rearing season. | also snorkeled the supplenental
sites bi-weekly to assess drainage w de changes in fish popul ations.

Bi -weekly el ectrofishing sanples provided growh statistics in the
primary study sites. | conpared fish nunbers in early norning and
afternoon snorkel surveys with electrofishing captures In the study
sites in Tyndall Meadows. To conpare growth of stocked salnon fry with
that of wild salnon fry, | collected fry from Stolle Meadows on the
South Fork Salnmon River.

Thermomet ers recorded daily maxi nunum and m ni num wat er tenperatures
on upper Johnson Creek and upper South Fork Salmon River In Stolle
Meadows.  Streambank and snorkel surveys were conducted to assess
the effectiveness of the fish ﬁassa e Inprovenent projects in mddle
Johnson Creek. | determned the alkalinity and pH and estimated the
flow in all three study streams during the 1987 tield season,

| nmeasured upper Johnson Creek drainage stream |engths on USFS maps
and estimted average widths fromfield neasurements to arrive at a
tt)ot al rearing area estimate in upper Johnson Creek drainage above the
arriers,

During the snorkel counts in the three primary study sites, | noted
the nunber of nergansers In the sites and counted and phot ographed dead
salnon fry and brook trout. | conpared fish numbers pre-and-post -
merganser sightings in the snorkel areas.

From 1985 through 1987, in the upper Johnson Creek study area, we
snorkel ed 139,535 m (86.7 mles), classified over 148,000 fish as to
species and age class, removed oF relocated over 3,200 brook trout, and
wei ghed and measured 6,414 fish.
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FI NDI NGS:
Br ook Trout Popul ati on:

Brook trout densities during the 1985 electrofishing renoval
operations ranged from0.3 to 0.5 fish msg. and 1.67 to 5.46 gmm sq.
I'n quer Johnson Creek drainage (Table ). W were not able to renove
all brook trout inthree passes with the electrofisher so those
densities are slight under-estimtes of true densities.

From 1985 through 1987, we killed or relocated about 3,200 brook.
trout in the upper Johnson Creek drainage (Figure 5). In 1985, the
Brook trout population age structure ranged fromfry to 3-years-plus
fish.  The largest brook trout | sawin electrofishi n(T; col I'ections
was 200 mm total length while the average length was [ess than 100 mm

1985 Resul ts:

Because of the |ate summer stock in[g time In 1985 (August 2-3), nost
of the salmon drifted downstream in mlling schools imediately after
release in the study sites. Tos few salnon fry remained in the
rimary study sites to draw conclusions regarding growh and survival
wever, it was interesting to note that more salmon fry remained in
the control sites than in the brook trout removal (treatment) sites.
During the 1985 fry stocking operation, a brief rainstorm put the
stocked salmon fry into a feeding frenzy, apparently in the belief that
food pellets rather than rain drops were falling on the water surface,
The principle concl usion of the 1985 work was that salmon fry
out-PI antings, designed to restore or supplement natural production,
should not be made In late summer and probably should be tined to
coincide with the errerPence of natural salmon fry at the tenperature
regime of that particular |ocation.

1986 and 1987 Results:

The salnon fry stocked from a helicopter in early My, 1986-87, were
rel eased near the normal tinming of peak energence fromthe gravel at
the elevation and tenperature reginme of the study area (Velsh
unpublished). Mst of the fry remained near the release sites and
moved inshore, behaving simlarly to salmon fry imediately after
energence from the gravel (VWelsh, 1963). Many salmon fry released from
the fish truck into the three primary study sites in late June, 1986,
and nt d-June, 1987, also remmined near the stocking sties during the
sumer growth period. Large nunbers of salmon fry occupied all of the
study sites throughout the 1986 and 1987 field season.

V¢ recorded dramatic changes in fish populations in upper Johnson
Creek from 1985 through 1987. (Figure 6). Salnmon proportions increased
from 12% of the fish in snorkel sites In 1985 to 89%in 1987.  Trout
nunbers were inversely proportional to the nunber of salmon fry in the
counts.  The decline in brook trout, froma maximumcount of 280
fish in a site on Rock Creek ngDPetrosky and Hol ubetz, 1985), continued
throu%h 1987 as salnon fry numbers escalated (Figure 7).

The brook trout population declined, regardless of whether brook
trout had been renoved fromthe sites. e removed no brook- trout from
the two supplenental sites at the mouth of Sand Creek and at the mouth
of Whiskey Creek, yet brook trout had nearly disappeared from both
snorkel sites by 1987 (Figure 8).
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Table 1. Total catch of brook trout and |ongnose dace and fish
densities I n g/msquare Inelectrofishing operations In
upper Johnson Creek drainage, 1985.

Site Date Area Total catch of Number of passes &
identification 1985  msq. brook trout & dace electrofishertype

Tyndal | 0D-2D 7-30 552 64 brook trout 2 passes Smth- Root
Meadows

2D-3D 7-30 276 26 brook trout 1 pass Smth- Root
3D-4D 7-16 276 41 brook trout 1 pass Smith- Root
304D 7-17 276 86 brook trout 4 passes Ceorator
4D- 6D 7-21 552 183 brook trout 4 passes Smth- Root
5 dace
6D-7D 7-26 276 130 brook trout 3 passes Smith-Root
6 dace
Rock  12D-13D 7-31 184 62 brook trout 1 pass Smith- Root
Creek | dace
13D-15D  7-29 368 51 brook trout 2 passes Smth- Root
3 dace
13D-15D  7-31 368 71 brook trout 2 passes Sm th- Root
|6D-17D  7-18 184 99 brook trout 4 passes Smth- Root
2 dace
17D-18D  7-18 184 101 brook trout 4 passes Smth- Root
11 dace
18D-19D  7-22 184 61 brook trout 3 passes Smth- Root
4 dace
19D-20D  7-22 184 9% l()jrook trout 3 passes Smith-Root
ace

Sand 1D-2D 7-18 317 40 brook trout
Creek
2D-3D 7-19 276 45 brook trout
34D 723 276 40 brook trout
4D-5D 7-23 276 68 brook trout

passes Georator
passes Smth- Root

passes (Georator

N O OF B A Y

passes (Georator
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The proportion of salmon fry In the snorkel counts increased in all
study sites from 1985 to 1987 (Figure 9). Salnon proportions were
higher in non-brook, trout-removal 5ites on main Johnson Creek than In
the primary study s tes In 1986. However, that was because nain
Johnson O eek recei ed heavier stocking of salnon fry in 1986 than in
either 1985 or 1987

Brook trout did not apPear inthe |ower gortion of upper Johnson
Creek (airfield site) until early July of 1985 (Figure 10). Because of
the barriers on mddle Johnson Creek ) those brook trout appearing In
the airfield site mMOved gdowns t ream from upper Johnson Creek or adjacent
tributaries. Brook trout numbers in the airfield site peaked
sharply in md-August and declined precipitously in early Septenber,
The sane trend was apparent in three suppl emental snorkel sites
downstream from the airfield sites. In contrast, salmon fry reared In
the airfield site fromlate June through August, 1986.

Salmon fry nunbers in the three Tyndal | Meadows study sites
declined progressively froma high of nearly 5000 fish on My 12,

1987, to about 1,800 fish by August 11, 1987. Salmon fry nunbers
declined rapidly in md-August, 1987, and remained in the 100-200 |evel
from late August to early Cctober (Table 2).

Salmon fry stocked via helicok/ther May 5, 1987, moved both upstream
and downstreamfromthe Tyndal | Meadows stocking site (Figure 11). On
the snorkel survey of June 24, 1987, novement was about equally divided
upstream and downstream from the release site, However, by August 15,
1987, nearl?/ all salmon fry had disappeared from the downstream sites
and nore salnmon fry had noved upstream  Salmon fry survival fromtime
of stocking until June 24, 1987, ignoring emgration fromthe study
sites, was estimated to be 14.5% survival to August 15, 1987, was
estimated to be 9.0%/ (Appendix 3).

Because of the unexpected |ate sumrer upstreamnovenent of sal mon
fry, | established an additional snorkel site 2.0 kmupstreamfromthe
stocking site in Tyndal | Meadows. On Cctober 3, 1987, salmon fry
densities were 0.25 fish/msq. at the additional site (Figure 11j. The
snorkel sites were covered by breakable ice during the October counts.

On August 15, 1987, we snorkeled the sites u?streamand downst ream
fromthe helicopter stocking site at the mouth of Sand Creek. Al the
sal mon fry and brook trout had disappeared fromall sites. On
July 6, 1987, | counted 228 salmon fry, nine brook trout, two rai nbow
trout, and 41 dace at the mouth of Sand Creek. stocking site. Fish
nunbers continually declined at the site until August 5, 1987, when |
saw no salmon fry, four brook trout fry, and one rainbow trout fry.

In contrast, in 1986, there was little enigration of salmon fry from
the snorkel sites until the end of Septenber. Because of the early
noverment of sal mon from upper Johnson Creek, we were unable to estimate
total survival of the salnmon fry stocked in upper Johnson Creek.
drainage in 1987.

W saw | arge discrepancies in snorkel counts between early norning
g9: 00 a.m and afternoon (2:00 p.m) in Tyndal | Meadows (Figure 12).
rook trout remain conceal ed in mats of vegetation (Fontinalis) and
holes in the streambank until md-norning.  Chinook Salnmon tr
congregate in large schools in early morning and split into smaller
school s by md-morning. W had close agreenent between both snorkel
counts, three passes with the electrofisher and the popul ation estimate
for salmon fry at site 3 In Tyndall Meadows (Figure 12). However, we
had Iar?e differences in the four estimates for Brook trout. Sone of
the differences in snorkel counts for sites 1 and 2 may be due to the
counts being two days apart. The afternoon counts were done August 2
and the nmorning counts August 4, 1987. \& saw ngjor reductions in both
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the chinook sal non and brook trout counts beginning the first week
of August, 1987. At site 3 in Tyndall Meadows, all data were gathered
August 4, 1987.

On September 10, 1987, water in Tyndal| Meadows had a pH of 7.2 and
alkalinity (expressed as cal ciumcarbonate) of 90 ppm  On Septenber
11, 1987, Rock and Sand creeks had pH and alkalinity levels of 7.2 and
90 ppmand 7.2 and 50 ppm respectivelg. Fl ow estimates on Cctober 29,
1987 in Tyndal | Meadow and Rock and Sand creeks In the prinary study
sites were 1.2, 0.7 and 1.2 cfs respectively. The 1987 discharges In
the Johnson Creek drainage were near record |ows.

Salmon fry growth was inversely proportional to rearing densities
(Figure 13). In 1987, salnon growh, at an average rearing density of
0.3 fish/msg. in Rock Creek, was nearly equal to salnon growh of 0.5
fishmsgq. in Sand Creek. However, salnon growth at an average density
of 1.7 fish/msqg. in Tyndall Meadows was slower than the other two
sites. In fact, salnon fry lost wei ?ht during late July-early August.
The salmon fry were adding a little length but |osing weight during
that period. Average weights of salmon fry did not Increase until md-
August when rearing densities declined (Table 2).

Length of chinook salmon fry at the end of the summer growth period
was dependant on rearing densities and the proportion of sand in the
substrate (Figure 14). For 1986 and 1987, | conpared sal non Ien?th at
the end of the growh season to the conbined rearing densities 0
salnon fry and brook trout and percent surface sand over the substrate.
Rock Creek has the highest proportion of surface sand (90% and Sand
Creek the lowest (25% with Tyndal |l Meadows internediate (46%. A
nmul tiple regression analysis yielded an R sq. of .93 (Figure 14).
| ndependant variables (density and sand) are significant at al pha=. 025
i naxplaining variationingrowth. As shown In Figure 14, all but one
of the Sand Creek data points (Ieast sand?1 lie above the regression
line. The one data point below the line has the nost anmount of sand
(37% of the six sites in Sand Creek. Al of the data points for Rock
Creek (most sand) fall below the regression line.

On August 25, 1987, wild salmon fry in Stolle neadows on the South
Fork of the Salnon River averaged 66.8 mmin lengtt and 2.87 gmin
weight. On the same day in Sand Creek in upper Johnson Creek drainage,
salmon fry averaged 81.9 mmin length and 5.41 gmIn weight. Both
sites are in predomnately gravel substrates. | was unable to obtain
accurate snorkel counts because of the abundance of mats of underwater
vegetation (Fontinalis) Inthe study site in Stolle Meadows. However,
| suspect tha e conbi ned fish densities, conside ring all the species
that are present in Stolle Meadows, issignificantly higher In Stolle
Meadows in upper South Fork Salmon River than In Sand Creek in upper
Johnson Creek.

Maxi mum m ni num wat er tenperatures followa simlar pattern in
Stolle Meadows and upper Johnson Creek (Fi ?ure 15).  In general, the
absol ute maxi mum tenperature in 1987 was slightly higher In upper
Johnson Creek than i1 Stolle Meadows (22.5 vs 21 degrees C) but the
average maxi numwas higher in Stolle Meadows for most of the sumrer and
fall salnmon fry ?rovvch period. However, the average m ninmum
tenperature was lower in Stolle Meadows during the sane period. 1In a
series of spot water tenperature readings during the 1985 field season,
it appears that Rock Creek\ has the highest heat budget of the three
primary study sites, Tyndall Madows internediate, and Sand Creek the
coolest (Table 3). The heat budget follows the elevational pattern,
(about 150 mtotal difference) wth Rock Creek |owest and Sand Creeb
highest.  The study area on Rock Creek is nearly devoid of riparian
vegetation which pronotes the high md-summer water tenperatures.
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Table 2. Snorkel counts of fish In the three 184 m long study sites
In Tyndal| Meadows, May 12 to Cctober 3, 1987.

Dat e Brook Trout Sal mon

1987 Fry I+ 2+ 3+ Fry |+ Q her

My 12 1 2 4,897 1

My 22 7 2 ! 3,957

Jun | 10 ! 3,010

Jun 6 17 16 2 2,389 1 rai nbow trout
Jun 13 1 8 - 2,005

Jun 20 7 32 9 5 3,100 2

Jun 28 3 4 3 10 3,492 2

Jul 7 2 41 46 8 2,544 2

Jul 14 I 37 26 1 2,218 2

Jul 21 [ 59 2 5 2,154

Jul 29 773 48 10 2,082 1 dead salmon fry
Aug 5 7 54 39 8 1,748 1

Aug 11 10 58 51 b 1,835 3 1 rainbow trout
Aug 15 11 53 25 3 882 4

Aug 26 2 3 4 238

Aug 31 3 l 52

Sep 10 209

Sep 14 257

Sep 23 2 107

Qt 3 l 179
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Figure 13. Relationship between salnon weight and salmon rearing densities
in upper Johnson Creek drainage, June-August, 1987.
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Table 3. Spot checks of water tenperatures in Rock and Sand creeks and
upper Johnson Creek In Tyndall Meadows, Landmark, and the
confl uence of Johnson Creek and Rock Creek, June 27 to
Cctober 18, 1985.

Date Time  Location Tenp Date Tinme Location Tenp.
1985 deg. C 1985 deg. C
06-27 1400  Tyndall 1 09-12 1400  Tyndal | 1
07-14 1430  Rock Cr. 14 09-12 1645 Sand Cr. )
07-14  1430* Rock Cr. 16 09-16 1400  Rock Cr. 9
07-18 1450  Sand Cr. 16 09-16 1610  Tyndal | 9
07-18 1530  Rock Cr. 19 09-18 1310  Rock Cr. 1
07-21 1305 Rock C. 18 09-18 1500  Tyndall 6
07-21 1640  Rock, . 21 09-19 1250  Rock Cr. 6
07-22 1350  Rock Cr. 18 09-19 1330 Sand Cr. 4
07-23 0900  Rock Cr. 15 09-19 1340  Landnark 5
07-23 1600 Sand Cr. 18 09-23 1245  Landmark )
07-23 1630  Tyndal | 20 09-23 1430  Tyndall 8
07-26 1500  Sand Cr. 17 09-23 1650  Rock Cr. 9
07-26 1535  Rock Cr. 20 09-27 1245  Landmark )
07-26 1700  Tyndal | 20 09-27 1255  Sand Cr. )
08-02 1200 Rock Cr. 17 09-30 1030  Rock Cr. 2
08-02 1430  Tyndal | 12 09-30 1030  Confluence l
08-05 1300 Rock Cr. 19 10-06 1300  Rock Cr. )
08-08 1000  Sand Cr. 11 10-06 1300  Confluence 5
08-10 1200  Landmark 11 10-06 1330  Tyndal | 6
08-11 0910  Rock Cr. 8 10-11 1120  Landmark 1
08-11 0925  Tyndall 8 10-11 1300  Sand Cr. 1
08-30 0900 Rock Cr. 11 10-11 1345  Rock Cr. 2
08-30 1245 Sand Cr. 14 10-11 1345  Confl uence 1
09-03 1600  Tyndall 17 10-18 1300  Rock Cr. %
09-04 1650  Rock Cr. 9 10-18 1300  Confluence

" \Wter tenperatures taken at the same tine with the cooler water 7 m
downstream A subnerged spring cooled the stream tenperature.
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In nine replicates of brook trout reductions (treatnent) and
conparisons of salnon rearing densities in adg']acent control sites, nore
salnon reared in the control sites during eight of the nine tests
(Figure 16). In the one site where salmon densities were greater in
the treatment areas than in the controls, the differences were slight.

W saw no evidence of brook trout predation on salmon fry in 1985,
other than during fry stocking. | snorkeled Rock Creek while sal nmon
were being stocked on August 2, 1985, and saw a salnmon fry taken by a
| engt h-%roup-B brook trout. In Tyndall Meadows, on the same day, | saw
a length-group-2 brook trout capture a salmon fry. | saw no further
evidence of brook. trout preying on salnon fry during the 1985 snorkel
counts or in brook. trout gut content examnations. In 1986, we saw no
predation by brook trout on salmon fry or salnon fry in brook trout gut
examnations. (ne length-group-2 female brook trout captured on a
smal | tributary of Rock Crek on June 23, 1986, had 21 brook trout fry
in her gut. She was in a pool beneath an elevated culvert; emerging
brook trout fry tunbling through the shallow water in the culvert and
falling into the pool were easy E«r)ez. W found one dace in the gut of
a length-group-3 brook trout in Rock Creek in 1986.

On June 29, 1987, in the second 200-m site on Rock Creek, | saw a
| engt h-group-3 brook trout with a live salmon fry crosswise in his
jaws. After a couple of minutes, the brook trout swam to an undercut
ank and | was unable to make further observations. On July 8, 1987,
at the same locat ion on Rock Creek, | saw a Ien?t h- group-3 brook trout
capture a salnmon fry. Wile conducting a snorkel count, | was
herding a large school of salmon fry in front of me. The school
turned at a shallowriffle and started back towards ne single-file
downstream  The brook trout darted from conceal ment in an undercut
bank and took, the |ead sal mon head-first at [ess than arns |ength
fromny face. The location was identical with the previous weeks
predation obervation and it was very likely the same brook trout
predator.  On Rock Creek July 1, 1987, a 140 nmlong brook trout had
the tail of a partially di ?ested 90 nm | ong rai nbow trout Erotrudi ng
fromhis muth. I'n Tyndal | Meadows in 1987, during a snorkel count, |
saw a 3-year-old brook trout swallowing a salnon fry | had killed
earlier during electrofishing.

On July 29, 1987, | sighted a rrergianser brood (one adult and six
chicks) md-way through the six 200-mlong snorkel sites. Onthe
| ower 200 msnorkel transect, | counted only three live and two dead
brooktrout. On the second site, | counted four live salnon, 15 dead
salmon and five live Brook trout. The mergansers skirted around me and
moved downstream In the four transects upstream from where the
nergansers were sighted, | saw a total of 679 salmon fry and 400 brook
trout.

On Septenber 11, 1987, in a snorkel survey in the primary study
sites in Sand Creek, | had seen only eight live salnon fry and nine
live and two dead brook trout in the |ower 600 mof stream As |
rounded a meander and was about to enter the largest pool in the Sand
Creek study sites, | encountered nine grown nergansers. On the bottom
of the pool, | counted 20 dead brook trout and six dead sal mon fry.
Some of the salnon fry were headless. Mbst of the brook trout were
headl ess and stripped of their skin. The testes and ovaries were
mssing from the spawning-age brook trout. Upstreamfromthe pool
containing the dead fish and mergansers, | counted 542 |ive and no dead
salnon fry and 49 Iive and no dead brook trout in 700 mof channel.

On Septenber 23, 1987, | encountered four adult mergansers in the
| ower 200 msite on Sand Creek. The pool inhabited by the mergansers
contained 27 dead salmon fry and four dead brook trout. | saw no live
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fish in either of the lower 200-m transects. The upper 500 m of study
sites contained near normal nunbers of salmon and brook trout. In
counts subsequent to the nerganser sightings on Rock and Sand creeks,
the snorkel count totals were about 50% | ower than the pre-sighting
counts. Apparently, the surviving fish were concealed in underwater
vegetation and holes in the bank when | was snorkeling while nergansers
were present.

(ne-year-salt (three-year-old) salmon from the 1985 stocking of
20,000 fry were expected to return to upper Johnson Creek in 1987. W
snorkel ed resting pool5 below the barriers during the summer of 1987.
| also positioned streanbank observers near the barriers to record
the number of salmon junps, |ocation, and success or failure of the
junp. W saw no salmon in the snorkel surveys nor in observations from
the streanbanks. No adult salnon or redds were observed during our
snorkeling and electrofishing during the 1987 field season on upper
Johnson Creek upstream from the barriers.

DI SCUSSI O\
COVPETI TI ON:

Larkin (1956) stated that “Interspecific conpetition would only
occur when by chance two species with close habits were both abundant
inrelation to a limted environmental resource they both required’.

Because of simlarities in timng of spawning and emergence as well
as habitat preferences of chinook sal mon and brook: trout, conpetition
between the two species is nearly intraspecific in nature. Both
species are fall spawners and the fry emerge fromthe gravel the
followng spring. Newy emerging fry of both species seek inundated
sedges in shallow, slow noving water on the margins of stream banks.

As the fry of both species grow, they nove offshore into deeper water.
Both species prefer lentic habitats in lotic environnents (Everest,
1967, and Cunjak, 1984).

Conpetition between brook trout and chinook salnmon is nost intense
in the early growth phase followi ng energence fromthe gravel.  Chinook
sal mon have a 50% size advantage over brook trout and they emerge six
weeks earlier in the spring. rown ( 1946 ) proved that |arger brown
trout (Salmo trutta) have higher survival and better growth than
smal ler brown trout fry. The growh of subyearling brook trout
declined after energence of rainbow trout fry (Rose, 1986) and the
di spl acement of brook trout may have been due to excessive overw nter
mortality as a result of the growh reduction in the brook trout
popul ati on.

West and Larkin (1987) found evidence of size-selective nortality
of juvenile sockeye salnon (Oncorhynchys rhynchus nerka > in Babine
| ake, British Colunbia. They state, “Initial size differences of <l mm
fork length may have profound inplications for growh and survival of
i ndividual s within cohorts of juvenile sockeyes”. They declared,
unequi vocal Iy, that there is a size selective nortality of fish that
were relatively small at the time of emergence. They presumed that the
proxi mte causes of sockeye fry nortalities were size related, such as
as parasitism and disease. Sockeye salnon fry are particularly
vul nerable to infestations of parasitic cestodes during the earITy
?rowth phase, from about 34 to 40 mm (\West and Larkin %1987). he
aster the fry grow through that length phase, the less vulnerable
they are to nortality from cestodes.

In synpatry, brook trout are restricted to the very headwaters of
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tributaries, above the upstream|mits of salnon spawning. Sal non er
nove upstreaminto the headwaters but in fewer nunbers FFigure 11). At
2 km upstream from the Tundal| Meadows stocking site, salnon densities
were only 15% of the densitY at the stocking site. However, Brook
trout densities were ten-fold greater than at the sal mon stocking site.
In work done beyond the scope of this study, | found that the salnon
conpeting against Brook trout 2 km upstream from the stocking site at
Tyndal | Meadows were twice as heavy as those conpeting against their
cohorts at the stocking site. Therefore, it is apparent that salnon
are able to conpete successfully with brook trout throughout the
rearing areas in the uBPer Johnson Creek drainage. .

No data are available but | suspect that the brook trout population
expanded during the 1930-40's, In the absence of conpetition from
salmon fry, following the blockage of adult salnmon at the barriers in
md-Johnson Creek, . In some lotic environments in the Salmon River
drainage, we find dense populations of brook trout above barriers that
have excluded chinook salnon. Those areas include Cold Meadows near
Chanberlain Basin (VWlsh, unpubli shed ) and upper Johnson Creek;.  When
salmon are present, brook trout are largely restricted to the very
headwaters of small tributaries such as the upper end of Elk Creek.. in
the Mddle Fork of the Salnon River drainage (Wl sh, unpublished).

From 1984 through 1987, | docunented the exodus of brook. trout from
the lower portions of Sand and Rock Creeks and Tyndall Meadows, except
the very headwaters. W& rempved over 3,000 brook trout fromthe
primary study sites in Rock. and Sand creeks and Tyndal| Meadows. Wth
the use of USDA Forest Service maps, | neasured stream length and
estimated channel width from field measurements. Wth these nethods,
arrived at an estimate of 500,000 sq. mof rearing area in the upper
Johnson Creek. drainage above the barriers. |f we assume that the brook
trout densities of 0.3 to 0.5 fish/msqg. | observed In the
el ectrofishing sanpl es are a reasonabl e estimate of true drai nage wi de
densities, the rearing areas In upper Johnson Creek had a 1985 standing
crop of 150,000 to 250,000 brook trout. Therefore, the hrook trout
removal operation would have accounted for only 1.2 to 2% of the
decline In the brook trout population and conpetition from chinook
sal non woul d nost |ikely account for the remainder of the decline
(88%. The domi nance of the chinook sal mon popul ation transpired
regardl ess of whether we removed brook trout and irrespective of sal non
stocking rates.

PREDATI ON.

Larger brook trout prey on all four species of fish (chinook

sal non, rainbow trout, 1ongnose dace and brook trout) in the upper
Johnson Creek drainage. At times other than during salnon fry
stocking, we were able to document brook trout predation on salmon fry
inonly two instances. \# examined the gut contents of over 2,000
brook trout and found fish remains in three of them | saw a brook
trout pick up a dead salnon fry | had killed during electrofishing,
Undoubt edly, brook trout feed on dead and dying fish that have
succumbed to natural pathogens. In upper Johnson Creek drainage during
the three years of fieldinvestigations, predation by Brook trout on
chinook salnon fry was an insignificant agent of nDrYallty inthe
sal mon popul ati on.

~ Avian predatores such an the common merganser are a nmgjor source of
chinook sal mon nortalities inrearing areas. Wod (1987) estimated
that merganser ducklings consunption of fish ranged from 80% of body
wei ght for ducklings at 10 d of age to 40% of body weight at 40 d of
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age | Merganser broods consumed between 82,000 and 131,000 coho sal non
(Oncorhynchus kisutch) in the Big Qualicum River fromearly June to
late August. That estimate is equivalent to 24-65% of the observed
wildsnolt production fromthe Big QualicumRiver, assum ng those fry
consuned woul d have survived to the smolt stage.

Predation by nerganser broods resulted in significant reductions in
both salmon fry and brook trout in study sites in Rock Creek and Sand
Creek during late sunmer and early fall of 1987. Merganser predation
and a reduction in rearing densities probably would have resulted in
better growh of survivors in overstocked areas such as Tyndall
Meadows.  However, | saw no mergansers in Tyndal| Meadows; they preyed
on fish in Rock and Sand creeks in study sites that were stocked at or
near opti mumdensities. The killing of salmon and brook trout by
nergansers and the consunption of the heads, skin and gonads, adds
epidermal and nesentary fat which sustains the birds during their
fall and winter southward migration, Wen we estimate fish loss to
merganser predation, consunption plus waste equals the total |oss
rather than consunption al one.

ANGLI NG PRESSURE:

W made informal note of angling pressure in the upper Johnson
Creek drainage during the three fiel'd seasons. W saw no nore than a
coupl e dozen anglers and those we interviewed had paused in their
travel to make a few casts and had caught no fish. One party makes an
annual foray to Sand Creek during the July 4th holiday but for the nost
art, upper Johnson Creek is not a destination fishing area. During
?he big game hunting season, a few hunters also do sone fishing in
streans adjacent to their canps.

SALMON PRODUCTI ON IN BROOK TROUT REMOVAL AREAS:

Mre salnmon fry reared in the control areas than in brook trout
reduction &treatmant) areas in eight out of nine replicates during the
1985-1987 freld seasons. Salmon fry in nountain neadow environnents
rear in schools and may be attracted to brook trout, In 1985, |
snorkel ed during the sal mon stocking operation and sawm |ling school s
of salmon srifting downstreamthrough the brook trout removal sites and
schooling with brook trout in the contol sites.

SALMON FRY SUPPLEMENTATI ON:

W should be seeding the rearing areas in upper Johnson Creek
drai na%e with salmon fry at a rate rangi nﬂ from0.4 to 1.0 frg/m
sq. The seeding rates are dependant on the quality of the substrate.
Sand substrates will rear autum-age-0 chinook salmon to a |length of
80-85 nm at a rearing densitT/ of 0.4 fry/msg. Gavel substrates will
rear salmon fry to the same length ('80-85 m) at 0.8 to 1.0 fry/msq.
Overseeding of sal non fry, Wwhether from natural spawning or hatchery
outplanting programs, W ll result in higher fry nortality rates, higher
overwinter nortality rates, and reduced smolt size. Popul ation
reductions because of reduced smolt size will not be extracted until
predators take their toll during the seaward mgration, .

Using the estimte of 500,000 sq. M of salndn rearing in the upper
Johnson Creek drainage refered to earlier, and aninternediate density
of 0.75 salmon/msq., the upper drainage is capable of rearing about
375,000 salnmon fry to an autum-age-0 length of 80-85 nmm

O course we have no estimate of the average fecundity of fenale
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chinook that may return to upper Johnson Creek to spawn nor of egg-to
energent fry survival in the drainage. For the sake of discussion, if
one can assune a fecundity of 5,000 eggs/female and 50% egg-to- energent
fry survival, upper Johnson Creek and its tributaries would be fully
seeded with 150 salnon redds. However, a certain proportion of
emergent fry drift considerable distances downstream  Those early
em grants woul d seed mddle Johnson Creek between the |ower and upper
spawning areas. Therefore, | would probably add a factor of 50 redds
to account for early downstream drift to seed mddle Johnson Creek.
Under the above assunptions, upper Johnson Creek would be optimally
seeded with 200 salnon redds annually. .

Fry stocked in early My in flat gradient stream channels, will
move 2-3 km upstream and downstream during the rearing season.
However, the%/ tend to remin near the stocking site In very dense
nunbers which increases intraspecific conpetition and reduces survival,
Sal mon fry outplantlng operations should strive for a wde scatter of
smal | numbers of fry rather than release of large nunbers of fry in one
or two locations. Dispersal of fry during the stocking operation woul d
duplicate natural conditions where each riffle in the spawiing area
contains one or two redds, resulting in a nore equal distribution of
fry.  On May 12, 1987, nine days after salnon fry were stocked in
Tyndal | Meadows, nearly 5,000 r?/ still remained near the stocking site
in an area capable of rearing only about 1,000 fry to an autum-age-0
size of 82-84 nm

SALMON FRY GROMH US DENSI TY:

In a study of stream residence tine, size, and mgration patterns
of Juvenile chinook. salon froma tributary of the Rakaia River, New
Zealand, Unwin (1986), found no evidence of decreased egg to fry
survival as ova deposition increased. Hs findings suggest that
availabilitK of spawning gravel was not a limting factor,  Unwin
(1986) further stated that his findings, “supported Hopi ins (1981 ) who
concluded fromhis analysis of the 1973-75 seasons that large initial
fish nunbers my not show comensurately high values of production”.
“This relative decrease in fingerling production sug?ests t hat
intraspecific conpetition for rearing habitat has a liniting effect on
the population.“.  “Fingerling from the 1975 and 1976 brood grew
rather more slowy than those fromthe 1973 and 1974 broods which is
consistent with increased conpetition for habitat and food at hi gher
popul ation densities,” | suspect that in most salmon producing areas
in the Salmon River drainage, |daho, rearing capabilities rather than
spawni ng availabilty are [Imting salnmon fry production.

W% have seen |arge differences in the size of chinook. salnon smolts
in the Columbia River drainage for at |east the past 30 years. |n an
egg-to-mgrant survival study of spri nE chinook salmon in the Yakina
River, Washington for the 1957-61 brooks, Major and Mghell (1969)
stated, “Length frequency polygons of down-stream migrating spring
chi nook sal non show that the nodal |ength increased from 120 nmin 1959
and 1960 to 125 mmin 1961, 130 nmin 1962, and 135 mmin 1963".
“Present data are inadequate to explain the reason for the increase in
modal length.” | plotted the sane regression line of Figure 14 for the
Yakima River salnon length data for the 1957-1961 broods (Figure 17),
The scale on the Y axis is the same but the range is different to
account for the larger salnon smolts in the Yakima River. On the X
axis of Figure 17, 1 have substituted redds for fish densities but the
relative scale is identical. The upper four data points fall close to
the regression line. However the data point for the observed smolt
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length of 120 mm at about 1,900 redds lies far above the line. Mjor
and Mghell (op cit. ), further state that reduced flows over Easton
Dam during the incubation season resulted in the loss of 30 to 50% of
the 1967 eggs. In view of the fact that | recorded autumm-age-0 sal non
| ength differences of 30% depending on rearing densities, snolts from
the 1957 brood year may have been closer to 110 mmin length, had redd
dessication not occured. In that event , the 1957 snolt |ength woul d
have fallen on the regression line and the calculated R sg. value woul d
be 0.88 (Figure 17).

BARRI ER REMOVAL EVALUATI ON:

Qur failure to observe one-salt jack salnon at the barriers or in
our snorkel surveys is probably due to the small nunber of salnon fry
(20,000) stocked In 1985 and poor fry survival because of the late
summer rel ease (August 2-3). A stocking of 20,000 salmon fry woul d
equal the production from 8-10 redds. Realistically, we should not
have expected nore than a dozen Jack salmon fromthe salmon fry stocked
in 1985, even with ?ood survival. W saw one adult salnon above the
barriers and one false salmon redd in the snorkel site at the mouth of
Sand Creek in 1986. In 1987 we saw three steelhead redds in upper
Johnson Creek;.  Therefore, we can assunme that the barriers are passable
to adult salmon and steel head but we do not know the degree of
difficulty in passage,

SUMVATI ON:

When sal non sPawni ng areas are under-escaped, conpensation for
under-seeding result5 in higher fry growh and survival during the
rearing season.  Conversly, follow ng over-escapenent, intraspecific
conpetition causes reduced survival and undersized fry at the end of
the rearing season. Snaller fry may suffer higher overwinter nortality
(Welsh, in progress) and smaller snolts undoubtedly sustain higher
| osses due to predation during their seaward mgration. Chapnan et al
(in print) observed juvenile trout predation directed al nost
exclusively towards small wld chinook salnon a5 the wild salnon
co-mngled with larger downstream drifting hatchery reared sal mon.
Conpensation for underseeding (larger fry and higher survival) and
penalties for overseeding (smaller fry and higher mortality) of
spawning and nursery areas stabilizes fresh water production and
noderates fluctuations in natural populations of chinook salmon.
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Appendix 1. Habitat data in the primary study sites in the upper

Site
| ength
m

Johnson Creek drainage, 1987.
SAND CREEK
Habitat* Man  Mean Substrate

area type % depth width sand gravel rubble boul der
m sq. m m % % % %

209

173

193

56

260

-57
796 -17 0.33 3.8 37 63

692 -08 0.32 4.0 25 75
618 - 25 0.31 381 26 74
610

--12 0.32 2.7 19 81

-61
936 --08 0.36 3.6 20 80

* 1 = Pool; 2 = Run; 3 = Pocket Water; 4 = Riffle. Habitat data for

Tyndal |

Meadows taken from Platts and Torquemada, 1985.
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Appendix 1. Habitat data in primary study sites in the upper Johnson
Creek drainage, 1987.

ROCK CREEK
Site Habi tat* Mean  Mean Substrate
length area type % depth width sand gravel rubble boul der
m m sq. m m % % % %
1--15
170 397 2--59 0.31 2.3 92 07 01
3-0
4-- 26
1--15
187 449 2--57 0.29 2.4 94 06
3--0
4--28
[--25
190 532 2--56 0.31 2.8 93 07
3--0
4--19
%--|4
180 396 7:_-3% 0.20 2.2 88 11 01
L-54
1--52
198 554 2--27 0.37 2.8 90 09 01
3--0
4--21
1--
189 662 %"j% 0.41 3.5 90 08 <1 <1
4--31

* 1 = Pool; 2 = Run; 3 = Pocket Water; 4 = Riffle
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Appendi» 2. Habitat data upstream and downstream from the salnon
fry stocking sites in Johnson Creek at Tyndal | Meadows
and at the mouth of Sand Creek, 1987.

JOHNSON CREEK AT TynDALL MEHDOAS
Strat. Sect. Type+ % Mean Habi t at tyﬂe Percent Substrate**
e S

Grade w dth Pool Run Ri nd. Grav. Rub. Bdr
(m % % % % % % %

vro v e e L9 W 0.8 2B
U 15 C 005 20 5 2% ¥ & 1

Ut U 10 C 01 20 %0 50 R B
0 05 C ol

D15 C 0.1 2.9 g 33 22 % 05
D20 C  0.05 5.5 40 60 05 05
D3 D 25 C 0.1 4.2 5 7 2
D30 C 01 0B R U % 04

JOHNSON CREEK AT MOUTH OF SAND CREEK

uiulio C 0.6 7.4 08 54 38 35 48 17
5 C 0.1 7.9 11 72 17 26 69 05

D 0.0 C 0.4 7.4 100 26 56 18

02 D05 C 0.4 7.9 04 63 33 17 45 37 02
D10 C 0.2 10.2 14 61 25 25 62 13

8 DL5 C 0.4 10.5 43 28 19 14 78 08
D 20 C 0.2 9.9 57 43 26 69 05
bD4aD25 C 01 121 22 56 22 56 44
p3d0 C 0.1 11.9 17 50 33 33 67

* Channel type Cis a neandered channel (Petrosky and Hol ubetz, 1985).
** Sand=<4.75 mm gravel =4.75-76 mm rubbl e= 76-305 mm boul der=":305 mm
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Appendix z. Standing crop and survival estimates of chinook salnon
fry June 24, 1987, fromfr _)/ stocked by helicopter in
Tyndal | Meadows I\/ay 5, 198

' Fry Number/ Act ual Adj ust ed* +
Strata Sect ion* 100 m sq. fry nunmber fry number
U-| 1.5U 2.5 3 2.8
1. 0u 0.0 0 0.0
n= 2
N =18 .
fpc = .89*** Variance = 65 Pop. est. =25+ or - 48
0.5u 82 107 112
D 0.0D 140 236 191
0.5D 135 148 183
n= 1
N= 26
fpc = .88 Variance = 374,973  Pop. est. = 4,212 + or - 1,224
D2 1.0D 43.6 48 75
1.5D 8.6 20 15
n= 1
N= 15
fpc = .87 Variance = 176,175  Pop. est. = 675 + or - 839
2.0D 4.5 10 1
D3 2.5D 0.0 0 0
3.0D 0.0 0 0
n= 3
N= 29
fpc = .90 Variance = 15,264 Pop. est. = 106 + or - 247

TOTAL popuLATION ESTIMATE = 5,018 t or - 1,505 where bound on estimate
Is equal to 2 x the square root of the variance.

TOTAL SURVI VAL ESTIMATE = 14.5% of the 34,500 stocked fry.

" Section denotes distance in km upstream and downstream from the
stock|n site designated as 0.0.

i hteg aver age
rx F| mte popul at|on correction factor.
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Appendix 3 (Cont), Standin? crop and survival estimate of chinook
salmon fry August 15, 1987, from fry stocked by
hel i copter My 5, 1987.
Fry Number/ Act ual Adj ust ed* +
Strata Section* 100 m sq. fry number fry nunber
U1 1.5u 3.3 4 4
1. Ou 6.0 16 16
n= 3
N= 18
fpc = .89*** Variance = 10,381  Pop. est. = 180 + or - 204
0.5U 1.5 2 2
D1 0.0U 139.3 234 132
0.5D 148.2 163 202
n= 3
N:= 26
fpc = .88 variance = 2,042,241 Pop. est. = 2,912 + or - 2,858
D-2 1.0D NO FI SH COUNTED
1.50 NO FI SH COUNTED
D3 2.0D 0.0 0 0
2.5D 0.3 l l
3.0D MARKERS VERE M SSING (NO CQOUNT)
n= 2
N= 20 ,
fpc = .90 Variance = 90 Pop. est. = 10 + or - 5

TOTAL PCPULATI ON ESTI MATE = 3,102 + or

- 2,866 where bound on estinmate

15 equal to 2 x the square root of the variance.

TOTAL SURVI VAL ESTIMATE = 9.0% of the stocked fry.

| Section denotes distance in km upstream and downstream from the
stocking site designated as 0.0.

** \\&i ght ed average

*** Finite population correction factor.
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| NTRODUCTI ON

For over 65 years, Dbiologists have investigated the
rel ati onshi ps between streanbottom substrate quality and sal nonid
reproduction (Harrison 1923). Intensive field and | aboratory
eval uation of substrate conposition, particularly fine sediment
of various sizes, has continued on for over thirty years (see
revi ews bK | wanmoto et al. 1978, Chaprman and Mcd eod 1987).
Recently the inportance, extent, and inplications of sedinment and
water quality inpacts to aquatic biota have cone to the
forefront, especially as they pertain to forest practices (Bauer
1985, Brown 1985).

The literature has shown that increasing fine sedinents in
stream channel substrate can reduce salnonid fish popul ations,
Increases in fine sedinment in the channel reduce geonetric nean
particle size, gravel perneability, and lead to |ower dissolved
oxygen levels in intergravel water. These changes can reduce
survival of chinook salnmon in the egg to al evin energence stage.
No threshold values or criteria have been confirnmed by sound
field data relating fish response (rearing and incubation) to
sel ected sedinent val ues. Thus, if fine sedinments within the
channel increase or decrease fromone |evel to another, managi ng
agenci es do not have the information needed to determne if fish
or habitat response to these changes will be significant enough
to cause concern

This study was designed to inprove our ability to
quantitatively and qualitatively measure streanbottom substrate.
This study will also evaluate several habitat nmeasurenents wth
potential for evaluating fish-sedinment response.

Large accelerated increases in sedinent |oads delivered to
streans can create intolerable changes within the stream channe
and in turn be detrinental to salnonid spawning and rearing
(Platts et al. in prep.). Probl ems confound the anal ysis of
stream response to increased or decreased sedinment |oads,
however, and especially how this relates to fish popul ations,
Mbst of the information being used by biologists cones from the
results of laboratory analysis, which nmay not relate to actual
stream condi tions.

Qther basic difficulties occur in establishing criteria for
measuring fish response. Adams and Beschta (1980) noted that
spat ial variability in Oegon) stream substrate conpositions pmy
prohibit a sinple characteri zation of gravel bed quality (py
coring? within a given area. They found that fine sedinents in
channels varied greatly over tine and space. This variability,
and especially bias in study designs and nmethods of neasurenent,
have led different authors to different conclusions. At this
time the issues of what, where, when, and how to neasure are
bei ng debat ed.
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We conducted this study to evaluate several comonly used
measur enent techni ques, attenpting to determne the observer bias
and variables that relate to or predict fish response. Thi s
report outlines the study areas, design, and procedures. used o
determine which variables are the nost representative for
predi cting the response of fish populations to sedinent. The

preci sion and accuracy of these variables and relationships
anong the variables are assessed.

OBJECTI VES
1. Conpare the nobst commonly used nethods (in ldaho) for
monitoring sedinents: o
Surface substrate conposition - ocular transect nmethod
(Platts et al. 1983)
Surface substrate conposition - |daho Departnment of Fish and

Ganme (IDFG ocular nethod (Petrosky and Hol ubetz 1986)

Surface enbeddedness - ocul ar transect nethod, and neasured

hoop nethod (Kelley and Dettrman 1980, Burns 1984, Burns and
Edwar ds 1985)

Subsurface sedi ment conposition - Core sampling (MNeil and
Ahnel | 1964)

Substrate score - (Crouse et al. 1981, Shepard et al. 1983)

Spawni ng gravel indices: Fredle, Geonetric nean
di ameter (Lotspeich and Everest 1981, Platts et al. 1979)

Photographic analysis - (Hamlton and Bergersen 1984,
Chapman et al. 1986).

2 Determine the relationships between the variables in

dbjective 1 by habitat type and by stream reach, givin? anal ysi s
capability over a large geographical area of he Idaho
batholith

3. Determne the degree of observer bias affecting the estinmated
measur ement t echni ques.

4 Determine the relationships between the variables in

dbjective 1 and fish population densities, by each habitat type
and channel reach.
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STUDY AREA

The study sites were |ocated within a broad geographic area
of central I|daho known for sedinent problems because of inherent
soil instability derived fromldaho batholith granitics (figure

1) Forest Service and | DFG biologists selected six sites
representing a range of sedinentation levels and stream sizes
(table 1). Criteria for selecting sites included availability of

past sedinent information and known use by chinook salnmon. = p|
sites were established in Gtype channels {Rbsgen 1985) .

Tabl e 1. Study sites and their respective data base.
_ Previ ous Av Sedi ment
Site data (years) MAgth (m levell

1. NF. Red Rver 3 4.6 hi gh

2. Crooked River 3 10.5 | ow

3. S.F. Salnon-Poverty 20 33.0 md

4. Bear Valley-Big Madow 10 7.6 hi gh

5. Salnon River 3BRA 2 23.7 | ow

6. Frenchman Creek 13 3.8 md

I Sedinment levels based on ocular surface "fines" estimates from
past I nventori es. Low = <15%; Md = 15-30%; H gh > 30%

STUDY DESI GN

Sites consisted of 100 meter stream reaches, .with 33
transects systematically placed perpendicular to the main stream
flow at 3 nmeter intervals after establishing a randomy sel ected

m ddl e transect |ocation (figure 2). W identified and nmapped
m crohabitat types within each site followng the term nol ogy of
Bi sson et al. 1981). M crohabitat ~was also determned

i ndependently at the tine of data collection. W neasured al
surface ocular attributes for reach and habitat 1nventory along
the transect line, as well as a random hoop enbeddedness sanple
poi nt . Vari abl es neasured only under specific habitat criteria
such as cobbl e enbeddedness (wi ntering juvenile chinook sal non),
and gravel core sanples (chinook spawni ng areas) were nmeasured
under those conditions only, wthout regard to transect |ines.
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STUDY AREAS

Clearwater River Drainage
1. Crooked River
2. N.F. Red River

South Fork Salmon River Drainage
3. Poverty

Middle Fork Salmon River Drainage
4, Bear Valley Cr. (Big

Meadows)

Salmon River Drainage
5. Salmon River - 3BRA
6. Frenchman Cr. (lower)

IDAHO

Figure 1. General location of study areas.
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Figure 2. Schematic of study site design for 100 neter
sites.
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METHODS

Habi t at Mappi ng

Study sites were mapped using a Hew ett-Packard El ectrgnjc
Di stance Measurer _(EDV) _ and mnapping techni ques described In

Platts et al. (1987). Bearings and di stances were neasured for

the entire waterline, transect stakes, and habitat types (i.e.
various types of pools, riffles, and glides).

Habi tat d assification

An aquatic habitat type classification following (and
intermediate to) those of I3)|{sson et al. (1981)  and Platts et
al . (1983) was used to categorize fish habitat within the study
sites. W identified ive categories based on relative

differences in depth, velocity, gradient, and channel norphol ogy
according to the following criterra:

Riffles - Portions of the streamwth fast water velocity,
relatively shallow depth, turbulent water surface and
steep gradient (>2%.

Pools - Areas of the stream with slow water Vvelocity,
rel atively deeper depths, and gradients |ess than one
percent .

dides - Areas possessi ng attributes of both riffles and
pools, being intermediate in depth and velocity. Flow

pattern is lamnar, wth little turbul ence.

Pocket Water - Consisted of areas of the stream flow ng
around or through protruding stream channel substrate
or obstructions such as |ogs. These areas forned
smal |, shal |l ow microniches wth characteristics of
riffles, ools and glides at different water |evels.
Because oP i nfl uence of water |evel, and difficulti e?
in distinguishing between different categories o
pocket water (e.g. pocket pools and pocket glides)
further breakdown of this category was abandoned.

Backwat er - The only further breakdown of the pool category,
backwat er areas were synonynmous Ww_th secondary channel
pools of Bisson et al. (1981). These areas”occurred
along the stream margins and were usually associ at ed
with gravel bars or the confluence of intermttent
tributaries. Though connected to the stream  NDst
backwat er areas exhibit little or no flow and are
i nfluenced by water |evel changes.
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Surface Substrate Conposition and Enbeddedness

~ Channel surface substrate materials were ocularly classified
using the nethod described in Platts et al. 1983. The dom nant
substrate size category was determned for each 0.3 neter section

of stream wi dth along each transect |ine using the follow ng
particle size classification

d ass Size

Boul der >305 nm

Cobbl e 76.1 - 305mm

G avel 6.4 - 76mm

Large fines 0.84 - 6.3mm

Small fines <0. 83mm

The individual 0.3 neter classifications were totaled and
percentage conposition determned by dividing by the transect
streamw dth. Separate estimates of surface sedinment conposition
were made for each mcrohabitat type, allow ng conparisons of
each type to other variables. W used reference sedi nent sanples
encased in epoxy resin to help classify the snaller size classes.

| DFG Surface Methodol ogy

__The ldaho Departnment of Fish and Game devel oped a
modi fication of the surface transect approach, dubbed the "Quick
and Dirty" (Q & D) technique (Petrosky and Hol ubetz 1986).
Ccul ar estinmates were taken at the 1/4, 1/2, and 3/4 points al ong
10 transects spaced at 10 meter intervals. At these three points
al on each transect line, substrate size conposition and
enbeddedness were estimated for a 0.3 square neter cell.
Particle size classification is the sane as that used for the
surface transect nethod, however, fines were lunped together into
the category of Sand. The Q & D nethod was applied at each
transect for conparison with the surface transect approach
Additionally, a subset of eleven preselected transects was used
to correspond with the intensity of sanpling generally used in
| DFG habitat inventories.

Enbeddedness

Surface sediment enbeddedness was neasured using the Cobble
Enbeddedness nethod [al so known as the Hoop Method (Kelley and
Dettman 1980, Burns 1984, Burns and Edwards 1985)], a nodified
enbeddedness neasurenent, and an ocular estimte nmethod (nodified
fromPlatts et al. 1983).

The hoop nethod involved measuring the |ongest dianeter of a
cobbl e size substrate particle perpendicular to the streanbed,
and the distance that this particle is enmbedded by fine nmaterial
(figure 3). At least one hundred substrate particles of a
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Water
Column

Matrix
Particle

1 Pl ane of
— ot — ——T Enbeddedness

Fi ne .
Sedi nent

percent enbeddedness for each rock =(}f§;) x 100.
D
1

Mean enmbeddedness = Syn1 oﬁ all individual percentages divided by number
of rocks.

Figure 3. Measurenent to determine particle enbeddedness

for cobble and random hoop techni ques (from Burns
and Edwards 1985).
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specific size range are selected froma 60 cmw re hoop thrown
in an area that neets specific criteria selected to approximte
the requirenents of overwintering juvenile chinook sal non:

Depth: 15 - 45 cm
Velocity (at 0.6 depth): 0.24 - 0.67 misec
Substrate Size: 4.5 - 30 cm

Once the 60 cm hoop sanple was selected, free matrix
§unenbedded) particles were lifted fromthe hoop, measured for D
figure 3), and discarded. Matri x (enbedded) particles were
subsequent|ly renoved and neasured using a plexiglass nmeasuring
frame. Al particles within the designated size range were
measured until the hoop contained only particles outside the
criteria or ones exposed after the renoval of enbedded material,
Subsequent hoops were sanpled as needed to reach the 100 rock
sampl e size, however all matrix particles were neasured in the
| ast hoop to avoid bias against the nost heavily enbedded
particles (Burns and Edwards 1985).

W nodified the Cobbl e Enbeddedness technique to assess its
useful ness as an indicator of overall stream enbeddedness, A
30cm hoop sanple point was selected from each transect by
generating a random nunber between O 100 from a hand held
cal cul ator and using this nunber as a percent of stream wi dth.
We collected water depth, velocity at 0.6 depth, and ocul ar
estimates of substrate conposition, score, and enbeddedness at
this sanple point before neasuring the rocks. M ni mum particle
size for analysis was |lowered to approximately 1 cm -- the
m ni num effective size that could be grasped and neasured by a
gl oved hand.

A third measure of enbeddedness used was a ocul ar estinmate
surface substrate enbeddedness (Platts ocular nethod).
Enbeddedness of gravel and |larger particles was visuall
estimated to the nearest 10 percent for each 0.3 neter section o
stream wi dth and determ ned for each microhabitat intercepted by
the transect Iine. Using this nethod, substrate material |ess
than 6.3mm is 100 percent enbedded by definition

W attenpted to use photographic nethods (Hanilton and
Bergersen 1984, Chapman et al. 1986) to validate ocul ar nethods
in a subsanple of transects at three sites. Poor photo quality
caused by several factors (such as glare, depth, and poor
lighting) prevented the use of these slides as a validation tool

(oserver hi as

W tested observer bias in ocular surface sedinent
conposition and enbeddedness estimates by having four observers
i ndependent|ly neasure 10 transects over a 30 neter stream
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section.

Measurenent bias and repeatability of the hoop enbeddedness
techni que was determned from a reference sanple of one hundred

rocks collected fromthe sanple areas. These test rocks were
nunbered and a hypothetical enbeddedness [ine drawn to sinulate
stream enbeddedness by fine material. Four observers neasured

thelset of rocks twice, with at least a two day break between
trials.

Subsurface Sedinment Analysis

Wthin each study site, channel subsurface sedinent was
sanpl ed using a 300cm di aneter McNeil-type core tube. Al
material within the tube was collected to a depth of 30 cm where
possible, to approximate the depth at which chinook egg pockets
are found. We collected up to 20 cores per site from sel ected
| ocations nmeeting habitat criteria suitable for spawning chinook
sal mon (Reiser and Bjornn 1980). Before coring, crews determ ned
depth, 'velocity, substrate conposition (ocular estimate) and
substrate score at the core |ocation

Sedi nent sanpl es were processed in the Sedi nent Laboratory
at the Boise Forestry Sciences building for particle size
analysis. In the lab, all sanples were oven dried, reduced into
representative subsanpl es (one-half sanple volune) using a Glson
mechanical splitter, and shaken through a series of U S A
Standard Testing Sieves with nesh openings neasurin% 75 mMm 25

9.5 M 6.3 mMmm 4.75 mm 0.85 nm and 0.25 mm he sedi nent
retained and passing through sieves of each size class were
wei ghed and converted to percentage of sanple.

Several descriptors of spawni ng gravel have been devel oped
for salnonids (eg. Fredle, Geonetric an Dianeter), which have
been related to egg to energent alevin survival . These
descriptors were determined for pre- and post- spawning
conditions found in chinook salnmon natal areas.

A total of 23 salnon redd cores were collected during the
st udy. The nunber of redds encountered within the study areas
ranged fromOQO at Bear Valley to 10 redds fromthe SFSR Poverty
site. W processed these redd core sanples in the sane nmanner as
sanpl es taken from spawning areas prior to spawning.

Substrate score

Substrate score (Crouse et al. 1981, Shepard et al. 1983)
was determ ned for each IDFG hoop,, and core sanple point
within each site. Substrate score is the sum of the ranks of
dom nant and subdom nant sedinment particle categories along with
the substrate enbeddedness category (table 2).
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Table 2. Substrate size and enbeddedness categories for
determning substrate score (from Shepard et al.

1983).
Particle Size Enmbeddedness
Rank Cat egory Rank Cat egory
1 Silt/Detritus 1 Conpl etel y
2 Sand <2.0nm 2 3/4
i LargeI Fi neZ 842,06' 3mm) i ﬂi
; ERPe (8441530 5 Unenbedded

Fi sh Popul ati ons

Fi sh nunbers and size class were visually estimted by |DFG
crews using the snorkeling technique (Petrosky and Hol ubetz
1986) . Fi sh observed were tallied on hand-drawn stream habitat
maps and density estinmates cal cul ated by habitat type from maps
prepared from the habitat napping dat a. The presence of non-game
species were noted but not tallied.

RESULTS

Habitat d assification

Stream habitat conposition was simlar using the three
techniques (table 3). Mapping generally vyielded higher estimates
of glide and |ess pocket water than transect or |DFG point
esti mates. These differences may be due to higher flows
encountered during the mapping period, which took place 4-8 weeks
before surface data collection.

_ The surface ocular techniques differed sonewhat in
identification of habitat. Surface transect estimtes of habitat
type consistently had higher distributions of pool and stream
margin habitats (i1.e. pocket and backwater) than |IDFG estimates
taken at the 1/4, 1/2, and 3/4 points (table 3). The |IDFG nethod
typically estimated higher anounts of glide habitat, nore
comonly found in the center of the channel due to channel flow
dynam cs. This conclusion is supported by the results of four
I ndependent observers (figure 4).
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Table 3. Habitat conposition (percentage) as determ ned by nmapping, surface
transect, and |DFG surface pornt estimtes.

Sitel
Habi t at / Techni que BV CR LF NR PV SM SS
Pool
*h 34.1 11.2 40.0 51.2 6.3 14.3
FBnsect 504 43 69,0 447 34.3 597 254
| DF 27.3 29. 3 59. 6 41. 4 28.3 2.0 25.3
| DFG |1 24.2 21.2 63.6 33.3 33.3 0 27.3
Rffle
wh 6.4 33.5 16.5 32.0 54.1 43.5
*Bnsect 41 198 112 20,8 161 456  36.6
| DEG 6.1 20. 2 16.2 27.3 14.1 48.5 36. 4
| DFG |1 3.0 21.2 6.1 21.2 12.1 45.5 42.4
dide
¥h§ 52.1 42.5 43.6 15.2 38.5 33.0
ransect 47.5 29.2 19.8 22.6 38.9 43.2 28.0
| DFG 55.6 30.3 24.2 29.3 57.6 45.5 37.4
| DFG |1 57.6 39.4 30.3 45.5 54.5 54.5 30.3
Backwat er
¥h§ 5.1 10.2 0.0 1.6 0.0 5.9
ransect 4.8 5.3 0.0 0.3 0.9 0.0 1.2
| DFG 5.1 0.0 0.0 0.0 0.0 0.0 0.0
| DFG |1 3.0 0.0 0.0 0.0 0.0 0.0 0.0
Pocket wat er
¥h§ 2.3 2.6 0.0 0.0 1.2 3.3
ransect 14.3 21. 3 0.0 2.6 9.9 5.5 8.8
| DEG 6.1 20.2 0.0 2.0 0.0 0.0 1.0
| DFG |1 12.1 21.2 0.0 0.0 0.0 0.0 0.0
1/ Site: BV = Bear Valley CR = Crooked River LF = Lower Frenchman Cr.
NR=NF Red Rver PV = Poverty, SFSR SM = Sal non R ver,
) Main SS = Salmon River, Side.
| IDFG = All transects (99 points). IDFG Il = Selected transects (33

poi nts.
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Table 4. Surface sediment conposition results by study site. IDFGis the Idaho Dept. Fish
and Gane point estimates on all transects, IDFG 11 is a subsample of 11 transects.

| DFG DFG 11
Habi tat/Variable N N X SSD. N X S.D
Bear Valley
Stream Wdth 33 o - - . "
Score - 9 9.13 2.28 389 22U
Boul der % 33 9% 58179 33 52 152
Rubble % 33 13. 9 12.2 15.3 33 10.2 137
Gavel % 33 30. 99 26.8 26.9 33 28.0 249
Lg. Fines % 33 3 T - o N
Sm Fines % 33 " o -
Sand % 335 99 55.3 32.1 33 56.7 3.1
Inbeddedness % 33 7 9 717 21.7 33 73.0 2.7
Crooked R ver
Stream Wdth 33 28.9 o - - -
Score o 99 12.03 2.15 3312.09 249
Boul der % 33 1.7 9 20 9.2 33 46 150
Rubble % 33 46. 9 48.4 22.7 33 49.6 235
Gavel % 33 38. 9 33.2 19.8 33 30.0 184
Lg, Fl nes % 33 -u .- - - -u s
Sm Fines % 33 5 o - -
Sand % 33 9 16.5 21.3 33 15.9 2.2
Inbeddedness % 33 9 52.4 24.0 33 38.8 2.8
Loner Frenchman Creek
treadeth 33 . . - s - . -
ore " " 9 8.952.36 3 85 2.5
Boul der % 3 0.0 % 00 00 33 0.0 0.0
Rubble % 3 0.0 % 00 00 33 0.0 0.0
Gavel % 3 26.1 9 63.9 34.8 33 60.5 3.4
Lg. Fines % 3 17.8 N N o .
Sm Fines % 3 16.7 o - o -
Sand % 3 26.1 9 359 34.9 3339.2 3.7
| nbeddedness % 33 2.0 9 58.526.6 33 63.6 241
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Table 4, (Continuation)

| DFG
Habitat/Variable N N X S.D N
North Pork Red R ver
Stream Wdth 33 o - -
Score ” 9 1145 2,60 33
Boul der % 33 % 00 00 33
Rubbl e % 33 9 380 2.8 3
Qavel % 33 9 38 27 3
Lg. Fines % 33 A - -
Sm Fines % 33 T - -
Sand % 33 9 2244 280 33
| nbeddedness % 33 9 414 273 33
Poverty
Stream Wdth 339 o " -
Score " 99 11.33 2.08 33
Boul der % 33 9 0.5 5.0 33
Rubble % 33 99 38.2 28.8 3
Qavel % 33 4 99 43.0 22.5 3
Lg. Fines % 33 A - -
Sm Fines % 33 B B
Sand % 33 99 20.3 20.8 3
Inbeddedness % 33 4 99 43.0 22.0 33
Sal mon River 3BRA
Main Channel
Stream Wdth 33 381 4.8 o - -
Score o - 9 13.09 152 3
Boul der % 3300 0.0 % 00 00 33
Rubble % 33 748 10.8 9 84 20 3
Qavel % 3 2.9 8.7 9 2.0 188 33
Lg. Fines % ¥ L5 29 o a a
Sm Fines % 308 21 o - -
Sand % ¥ 23 42 9 85 153 33
Inbeddedness % 33 20.3 9.7 9 225 18.1 33
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Table 4, Continuation.

Habitat/Variable N

Surface
transects

X S. D

Salmon River 3BRA-

Side Channel

Stream Wdth
Score

Boul der %
Rubbl e %
Qavel %

Lg. Fines %
Sm Fines %
Sand %

| nbeddedness %

Salmon River 3BRA-

Back

Stream Wdth
Score

Boul der %
Rubble %
Gavel %

Lg. Fines %
Sm Fines %
Sand %

| nbeddedness %

33

33
33
33
33
33
3
3

2.1

9~ oo
— I~ GO PO U100 o

P~ — —

19.0

O U1 —1 CO — PO PO

oo ©oO ©o

N X SSD. N X S D

PO — — — PO
Sroo oo oo
~roro — /o1 —

—_ — —
OO DO |
— Lo T oy O O

%
%
%
%9

g
0

2
2
2
2

1 1o o oo
—~ — o O

9 B 102

2.8 2.6
11.3 ¥ 29 165
3.1 ¥ B3 34
28.8 3 408 282

B0 B B0 N5
e B %1 23

(only 7 transects
9 sanpl ed)
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Differences in Cbserver interpretation of habitat class was
apparent but not consistent (figure 4). The four observers in
our study split in classification of habitat by surface transect
while 3 of 4 generally agreed on habitat classification. An
i ndependent observer bias test conducted by |IDFG crews indicated
considerable di sagreement between observers, particularly in

di stingui shing between pool and glide (Charlie Petrosky-
Personal Conmuni cation).

Surface Conposition

Streanbed surface substrate conposition by site and habitat

is presented in appendix 1. Wien di sregardi ng habitat
classification influence, reach attributes were consistent anobng
monitoring techniques (Table 4). We found no significant
di fferences between percentage sand estimates by technique for
each reach (figure 5), except for the Poverty site (t= -3.42,
P<.01). Two possible reasons for this are stream size, and
differences due to inconmplete sorting of the Poverty study site
sedi ment s. The surface transect approach assigns the sanple
segnent to a dom nant size class. Theoretically, significant

amounts of another size category can be overlooKed using this
nmethod if subdom nant throughout the site. Al'so, since Poverty
has the largest streamw dth of the 7 sites (33nm), there may be a
difference due to inadequate coverage by the 0.3 neter sanple
frame used in the |IDFG technique. About three percent of the
stream width along the transect |ine was sanpled using a franme of
this size, conpared to a nedium sized stream such as Bear Valley
Creek (14%, or a small site such as the NF. Red River (309%.

It was clear fromour observer bias test, that three of the
four observers had experience in stream sanpling techniques
(figure %). Cbserver nunber 4 was a m d-season replacenent on
our field crew, with no biological or hydrological experience.
The overall ANOVA was significant (P<.01) between observers but
not between techniques for percentage sand estinmates. A Student-
Newran-Keul s (SNK) test, determned no significant difference
between the three observers with training and field experience.

Enbeddedness

Ccul ar enbeddedness neasurenents by site ranged from 20
percent in the Salnon River main channel area to over 75 percent
In the Bear Valley - Big Meadows site (see table 4). W thin
reaches, estimates of enbeddedness by ocul ar techni ques were not
significantly different, and rankings of relative enbeddedness by
site were simlar using the three methods (table 5). Coefficient
of variation conparisons between techniques show a higher degree
of variation in the IDFG techniques than surface transect, wth
little difference between the 11 and 33 transect |DFG sanple
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Si ze. Interestingly, there was no significant difference

bet ween estinates nade by the sane four observers (including the
i nexperienced observer 4¥ or between technique in our observer
bias test (figure 7).

Using the 60 cm hoop/ Cobbl e Enbeddedness techni que and
specific depth, velocity and substrate criteria, enbeddedness
val ues for each site were considerably lower in four of the seven
sites (figure 8). The nunber of rocks sanpled ranged from 104 to

157, taken fromone to three hoops per site. Rankings by site
differed drastically from rankings based on ocul ar estimates of
overal | reach enbeddedness (table 5). Lower Frenchman Creek is

an extrene exanple of this disparity. This site had the second
hi ghest overall ocul ar enmbeddedness ranking (62? and the second
| onest cobbl e enbeddedness |evel (approx. 16%. Apparent |y,

while a sanple of 100 rocks is sufficient to quantify
enbeddedness evel s at a particular location, extrapolation
spatially over a site is questionable. These differences were
also apparent in randomy sanpled 30 cm hoop neasurenents,

however differences were not so pronounced.

A total of 9,406 rocks was neasured in random 30 cm hoops
covering seven sites (avg. 40 rocks per hoop at 231 transects).
Though = our random hoop enbeddedness neasurements Included
particle sizes down to 1.0 cm there were problens associated
with Jlocations where surface sand predom nated. Hoop
enbeddedness neasurenents do not neasure anobunts of  sand,
resulting in |ower enbeddedness levels in situations where

substantial anounts of surface sand occurs. Random sanpl e
locations would often fall in locations where surface sand
exceeded five percent. Under these conditions, unenbedded (free

matrix) and partial%y enbedded rocks are neasured from the hoop
while fully enbedded rocks and sand particles are disregarded,
leading to a |ower nean enbeddedness estinmate than actual. For
exanple, a hoop falling in a slower velocity area comon in pool
and %Iide/pool transition zones mght ~have 20 neasurable
particles covering 30 percent of the sanple area, with the other
70 percent of the area in sand. Under this scenario,+ measured
particle enbeddedness m ght be 27 percent, failing to consider
the inpact of excessive sand. To account for this, a weighted
random hoop enbeddedness value was derived by considering the

estimated anmount of surface sand at an enbeddedness |evel of 100
percent (figure 9).

- Results for random weighted random and ocul ar enbeddedness
estimates by habitat type is presented in table 6. Habitat type,
through differences i'n depth and velocity, greatly influenced
enmbeddedness | evel s.

I11-24



Table 5. Mean enbeddedness levels and relative site rankings (1 = highest
lowest), with the percent coefficient of variation for each techn|que

SITE
_ Bear Crooked French- N.F.  Poverty Salnon River
Variabl e Valley River man Red Main — Side
Enbeddedness
Surface Transect
Mean 76 45 62 43 46 20 41
Rank 1 4 5 3 [ 6
CV. 14.4 33.1 32.3 45.8 23.8 8.3 8.6
| DFG
Mean 72 52 59 41 43 23 57
Rank 1 4 2 6 | 3
CV. 30. 3 45.8 45.5 65. 9 51.2 80. 4 42.3
| DFG 11
Mean 73 39 64 38 44 20 57
Rank 1 5 2 6 4 [ 3
CV. 28. 4 66. 5 37.9 68. 6 48. 4 86.3 39.3
Fbﬂg (Qcul ar)
an 74 44 60 39 50 21 55
Rank 1 5 2 6 4 ] 3
CV. 25.8 58. 6 48. 7 65. 0 38.8 66. 9 54.3
Fbﬁg Measur ed
an 28 30 39 24 34 24 45
Rank 5 4 2 3 0 1
CV. 89. 2 56. 7 81.9 64. 0 44.0 55.7 66. 2
Fbgg \eéi ght ed
an 60 41 60 41 47 30 55
Rank 1 6 2 5 4 [ 3
CV. 46. 8 54. 6 51.2 67.4 45.2 67.8 54,2
Cobbl e Enb.
Mean 37 25 16 15 44 29 49
Rank 3 b 0 i 2 4 1
CV. 99.7 113.3 1456  167.8 68. 2 95.2 58.7
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Table 6. Random hoop enbeddedness results by habitat type,
conbi ned sites.

HABI TAT TYPE
Pocket Back-
VARI ABLE Pool dide water Riffle water

n=72 n=87 n=| 8 n=51 n=3

St ream Mean 0.27 0.27 0.08 0.21 0.10
depth S.E 0.02 0.01 0.01 0.02 0. 07
(m

Vel ocity Mean 0.12 0. 36 0. 06 0.59 0.00
(n's) S.E 0.02 0.02 0.02 0.04 0.00
Random Mean 43. 8 27.3 38.1 20. 6 38.3
hoop S.E 3.22 1.91 4.19 2.13 31. 14
enb (%

Wi ght ed Mean 62. 4 43.1 50.5 30.7 95.8
R hoop S.E 3.21 2.68 4.50 3.00 4. 25
(%

Ccul ar Mean 64. 4 48. 4 56.7 27.5 96.7
Enbedded S.E 2.89 2.86 4.57 2.76 3.33
(%

Substrate Mean 9.0 10.9 11.0 12.5 5.0
Score S.E 0.31 0.28 0.44 0.23 1.00
Free Mean 34.1 49. 6 29.0 57.2 58.7
Mat ri x S.E 3.22 2.70 3.77 2.96 30. 14
(%

Bot h random and wei ghted random hoop enbeddedness (neasured
was significantly related to ocul ar enbeddedness estinmates made

at the hoop sanple |ocation, however a stronger relationship

exi sted for weighted random enbeddedness (figure 10). The
relationship was significant for all habitat types (figure 11-
12). Random hoop enbeddedness (wei ghted) was also significantly

related to ocul ar enbeddedness |evels by site, whereas unweighted
random hoop enbeddedness was not (table 7).
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Table 7. Pearson correlation coefficient and significance |evels
for ocular and neasured enbeddedness neans by site

(n=7).
Sur f ace | DFG Random Random Random Cobbl e
Transect Ccul ar Hoop Measured Weighted  Enbed.
Ccul ar Ccul ar Enbed. Enbed.
Sur f ace 1. 00Y
Tr ansect 0. 002/
| DFG 0. 908 1.00
Ccul ar 0. 004 0.00
Random 0.933 0. 951 1.00
Hoop 0. 002 0.001 0.00
Random 0. 195 0. 455 0.451 1.00
Measur ed 0.675 0. 305 0. 309 0.00
Random 0. 857 0. 909 0.951 0. 640 1.00
Wi ght ed 0.013 0. 004 0.001 0.122 0.00
Cobbl e -0.029 0.174 0.283 0.461 0.218 1.00
Enbedded 0. 950 0. 708 0. 538 0. 298 0. 639 0.00

1/ - Correlation Coefficient
2/ - Prob > IR lunder Ho: Rho=0

Free Matrix (percentage of unenbedded particles in sanple)
was significantly correlated to both cobbl e enbeddedness gr =
-0.90, n=7, p<0.01) and random (unwei ght ed) enbeddedness (r =
-0.86, n=231, p<0.01). Though also related to weighted random
enbeddedness the rel ationship was weaker but significant (r =
-0.58, n=231, p<0.01). Figure 13 illustrates the differences in
the two relationships. The larger anount of scatter exhibited by
the weighted hoop plot is due to influence of sand on the
enbeddedness level, a factor not considered in free matrix
per cent age.

In our tests of neasurenent error between observers, we
found no significant differences between observers (p>F = 0.68),

overall neasurenents (p>F = 0.37), or repeated trials by
observers (p>F =0.53).
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Subsur f ace Sedi nent

Cver 2.8 netric tons of core sanple material were dry sieved
for particle analysis froma total of over 5.7 netric tons
sanpl ed. We collected a total of 99 cores fromthe six areas
before the onset of chinook spawning activity. Unfortunately,
| ow water conditions and a poor spawner escapenment to the sites
severely limted the nunber of redds available for post-spawning
core sanpl es. Hi ghest nunbers of redds and redd pocket cores
occurred in the SFSR Poverty site énzlo), while the Bear Valley
site and vicinity contained no redds or adult chinook sal mon. A
total of 23 redds was sanpl ed.

The cleansing effect that redd construction causes is
evident in both percentage fine material and geonetric nean
particle size. edd construction decreased the percentage of
fine sediment (< 6.3m) from 3.7% to 13.6% percent (in actua
percent measurenments) at each site (figure 14). This elimnation
of fine material effectively increased the geonetric nean
particle size and Fredle Index at each study area (figure 15).
Figure 16 illustrates these differences through a conparison of
the cunulative particle size distribution wthin the Poverty
site, where the nost spawning activity took place. These changes
are consistent with the findings reported in Everest et al. 1987,

Subsurface core data and surface ocular data relationships
were generally weak, and differed between pre-spawning vs. post-
spawning conparisons (table 8). In sanples taken from
undi sturbed areas prior to spawning, surface sand was
significantly related (p<0.05) only to subsurface sedinment |ess
than 4. 7mm Ccul ar enbeddedness estinmates were significantly
related to material less 9.5, 6.3, and 4.7mm at the p<0.05 |evel,
whil e substrate score was the nost significantly related surface

ocul ar neasurenment (p<0.01). Al correlations between surface
and subsurface neasurenments had r values below 0.29 (absolute
val ue) . In contrast, all post-spawning redd core and surface

ocular relationships were insignificant, wth the exception of
percentage surface sand and subsurface material |ess than 0.85mm
Al within-type (i.e. surf ace vs surface and core vs core

vari abl es) conparisons were highly correlated and significant
(p<0.01).
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Table 8. Correlation matrix for ocular surface and subsurface
measurenents - all sites.

Ccul ar Subsur f ace
% Sand % Enb Score <LT9.5 <6.3 <4.7 <.85

Pre Spawni ng

(n=99)
Ccul ar
% Sand 1.0
% Enbedded .56*%* 1.0
Score - 59 - T74** 1.0
Subsur f ace
%.T 9.5mm 13 J22% =27 1.0
%.T 6.3mm .18 .25% -, 29%* L9T7** 1.0
%U.T 4. 7mm .21 J24% - 28%*  Q4xx | 99** 1.0
%A.T .85mm .14 .05 -, 28 31** L 33** . 34** 1.0
Post Spawni ng
(n=23)
Ccul ar
% Sand 1.0
% Enbedded .90** 1.0
Score -.86**  -.92** 1.0
Subsur f ace
AT 9.5mm .21 .28 0. 38 1.0
WT 6.3mMm 17 .24 -.31 L, 98* * 1.0
%.T 4. 7mn .14 .22 0.28 . 96* * .99** 1.0
%A.T .85mm . 44* .39 0. 36 L B1** . 63** . 63** 1.0

*[ Significant at p<0.05
**[ Significant at p<0.01
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Fi sh Popul ati ons

Several factors precluded the devel opnent of specific nodels
that relate sedinment conditions to sumer fish rearing density.
The small nunber of sanple sites, variations in seeding |evels
anong sites, differences in habitat classification anong and
between crews (agencies), and tine |apse between mapping,
monitoring and snorkeling all confound the statistical
interpretation of sediment / fish relationships. Efforts of this
sort will require future studies incorporating a |arge nunber of
randonmly chosen sites, covering a wide range of habitat types and

fuIBy seeded areas (or areas adjusted using fish collected off-
site).

Figure 17 illustrates the disparity in fish densities anong
sites. Chinook and rainbow steel head nunmbers were highly
variable, ranging fromO to 124 fish per 100 square neters. W
could find no significant correlations between surface sedi nent
conditions and fish density at the site |evel
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DI SCUSSI ON

The results illustrate the need for careful deliberation in
choosing an appropriate technique or techniques for evaluatin
streanbed sedi nent conditions. For general inventories, a wel

pl anned sanPIing design wusing ocular surf ace nonitoring
techniques (first stage) conbined with nore intensive nethods
such as neasured enbeddedness at a subsanpl e of |ocations (second
Mag? | could provide estimates of increased precision at a
relatively low cost. For intensive evaluations of pre- and post-
project ‘conditions, nmore intensive techniques applied to an
adequat e sanple size would be required. he nethods studied
varied in labor intensity, costs, equipnent needed, and tine
required, but had a common denom nator in the need for training
and "practice runs" before application

Surface ocul ar nmethods are the quickest and |east costly to

inplenent, and lend thenmselves well to general surveys or
extensive inventory efforts.  Cbserver and sanpling bias,

however, may be ‘significant if trained, experienced field
personnel are unavail abl e. These techniques have been
successfully used in time trend studies where the same observer
has estimated conditions over tine (Platts et al. in prep.).

Both surface transect and |DFG techni ques adequately neasure

conditions wthin a stream reach, however, ‘adjustnents for
targeting specific habitat types (e.g. stream margins, debris or
backwat er pools) or |arge streans are necessary. Substrate

score provided the quickest and easiest assessnent of surface

condition, and should be included as a variable when using either
appr oach.

The results show that the neasured cobbl e enbeddedness
techni que can be nodified to determ ne reach and specific habitat
conditions, and is related to surface paraneters such as ocul ar
enbeddedness and substrate score. Random enbeddedness hoops can
be weighted to reflect the surface conditions found in habitat
types not currently sanpl ed. Hoop enbeddedness techniques were
internedi ate between surface and subsurface techniques in cost
and time required. A surrogate enbeddedness neasurenent, Free
Matri x Percentage (Burns 1984, Burns and Edwards 1985), shows

promse as a quicker (and |ess costly) approach to nonitoring
enmbeddedness conditions.

Subsurface core sanples proved to be the nost expensive and
time consunming technique eval uated. Sanmpl es typically weighed
over 50 kilograns, approaching the physical imts of field
equi pment and crew. The ability of the fenmale chinook salnon to
alter the quality and conposition of streanbottom substrate was
apparent at all [ocations where they occurred. This supports the
contentions of Chapman and MC eod (1987), that extrapol ations of
relationships determined from non ‘redd areas, and using
| aboratory controlled substrate should be avoided, unless
adequat e correction factors can be devel oped on site. Gven the
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costs, equipment and processing requirements of this technique,
core sanpling of subsurface material should be undertaken only
when spawni ng gravel condition has been deened to be limting
fish popul ations.

|deal |y, substrate evaluations should be carried out by a
wel | financed, adequately trained and supervised crew using the
techni ques dictated by the needs of the managenent agency. In
reality, evaluations are often undertaken w thout regard to
information requirenents, adequate funding, or avallability of
expertise. W hope that this document wll result in careful
consi deration of these requirements before selecting a technique,

I11-43



ACKNOALEDGEMENTS

The senior author would like to thank the "Fi sh Rangers":
Kurtis Ballance, Jim Gines, Mchelle Hunsicker, Kent Jones,
Keeb Kri stensen, and Rodger Nelson for their incredible
diligence, stamna, and good humor during an awfully long field
season. Their help went above and beyond the call of duty. Dave
Burns provided many insights into enbeddedness and related
sedi ment issues. Charles Graham Terry Hol ubetz, Mke MHenry,
and Charlie Petrosky offered hel pful coments on an earlier
version of the report. A special thanks to Kathryn and Kell ey
Torquenada for their patience and support.

I11-44



REFERENCES

Adanms, J. N.; Beschta, R L. 1980. Gravel bed conposition in

Oregon coastal streans. Canadi an Journal of Fishery and Aquatic
Sci ences. 37: 1514-1521.

Bauer, S.B. 1985. Evaluation of nonpoint source inpacts on water
quality from forest practices in ldaho: relation to water quality
standards. In: Perspective on nonpoint source pollution:

Proceedings of a national conference; 1985 May 19-22; Kansas

Gty, MO Washington, DC. U S. Environnmental Protection Agency:
455- 458

Bisson, P.A; Nelsen, J.L.; Palmason, RA; Gove, L.E 1981. A
System of namng habitat types in snall streans, with exanples of
habitat utilization by salnonids during |ow streanflow In: N

Armantrout, ed. Synposium on Acquisition and Utilization of
é u%i Clgl)_léilbi tat Inventory Information. Portland, Oegon, Cctober

Brown, GW 1985. Controlling nonpoint source pollution from
silvicultural operations: what we know and don't know. In:
Per spectives on nonpoint source pollution: Proceedings of a
nati onal conference; 1985 I\/ag/ 19-22; Kansas Gty, MO EPA 440/ 5-

85-001. Washington, DC. U. Envi ronnmental Protection Agency:
332- 333.

Burns, D. C 1984. An inventory of enbeddedness of sal nonid

habitat in the South Fork Salnon River drainage, |daho,
Unpubl i shed paper on file at: U S. Department of Agriculture,
Forest Service, Payette National Forest, MCall, ID

Burns, D.C.; Edwards, R E  1985. Enbeddedness of sal nonid
habi tat of selected streans on the Payette National Forest.
Unpubl i shed paper, Payette National Forest, MCall, ID.

Chapman, D.W; Mdeod, K P. 1987,  Devel opment of Criteria for
fine sedinment in the Northern Rockies Ecoregion. Final Report.

Ilztl):A 910/ 9-87-162. U.S. Environnental Protection Agency, Region

Chapman, D.W; Witkanp, D.E.: Wlsh, T.L.; Dell MB,; Shadt T.H
1986. Effects of river flow on the distribution of chinook

sal non redds. Transactions of the Anmerican Fisheries Society
115(4): 537-547.

Couse, MR ; Callahan C A : Mleug KW,; Dom nguez S.E. 1981,
Effects of fine sedinents on growh of juvenile coho salnon in

| aboratory streans. Transactions of the American Fisheries
Soci ety 110:281-286.

Everest, F.H ; Beschta, R L.; Scrivener, J.C; Koski, KV.;

I'11-45



Sedell, J.R; Cederholm C. J. 1987. Fine sedinent and sal nonid
production: a paradox. In: Streanside managenent: forestry and
fishery interactions: Proceedings of a synposium 1986 February
12-14; Seattle, WA Seattle, WA Uni versity of Washington,

Coélege of Forest Resources, Institute of Forest Resources: 98-
142.

Ham | ton, K : Bergesen, E.P. 1984, Mthods to estimate aquatic
habi tat vari abl es. Unpubl i shed Report. Col orado Cooperative

Fi shery Research Unit, Colorado State University, Ft. Collins,
co.

Harrison, C.W 1923. Planting eyed salnmon and trout eggs.
Transactions of the American Fisheries Society. 52: 191-200.

|waroto, R N: Salo, E . O; WMidej, MA ; MComas, R L. 1978
Sedi ment and water quality: a review of the literature including
a suggested ar\)&r_oach for water quality criteria. EPA 910/g-78-

%18 attle, U.S. Environmental Protection Agency, Region X
p.

Kelley, D. W; Dettnman, D. H. 1980. Rel ati onshi ps between
streanflow, rearing habitat, substrate conditions, and juvenile
steel head populations in Lagunitas Creek, Marin County, 1979
Unpubl i shed paper on fine at: Marin County Water District.

Lotspeich, F.D.; Everest, F.H 1981. A new nethod for reporting
and interpreting textural conposition of spawning gravel. Res.
Note PNW369. U S Departnment of Agriculture,  Forest
Service, Pacific Northwest Forest and Range Experinent Station.

MNeil, WJ.; WH Ahnell. 1964. Success of pink sal mon spawni ng
relative to size of spawning bed materials. U S. Fish and
Wldlife Service, Special Scientific Report - Fisheries 469. 15

p.

Petrosky, C. E.; Holubetz, T. B. 1986. | daho habitat eval uation
for off-site mitigation record, annual report 1985. USDOE
Bonnevill e Power Adm nistration Contract No. DE-Al 79-84BP13381,
Project No. 83-7.

Platts, WS.; Arnmour, C.; and 11 others. 1987. Methods for
evaluating riparian habitats wth applications to nmanagenent.
CGen. Tech. Rep. | NT-221. Qgden, UT: U. S, Depart nent of
Agriculture, Forest Service, Internountain Research Station. 177

p.

Platts, W S.; Megahan, W F.; Mnshall, G W  1983.  Methods
for evaluating stream riparian, and biotic conditions. Gen.
Tech. Rep. INT-138. (Qgden, UT: U S. Department of Agriculture,
Intermountain Forest and Range Experinent Station.

Platts, WS.; Shirazi, MA ; Lews, DH 1979. Sedinent particle
sizes used by salnon for spawning with nethods for eval uation.

I'11-46



U. S. Environmental Protection Agency. EPA-600/3-79-043.

Platts, W S.; Torquenada, R J.; MHenry, ML. Sal non spawni n
area response to large increases in sedinent delivery, South For
Sal nron River, |daho.  Proposed for publication in Transactions of
the Anerican Fisheries Society. (in preparation).

Rei ser, D.W; Bjornn, T.C 1979.  Influence of forest and
rangel and managenent on anadronous fish habitat in Wstern North

Anerica: habitat requirenments of anadronmous sal nonids. Gen. Tech.
Rep. PNW96. Portland, OR U S. Department of Agriculture, Forest
Service, Pacific Northwest Forest and Range Experinent Station.

Rosgen, D.L. 1985. A Stream Cl assification system Nort h
?g8e5r| can Riparian Conference. Tucson, Arizona, April 16-18,

Shepard, B.B.; Leathe, S.A; Waver, T.M; Enk, MD_ 1984,
Monitoring levels of fine sedinment within tributaries to Fl athead

Lake and I npacts of fine sediment on bull trout recruitnent. In:

WIld Trout |Il Synposium Yel | owst one National Park, W: 24-25
Sept enber 1984.

I11-47



APPENDI X | . SURFACE OCULAR RESULTS BY HABI TAT AND SI TE USI NG
TRANSECT AND | DFG METHODS

I11-48



BEAR VALLEY CREEK

.rface Transects IDEG IDRG I
Habi tat/Vari abl e N I §.D. ¥ I 5.D. N I §.D.
Pool :
Score " " . il 8.85 2.3 8 8.13 1.5
Boul der % 0 158 294 7 6.3 2.2 8 0.0 0.0
Rubbl % 20 160 22 7 85 11.6 g 10.0 16.0
Qavel % 20 189 245 a0 U4 35 g 2.9 30.6
Lg. Fines % 0 365 2.1 N N N N " N
Sm Fines % 0 128 115 N " " - - "
Sand % 0 493 33 2 60.7 3.9 § 63.1 5.0
Inbeddedness % 20 76.2  16.6 21 15,9 23.4 g 003 18.9
Riffle:
Score - - - b 8.83 2.23 ! 8.0 0.0
Boul der % 5 2.0 447 b 0.0 0.0 ! 0.0 0.0
Rubbl e% 5 33 435 6 5.8 2.0 ! 5.0 0.0
Gavel % 5 413 434 6 458 32.8 [ 5.0 0.0
Lg. Fines % b 94 133 ” N ” ” " "
Sm Fines % 5 0.0 0.0 -
Sand % 5 9.4 133 6 48.3 3.4 [ 40.0 0.0
| nbeddedness % 5 8B4 125 6 60.0 26.1 [ 700 0.0
dide:
Score - - - 55 9.45 2.32 19 9.3 2,62
Boul der % 3 45 1.0 55 6.6 18.6 19 1.9 19.2
Rubbl g% 158 133 % 150 16.2 9 121 15.8
Gavel % M9y 29 % 2.4 233 19 245 2.1
Lg. Fines % 2 B4 28 " N ” " N ”
Sm Fines % 32 6.3 110 - - - - - -
Sand % 3 T U7 % 511 30.8 19 5.5 3.3
Inbeddedness % 32 738  13.1 % 691 20.6 19 705 2.1
Pocket Véter:
Score " - - 6 9.5 0.84 4 9.75 0.50
Boul der % a 33 11 6 3.3 8.2 4 5.0 10.0
Rubbl e% 21 56 165 6 19.2 2.6 4 5.0 10.0
Gavel % a0 3.2 4.8 6 30.8 32.6 L850 31
Lg. Fines % 0 3H9 369 N ” ” ” ” ”
Sm Fines t a 2.9 328 -
Sand % 2 5.8 4.1 6 46.7 12.1 L4850 12.9
Inbeddedness % 27 80.2  17.6 6 683 11.7 I 625 5.0
Back Hater:
Score " " - 5 1.0 2.2 ! 6.0 0.0
Boul der % 4 0.0 0.0 5 4.0 8.9 ! 0.0 0.0
Rubbl e% 4 1.8 3.6 5 0.0 0.0 ! 0.0 0.0
Gavel % 4 .5 150 5 5.0 1.1 I 10,0 0.0
Lg. Fines % o461 348 N ” T -
Sm Fines % b 46 372 " - - - - .
Sand % £90.7 142 5 910 15.2 [ 90.0 0.0
| nbeddedness % T 4.9 5 9.0 8.9 11000 0.0
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CROXED RIVER

Surface Transects 1DRG IDFG I

Hahitat/ Variahle N 1 5.D. N I §.D. N I $.D.
Pool :

Score " - - 29 1114 2.33 T 1LY 2,63

Boul der % 24 2.3 102 29 1.9 10.2 T 1.9 2.8

Rubbl &% 4 R0 295 29 5.8 26.6 T 5719 8.7

Gavel % A4 3.4 197 % 21 16.8 T 114 6.3

Lg. Fines % A 15 173 N . - "

Sm Fines % 4208 243 -

Sand % 4 B3 35 29 233 21.5 T 29 2.7

Inbeddedness % 24 62.9  17.5 29 5.4 24,0 T 514 4.1
Riffle:

Score - - - 0 13.45 1.00 6 13.50 0.84

Boul der % 15 0.6 1.6 2 1.0 4.5 6 0.0 0.0

Rubbl e% 24 U4 0 40.0 16.9 6 442 13.9

Gavel % 5 5.0 57 0 5.3 18.5 6 50.8 10.7

Lg. Fines % 15 0.9 2.0 - - - - - -

Sm Fines % 15 0.0 0.0 - - - -

Sand % 15 0.9 2.0 2 5.8 6.1 6 5.0 1.1

Inbeddedness % 15 3.1 9.5 0 195 14.7 6 167 15.1
dide:

Score - ” - 0 12.07 2.49 B3 119 3.0

Boul der % 2 2.0 5.1 30 4.0 12.8 13 1.3 18.6

Rubbl e% % 414 236 0 413 2.0 B3 4.0 5.0

Gavel % % 418 206 0 37 16.5 13300 14.4

Lg. Fines % % 64 17 N " N N

Sm Fines % 2 24 107 - - - - - -

Sand % 2 8.8 1.8 0170 23.6 3 17 28.5

Inbeddedness % 26 36.9  15.6 0 3.3 25.2 3 3.2 29.6
Pocket Véter:

Score ” ” - 0 118 1.39 T 12,00 1.53

Boul der % 3 0.0 0.0 2 0.0 0.0 T 0.0 0.0

Rubbl e% H M4 32 20 520 21.4 T 543 2.8

Gavel % H 35 B8 20 315 15.1 T 307 2.5

Lg. Fines % 53 190 . - . " . .

Sm Fines % Hoo29 16.9 - - - - - -

Sand % 3 8.1 248 20 16.5 12.3 T 15.0 1.6

Inbeddedness % 35 445 115 0 46.0 15.4 T 443 18.1
Back Véter:

SCOI'E -u -n

Boul der % [ 4.4 1.6

Rubbl e% T2L8 10 (No back water in samle)

Gavel % T 361 241

Lg. Fines % 7189 284

Sm Fines % T 87 32

Sand % T 36 3.3

| nbeddedness % T 684 182
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LOMER FRENCHVAN CREEK

Surface Transects IDEG IDEG II
Hahitat/ Variable ¥ I $.D. ¥ I §.D. N I §.D.
Pool :
Score ” - - 59 1.98 2.29 2 1.76 2.55
Boul der % 30 0.0 0.0 59 0.0 0.0 2 0.0 0.0
Rubbl e% 30 0.0 0.0 59 0.1 0.7 2 0.0 0.0
Qavel % 0 51 35 5% 520 3.8 A 512 3.8
Lg. Fines % BT 28 - - - - - -
Sm Fines % 0 22 55 - ” ” - - -
Sand % I 4.9 35 5 471 3.9 A 8.8 3.8
Imbeddedness % 30 722 15.2 N 121 2.1 A 743 18.6
Riffle:
Score " - - 1 1119 1.68 210,00 1.41
Boul der % f 0.0 0.0 16 0.0 0.0 2 00 0.0
Rubbl e% 3 0.0 0.0 16 0.3 1.3 2 25 3.5
Gavel % § 25 189 16 825 2.2 2 750 2.2
Lg. Fines % ! 0.0 0.0 ” - - -- a -
Sm Fines % g 15 189 -
Sand % 9 7.5 18.9 6 17.2 U4 1 N5 U7
| nbeddedness % 9 2.3 185 16 25.6 21.9 2 30.0 4.1
qide
Score - - - ylt 9.83 1,43 0 930 1.83
Boul der | 16 0.0 0.0 2 0.0 0.0 10 0.0 0.0
Rubbl e% 16 0.0 0.0 24 0.2 1.0 10 0.5 1.6
Qavel % 6 734 32 64 19.0 23.3 0 7.0 2.8
Lg. Fines % 16 126 160 - N - o "
Sm Fines % 6 140 2.7 - - - - - -
Sand % 6 2.6 32 64 2.8 4.1 0 25 28.2
Imbeddedness % 16 49.0 154 A 46,9 17.9 10 480 2.0
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NF. RED RVER

Surface Transects IDRG IDFG 11
Habi tat/Vari abl e N I §.D. N I $.D. N I §.D.
Pool :
Score " " " 41029 2.80 i 11,00 2.19
Boul der % 5 0.0 0.0 4 0.0 0.0 1l 0.0 0.0
Rubbl % 5 64 285 4 37 29.8 33 313
Qavel % % 293 4.8 20 2.2 39 2.3
Lg. Fines % 5 198 A2 " - . "
Sm Fines % 5 15 33 -
Sand % 5 43 360 i %9 3.3 i 2.8 3.8
Inbeddedness % 25 65.9  18.3 4 5.9 26.8 I 4.3 21.2
Riffle:
Score . . " 0 1A 1.18 T 1314 1.57
Boul der % 13 0.0 0.0 Al 0.0 0.0 700 0.0
Rubbl e% 3499 292 0 4.8 B4 T 4.9 30.5
Gavel % 3 40 204 0 4.2 2.3 [ 5.8
Lg. Fines % B3 51 125 N N N N N "
Sm Fines % 13 0.0 0.0 ” - :
Sand % 13 51 125 2 0.0 1.5 1 5.0 5.0
Inbeddedness % 13 21.8  14.8 2 18.2 13.0 704 14.6
dide:
Score " . . 29 1152 2.16 5 1L53 2.56
Boul der % 15 0.0 0.0 2 0.0 0.0 15 0.0 0.0
Rubbl e% B B3 20 29 3.9 2.9 3T 2.0
Qavel % B 490 236 29 386 21.6 3T 5.1
Lg. Fines % Lo 66 138 N . . N N N
Sm Fines % 15 11 43 - - - - - -
Sand % 15 .7 139 29 U5 23.2 1 247 5.8
Inbeddedness % 15 3.2 129 29 410 2.1 B 87 2.7
Pocket Véter:
Score - " 2 9.00 4,24
Boul der % 5 0.0 0.0 2 0.0 0.0
Rubbl e% 5 100 224 2100 1.1 (No pocket water)
Qavel % 5 733 .3 2 40 44
Lg. Fines % 5 167 236 T -
Sm Fines % 5 0.0 0.0 -
Sand % 5 167 236 2 40 495
| nbeddedness % 6 526 1.0 2 650 3.4
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POVERTY - S.F. SALMN RIVER

Surface Transects IDEG IDRG 11
Hahitat/ Variable N I $.D. N I 5.D. N I 5.D.
Pool ;
Score a . . 28 10.82 2.13 1073 2.20
Boul der % 3 0.3 1.0 28 0.0 0.0 i 0.0 0.0
Rubbl e% 3 435 19.8 8 3.4 315 I %5 2.0
Qavel % 3412 2.6 8 HY 22.9 I35 2.1
Lg. Fines % 10 67 a N . . a
Sm Fines % 3 8.0 119 -
Sand % 1 10 1 8 07 0.7 2.1 21.5
Imbeddedness % 31 5711 139 8 411 2.4 I 491 2.3
Riffle:
Score a - ” 14 1186 1.70 b10.75 171
Boul der % 2 0.2 0.9 14 0.0 0.0 b00 0.0
Rubbl e% A 2.4 U2 U307 21.6 20,0 18.7
Qavel % A 532 40 14 539 13.6 § 5.8 8.5
Lg. Fines % A 27 15 a a a . - a
Sm Fines % 2 1.6 1.3 - - ” - - .
Sand % 2 42 10,0 W 154 17.3 L3 14.4
Imbeddedness % 21 21.1 8.2 4 343 15.1 L 315 9.6
dide
Score . - - 5 1146 2.12 1 119 1.70
Boul der % 33 0.7 2.0 57 0.9 6.6 18 2.8 11.8
Rubbl e% 350 187 5 315 B.1 18 3.5 21.9
Qavel % B30 193 5 438 23.2 18 436 19.7
Lg. Fines % ¥ 43 43 N N - - a -
Sm Fines % 3 0.9 15 " - - - - -
Sand % B 52 47 119 18.4 18 161 15.3
Imbeddedness % 33 446 147 5 432 22.9 18 4.8 21.6
Pocket \éter:
Score " - - - --
Boul der % 50 0.0 0.0 - -
Rubbl &Y% 50 .0 156
Qavel % 5 77 30 - -
Lg. Fines % N 7.0 184
Sm Fines % 50 8.3 2.1 -
Sand % N 153 302 -
Imbeddedness % 50 441 23.9
Back Véter:
SCOI'e .e .e -
Boul der % 5 0.0 0.0
Rubbl e% 5 8.6 19.2
Qavel % 5o 794 2.7
Lg. Fines % 5 40 89
Sm Fines % 5 8.0 110
Sand % 5 120 109
| nbeddedness % 5 402 190 - -
Debris:
&Ore - - -
Boul der % ! 0.0 0.0
Rubbl g% ! 0.0 0.0
Qavel % ! 0.0 0.0
Lg. Fines % 800 0.0
Sm Fines % 2.0 0.0
Sand % {12000 0.0
| nbeddedness % [ 9.0 0.0



SALMON R VER 3BRA-MAIN' CHANNEL

Surface Transects IDFG IDEG I
Habitat/ Variable N I 5.D. N l §.D. N ¢ §.D.
Pool :
Score - - ! 1.50 2.12
Boul der % w00 00 2 0.0 0.0 no  pool
Rubbl e% i1 6.8 315 2300 3.4
Qavel % 27 U1 1 125 3.5
Lg. Fines % i 45 83 N -
Sm Fines % 1l 5.9 13.6 -
Sand % 104 143 7 515 8.9
Inbeddedness % 11 40.6  18.9 2 80.0 14.1
Riffle:
Score ” - ” 8 13.67 0.81 407 0.70
Boul der % 2 0.0 0.0 48 0.0 0.0 15 0.0 0.0
Rubbl e% 0 7.6 161 8 727 17.6 5 8.7 9.9
Qavel % 0 20 145 8 U2 16.2 1.0 9.0
Lg. Fines % 2 0.2 11 - - - - . -
Sm Fines % 2 0.2 11 - - - - .
Sand % 2 0.4 2.1 48 2.9 3.8 15 1.3 2.3
Inbeddedness % 20 1115 43 8 14 10.5 15 9.3 1.0
qide:
Score - . . 49 12,76 1.49 1§ 127 1.45
Boul der % 2 0.0 0.0 43 0.0 0.0 18 0.0 0.0
Rubbl e% % 1 205 49 5.8 2.2 18 536 23.9
Qavel % % 4.0 2.0 49 344 15.9 18 364 14.9
Lg. Fines % % 07 L8 a a . o .
Sm Fines % 26 0.2 0.9 . - - . - -
Sand % 2 0.9 2.4 49 1.9 17.5 1 100 20.9
Inbeddedness % 26 24.6 9.3 9 282 17.9 8 283 18.2
Pocket Véter:
Score " N ”
Boul der % 19 0.0 0.0 -
Rubbl e% 19 6.7 384 -
Qavel % 9 268 3.3
Lg. Fines % 9 53 BT
Sm Fines % 19 2.2 0.7 - . -
Sand % 19 1.5 194 .-
Inbeddedness % 19 39.6  15.2 - .-
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SALMON R VER 3BRA-SI DE- CHANNEL

Surface Transects IDEG IDEG II
Habi tat/Vari abl e N X $.D. X ) 5.D. N I S.D.
Pool ;
Score - ” - 25 8.0 2.58 ! 8.56 2.13
Boul der % 18 0.0 0.0 25 0.0 0.0 ! 0.0 0.0
Rubbl &Y% 8 246 21 %5 15.6 28.8 3161 28.9
Qavel % B 352 240 % 3.6 3.2 9 439 3.9
Lg. Fines % 1 128 134
Sm Fines % 8 302 28
Sand % 1 80 240 5 46,8 37.3 9 400 3.2
Imbeddedness % 18 69.7  12.5 % T78.0 16.3 3 756 13.3
Riffle:
Score - - - % 1183 2.10 120 1.59
Boul der % 18 41 6.9 36 5.4 18.4 4 68 5.4
Rubbl e% 18 439 236 3% 40.6 28.0 4 443 316
Qavel % 1 45 174 % 43.9 5.4 W 21 21.9
Lg. Fines % B 41 36
Sm Fines % 18 6.3 123
Sand % 8 105 166 ¥ 101 2.2 4 68 16.0
Inbeddedness % 18 214 18.4 % 4.0 2.2 U 443 18.3
dide
Score - - . 3T 10.76 2.75 10 10.10 3.1
Boul der % 2 0.0 0.0 3 0.0 0.0 10 0.0 0.0
Rubbl &Y% 2308 35 3 3.5 28.9 0 35 28.8
Qavel % A 57 35 3 453 28.0 10 36.0 21.6
Lg. Fines % A 24 4.5 3 ” - 10 - -
Sm Fines % A 12 56 3 ” - 10 ” a
Sand % 2 165 260 3T 182 3.6 10 305 36.2
Imbeddedness % 21 454 205 31 532 22.6 10 57.0 2.1
Pocket \éter:
Score - " " ! 8.0 0.0
Boul der % 19 0.0 0.0 [ 0.0 0.0
Rubbl &Y% 19 45 367 00 0.0
Qavel % 9 43 280 L1000 0.0 (No pocket vater)
Lg. Fines % 9 34 18
Sm Fines % 19 32 113
Sand % 19 127 2.6 ! 0.0 0.0
|nbeddedness % 19 43.4 5.7 Lo500 0.0
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| NTRODUCTI ON

Wrk began on the intensive evaluation and nonitoring portion of this
project in September 1986. The objective is to quantify changes in
physi cal habitat and in chinook salnon Oncorhynchus tshawtscha and
steel head trout Salno gairdneri snolt production refafing to Bonneville
Power Adm nistration (BPA) funded habitat inprovenent projects. It has
general 'y been accepted that habitat inprovement projects can lead to
I'ncreased fish production, and in anadronous popul ations the change in
smolt production would be the best measure of a project’s effectiveness.
The actual increase in snmolt production, however, has never been
statistically quantified in the field (Buell 1986). Arealistic
quantitative approach for |daho is: (1% to estimate parr production
attributable to habitat projects through general nonitoring; (2) to
quantify rel ationships between spawni ng escapenent, parr production,” and
snolt production through intensive monitoring in two typical anadromous
stream reaches; and (3) to use the determned Parr-to-snolt survival rates
as a basis for BPA mtigation accounting.

The Prinary objectives of the intensive evaluation and nonitoring
portion of this project are: (1) to determine smolt production from two
typical anadromous streams reaches: (2) to develoP Parr-to-snolt surviva
rates for wild and natural salmon and steel head for BPA habitat project
mtigation; (3) to determne the nmathematical relationship between
spawning escapenent, parr production, and snolt production; (4) to
determne mgration characteristics, (5) to determine the most effective
net hods  of sueylenenting natural anadronous fish production with hatchery
production:  ( J to determne habitat rearing potential, potential snol
production, and reproductive potential for the two study streanms; and (7)
to determne which factors limt wld and natural snolt production

STUDY SITES

Upper Sal non Ri ver

The Salmon River originates in the Sawtooth, Snokey, and Wite Coud
mountains in southcentral ldaho.  The upper Salnon River study site is
| ocated upstreamfromthe Sawtooth Hatchery at elevations above 1,980 m
Study sections are located throughout the upper basin (Figure 1).  The
upper river above Sawtooth Fish Hatchery is a major production area for
anadronous  spring chinook salmon and A-run summer steel head trout
Resi dent salmonids in the upper Salnon drainage are native rainbow,
cutthroat, and bull trout, mountain whitefish, and non-native brook trout
(Mal let 1974).

H storically, sockeye salnon existed in all noraine |akes in the
Stanley Basin (Everman 1895). A remmant run of sockeye returns to Redfish
Lake, the outlet of which enters the Salnon River approximately 2.7 km
downstream from Sawtooth Hatchery. Adult sockeye are still occasionally
seen in Alturas Lake Creek (Kent Ball, [|DFG personal communication), but
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irrigation diversion that conpletely dewaters the creek every summer nakes
adult passage to the lake unlikely (Bow es and Cochnauer 1984). No other
sockeye runs are known to exist in the Salnmon R ver drainage above
Sawt ooth Fish Hatchery.

Nearly pristine water quality and an abundance of high quality
spawning gravel and rearing habitat are present throughout much of the
upper basin. Water flows at the Sawtooth Hatchery range fromlows of 61
t0d1J22 cns fromJuly through April to highs of 396 to 823 cns during My
and June.

Li vestock grazing and haP/ production are predom nant uses of private
| and throughout the upper Salmon basin. Gazing in riparian zones has
degraded aquatic habitat in localized areas. Water diversions from the
river and tributaries have inpaired the potential for production of salnon
and steelhead in some of the upper Salmon River drainage.

An irrigation diversion (S45) between Alturas Lake Creek and Pol e
Creek conpletely dewaters the river for 0.4 kmduring July and August in
an average flow year. Flow diversions fromtributary streams vary from
partial to conplete dewatering. Conversion fromflood to overhead
sprinkler irrigation has decreased the withdrawal of water from Pole Creek
since 1982, BPA funded the construction of a fish screen for the
irrigation diversion on Pole Creek in 1983-1984.  Steelhead fry have been
outplanted into uloper Pole Creek every year since 1985 (IDFG unpublished
data). Upper Sal mon River chinook salnon have not been available from
Sawt ooth Fish Hatchery for reintroduction to date.

The Sawtooth Fish Hatchery was constructed in cooperation with the
US Fish and Wldlife Service and the U S. Arny Corps of Engineers
through the Lower Snake River Conpensation Plan. — The hatchery program
i nvol ves trapping adult salnon and steel head and rel easing snolts and
other life stages. The hatchery is designed to produce 2.4 nillion
chinook smolts per year. Steel head eyed eggs are sent to other facilities
for rearing, and the smolts are transported back to Sawtooth Hatchery for
release.  Approximately 700,000 steel head snolts were released fromthe
hatchery in 1986 (T. Rogers, |DFG personal communication). At |east 33%
of the adult salnmon and steel head entering the trap are released upstream
of the hatchery to spawn naturally.

Crooked River

The Crooked Rver originates at an elevation of 2,070 min the
C earwater Muntains within the Nez Perce National Forest and enters the
South Fork Clearwater River at river kiloneter 94 at an el evation of
1,140 m (Figure 2). The entire Crooked River drai na]ge Is the study site.
Sal mon and steel head runs were elimnated historically by construction of
the Harpster Damon the South Fork C earwater R ver in 1927. Spring
chinook and B-run summer steel head were re-established in Crooked River
fol l owing removal of the damin 1962. Resident salmonids in Crooked River
i nclude mountain whitefish, rainbowtrout, bull trout, and cutthroat trout
(Petrosky and Hol ubetz 1986).

V-3
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Dredge mning activities during the 1950s severely degraded habitat
within the two meadow reaches of the stream In the upstream meadow, the
stream was forced to the outside of the floodplain, resulting in a
straight, high gradient channel. In the |lower nmeadow, dredge tailings
have forced the streaminto long neanders with many ponds and sl oughs.
During runoff, juvenile trout and sal non use some of these ponds but are
trapped as flow recedes.

Fish density and habitat surveys were initiated in 1984 by |DFG and
the Intermountain Forest and Range Experinent Station, USFS, Boise, |daho
(Petrosky and Hol ubetz 1985). They found that densities of juvenile
chinook and steel head in the two meadow reaches were relatively |ower than
those in other Idaho streams. Densities of fish in the few pools and the
high velocity sections were simlar, indicating the lack of a relationship
between juvenile density and habitat type. Because chinook parr generally
prefer pool habitat over high velocity sections, this lack of a
rel ationship between juvenile density and habitat type indicates that the
upper meadow reach was underseeded in 1984

In 1984, the U S Forest Service, with BPA funds, placed a series of
log structures, rock and boul der reflectors, organic debris structures
and | oose rock weirs within the upper neadow in an effort to conpensate
for stream gradient and increase the pool to riffle ratio. In addition,
banks were stabilized and revegetated, an of f-channel pond was connected
with a side channel, and a culvert blocking adult passage was renoved
(Hair and Stowell 1986). Recent efforts have concentrated on connecting
addi tional ponds in the dredge tailings to the main channel and devel oping
side channels to provide continuous water supply during low flow periods.

MATERI ALS AND METHCDS

Habitat Eval uations and Fish Densities

W eval uated habitat and estimated fish densities at both study areas
in 1987 at the same sections and with the sane nethodol ogies used in
gener al nnnitoring in 1984-1987 (Petrosky and Hol ubetz 1987).  Physica
habi tat and fish density surveys were conducted on 56 and 57 sections in
the upper Salmon River study area, respectively.

In 1987, physical habitat and fish density surveys were conducted on
1 and 8 sections in the Crooked River study area, respectively, as part of
the general monitoring portion of this project. Intensive evaluation of
Crooked River is scheduled to begin in 1988.  The intensive eval uation
plan for Crooked River adds 7 additional sections to those that have been
established for the general monitoring

The stream habitat eval uation methodol ogies used are Petrosky and
Hol ubetz’ s (1985) nodifications of methods derived fromPl atts et al.

(1983). In this nethod, transects are established at 10-m intervals

within a selected streamsection, and streamwdth is neasured at each

transect. Depth, velocity, substrate conposition, enbeddedness, and
[V-5
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habitat type (i.e., pool, run, riffle, pocket water, or backwater)
(Shepard 1983) are nmeasured or determned at the one-quarter, one-half,
and three-quarter points of each stream transect. Proportions of sand
<0.5 cm dianeter), gravel (0.5-7.4 cnj, rubble (7.5-30.4 cm, boul der
>30.5 cm, and bedrock that conprise the substrate are estimated

ocul arly. Enmbeddedness is the proportion of surface area of gravel,
rubble, and boul der that is surrounded by fine (sand or snaller)
sedinents . Enbeddedness is classified as O% 0-5% = 5-25% 25-50%

50-75% 75-100% and 100%  Stream gradient is measured with a surveyor's
transit and stadia rod as the elevation difference between the upper and
| ower section boundaries divided by channel length.  Stream channel type
is classified according to Rosgen (1985). Al sections are flagged and
phot ographed for future repeated measurenents.

Fi sh abundance by species and |ength class is estinmated by snorkeling
a known stream di stance through habitat sections (Petrosky and Hol ubetz
1985, 1986). Total abundance of steelhead and chinook parr are estinated
during July-August by stratified sanpling.

Tagoi ng and Tag Mbnitoring

PIT tags were inplanted into 2,795 chinook sal mon parr and 1,585
steelhead trout parr in the upper Salnon River drainage during August and
September, 1987. No PIT tagging was perforned in the Crooked River study
area in 1987. The National Mrine Fisheries Service (NVFS) was contracted
to work jointly with IDFG during the first season of PIT tagging so that
| DFG personnel could utilize and learn fromtheir experience with PIT
tags. In the joint IDFG and NVFS tagging operation, 1,434 chinook sal non
and 1,351 steelhead trout (csari marily age 2+§ were tagged in their summer
rearing areas. The remainder were tagged during the fall outmgration.
The outmgrating fish were collected in 1 x 1.5 x 0.5-mbox traps placed
over the bypass pipes of three irrigation diversion fish screens.

Fish to be PIT tagged during the |joi nt 1 DFG and NVFS operation were
collected with a Smth-Root Mdel 12 electrofisher or seine, depending on
whi ch nethod was nost suitable for a particular site. The electrofisher
was operated with the follow ng configuration and settings: 30.5-cm
di aneter anode ring on a 2-mpole, 2.4-mrattail cathode, voltage setti n?s
of between 200 to 400 V, and pul se rates of 90/s when fishing in primarily
chinook salmon waters and 30/s in primarily steelhead trout waters.
Conductivity in the upper Salmon River ranges from 37 to 218 unho/cm
(Emett 1975). Nylon netti nlg tied onto the anode was observed to reduce
the incidence of electrical burn marks and fish nortality without a
noticeabl e reduction of capture effectiveness.

Fish to be tagged were anesthetized with M5-222, and the PIT tags
were injected into the body cavity using a 12-gauge hypodermc needle and
nodified syringe. The needle was oriented anteriorly to posteriorly and
I nserted Lust off the md-ventral line about one-quarter of the distance
between the end of the pectoral fin and the pelvic girdle. Inmediately
after the needle entered the body cavity, the needle was rotated and its
angl e changed so that the bevel of the needle made contact with the inner

|'V-6
87 ANNUAL



surface of the body wall, then the tag was inserted. After taggiqg, tag
presence was confirnmed using a handheld detection-decoding device
(Prentice et al. 1986). NWFS has found that once a functional tag has
been successfully inplanted in a fish, the tag failure rate has been near
0% (For a nore detailed description of PIT tags, see Appendix A)

Fork Iength was nmeasured to the nearest mllinmeter on all parr that
were PIT tagged. Fish weiPht was neasured to the nearest tenth of a gram
on 1,389 of the chinook salmon taqged and on 1,398 of the steelhead trout
parr tagged. Tagged fish were held in fresh water until fully recovered
and then released near their capture site. Perforated plastic trash cans
were used to hold fish before being ta%?ed and during recovery. Handheld
PIT tag detectors were used to detect the tag codes and send themdirectly
to a portable mcroconputer. The mcroconputer used a BASIC program
supplied by NVFS to organize the tag codes and associated data into data
files. These PIT tag data files were downl oaded on a daily basis to a
personal conputer for storage and |ater analysis.

O the 1.1%nortality due to perforated organs during tag
inplantation, handling stress, or overdose of Ms-222, almost all fish
showed behavioral changes and/or darkening of color alnost inmediatel
after tagging. W conducted a 24-h del ayed nmortality test on one group o
33 chinook salnon and 29 steel head trout parr that contained fish
col l ected by both electrofishing and seining. These fish were held in one
of the perforated plastic trash cans placed in a |-mdeep pool of the
stream

Downst ream M grant Trappi ng

To monitor the movements of juvenile anadronous fish in the upper
Sal mon River study area, a floating scoop trap with a |-mwide inclined
traveling screen was contracted to be built by Mdwest Fabrication Inc.,
Corvallis, Oregon. However, due to delays in design and construction, the
trap was not delivered until COctober 25, 1987 and could not be used to
sanple the fall 1987 outmgration. The trap was tested for 2 days and
perfornmed well

Box traps made of perforated steel plates were placed on the bypass
pipes of three irrigation diversion fish screens to collect nigration data
during fall 1987. The three irrigation diversions selected for trapping
vier e: the Henslee's diversion on Pole Creek, the Busterback Ranch
diversion (S45) |ocated between Alturas Lake Creek and Pole Creek, and $41
diversion |ocated 13.3 km above the Sawtooth Hatchery (Figure 1). A daily
trap record was namintained for each trap. Al salnmon and steel head parr
were scanned for PIT tag presence. Al untagged sal mon and steel head parr
were anesthetized and tagged with PIT tags using the nethods described in
the Tagging and Tag Monitoring Section.

V-7
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Hat chery Suppl enent ati on

To begin the evaluation of hatchery supplementation, six pairs of
adult chinook salnmon were outplanted into Frenchman Creek and 28,000 eyed
chinook eggs were buried in artificial redds in Beaver Creek.

On Septenber 4, 1987, six pairs of adult chinook salnmon were rel eased
into Frenchman Creek at the |ower study site.  This reach is |ocated
within a grazing enclosure which is part of a sedinent monitoring study
(Torquemada and Platts 1988). Cattle were in this enclosure during the
entire tine that adult salnon were alive. A picket weir prevented the
fish from noving upstream from this area, and beaver ponds discouraged
them from noving downstream The section of stream was wal ked
approxi mately every other day to monitor the spawning activity.

On Cctober 21, 1987, 28,000 chinook sal mon eyed eggs were buried in
artificial redds in Beaver Creek. The site selected for this outplant is
in Reach 2, 4.5 kmabove the mouth. The eggs were buried in 14 artificial
redds (2,000/redd) according to the directions of Wite (1980). The total
nunber of eggs buried in Beaver Creek was selected to match the number of
eggs deposited into Frenchman Creek by the five females that successfull
spawned there (5 females x 5,600 eggs/femal e-28,000 eggs).  The number o
eggs/ferrasla%ge (5,600) is the average observed at the Sawtooth Hatchery from
1981 to 1984.

Total chinook sal mon parr abundance resulting from these two
outplants will be estimated in 1988.  Since neither stream received
natural chinook escapenments in 1987, all parr in these streams in 1988 can
be attributed to the outplants. Egg-to-Parr survival rates will be
cal culated and conpared for these two outplants. W wll also PIT tag
parr from these streams in 1988 to obtain Parr-to-smolt survival rates.

The chinook sal mon hatchery suppl ementation eval uation plan for the
upper Sal mon River st udly_ area divides the upper stream basin into eight
reaches so that two replicates of four different supplementation nethods
can be evaluated. The life stages to be outplanted and their respective
streamreaches to be planted are as follows: late My fingerlings into
Sniley Creek and |ower Pole Creek, late August parr into the Salmon R ver
above H ghway 75 and lower Alturas Lake Creek, adults into upper Pole
Creek and Frenchman Creek, and eyed eggs into Beaver Creek and upper
Alturas Lake Creek. The nunber of fingerlings and parr in each plant wll
be calculated to equal the nunber of fish at that stage that would have
been produced had the eyed eggs in the §revi ous fall outplants been keBt
in the Sawtooth Hatchery. For 198 we wll be planting 24,000
fingerlings and 21,500 parr into the respective stream sections. The
suppl enentation plan for Crooked River will be devel oped before sumer
1988, and inplementation will begin fall 1988.
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Adult Escaperment and Redd Counts

Actual escapenent nunbers for chinook sal mon and steel head trout in
the upper Salmon River study area were obtained from Sawtooth Hatcher
records. Except for a small percentage of early and late fish in each o
the runs, the entire escapenent above the hatchery weir consists of the
fish collected in the hatchery's trap that are released upstream to spawn
naturally. No actual escapenent numbers will be available for the Crooked
River study area until the trapping facility is conpleted there in sumer
1989.

Chi nook salmon redd counts were obtained fromthe respective Regiona
Fi shery managers (Hall-Giswold and Cochnauer 1987). For the upper Sal non
River study area, a one-day peak redd count is made by helicopter over the
entire current sgamn|n area during the first week of Septenber. On
Crooked River, the redd count is a one-day walking count from Fivenle
Creek to Relief Creek during the first week of Septenber

The nunber of eggs deposited in the gravel are estimted by dividing
the number of redds observed by 1.5 redds/female (Ortnmann 1967) and then
mul tiplying this number by the average number of eggs/fenale. For the
ugper Salmon River, the nunbers for eggs/female are the average nunbers
observed at the Sawtooth Hatchery. For Crooked River, the number of
eggs/female are the average nunbers observed at the Red River trapping
facility until the Crooked River trapping facility is built in 1989, at
which time Cooked River trap numbers will be used.

RESULTS AND DI SCUSSI ON

Fi sh Densities and Physical Habitat Analysis

Petrosky and Holubetz (1985 ~ 1986) found snorkeling to be an
effective method of enumerating fish at both study sites.  Chservations
made by snorkeling can be superior to other nethods of enunerating
salmonids and determining habitat preferences. Trout and salnon tend to
hol d their position in the presence of an underwater observer, but
el ectrofishing and seining operations disturb and chase fish out of
habitat they have selected (Coldstein 1978; Platts et al. 1983).

The estimates for the total parr populations in the upper Sal non

Ri ver studg area during late summer 1987 were as foll ows: chi nook
age 0=65,739 + 30,186, steelhead age 1=14,280 + 3,956, and steel head
age 2+=5,852 *+ 2,952.  In sumrer 1985, there were slightly nore chinook

age 0 (73,548) and approximately one-third fewer steelhead parr (12,579).
(I'n 1985, steelhead age 1 and 2+ were conbined.) These changes in chi nook
and steel head parr densities may be a result of [ow water flows that
occurred in the upper Salnon River study area during summer 1987.  During
low flow years, many side and braided channels are conpletely dewatered,
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Typically, this type of habitat is where the hi %hest concentrations of
age 0 chinook are found, Conversely, during low flows much of the stream
IS concentrated in deeper runs where the highest densities of steelhead
parr are typically found. Another contributing factor to the increase in
steel head ‘parr nunbers has been the increase in steelhead fry outplants
since 1984 (Table 1).

It appears that during years of low flow in the upper Salnmon R ver
study area, the rearing potential for chinook is decreased while it may be
increased for steelhead. A conpounding problemfor chinook in | ow water
years is that with the current rate of irrigation wi thdrawal , nmuch of the
rearing habitat cannot be naturally seeded by chinook because of conplete
%ewatering on Alturas Lake Creek, Beaver Creek, and the upper Salnon

ver.

The formats for |daho fish density and physical habitat common data
bases were devel oped by project personnel using DBASE IIl.  These conmon
data bases will make it possible to nore easiIY use and share data
collected by different researchers and agencies in Idaho. This project’s
fish density and physical habitat data from 1985 to 1987 has been entered
into these comon data bases

Adult Escaperment and Redd Counts

Egg-to-Parr survival rates will be based on adult fenale escapenent
numbers when available.  Known escapements will be correlated with redd
counts for chinook and possibly steelhead. Since 1984, female escapenent
nunbers have been available for the upper Salnon River study area with the
OEeration of the Sawtooth Fish Hatchery weir and trap. On Crooked River,
tlgéagse nunbers will not be available until the weir and trap are built in

Currently, chinook redd counts are one-day peak counts, and on
Crooked River the count does not cover the entire spawning area.
Steel head redd counts were begun in Crooked River in 1986.

The data collected (Table 2) enable us to cal culate chinook and
steel head egg-to-Parr survival rates in the upper Salnon River study area
for brood years 1984 and 1986. Based on adult escapenent nunbers, the
estimted egg-to-Parr survival rate for chinook has changed from 24.0% f or
brood year 1984 to 6.1% for brood year 1986, while for steelhead the
change has been from0.2%to 1.0%for the sane brood years. Based on redd
counts for chinook, the estimated egg-to-Parr survival rates are 24.9% for
brood year 1984 and 12.9%for brood year 1986. The data for Crooked River
(Table 3) are not conplete enough at this tinme to calculate egg-to-Parr
survival rates.
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Table 1.

Brood year

1983

Chi nook Sal non

1984 1985

1986

Parr production from supplenentation for upper Sal mon
River study area

1987

Adult fenales

out pl ant ed
Average #

eggs/fenaleb
Estimted #
395 deposi t ed

outplanted
Egg-to-Parr

survival rate
Fry outplanted
Fry-to-Parr

survival rate
Parr outpl anted
Postrel ease

parr surviva

Brood year

1983

6,017 4,530

St eel head Trout
1984 1985

5, 156

1986

5,399
26, 995
28, 000

1987

Adult fenales
out pl ant ed

Average #
eggs/ fenal e

Estimated #

ggs deposited ---
Eye

eggs
out pl ant ed
Egg-to-Parr
survival rate
Fry outplanted
Fry-to-Parr
survival rate
Parr outplanted
Postrel ease
parr surviva

Total parr from

suppl ement ati on

0

317,500 1,440, 880

832, 414

717,559

“One of the 6 females died before spamnlng and was not

|ncluded in the calcul ations.
"Data obt ai ned from Sawtooth Fish Hat chery.
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Table 2. Adult escapenent, parr production, and smolt production
data for upper Salnmon River study area
Chi nook Sal non

Brood year 1983 1984 1985 1986 1987
Femal e escapenent

above weir --- 51 171 208 241
Redd count 188 74 83 105 124
Ayera% #

eggs/femal e 5,080 6,017 4,530 5, 156
Estinat%? #

eggs deposited 955,040 306,867 774,630 1,072,448
Total # of parr s 73,548 -- 65, 739
Egg-to-Parr

survival rate 24.0% 6. 1%
Estimated

Parr-to-snol t

survival rate --- --- . --- ---
Estimated total

# of smolts --- —-- —-- --- -

Steel head Trout

Brood year 1983 1984 1985 1986 1987
Femal e escapenent

above weir 1,293° 91 319 379
Redd count s - “- i
Average #

eggs/ femal e 3,969 5, 640 4,468 4,854
Estimated #

eggs deposited 5131,917 513,240 1,425,292 1,839,666
Total # of parr 12,579° 14,280
Egg-to-Parr

survival rate 0. 2% 1.0%
Estimated

Parr-to-snol t

survival rate --- ---
Estimated total

# of smolts - -—-- -

“Percent of pond norta
subtracted from escapement total. _ o
dncludes 1,271 females outplanted from Pahsineroi Fish Hatchery.
I ncl udes age 2+ steel head.

b

87TABLES

|'V-12

lities observed at Sawtooth Fish Hatchery -



Table 3. Adult escapement, parr production, and smolt production
data for Crooked R ver study area.

Chi nook Sal non
Br oodyea_r 1983 1984 1985 1986 1987

Fenal e escapenent
above weir

Redd count® 12 22 10 9 17

Average # b

eggs/ fenal e 4,432 4,010
Total d of parr
Est i mat ed

Parr-to-snolt

survival rate
Estimted total

# of snolts

St eel head Trout
Brood year 1983 1984 1985 1986 1987

Fenal e escapenent
above weir
Redd count

Average #
eggs/ femal e 7,053 6,394
Estimated #
eg?s deposi t ed
Total # of parr
Egg-to-Parr
survival rate
Estimated
Parr-to-snol t
survival rate
Estimated total
# of smolts
“Sal mon redd count is a one-day aerial count conducted during
the first week in September and only covers the river fromthe
,harrows up to Orogrande. _
Data fromfish trapped at Red River.
“Data from Dworshak National Fish Hatchery.
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Downst ream M grant Trappi ng

A large proportion of juvenile chinook salnmon and steel head trout
parr have been found to nmove downstream out of high nountain nursery areas
to overwinter (Bjornn 1978). To develop mtigation record based on smolt
production, it is necessary to determne what proportion of parr
outmgrate fromproject areas In the fall to overwinter and then determ ne
the Parr-to-smolt survival rates for these fish.

The data collected during fall 1987 fromthe trap boxes placed over
the outlet pipes of three irrigation diversion screens in the upper Sal non
River study area indicate that significant mgration was occurring when we
installed the traps on August 11, and the peak mgration occurred between
late August and the third week of September (Figures 3, 4, and 5).
Because of its location and length of operation, the S41 diversion box
Erap mas)deternined nost representative of the fall 1987 outmgration

Figure 3

During the period it was operated (8/12/87-9/2/87), the S45
(Busterback) diversion trap sanpled the entire streamflow and shoul d have
captured nost of the outmgrating fish fromthe upper basin. However, It
is possible that significant nunbers of fish failed to find the bypass
pipe and/or found a way past the diversion screens. In this trap, we
captured 306 chinook and 64 steel head parr, of which 2 chinook and 10
steel head were recaptures.

W investigated the possibility of estimating population size
upstream of S45 based on the box trap catch and total nunbers of
PIT- tag%fd parr above this diversion. Both of the chinook recaptured in
the $45 box trap had been PIT tagged in Reach 1 of Pole Creek on 8/12/87.
The nurmber of days between tagging and recapture were 3 and 18. Wth on
two of 306 chinook being recaptures, an estimate of the total chinoo
popul ation above the. S45 diversion cannot be made with nuch precision
(N=117,504 + 162,108; p 50.05).  Snorkel counts indicate that the point
estimte is-much too high (Table 1). This estimate is probably inaccurate
due to the following violations of nodel assunptions: (1) nonrandom
distribution of marked fish, and (2) the parr from above Pole Creek do not
appear to have mgrated down to the S45 diversion in substantial nunbers,
and (3) the nunber of recaptures was too small

Five of the 10 steelhead recaptures in the $45 box trap were tagged
at the Pole Creek box trap and the other 5 were fromreaches 1 and 2 of
Pole Creek. Because the five recaptures fromthe Pole Creek box trap can
be assunmed to be actively outmgrating, they should not be included in the
popul ation estimates made fromthese recaptures. The recaptured steel head
fromthe Pole Creek box trap took an average of 8.2 days to get to $45,
with a range of 4 to 12 days

The five steelhead recaptures fromreaches 1 and 2 of Pole Creek took
an averaﬂe of 7.8 days to get to S45, with a range of 2 to 16 days. The
random chance was only 0.01%that all five recaptures would have cone from
Pole Creek, an area which contained only 25% of the tagged fish upstream
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of 45,  This suggests that most of the parr captured during the short
sanpling period at S45 were from Pole Creek and the Salmon River bel ow
Pol e Oreek. Because of this apparent nonrandom capture in the S45 box
trap, We rejected the validity of a population estimate based on these
recapt ures.

PIT Tagging

PIT tags were selected for this project(Prinarin because fewer tags
are required than with traditional nethods and the low tagging nortalities
found in the NVFS studies. An advantage to using PIT tag technology is
the capability to create data files containin Iarﬁe anpunt s of

information inthe field with relative ease.  To date, these data files
have been used by IDFG to provide release files for Colunmbia River

managenent agencies and to produce length and weight data files from
specific locations for university graduate research.

Tests by NVFS have shown that tagged snolts can be automatically
recognized at a rate of 97 to 100% by detection-recording devices |ocated
within the snolt collection facilities at Lower Ganite, Little Goose, and
MNary dams. Wth information collected fromindividual fish, and with
detection of virtually all the tagged snolts passing through the bypass
system at these dans, Prentice et al. (1986) estimated that only 5 to 10%
of the traditional number of fish are needed to collect statistical
valid data. This is extremely useful in research on wild and natura
anadromous fish popul ations, where the large nunmbers of fish are not
easi |y obtai ned.

The first field season’s overall tagginP nortality rate of 3.1%for
this project denonstrates that PIT tagging wild and natural chinook sal mon
and steel head trout parr can be acconplished in rearing streans with
relatively low nortality rates. Use of an electrofisher designed to
operate in |ow conductivity waters effectively collected chinook sal non
and steel head trout parr, w'th a collection nortality of 2.0%

The plastic trash cans used to hold fish were found to be sonewhat

difficult to use because of their tendency to tip over, and two fish were
killed when crushed by boul ders used to stabilize the containers.

Stream tenperature was found to have a significant affect upon both
col I ection and tagging nmortalities. Tagging operations conducted when the
stream tenperature was over 15°C resulted in an overall tagging nortality
of 6.7%

The nortalities associated with using PIT tags to tag wild and
natural parr appear to occur during capture and actual tagging of the
fish. ~Qur singl'e 24-h delayed nortality test on 33 chinook salnmon and 29
steel head parr resulted in no nortalities. Thi s supports extensive
testing on hatchery chinook and steelhead parr by NVFS, which found
del ayed nortalities to be negligible (Prentice et al. 1986).
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The types of information that PIT tags are being used to collect in
this study include: Parr-to-smolt survival, snolt-to-adult survival,
mgration survival, mgration timng, and |ocating overwintering areas.
Because data is gathered fromindividual fish, the information |isted
above will be correlated with such variables as length, weight, condition,
stock, rearing stream migration characteristics, and nethod of hatchery
suppl enent at i on.

Presently, the PIT tag Iength and wei ght data enables us to make sone
observations about the growth of chinook and steel head parr in the streans
sanpled (Table 4). For chinook, the growth rate in Pole Creek appears to
be greatest of the streans sanpled and the growth rate in Alturas Lake
Creek may be |east of the streams sanpled. For steelhead, it appears that
the growth rates in Pole and Smley creeks are greater than in the Sal non
River and Alturas Lake Creek; however, the sanple size in Aturas Lake
Creek was small.

Because they contain no batteries, PIT tags have a virtually
unlimted life span that allows for the collection of adult return data.
Currently, the only PIT tag adult detection systemis located in the
fishway at Lower Ganite Dam  Hopefully, by 1990 adult detection systens
will be installed at Bonneville and McNary danms.  Wthout at |east these
two additional adult detection systens, inportant adult mgration timng
and survival data cannot be collected.

RECOMMVENDATI ONS

Habi t at Eval uati on and Fish Densities

W will continue to use Petrosky and Holubetz's (1985) nodifications
of Platts et al. (1983) stream habitat evaluation methodol ogies and to use
the snorkel nethodol ogies of Petrosky and Hol ubetz (1985) to estinmate
total abundance of steelhead and chinook parr during July and August.
Parr densities will be monitored annually at each study section, and
physical habitat monitoring will be conducted on an alternating basis with
each study section being sanpled every other year. This decision is based
upon the fact that long-term changes in sumer parr densities wll exhibit
nuch greater variability as conpared to physical habitat.

The I daho conmon data bases for parr density and physical habitat

data will be used to organize and analyze the project’s data beginning in
winter 1988-1989.

Tagging and Tag Monitoring

Wth the experience gathered during the 1987 field season, some m nor
changes will be made in the 1988 fish collecting methods. These changes
are intended to lower the nortality rates and make the operation nore
efficient. The seines have been dyed brownish green in an attenpt to

87 ANNUAL I'V-19



Table 4. Length and weight data for PIT-tagged parr fromthe upper
Salmon River study area, 1987.

Chi nook Sal non

Lengt h Vel ght
# of . # of .
fish mean mn. MBX. fish  mean mn. MBX.
Al
fish 1,768 75 52 142% 1,389 5.3 1.8 33.1°
Pol e
Creek 218 82 61 99 211 6.9 2.9 11.1
Al turas
Lake Cr. 127 72 60 123 127 4.9 2.6 23.8
Sm | ey
Creek 60 75 67 116 60 5.4 3.6 12.8
Sal mon

River 1,363 4 52 142 991 5.0 1.8 3.1

Steel head Trout

Lengt h Vi ght
#0 . # of ,
fish nmean mn. max. fish nmean mn. BX.
Al
fish 1,461 130 55°  238° 1,398 29.4 4.8° 166.6°
Pol e
Cr eek 391 136 82 238 238 33.9 7.6 166.6
Al turas
Lake Cr. 6 125 95 138 6 24.8 11.6 31.3
Sm | ey
Cr eek 131 142 95 198 129 36.8 7.8 90. 3
Sal non

Ri ver 933 126 55 222 901 26.5 4.8 120.0
“PIhT talgs were inplanted inadvertently into a few yearling
chi nook.
PIT tags were inplanted into primarily age 2+ steel head.
y include a few resident rainbow trout.
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reduce fish avoidance. The seines will be used whenever possible because
they induce a |ower nortality rate than electrofishing. Live boxes will
be built to elimnate the problens encountered in using the plastic trash
cans to hold the fish. PIT tagging operations will cease when the stream
tenperature exceeds 15°C to avord the higher nortality rates encountered
when tagging at high water tenperatures.

One use of the length and weight data collected in our PIT tagging
operation will be to determine the effect of fish length, weight, and
condition on smolting success by regression analysis. Wth this
informtion, we will be able to nore accurately estimte smolt production
in the general nonitoring streans by conbining length and weight data with
parr densities.

A future advantage to using PIT tags in the intensive monitoring is
the potential to PIT tag parr In the general nmonitoring sites and then
pair the PIT tag data fromthe intensive and general nonitoring sites. By
using PIT tags and pairing the data, we will be able to determne nore
accurately Parr-to-snolt survival rates and collect mgration information
from other |daho streans.

Downst ream M grant Trappi ng

The scoop trap for the Sawtooth Hatchery weir will be installed and
operated beginning Mirch 14, 1988 to collect smolt migration data fromthe
upper Sal mon River study area. This trap will be fished continuously
until high runoff occurs in nidto late My, reinstalled in June, and
fished intermttently until catches increase in August and then fished
continuously until mgration ceases in late Cctober-early Novenber.

The scoop trap for Crooked River will be purchased and installed by
August 15, 1988. For this trap, the USFS has agreed to build a rock weir
to concentrate the streamflow.  This rock weir will be located at the
site where the adult trapping facility is to be built. This trap will be
operated beginning August 15, 1988 and fished continuously until the fall
mgration ceases in late Cctober-early Novenber.

Hat chery Suppl enent ation

In 1988, we will plant 24,000 chinook fingerlings into both Smley
Creek and |ower Pole Creek and 21,500 fall parr into both the Sal mon River
above H ghvva?/ 75 and lower Alturas Lake Creek. If the fish are available
we will outplant 15 pair of adult chinook salmon into both Frenchman Creek
and upper Pole Ceek. In Cctober 1988, eyed eggs will be buried in Beaver
Creek and upper Alturas Lake Creek to match the number that would have
beenh produced had the adults outplanted been kept in the Sawtooth
Hat chery.
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Adult Escaperment and Redd Counts

In the upper Salnon River study area, we will conduct a one-day peak
redd count over the entire spawning habitat dur[n? the sanme period that
the fisheries mnagenent biologists nake their aerial count.

Until the weir is conpleted on Crooked River, we will use redd counts
to estimate the number of eggs deposited.  For chinook, we will make a
one- day ﬁeak redd count over the entire spawning habitat during the sane
period that the fisheries management biol ogists make their partial index
count. By determ ning what Froportion of the entire count is found in the
partial count, we will be able to estimate the nunber of eggs deposited in
past years. For steelhead in the Crooked River, we will nmake one-day peak
counts iqltqfse years that water conditions permt until the weir and trap
are installed.
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PIT Tag Technical Information

The passive integrated transponder (PIT) tag was devel oped by
| dentification Devices Inc., of Denver, CO, and tested for applicability
in fisheries research by the National Mrine Fisheries Service (NVFS)
Physically, the PIT tag is a silicon conputer chip and a copper antenna
encapsul ated in a glass cylinder 10-mmlong and 2.1-mmin diameter. The
tag 1s smoth, |eak-proof, and totally biologically inert.

The energy to operate the PIT tag is supplied by a radio-frequency
pul se that is produced by the detection system Wen a tagged fish passes
through this radio-frequency pulse, the mcroprocessor chip in the tag is
energi zed by el ectromagnetic energy. The energized m croprocessor chip
then transmts its unique 10 digit al phanumeric code which is received and
decoded by the detection system  Wth this 10 digit al phanunmeric code
system there are about 32 billion possible code conmbinations.  Because
the PIT tag is passive until energized by a detector, it has for al
practical purposes an unlimted |ife span and can be recycl ed.

~ NMFS studies have found the glass encapsul ated version of the PIT tag
highly reliable in tagging fish as small as 3 g (65 nn? with a tag
retention rate of higher than 99% (Prentice et al. 1986). To inplant the
PIT tag, a 12-gauge needle and nodified hypodern]c syringe are used to
inject the tag Into the peritoneal cavity of the fish. = Onjuvenile fish

the tag is inserted just off the md-ventral |ine about one-quarter of the
di stance between the end of the pectoral fin and the pelvic girdle.

Imediately after the needle enters the body cavity, the needle angle is
changed so that the needle is in contact with the inner surface of the
body wall and the tag is inplanted. After tagging, tag(gresence can be
confirmed using a handhel d detection-decoding device. the few fish
that die due to perforated organs during tag inplantation, alnost all wll
show behavi oral changes and/or darkening of color alnost immediately after
tag?ing. NVFS has found that once a functional tag has been successfully
inplanted in a fish, the tag failure rate has been 0%

Currently, there are three different basic detector systens being
used with PIT tags. The first is a small 6-inch square detector used to
send a tagged fish's identification code directly to a conputer data
collection system during |arge-scaled tagging operation, such as those at
a hatchery. ~ The second is a handhel d detector that is primarily used in
the field. The handhel d detector sounds a tone when a reading is
conpl eted and displi¥s the code on a liquid crystal display until it is
reset.  The handhel d detector can store over 1,300 tag codes, or it can
feed the codes directly into a conputer. The third detector system which
is installable at fish |adders, weirs, smolt bypass systems, or other
sites is a series of 18-inch maxi num dianeter pipes with detector |oops
built in. This systemis automatic and interfaces with a conputer on site
that is connected to a power interruption protection unit.  Currently,
this type of detector systemis installed in the smlt bypass systens at
Lower Granite, Little CGoose, and MNary dans. Plans have been nade to
have detection systems operating in the adult fish |adders on several of
the Colunbia Basin dans in the next several years.
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Tests by NMFS have shown that tagged snolts can be automatically
recognized at a rate of 97-100% by detection-recording devices |ocated
within the snolt collection facilities at hydroelectric dans. Wth
information being collected for each individual fish and with detection of
virtually all the tagged snolts passing through the bypass system NWS
has estimated that only 5-10% of the traditional nunmber of tagged or
marked fish are needed to collect statistically valid information

(Prentice et al. 1986).
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| NTRCDUCTI ON

The Columbia River Basin Fish and Wldlife Program Section 703(c),
calls for enhancement of salnon habitat by nmodifying natural inpedinents to
mgration in the South Fork Salmon River and tributaries. In 1983, |daho
Departnent of Fish and Gane (IDFG identified the natural barriers in
Johnson Creek downstream from Landmark as being one of the nost effective

habi tat enhancenent measures in |daho. The U.S. Forest Service was
contacted and they indicated that they were not interested in inplenmenting
the proposed project. The Forest Service was supportive of Idaho

Departnent of Fish and Game inplenenting this project,

~The IDFG submtted a project proposal to BPAin 1984 to renove the
barriers to salmon magration in Johnson Creek.

Johnson Creek supports runs of sumrer steel head and sunmer chinook.
Adul't steel head apparently could pass these barriers during nost flows, but
the ueFer basin produced few juvenile steelhead.  Adult chinook were
bl ocked from the upper drainage during low flows of late summer. [|n nost
years, chinook spawning and rearing were restricted to the lower end of
Johnson Creek.  Known passage by adult chinook to the upper meadow prior
to the prcgect consists of seine sanples of juvenile chinook near Rock
Creek in 1976, observations of a single chinook redd near Rock Creek in
1983, and five chinook redds in the upper meadow in 1960 (Petrosky and
Hol ubetz 1985). A sheepherder also reported that salnon were very nunerous
in Sand Creek in the early 1930s.

Resi dent sal moni ds of Johnson Creek include rainbow trout, bull trout,
brook trout, and mountain whitefish (Mallet 1974) and cutthroat trout.
Brook trout dom nated the fish comunity in the upper meadow.

The upper basin of Johnson Creek has received |ess devel opment than
many other South Fork Sal mon River watersheds. Roads follow the entire
main stem of Johnson Creek and some of the upper tributaries (e.g., Sand
Creek, Whiskey Creek, and |lower Rock Creek). Li vest ock grazing has
gegraded riparian habitat and sedinentation is high in parts of the upper

asin.

CE}ectives of the BPA-funded project in Johnson Creek were to:

(1) modify the natural barriers to allow passage by adult chinook into the
upper basin, (2) establish sunmer chinook in habitat made available by the
barrier removal project, (3) inprove Passa e conditions for wild steel head,

and (4) increase natural production of anadromous fish consistent with |DFG
(1985) Anadronous Fish Managenent Plan for Subbasin SA-3.

METHODS

In the fall of 1983, Terry Holubetz, Staff Fishery Biologist, and Phi
Jeppson, Engineer, walked the Johnson Creek canyon from Burnt Log Creek to
Park Creek. ~ Four natural rock barriers were located in this section of the
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stream (Figure 1). Field drawings of the barriers were constructed, and
vertical drop and width neasurements were taken. The field data were used
to develop cost estimtes and a conceptual approach to providing passage

A technigue of selectively renoving |arge boul ders and(rortions of
boul ders was determned to be the best approach.  Selective drilling and
blasting of individual rocks to create |ower overpours, junping pools,
and escaPe avenues above the falls were the nmeans selected to alleviate
the problenms caused by the rock falls. Two Pionjar Mdel 120 drills were
used on this project. Integral bit-type drill steel in 2-,4-, and 6-foot
| engths was enployed.  Although none of the rocks to be removed required
holes to be drilled in excess of 4 feet, the location of sone of the holes
required the use of 6-foot steel to obtain a 4-foot hole.  The blasting

agent was 40% strength dynamte in [-inch-dianeter sticks, Electric
detonators were used in delay, with the maxi rum del ay being 5
m | liseconds. In the fall of 1984, a consulting engineer, Department

biologist, and a contract crew of driller/blasters were enployed to renove
rock fromBarriers 1, 2, 3, and 4 (Figure 1). Additional nodifications
were conpleted on these barriers in the sumer of 1985 using the sane
techniques. In the spring 1986, a low |evel helicopter survey of Johnson
Creek steel head spawning activity reveal ed an additional barrier (5) near
the mouth of Pid Creek. In the tall of 1986, the drilling and bl asting of
| arge boul ders and bedrock at the barrier and the novenent of sone |arge
écar-5|zed) boul ders fromthe enbankments to the lower end of the poo

ownstream from Barrier 5 were acconplished. This technique was used to
successfully reduce the vertical drop at this barrier and to inprove the
junmping pool downstream from the drop.

RESULTS

Al mgration barriers in Johnson Creek were nodified to provide
passage for chinook salnon and steel head during the period 1984-1986.
These barriers were total mgration blocks to chinook salnon and partia
bl ocks to steel head when the project was initiated.

Barriers 1, 2, 3, and 4 were nodified in 1984 and 1985 as illustrated
in Figures 2 through 5. Barrier 5 was modified in 1986 as illustrated in
Figure 6

A total of 68 stream kilometers and 436,000 nf of rearing habitat was
made accessible to summer chinook above the barriers (Table 1). In
addition, 3 kmof Johnson Creek inmediately bel ow the barriers will be
seeded by upstream spawning realized by the project.

In 1986, snorkel surveys were conducted in Johnson Creek, and an adult
chinook sal nmon was observed upstream from Barrier 4 and downstream from
Barrier 5. This was the only adult chinook observed above the barriers
during the years 1984 through 1987.

The barriers were not as nuch of an inpediment to steelhead mgration
and steel head redds were observed in the vicinity of the mouth of Sand
Creek in 1986 and 1987.
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Figure 2. Barrier 1, Johnson Creek. Shaded area indicates rock renoved
by project.



Figure 5. Barrier 2, Johnson Creek, Shaded area indicates rock removed
by project.



Figure 4. Barrier 3, Johnson Creek  Shaded area indicates rock renoved
by project.



Figure 5. Barrier 4, Johnson Creek. Shaded area indicates rock removed
by project.
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HABI TAT DESCRI PTI ON

Table 1. Projected effects of passage inprovenent project on Johnson Oreek.

CONTRACT NUMBER:  DE- Al 79- 84BP13381

PROJECT NUMBER  83-7

PROJECT NAME: SUBPRAJECT |l HABI TAT PASSAGE
SUBBASIN NAVE: SALMON RI'VER

LOCATI O\ STATE: | DAHO

TYPE CF PROJECT: [ NSTREAM___ PASSAGE_X PONDS__
PUBLI SHED I\

CONTRACTCR: 1 DAHO DEPARTMENT OF FISH ANO GAVE  TYPE:

PROJ. LEADER  TERRY HOLUBETZ
EPA STREAM SEG /M LE CODE: 1706020804700/ M LE 16.5
STREAM CROER

BEGI NN NG DATE: 1984

CONPLETI O DATE: 1986

PRESENT STATUS; COVPLETE

PROJECT LI FE (YEARS): 50+

RELATED PROJECT NUMBERS
STREAM S):  JCHNSON CREEK
TARGET SPECIES: SUMVER CH NOOK
CONTY: VALLEY

FEDERAL __ STATE_X_TR BE__ PRIVATE _

POTENTI AL SUWER CH NOOK
FI'SH PRODUCED PER
UNT O HABI TAT

PRE-PROJECT PCST-PRQJ. PREDICTED  ACTUAL

CONDITIONS CONDITIONS  CHANGE CHANGE  PREDICTED  ACTUAL

QM)

436, 000 436,000 436,000  0.54

REARI NG AREA (SQ M) 0

436, 000 436, 000 436: 000 0.54

TOTAL USABLE AREA (SQ M) 8

2.1 42.1 42.1

STREAM LENGTH (M LES)
POOL/ RI FFLE RATIO

PONDS (NO & TOTAL ACREAGE

SIDE CHANNELS (SQ. M)

RIPARI AN

AREA ( ACRES)

STREAM LENGTH (M LES)

PO | O O OO O O

2 0.37

DOMSTREANIPACT M LES) 0
VATER TEWP. (DEG )

SEDI MENT

FI SH PRODUCTI ON ( NUMBERS)
SPECI ES 0005

*SEE ATTACHED STOCK ASSESSMENT CF COLUMBIA RIVER ANADROVOUS SALMONI DS

248, 000 248,000

JUWENILE ~ SUMER CH NOK 0
MOLT:

ADULT:




Stocking of chinook salmon fry fromthe South Fork Sal non River stock
at McCall Hatchery into upper Johnson Creek has established sal non
popul ations above the barriers (Table 2) and has afforded an opportunity to
assess the rearing potential of the area

Studies by Wlsh (1988) in 1985-1987 provided an estimate of rearing
potential for upper Johnson Creek of 375,000 chinook parr. | daho
Departnent of Fish and Ganme has estimated the rearing potential of upper
Johnson Creek (above the barriers) to be 236,000 chinook parr.  The 3 km
i mredi ately below the barriers would rear an additional 12,000 parr due to
seedln? from spawni ng areas opened by the project. This potential will not
be realized unless significant inprovenents In downstream nigrant surviva
are also provided by the Fish and Wldlife Programand harvest managenent
in the Pacific Ccean and Colunbia River is conducted in a manner that
al | ows adequate spawning escapenents to return to upper Johnson Creek

Total cost of this project was $19, 162.
DI SCUSSI ON

The capability to naturally produce approximately one-quarter mllion
smolts annually at a cost of approximately $19,000 1s believed to be an
extremely cost-effective enhancement neasure,

If grazing, tinbering, and other |and management activities are
conducted in a manner that reduces sediment input to upper Johnson Creek,
the future rearing potential could be considerably increased over the
?resent | evel . is type of inmprovenent could increase the mtigation

evel of this project over tine.

Sorme mai ntenance and nonitoring of passage conditions will be required
in the future. Large boul ders could nmove and create new ni?ration barriers
inthe vicinity of Barriers 2 through 4 in future years. daho Depart nent
of Fish and Ganme will nonitor the condition of the inprovenents annually.

The summer chinook sal mon population will be nanaged for natural
production in Johnson Creek, with some hatchery suppl enentation occurring
when needed.  Upper Johnson Creek will be stocked with fry fromthe MCall
Hatchery until natural spawning of adults seed the area adequately.

The summer steel head population will be nanaPed for wild production
and no hatchery suppl ementation of steelhead will occur in upper Johnson
Creek.  Because steelhead were able to ascend the barriers into upper
Johnson Creek prior to the inplementation of the BPA project, no mtigation
credit can be assigned to this project for steelhead.

V-10
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Table 2 Numbers of summer chinook fry stocked into Johnson Creek drainage
above the barrier removal project, 1984-1988.

Nunber Nunber of parr Per cent
Year of fry (August) survival
1984 0 0
1985 50, 744
1986 178, 606 23,711 13.4
1987 118, 424 17,700 15.0
1988 366, 800
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Appendi x B-12. Proposed definition of mtigation benefits for inplemented
project, Johnson Creek.

Project type: Passage barrier

Year inplenmented: 1984-1986

Sponsor:  ldaho Department of Fish and Game

Speci es benefited

Enhancenent Summer chi nook
Production type nat ur al
Hect ares added 50.0

Production constraints: Hgh sedinment levels in portions of drainage.

Definition of benefits: Natural rock barriers that conpletely blocked
adult chinook passage were nodified. Benefits wll be estimated from
total abundance of chinook parr reared above the barriers. Parr-to-snolt
survival rates will be applied based on the intensive studies.

A total of 186,000 and 118,424 summer chinook fry were stocked into
the upper Johnson Creek drainage in 1986 and 1987. ~Total abundance of
parr fromthese plants were estimated at 23,700 and 17,700 for the two

years, respectively. Fry stocking did not fully seed the drainage either
year.
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falls by renmoving portions of the solid granite sill to provide a “stair
stepping’ of two drops of about 1.2 to 1.5 m wth adequate junping pools
bel ow each drop.

In Septenmber 1985, supplies were packed by horses into the Boul der
Creek Canyon and a canmp was set up approxi mately 500 m downstream from the
barrier at one of the few flat places in the area. The drills, powder, and
related equi pment were dropped at the site by helicopter sling. Under the
supervision of an |IDFG engineer and a |DFG fisheries biologist, a contract
blasting crew was directed to drill and blast portions of the solid granite
| edge that formed the salmon migration barrier. Repeated drilling and
shooting removed rock in snaller pieces fromthe |edge and prevented any
excessive build up of large rock in the junping pool below the waterfall

A smal | basin was blasted in the downstream face of the | edge on the
south bank of Boulder Creek. This basin has a depth of 0.4 mto 1.0 m
depending on flow, and is designed to provide a place for upstream mgrants
to land and nake a secondary junp of approxinmately 0.3 to 1.0 mto conplete
their ascent of the waterfall

The top of the northern half of the ledge was drilled and bl asted.
The removal of this rock was intended to |ower the headwater pool elevation
and thereby decrease the height of the waterfall.

To evaluate project effectiveness, |DFG biologists have observed
salnon activity both above and below the waterfall

Fry were taken from Rapid River Hatchery and stocked into upper
Boulder Creek to establish the salnon population and to determne the
rearing capacity of the habitat.

RESULTS

The drilling and bIastinP created a step in the face of the falls and
| owered the height of the falls by approximately 0.2 m  Both effects of
the project inplenentation should assist upstream mgrating sal non. No
bl ockage of upstream mgration of adult salnon has been observed since the
nodi fications were conpl et ed.

Modifications of the waterfall are illustrated in Figure 2. These
nmodi fications should allow salmn to pass this area in all flow
conditions.  Boul der Creek upstream of the barrier contains approximately
10.2 hectares of salmon habitat (Table 1).

This habitat is estimated to have a capacity to annually rear
approxi mately 60,800 parr (Table 1). Wen the passage and harvest problens
are resolved in the Snake “and Colunbia rivers, this project wll yield
approxi mately 60,800 parr annually, or approximately 40,700 snolts.

The nunbers of fry and eyed eggs stocked and the estimted nunber of
parr produced are provided in Table 2.

The total cost of this project was $6,900.
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Figure 2. Passage barrier, Boulder Creek. Shaded area indicates rock removed
by project.
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Table 1. Projected effects of passage improvement project on Boulder Creek.

CONTRACT NUMBER: DE-AI79-84BP13381

PROJECT NUMBER:  83-7 RELATED PROJECT NUMBERS:
PROJECT NAME: SUBPROJECT II. HABITAT PASSAGE STREAM(S): BOULDER CREEK
SUBBASIN NAME: SALMON RIVER TARGET SPECIES: SPRING CHINOOK
LOCATION: STATE: IDAHO COUNTY: ADAMS

TYPE OF PROJECT: INSTREAM _ PASSAGE X PONDS

PUBLISHED IN:

CONTRACTOR: IDAHO DEPARTMENT OF FISH AND GAME  TYPE: FEDERAL __ STATE X TRIBE __ PRIVATE
PROJ. LEADER: TERRY HOLUBETZ

EPA STREAM SEG./MILE CODE: 1706021000900/MILE 3.0

STREAM ORDER:

BEGINNING DATE: 1984

COMPLETION DATE: 1986

PRESENT STATUS: COMPLETE

PROJECT LIFE (YEARS): 50+

POTENTIAL
FISH PRODUCED PER
UNIT OF HABITAT

HABITAT DESCRIPTION CONDITIONS CONDITIONS  CHANGE CHANGE ~ PREDICTED  ACTUAL
SPAWNING AREA (SQ. M.) 0
REARING AREA (SQ. M.) 0 108,000 108,000 108,000 0.56
TOTAL USABLE AREA (5Q. M.) 0 108,000 108,000 108,000 0.56
STREAM LENGTH (MILES) 0 12 12 12
POOL/RIFFLE RATIO 0 0
PONDS (NO. & TOTAL ACREAGE) 0 0
SIDE CHANNELS (SQ. M.) 0 0
RIPARIAN 0 0
AREA (ACRES) 0 0
STREAM LENGTH (MILES) 0 0
DOWNSTREAM IMPACT (MILES) 0 0
WATER TEMP. (DEG. C.) 0 0
SEDIMENT 0 0
FISH PRODUCTION (NUMBERS)
SPECIES CODE*  *SEE ATTACHED STOCK ASSESSMENT OF COLUMBIA RIVER ANADROMOUS SALMONIDS
JUVENILE:  SPRING CHINOOK 0 60,800 60,800

SMOLT:
ADULT:




Table 2. Nunbers of spring chinook fry and eyed eggs stocked into Boul der
Creek above the barrier renoval project, 1984-1988.

Stage Nunber Number of parr Per cent
Year st ocked st ocked (August ) survival
1984 0 0 -
1985 0 0 :
1986 fry 99, 900 28,112 28.1
1987 0 0
1988 eyed eggs® 0 1, 560 1.1

“Stocked Qctober 1987, according to conventional shovel method
(Vhite 1980).
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- Steelhead were not blocked by the waterfall and therefore no
addi tional steelhead production potential will be realized through the
inpl enentation of this project.

Wien the full sal non production potential of Boulder Creek is
realized, 60,800 parr should be credited to the BPA mtigation record.
Until passage/flow inprovements have been made, it will require hatchery
suppl ementation to realize the full mtigation potential of this project.

Boul der Creek is managed by IDFG for natural production with
outplanting of appropriate fish stocks to assist the population when there
i's inadequate natural spawning.

An annual yield potential of approximtely 60,000 spring chinook
salmon parr for a one-time cost of approximtely $6,900 is an extrenely

cost-effective enhancement measure. No maintenance is anticipated for this
proj ect.
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