A BIOLOG CAL AND PHYSI CAL | NVENTORY
OF THE STREAMB W THI N THE NEZ PERCE RESERVATI ON

Juvenile Steelhead Survey and Factors that Affect
Abundance in Selected Streans in the Lower O earwater
River Basin, |daho

Final Report
by

Paul A Kucera
Principal Investigator
and
David B. Johnson
Fi sheries Biologist

Nez Perce Tribe
Fi sheries Resource Mnagenent
Post OFfice Box 36
Lapwai, |daho 83540

Funded By

U S. Departnent of Energy
Bonneville Power Admnistration
Division of Fish and Wldlife

Agr eement Nunmber DE- Al 79- 83BP10068
Project Nunber 82-1

August 1986



EXECUTI VE SUMVARY

A biological and physical inventory of selected tributaries in
the | ower Clearwater River basin was conducted by the Nez Perce
Tri be Departnment of Fisheries Management during 1983 and 1984.
The purpose of the juvenile steelhead study was to collect
information for the devel opment of alternatives and
reconmendations for the enhancenent of the anadronmous fish
resources in streanms on the Nez Perce Reservation. Fjve
streans within the Reservation were selected for study:

Bedrock and Cottonwood Creeks were investigated over a two year
period (1983-1984) and R g Canyon, Jacks and M ssion Creeks
were studied for one year (1983). Biological infornmation was
collected and analyzed on the densitv, bromass, production and
outmgration of juvenile sumver steelhead trout. Physica
habitat information was collected on avail abl e instréam cover,
stream di scharge, stream velocity, water tenperature, bottom
substrate, enbeddedness and streamw dth and dept h.

The present report focuses on the relationships between

physi cal stream habitat and juvenile steel head trout

abundance. It is one of several that address Nez Perce
Reservation streams. Qher reports that are available include
Kucera et al. (1983), Fuller et al. (1984), Johnson (1985 and
Ful ler et al. (1986).

Physi cal Habitat Rel ationships to Juvenile Steel head

Streans in the |lower Cearwater R ver basin originate in the
dry grassland environnents of the camas prairie. Annua
precipitation of 30-60 cmyr falls nore heavily during the

wi nter and spring nonths of Decenber through June. The
majority of the watershed lies 280-1,850 m above sea |evel and
| oses its snowpack in spring runoff during March and April.
Land use practices on the Nez Perce Reservation inpact stream
conditions and salnmonid habitat. Streanms originating in
agricultural environnents, on the camas prairie, are subject to
high rates of soil erosion. Mst streams flow through canvon
areas where they are influenced by | ogging and gra2|n?
management practices. Lower stream reaches may be affected by
roding and agricultural practices as well.

Streamflows in these loward valley streams are highy
variabl e throughout the year. Annual flow varied from 376 fold
in Cottonwood Creek up to 1,417 fold in Redrock Creek. Low
summer stream flows ranged between .00, to . 092 nm'/s. Peak
spring runoff ranged as high as 7.52 m/s. Stream di scharge
was positively related (P(O.05) to yerIinq.steeIhead t r out
habitat and at summer base flows severely limted the



avai l abl e yearling habitat. Measured vearling habitatl onlv
exceeded 10 percent of the total available sunmer stream area
in one out of nine studv reaches. Generally, the available
gearllng st eel head cover was |acking under |ow flow conditions
ecause-the maiority of habitat present ﬁ80-905) was riffle
habitat. Steelhead production was entirely elimnated in
dewat ered stretches of Rig Canyon Creek and Cottonwood Creek
due to subsurface flows occurring during summer nonths.

H gh annual spring flows deternmine stream channel norphol ogy
and riparian zones. Peak spring runoff reduces channe
stability by creating flood plains and braided streans and by
preventing successful establishment of riparian vegetation
Stream channels may be completely altered fromyear to year
within the scoured flood plain areas. \Were broader flood
plains exist, riparian vegetation which would help shade the
stream and stabilize stream banks is absent. \ere

wel | - devel oped riparian vegetation and overhead canopy exi st
there is usually better channel stabilitv and stream shadi ng,
both of which inprove the quality of juvenile steel head trout
habitat in | ower Cearwater basin streans.

Hi gh rates of sedinentation and streanbed | oads are other
consequences of_sprln? runoff and poor |and managenent
practices. Sedi nent Toads produced a cobbl e enbeddednese
rangi ng between 25.0 to 44.4 percent for the five studv

streans. M ssion Creek, which had the highest cobble
enbeddedness also had the |owest yearling steelhead densities
observed during the study. Available spawning substrate ranged
between 17.3 to 35.3 percent of the total streamarea at the
five study streans and did not appear to be a major limting
factor to steel head spawning.

Juvenile Steelhead Relationships to Physical Habitat

Yearling rainbow steel head trout densitv and biomass varied
considerably durigg the vear. Densities ranged from

.02 ,to . 66 fish/m” and biomass varied from.61 to 14.57

g/m° during the study period. Wnter density and biomass

of yearling steel head, were |ow but nore stable, ranging from
.@B to . 155 fish/m- and .69 to 1.39 g/ respectively.

! Two groups of fish were recognized in this report: yearlings
(age I'+ and ol der) and subyearlings (age O+). The yearling
group was so defined because few ((10% of the

rai nbow st eel head trout in that grouE were age |1+ fish.
Measured yearling habitat included the follow ng cover
conponent-s: depth greater than 30 cm undercut banks, surface
trubul ence, submerged rock and debris and overhangi ng

veget ation.



Wnter densities of yearling steel head were very similar
between years within each study area and suggested that a

Wi nter carrying capacity may be approached. Estimated yearling
densities were greatest and fluctuated wﬁ?ely in pool areas.
Densities ranged from 146 to 1.49 fish/ and bionass vari ed
from2.17 to 30.50 g/ m"

In contrast, subyearling densities varied as much as four-fold
between years and depended, in part, upon the l|evel of adult
escapenent . Subvearling steelhead.,densitv and bi onass
fluctuated from .21 to 2.34 fish/nf and . 45 to 6.86 a/m°
respectively. Densitigs of subyearling fish in Novermber ranged
frog .21 to . 61 frshfn?_and_blonass varied from.75 to 4.16
g/'m° prior to the overw ntering period.

Total juvenile steel head production in Reservation streans
varied-fromlow to mddl e ranges when conpared to rai nbow trout
production in fluvial systens in the United States (Neves et
al. 1985). Yearling steel head production ranged from .04 to
2.03 g/ in Reservation streanms. Monthly production
estimates were calculated from May to January for yearling
fish. Therefore, sone production fromthis cohort. was nissed
in the early spring and producti on was not presented as
g/mfyr.  Annual Dr%?uction for subyearling steel head varied
from4.28 to 6.0 gf/nf/yr. Total steelhead production
yea5l|ng and subyearling combi ned, ranged from1.84 to 6.78
g/m°",

Fi sh densities were ne?atively correlated with both stream
di scharge and water velocity (P<O ). Stream discharge,
however, also influenced the amount of yearling habitat prese nt
t hroughout the year, as the two variables were £ositively
(P(O.05) related. Thus, vyearling steel head dendity and
vearling habitat were not signigicantly associated, and

provided no predictive basis to estimate vearling densities.

Qt her investigators (Burns 1971, Gordon and MacCri mmon 1982)
have reported significant positive relationships between
yearling and overyearling density and |living space vari abl es.

Yearling habitat conprised |ess thab 10 percent of the total

stream area in the respective study areas. It was not
significantly associated with yearling steel head density or
bi omass in nost cases. However, in sone instances vearling

density and neasured vearling habitat were related during one
of two years. This supports the contention that. gopulation
regul ation can be a flexible process (MFadden 1969) and that
factors which operate to regulate densitv nay vary seasonallv
(Chapnman 1966).

In general both nonthly yearling and subyearling densities were
positively associated (P<O .05 wth nonthl y average water
tenperature in these | oW and valley tributaries. Average water
tenperature, in some streams, approached 20 C (maxi mum 26 Q



during the sunmer low flow period, with the |ower-nost stream
reaches being warnest. These data did not indicate that water
tenperatures reduce the density or biomass of vearling or
subyearling steel head though it was above the optinum range of
12 to 18 C for rainbow trout (Raleigh et al. 1984). Fish
growth and production is at or below a maintenance |evel for
yearling fish during the summer period. However, subyearling
fish continue to growin length and wei ght throughout the
sumer and fall nonths.

Lack of consistent significant correlations between yearling
habitat and yearling steel head densities, between study areas
in a stream and between vears, precluded the use of regression
analysis to directly support that lack of habitat reduced
densities. An intensive long term study would be required to
more fully establish and nodel these relationships.

In summary, juvenile steelhead trout popul ations appeared to be
limted by lack of yearling habitat (conprising stream depth of
greater than 30 cm undercut banks, surface turbul ence,
subnerged rock and debris and overhangi ng vegetation),

i nadequate stream flow and by el evated stream tenperatures
These conditions existed during the sunmmer period in all study
streanms. Response of juvenile steelhead densities to winter
habi tat conditions were not evaluated during this study.

Habi tat Restoration and Enhancenent

Ri parian revegetation is recommended to enhance the streans of
the lower Cearwater River basin. R parian revegetation would
stabilize stream banks and the stream channel, reduce sedi ment
input and in the long term nmav increase stream flow

Vel | - devel oped riparian zones-would also provide shade and
reduce high sunmer water tenperatures.

The use of instreamstructures is recommended to provide nore
yearling habitat is selected stream reaches. The placement of
I nstream structures such as boul ders, root wads, woodv debris,
check dans and rip rap could also be placed to help stabilize
channel s and trap sedinment.

Fl ow augnentation is another nethod of enhancenment to inprove

| ow sunmer stream flow conditions and dewatered sections of
stream  Augmentation could be realized through the enhancenent
of spring areas or construction of water sStorage reservoirs in
the upper watershed. these neasures, if feasible, would
increase the amount of yearling habitat and decrease water
tenperatures during low flow periods

An aggressive enhancenent/restoration program of riparian
revegetation, channel stabilization and instreamstructure
pl acenent would substantially increase steelhead sotl vield in

v



these streans. The estimated inprovenent in steel head snolt
yield ranges between two to four fold if these enhancement
measures were undertaken. Flow augrmentation (of summer |ow
flows), if determned to be feasible, could further inprove

i nstream cover and water tenperatures and thus fish production.

Qther Biological Considerations

The n1grator¥ movenents and genetic character of juvenile
sumer steelhead trout were considered in the course of this
study. Downstream outm gration was exanined to determne the
timng and relative magnitude of juvenile steel head novenent.

El ectrophoretic analysis was conducted to describe the genetic
character of steelhead populations in Reservation streans and
to conpare these populations to other stocks in the upper Snake
Ri ver drai nage.

Juvenil e rainbow steel head trout downstream outmgration was
investigated during the two year study period. Seasonal
movenent of fish occurred during the tall and spring of both
years, with limted downstream novement over the sumrer

period. In 1983, a fall pulse in nmovenent of subvearling

rai nbow steel head trout occurred after higher initial densities
of age 0+ fish were present in the stream due to a larger adult
escapenent.  Wen |ower densities of subyearling fish were
present in 1984, a snaller fall pulse in novenent was

observed. A strong pre-snolt © outmigration of the abundant
1983 year class occurred in the spring of 1984, In contrast, a
limted nunber of pre-snolt fish were estimated to have noved
past the trap site in the spring of 1985. This was not clearly
understood. What contribution these pre-snolt fish make to the
returning adult runs and whether they rear in mainstemriver
habitat or return to natal streans is unknown.

Steel head snolt outmgration occurred from March to June.
Snolts had the typical silvery appearance, elongated body and
deci duous scales of steelhead trout smolts. An estimated 1,500
smol ts outnigrated from the Cottonwood Creek systemin the
spring of 1984. However, onlv 255 steelhead snolts were
estimated to have mgrated in-1985.  This was partially the
result of stream conditions which reduced fyke netting
efficiency, but was also believed to reflect a linited

outm grant novement in conparison to 1984. Cottonwood Creek
smolts averaged 150 to 160 nmin total |ength, which was
smaller than the nmean length of wild steelhead smolts (181 mm)
collected in the lower Cearwater River (Scully et al. 1984).

2 Pre-snmolt steel head éage | +) averaged 88 mmin length, were
generally less than 125 mm still retained parr marks and did
not have the deci duous scal es of a steel head trout snolt

v



El ectrophoretic analysis was conducted on fifteen steel head
popul ations from the Nez Perce Reservation and upper Snake

Ri ver drainage. Five mgjor groups were detected through

pai rwi se conparisons and a cluster analysis of genetic
simlarity. Nez Perce Reservation populations broke out in two
different groups. Fig Canyon Creek and Cottonwood Creek

popul ations were not significantly different from each other.
These popul ations bel onged to a group of A-run popul ations

whi ch 1 ncluded Chesnimus Creek ?Gr ande Ronde River), Little
Sheep Creek (Imaha River) and Horse Creek, Sheep Creek
Bargam n Creek and the Secesh River (Salnon River). Johnson
Creek was the only Salnon River tributary that was not included
in this group. Two other Reservation popul ations, Bedrock
Creek and Mssion Creek, forned another group and were
genetically indistinguishable. Bedrock Creek was the onlv

st eel head Population studied that was not siqgnificantlv

di fferent tromDworshak Hatchery R-run steelhead. Two of the
clusters consisted of onlﬁ one popul ation each: Dworshak

Hat chery and Johnson Creek (South Fork Salnon River). The
Mddle Fork Cearwater R ver group contained three popul ations
that were genetically simlar. They were the Fish Creek
(Lochsa River) Gedney Creek and Meadow Creek popul ations
(Selway River).

In sunnarY, t he downstream outm gration of juvenile steel head
principally occurred during the spring and fall Periods. Fal |
pul ses in downstream novenment were generally reflected in short
termincreases in yearling fish densities at |ower stream
sanpling stations. Abundance of vearling steelhead in the
spring of 1984 (May-June) actually increased as the snolt
outmgration was conpleted. The redistribution of non-snolt
age |+ fish into the sanple station |ocations, apparently
accounts for the increase.

CGenetic stock assessnment of four Reservation stream steel head
popul ations indicated that two of the streans may have been
aftected by Dworshak Hatcher-v steelhead. The remaining two
popul ations were nore simlar to steelhead from the G ande
Ronde, Immaha and Sal mon River systens. Conparison of the
genetic stock information to other biological characteristics
of the steel head popul ati ons was beyond the scope of the
present study.
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| NTRODUCTI ON

The Nez Perce Tribe Fisheries Departnent and the Bonneville
Power Adm nistration (BPA) continued a contractual agreement in
1983 to conduct a biological and physical inventory of streans
within the Nez Perce Reservation. This continuation allowed for
a one year survey to document juvenile rainbow steel head trout
(Sal no gairdneri) populations under varying habitat
conditrons and their outmgration patterns. The information was
to be used to identify factors limting production of juvenile
steel head and for future enhancenent/restoration and managenent
deci sions on these |ow and valley streans.

The one year juvenile steel head survey was extended for an
additional year in 1984. This second year of study al | owed for
exam nation of inter-year variation in population l[evels in
relation to neasured habitat variables and for a nore in-depth
study of two of the streans. Steel head outm grant traFPing was
extended through June of 1985 to follow the spring sno
out m grati on.

Prior to the initiation of the BPA funded stream
inventories, limted data was available on the extent of the
anadromous fisheries resource in Reservation streams. The
current report is but one of several that address Nez Perce
Reservation streans. (Oher reports that are available include
Kucera et al. (1983), Fuller et al. (1984) Johnson (1985) and
Fuller et al. (1986). Maughan (1976) reported on the species
composition of fishes in the Cearwater River and tributary
streanms. The presence or absence of adult steelhead has been
docunented, in some of these snall streans, by area resource
managers but the population levels in various habitats was
unknown. Toward this end the study adds to the understandi ng of
aspects of the Juvenile ecol ogy/early life history of steelhead
in these small [ow and valley streans.

The primary objective of the survey was to collect
bi ol ogi cal and hydrol ogical information for the assessment of
stream and habitat conditions to be utilized in the devel opnent
of alternatives and recomendations for enhancenent of the
anadronmous fish resource. This would be acconplished by
determning juvenile steel head population fluctuations under
varying habitat conditions to nore clearly delineate benefits
associated with the various enhancenent activities. Min areas
of thdy whi ch were undertaken to neet the study objective
i ncl ude:

1) Estimate nonthly production, biomass and popul ation
density of juvenile steelhead in selected streans.

2) Measure instream habitat to correlate with juvenile
st eel head popul ati on biomass and densiti es.

3) Monitor downstream outmgration and yield of juvenile
steel head from two study streans.



DESCRI PTI ON OF STUDY AREA

The Nez Perce Reservation, located in north central |daho,
Is approximately 3,237 km in area, and includes a major portion
of the lower Cearwater River drainage. Elevations in the |ower
basin range from 280 mto 1,844 m and include sem-arid canyons,
agricultural prairie and coniferous forest habitats. Mean annual
precipitation recorded at Lew ston, Idaho from 1973 to 1982,
averaged 31.6 cmalthough nore rainfall occurs at higher
el evations. Maxi mum air tenperatures during the summer |ow flow
period range from37.7 C at [ower elevations to about 26.6 Cin the
forested habitats.

The five study streams, Bedrock, Big Canyon, Cottonwood,
Jacks and Mssion Creeks, are |ow and val 8/ streans which drain
agricultural |ands and discharge into the Cearwater R ver (Figure
1) Bedrock Creek is approximately 14.5 kmin length and flows in a
sout heasterly direction to its confluence with the O earwater River
at river kil ometer ﬂrkn’) 32.2. The study areas on Bedrock Creek in
1983 and 1984 were located at stream kilometer (skm) 5.2 for the
upper and 0.8 for the |ower and an additional station in 1984 was at
skm2.4. The pool station at the upper study area was | ocated above
the sanple stations with the pool station at the |ower study area
being |ocated between the sanple stations. A fish weir which
sanpled all downstream mgrants was |located at skm 0.6. Big Canyon
Creek is 48 kmin length and flows in a northerly direction before
discharging into the earwater River at rkm 42.5. The upper study
area was located in a relatively inaccessible canyon (skm 13.6) that
had little riparian vegetation and the |ower study area was in a
U shaped canyon (skm 7.4), again with sparse riparian vegetation.
Big Canyon Creek was sanpled during 1983. Cottonwood Creek flows
for 25.6 km the lower 9.6 km having perennial flow, and discharges
into the Cearwater River at rkm 21.1. The upper study area was
| ocated at skm 8.8 in a broadened valley of dense, riparian
vegetation and was situated about 1 km bel ow where subsurface water
flow re-entered the stream channel, which kept water tenperatures
cooler than the lower study area. Riparian devel opnent was sparse
to noderate at the |ower study area, with a higher woody canopy, and
was situated at skm 6.7. The Cottonwood Creek fish trap was
positioned at skm 4.4. Cottonwood Creek was sanpled in 1983 and
1984, Jacks Creek is about 12.9 kmin length and courses in a
northerly direction through a canyon area, has well devel oped
riparian vegetation, and discharges into the Cearwater River at rkm
36.2. Only one study station, the upper study area, was sanpled in
1983 and it was situated at skm 7. 7. M ssion Creek, a tributar{ to
Lapwai Creek, flows for 34.3 km and discharges into Lapwai Cree
(skm 15) and Lapwai Creek flows into the Cearwater River at rkm
10.2. The upper Mssion Creek study area was located in a can{on
area with sparse riparian vegetation. The upper study area (skm
12.9) was sanpled during 1983 only.
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Figure 1. Location of the five study streams on the Nez Perce

Reservation, Idaho.



METHODS

Sel ection of stream study areas was nade after wal king each
target stream and identifying the accessible representative habitat
types. Study areas were then designated within these habitat types
and 50 meter sanpling stations set up. Study areas were stratified
by habitat type but were not selected randonyy as stream habitat was
not honogeneous. Sanpling stations were then established within the
study areas. Once designated, the sane 50 neter stations were
random y sel ected and sanpled nonthly to provide point estinmates of
fish ﬁionass (standing crops) and densities and physical habitat
vari abl es.

In 1983 five study streans were selected to survey juvenile
rai nbow st eel head trout popul ati ons and associ ated habit at
conditions. The term rainbowsteelhead trout is utilized in this
report because we could not differentiate between resident fish and
anadronous steel head under field conditions. The five study streans
i ncl uded Bedrock Creek, Big Canyon Creek, Cottonwood Creek, Jacks
Creek and Mssion Creek (Figure 1). Two study areas were
establ i shed on Bedrock, Big Canyon and Cottonwood Creek with two 50
meter sanple stations assigned per study area. Jacks Creek and
M ssion Creek had one study area established per streamwth two 50
meter sanple stations per area. Stream sanpling was conducted
nonthly from May thru either Decenber or January; except the upper
Big Canyon study area which becanme inaccessible from Novenber on

After the project was extended for a second year, the 1984
sanpling design was changed to exam ne Bedrock Creek and
Cottonwood. Three study areas were set up on Bedrock Creek (the two
1983 study areas plus one additional area) and the sane two study
areas on Cottonwood Creek. However, three 50 nmeter sanpling
stations were established per study area with the exact same 50
meter stations sanpled in 1983 being repeated in 1984. The only
exception was at the |ower study area on Cottonwood Creek where a
county roads department project channelized a portion of the stream
removing one of the 50 neter stations, which then was not repeated
In 1984. Two pool stations were established on Bedrock Creek and
were sanpl ed nmonthly from August to Decenber in 1983 and from May to
Novenber in 1984. (One pool site was |located at the upper study area
and the other pool site was at the |lower study area.

Fi sh Sanpling

Once a study area was established, 50 neter sanpling stations
were selected to collect nonthly fish population information.
El ectrofishing nethods were used exclusively during the study with a
Ceorator portable generator (nodel 31-002) with a single positive
el ectrode and a negative wire screen placed in the stream Fish
popul ati on data was col |l ected at each station using renoval nethods
(Zippin 1958; Seber and LeCren 1967). If a 70 percent reduction in
nunbers of sal nonids was not attained between shocki ng passes an

5
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additional pass was nmade. The specific conputer program used
(Platts et al. 1983) for fish population estimates utilized a

maxi mum | i kel i hood nodel. The nodel uses a successive depletion in
catch size to estinmate the popul ation size by determ ning the

l'i kel i hood of possible population sizes that are greater than or
equal to the total catch. Then the population size with the highest
l'ikelihood is considered the best estimate. Boundaries of each 50
neter station were permanently marked, for ready |ocation, and

bl ocked with 6.35 mm (/4 inch) bar mesh m nnow seines prior to

el ectrofishing. During the renoval procedure fish were shocked,
while the crew noved upstream with 230 volts direct current. Fish
col lected during a pass were placed in large plastic garbage cans,

i medi ately weighed and neasured after the pass and placed in a live
net in a pool area away fromthe station, prior to the next shocking
run. After conpletion of electrofishing all fish were placed back
into the sanpled area.  Through observation and di scussion wth
other fisheries scientists (David Bennett-personel communication),

it was believed that yearling fish were effectively sanpled through
December with reduced efficiency in January. Some difficulty was
experienced in efficiently coIIectin? subyearling fish when they
started to enter substrate chanbers from Novenber on.

Mont hl'y fish production was cal cul ated by the instantaneous
growm h nethod (Ricker 1975; Chaprman 1967) where production 59
equal s the instantaneous growth (G tinmes the nmean bionass ?.
Production estimates were cal cul ated for subyearling and yearling
fish, separately, from May to December or January. Some of the
production of these cohorts was mssed during the early spring.
Annual production for age 0+ steel head producti on was obtained in
1983 when estimates were made from Novenber 1983 to May 1984. Age
I+ fish population estinmates and biomass were utilized in My to
estimte age 0+ production between the November to My interval

Subsanpl es of the nonthly fish catch were used to obtain length
and wei ght data. Juvenile steelhead were anesthetized with tricaine
nmet hanesul fonate (MS-222) neasured to the nearest mmin total
| ent h and weighed. Wights for yearling fish (age I+, and [Il+)
were obtained froma Hanson nodel' 1.440 dietetic spring scale (4 g
in 1983 and from Pesola hanging scales (+0.5 ¢) in 1984.

Subyearlin? fish (age Of) were weighed in lots of 5 on the dietetic
spr|ng scale |1 1983 and individually from hangi ng scales (+0.2 g)

in 1984 Additional subyearling rainbow-steelhead trout were
weithed o1 hanging scales in 1983 to gather and ividual weights for
use in length-weight relationships. Juvenile rainbow steelhead were
aged by the scale nethod (Hile 1941; Van Oosten 1.929) and conpared
with length frequency histograms for age group designation. Scales
were renoved from below the anterior portion of the dorsal fin above
the lateral line and placed in a scale envel ope which contained the
fishes total length, weight, date sanpled and location. In the

| aboratory, scales were cleansed in water, then dried, nounted

bet ween slides and aged using a Bioscope nodel 500 m croprojector
and recorded on data forns. Fish condition factors were calcul ated

6



according to the formul a: K= 102/ TL3 , Where W= weight in

grams and TL = total length in mllineters (Carlander 1969). The
termns subyearllng, young- of -t he-year (YOY) and age O+

rai nbow steel head are equivalent in this report. The term yearling
fish includes both age I+ and |1+ individuals. So few (<10% age
I+ fish were sanpled that no popul ation estimte could be
generated for them as a separate group

Juveni |l e rainbow steel head density (fish/m2 and fish/n?
was derived by dividing the fish population estimate by the stream
area or yolume sanpleq (see habitat neasurements).  Bionass
(grams/m~ and grams/m”) i nformation was cal cul ated by _
mul tiplying the fish population estinate tines the average weight of
a fish (per age group? and then dividing by the sanpled stream area
or volume. Wen the nunmber of fish collected was |ess than 20
individuals, the average total |ength was calculated from the sanple
and the weight conputed fromthe log length - | og weight regression
equation. This weight value was then input to obtain bionass
esti mates. Fish density and biomass was cal cul ated separately for
subyearling (age Ot) and yearling (age I+ and Il1+) fish

Habi tat Measurenents

Physi cal habitat variables were nmeasured at the 50 neter
sanpling stations to provide nmonthly point estimates of the
aval | able habitat. Measurenents were usually taken the sanme day or
within a one day period of the biological sanpling. The physica
variabl es nmeasured were water tenperature, stream velocity, stream
di scharge, stream width, stream depth, stream area, stream vol une,
and five conmponents of instreamcover; depth greater than 30 cm
under cut banks, overhanging vegetation, surface turbul ence and
subnerged rock and debris. Bottom substrate was neasured, ocularly
during |l ow fl ow periods, along 10 transects per station using a 50
cm® frane and estimating particle sizes within the frame using a
modi fied Wentworth scale (Table 1). Spawning substrate was
calcul ated by adding one-half of the snall cobble value with the
very coarse gravel and coarse gravel categories. Onlv one-half of
the small cobbl e area was used in calculating the total percent
spawning gravel as the upper size range (130 nm) is too large for
opti num spawni ng substrate. \Water quality sanples were collected
fromeach streamin one quart plastic containers, |abeled, Placed on
ice in coolers and i mediately transported to the Anal ytica
Services Laboratory at the University of Idaho. Variables neasured,
met hodol ogy and detection limts are presented in Table 2

Water tenperatures were nonitored through use of Ryan node
J-90 thernographs placed in each stream Strip charts were replaced
every 90 days throughout the study period. The nonthly nmaxi num and
average stream tenperatures were used as point estimates in relation
to juvenile rainbow steel head density and bi omass information



Tahle 1. Classification of stream substrate
materials based on a modifisd Weantworth

aealee.

Substrate Class Hize Range {(mm?

e

RBouldey (1) >250

Lavge Cobble LC) FEQ - 250
Small Cobble (S0) &4 - L3RG
Very Coarvae UGravel (VOGO 32 - b4
Coarase Oravel (GG 1é 32
Medium Gravel (MG g - 1é
Fine Gravel (FG? 4 - 8
Fea Gravel PG) - 4
Very Doarse Sand (VOCS - 2

Sand (8 06D - L

ikt - Slay (SLT-0C) {062
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~Stream velocity was recorded nonthly at a permanent flow
station location at each 50 neter station. Velocity was neasured at
a depth of 0.6 fromthe surface using a Marsh MBirney nodel 201-M
direct readout water current neter (+0.5 cmis) attached to a
top-setting rod. Stream discharge was cal cul ated by nultiPIying t he
average depth and velocity times the streamwi dth at the flow
station to achieve a discharge in nr/s.

Stream wi dt hs and depths were neasured nmonthly along 10 equal ly
spaced transects within each 50 neter sanpling station. A ong each
wdth (transect), ten depth readings were recorded (+1 cn, and
averages calculated to provide a nmonthly point estinmate. ~ Stream
area was derived by nmultiplying average stream width by the station
length (50 m, and stream volune was cal culated by nmultiplying the
above two factors by average stream depth.

Fi ve conponents of instream cover were neasured nonthly at each
station to evaluate their inportance as vearling rainbow steel head
habitat. The five conponents included: depth greater than 30 cm
undercut banks, surface turbul ence, submerged rock and debris, and
over hangi ng vegetation. Each conponent was neasured to the nearest
centimeter while wal king upstream through the sanpling station. Two
of the variables, depth greater than 30 cm and undercut banks are
rather self explanatory and will not be defined further. Surface
t ur bul ence was neasured and recorded as yearling habitat if it had
sone appreciable depth associated with it (15 cm. This particular
conponent was sonmewhat subjective but supplied an inportant source
of cover in the smaller streams. Submerged rock and debris was
represented by aquatic vegetation, sunken logs and |arge rock and
boul ders with interstices and crevices. Only interstices and
crevices aroung the | ogs and boul ders were nmeasured. Overhanging
vegetation refers to trees, grasses and other vegetation on the
stream bank that physically hang over the water surface. A
sunmation of the five neasured habitat components was used as the
total yearling steel head habitat avail able.

Downstream M grant Trapping

Juveni | e rainbow steel head outm grants were traﬁped on two of
the study streans, Cottonwood Creek and Bedrock Creek. The
Cottonwood Creek trap was fished continuously from June 27, 1983, to
June 27, 1985, and the Bedrock Creek trap from June 27 through
Decenber 28, 1983, and May 10, 1984, to January 11, 1985. A fish
weir (Figure 2) was located at stream Kiloneter (skm 4.4) and

nmoni tored on Cottonwood Creek from June 27, 1983, to February 14,
1984, from May 8, 1984, to February 13, 1985, and from April 17, to
June 27, 1985. H gh spring runoff necessitated the use of a fyke
net (Figure 3) from February 15 to May 7, 1984, and February 14 to
April 17, 1985. The fish weir was used exclusively to trap
downstream mgrants in Bedrock Creek, weir location at skm 0.6, and
mag fished during the period that fish population estimtes were
made.

10



Figure 2 Cottonwood Creek fish weir (upper photo) and
the interior of the live box trap (lower photo)
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Figure 3. Cottonwood Creek fyke net.
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The fish weir followed the design of Conlin and Tutty (1979)
and consisted of attached wings of 6.35 mm hardware cloth on each
side which directed fish into a sluice and the live box. A 15 cm
vertical water drop (Figure 2) fromsluice to the live box created a
turbulent front half and a cal mer back half where fish tended to
congregate. The live box was usually checked daily and
rai nbow st eel head trout were measured, weighed, recorded and
rel eased below the fish weir.

The fyke net (1.07 mhigh and 1.52 mwide frane) was 5.18 min
| ength with graduated mesh sizes énnuth to cod end) of 1.9, 1.3 and
0.6 cm bar measure, which attached to a live box. The net was
centered in the stream where the greatest volune of flow could be
fished. Despite placement of a trash rack upstream of the fyke net
the throat inside the net clogged with [eafy debris and |inbs from
the deciduous bottomand within half an hour. This precluded
fishing the net with a functional throat section, which prevented
fish from escaping back out of the net. The trapping nmechani sm
therefore was a velocity barrier created by the decreasing size and
mesh size of the net, ich reduced trapping efficiency on the nore
mobil e yearling and overyearling fish. During the spring of 1984 a
definite channel existed which allowed us to fish a greater volune
of water with the fyke net. In the spring of 1985 no definite
channel area was present and the fyke net fished a |esser volume of
water. We believe that this may have been one factor which led to
the low trapping efficiency and estimtes of yearling and _
overyearling outmgrants in 1985. The live box was nonitored daily
and captured rainbowsteel head were fin clipped and rel eased
approxi mately 100 n1qutrean10f the fyke net. Marked fish
recaptured by the following day were utilized in generating a trap
efficiency, for age O+ and age I+ and |1+ fish separately, which In
turn was used in estimating the total number of outmigrants. The
fyke net was not fished during the following tines due to extrene
flows or net repair: January 25 to February 6, 1984; March 14, 22nd
to 25th, 1984; March 18, 19, 1985; and April 5th to 9th, 1985.

Trap efficiencies for the fyke net were calculated by dividing
the nunmber of fish recaptured by the nunmber of fish marked per day.
An estimate of downstream migrants was then made by dividing the
nunber of fish sanpled per day b% the trap efficiency. These
efficiencies were used because the regression between stream
di scharge and trap efficiency was not significant due to extrenely
variable trap efficiencies. Therefore, discharge could not be used
to adequately estimate trap efficiency. Wekly trap efficiencies
were used to estinmate the nunber of subyearling (age 0+) and snall
yearling (age |+) size fish. The small yearling (SM YR)
category designates the smaller pre-snolt steel head after annulus
formation (March 1). The terms young-of-the-year (YOY) and yearling
(Y@ were used prior to annulus formation and snmall yearling (SM YR)
and |arge Vearl|n (LG YR to differentiate the pre-snolt and
smolt steelhead after annulus formation. A seasonal trap
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efficiency was used to estimate the nunber of YR (age |I+) and LG YR
(age Il+) size fish that noved past the trap site. Snolts are fish
that will mgrate to the ocean and have the typical silver¥1
appearance, elongated body and deci duous scales of a steel head
smolt. Pre-snolts are snaller fish, generally less than 125 mm
that have none of the above characteristics.

The estimates (fyke net) of the YOY/SM YR outmgrants are
probably nore accurate than those of the YRLG YR migrants. \ekly
trap efficiencies reflected short term variation in novenent which
may not be evident when using a seasonal trap efficiency. Due to
sanmpling problens, not enough YR'LG YR fish were recaptured to
calculate weekly trap efficiencies. The seasonal efficiency
provided the next best estimate of downstream novenent.

During the fall, wnter and spring of 1983-84, fish > 120 mm
were considered to be YR LG YR rai nbowsteel head. In the fall,
wi nter and spring of 1984-85, fish > 100 mmwere considered to be
YRILG YR fish. The discrepancy in the lower limt of the yearling
size classification, reflected differences in fish growth over the
two year sanple period.

_ Precipitation data from 1983 and 1984 was averaged from the
Wnchester and Craignmont U S. Geol ogi cal Survey gage stations which
are located approximately nine mles south-southeast from Cottonwod
Creek. It was assumed that an average depth of the daily
precipitation of these gage stations would reflect the contribution
of local precipitation on the daily stream discharge especially
during the summer and fall period. The relationship between stream
di scharge and precipitation and nunber of outmgrants and
precipitation were exam ned to indicate which may affect downstream
m gration.

Statistical Analysis

The sanpling design to gather fish density, biomass,
production and outmgration Information was a nensurative survey.
The survey information is presented with biological inferences
bet ween fish popul ati on data and habitat variabl es between study
areas beinqg the main focus. Correlation matrices were cal cul ated
for juvenile steelhead densitv and biomass and al |l physical habitat
variables measured at each stream study area. Significant o
correlation is presented to describe the strength of the association
betewwn two varables (Ot 1984), but not to infer cause-effect
henonena (Sokal. and Rohlf 1969). Were other investigations in the
iterature report simlar results, it would tend to support a
cause-effect relationship. Regression analysis between vearling
st eel head and instream cover is not presented as the rel ationships
were not consistent and usually not significant at the different
study areas within a stream

14



Wiere sufficient evidence, biological and statistical, is
apparent fromthe current survey data and other literature it nay
| end sonme direction in the design of a manipul ative experinment.
Statistical conparisons between study areas and between streans are
not presented as confusion between treatnment effect and a position
or location effect may result (Hurlbert 1984), and because of snall
sanple sizes. This results because the data does not neet the
strict assunptions of independence and randommess that the
statistical tests require. Unless otherwise specified all tests are
performed at the . 05 level of significance.

Lengt h-wei ght rel ationships were calculated by use of a
non-linear |east squares regression, The |ength-weight relationship
was exFressed by the fornula W= aL™; where W= weight in grams, L
= total length in nm and a and b are constants. The | og Iength-Iog
wei ght relationship was expressed by the fornula log W=a + b (log
L) ; where W= weight in granms, L = total length in millineters and a
and b are constants.
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BEDROCK CREEK

This systemis conprised of two snmall drai nages which
converge to form Bedrock Creek (Figure 4 ). Louse Creek
is about: 8.4 kmlong, provides the majority of flow during the
summer nmonths (Fuller et al. 1984), and joins with the mainstem
of Bedrock Creek 4.8 km above the nouth. Roth creeks em nate
in agricultural environments and flow through steep canyons to
their confluence. Being l|located in a steep canyon, Louse Creek
Is relatively inaccessible, provides limted gr azi n%, and has a
wel | devel oped riparian zone. About 2.4 km above the
confluence with Louse Creek the upper Bedrock Creek canvon
w dens and supports cattle grazing. Aplaroxi mately 0.9 km bel ow
the confluence the canyon narrows, has limted access, and the
stream has a dense riparian zone. The lower 2.4 km of stream
I's somewhat braided, has been heavily grazed and has sparse
riparian habitat. Past flooding in this |ower section
i ndicates that the stream channel does not adequately contain
high runoff. Logging has occurred in the past, throughout the
drai nage and many ol d |ogging roads remain.

During the two year gtudy period stream di scharge ranged
fromO0.003 to over 4.25 /s; a 1,417 fold difference. Such
severe stream flow variability has created w der flood plains
in places and reduced channel stability. Stream channels mav
be altered fromyear to year, in these flood plain areas, and
peak spring runoff inhibits riparian vegetation which hel ps
shade the stream and stabilize stream banks. Conversely,
stream channel s were nore stable in areas of good riparian
vegetation and overhead canopy. Discharge during the fish
popul ation sanpli n(]:; period ranged from0.003 to 0.37 ni/s
(Figure 5). Monthly average water tenperatures (Figure 5)
ranged from 1.5 to 19.5 C, with sunmer maxi num tenperatures up
to 25.1 degrees Centigrade. Stream gradient averaged 2.5
percent (range: 1.5 to 5.5). \Wter qualityu analysis (Table 3)
Indicate that, with a pH of 8 and a total dissolved solids
| evel of 113, Bedrock Creek is noderately productive and not
limting to fish production. Fish species inhabiting Bedrock
Creek i nclude rai nbow steel head trout, chinook sal non
(Oncorhynchus tshawtscha), cutthroat trout, (Salno clarki),
speckl'ed dace (Rhinichthys osculus), chiselnouth (Acrocheil us
al ut aceus%, northern squawfi sh (Ptvchochei |l us oreaonensis),
redside shiner (R chardsoni us balteatus), bridgelip sucker
(Cat ost omus col unbianus) and Paiute scul pin (Cottus bel dingi).
Adul't steel'head have been col |l ected in Bedrock Creek during the
study period. Because of the collection of adult steelhead and
the low nunber ((10% of age |1+ and ol der rai nbow steel head it
Is believed that the fish were steelhead and not a resident
popul ation of rainbow trout. based on el ectrophoretic analvsis
t he bedrock Creek popul ation was not significantly different
from Dworshak Hatchery steel head (Appendix A). No known
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B 1- Lower Study Area
O 2- Middle Study Area
B 3- Upper Study Area

Figure 4. Map of Bedrock Creek indicating the two study areas
sampled in 1983 (dark squares), the middle study area
added in 1984 (open square) and the fish weir location.
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Tahle . Chemical analyais of water collected from
Bedrock Creel on fAuguast 4, L9883 and Sep tember
14, 1984,

Year
Constituent 1983 1964

pH .X3 8.07
Calcium, Cas, mg/l 14.78 18.29
Magnesium, Ma, mg/l Y O Tel
Sodium, Na, mg/l H.04 el
Fotassium, N, masl 24016 Zedl
Chilovide, Cl, mg/l O35 2.84
Carbonate, CO3, mg/l Nil Nil

Bicarbonate, HCZO3, mg/l 8l.71 104.27
Sulfate, S04, mg/l 140 2.0

Nitrate, NO3, mg/l QW20 G &7
rthophosphate, FO4, mg/l 0.08 Q.17

Total Residue, mag/lL 118.0 11%2.0
Non-Fi Ltered Residue, mg/l Be) KPR

Total Dissolved Solids, TOS 113,60 LS.
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st ocki ng of Dworshak fish into Bedrock Creek has ever been
recorded. Adult bridgelip suckers fromthe O earwater River
ascend the Creek each spring to spawn. Fishing nortality was
noé quantified but fishing pressure was belived to be light to
moder at e.

Upper Study Area

Rai nbow- st eel head trout was the only anadronous sal nonid
sanpled, in this study area, during the two year study period.
Yearligg densities during 1983 (Figure 6) fluctuated from.21
frshrn? Iin My, to a high of .29 fish in June and decreased to
.03 fish/nf in Januar¥ of 1984 (Table 4) It was believed that
vearling fish were effectively sanpled through Decenber with
some inefficiency in January. Densities in 1984 were general ly
simlar to the 1983 data, ranging from.25 fish/m“ in May, to
hi gher level of .66 fish in July, and decreasing to .l0 fish/
in Decenber 1984 (Figure 7). Densities of fjsh I n Decenber of
both years were exactly the same, .10 fish/m® suggesting that
the carrying capacity in wnter may bs 10 fish/mor |ower.
The June, 1983, density of .29,fish/m “occurred when Stream
di scharge dropped from.2082 m/s in May to .0382 m’/s in June
(Tabl e 5) thus constricting availabl e instreamhabitat.
Simlarly, the July 1984 high density of .66 fish/m ocgurred
when a dramatic reduction in instreamflow from.1221 nt/s i'n
June to . 0229 in July constricted the aquatic habitat. After a
low flow of .0096 m’/s_was reached in August (1984), densities
declined to .41 fish/nf and then to .215 fish/ in Septenber
where the decline fromthen on was nore constant. Yearling
density conprised 29 to 35.7 percent of the total salnonid
density in 1983 and accounted for 24.3 to 40.7 percent of the
total 1n 1984. Subyearling rai nbow steel head trout density
made up the remai ning percentages.

Fi sh popul ation estimates in 1983 were simlar from
Septenber to Decenber and in 1.984 popul ations were essentially
the same from Septenber to Novenber. These nore stable
st eel head nunbers occur after a decrease takes place (Appendi x-
Table 13.2.) during the summer period. This suggests a period
of population regulation during the sumrer |[ow flow period
One specific factor that regulated yearling nunbers could not
be identified but, rather, the time of population decline was.
Densities (nunber per unit area), as opposed to popul ations
(nunbers only), generally decline in the late fall and w nter
as stream di scharge increases thus increasing the total
avail able area for a simlar nunber of fish. Since yearling
nunbers do not increase in response to higher flow and
I ncreased habitat, this supports the idea that population
requl ation has already transpired through nortality and/or
emgration. No nmajor downstream novenent of yearling steel head
was noted at the fish weir during the summer period. Fish
popul ati on nunbers also dropped 1n January, 1984, partly due to

20



.33
Y
" as
D- -~
[ =
(1]
1 1
t..l'?
L1
H
T
[ 3]
=
. @14, = : ; ; : : —
(] 5 J 2] 5 p N I o

Month

Figure 6. Yearling rainbow-steelhead trout density
at the upper study area on Bedrock Creek
from May, 1983 to January, 1984.
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Table 4, Monthly values of stream area and stiream volume sampled and average density and biomass
(standard deviation in parenthesis) of vearling rainbow-steelhead trout measured in the upper
study area on Bedreck Creek in 1983 and 1984,

Density Riomass
Stream Stream
Area Vo lume Number/m2 Number /m3 Grams/m2 Grams/m3
Menth Samp led Samp led
(m2) (m3)
1964 a
May B884.,4 133,2 0,235 1.6% 2:98 19.646
(.04) (,13) G0 (2466
June 791.1 98.8 0,320 2460 616 90,02
{4 04) (,58) (.52) (7.88)
JU[Y TR 4 47,5 0.660 777 14,57 169,461
(,086) (1,03) (3.44) (23.13)
fugust 46642 35.8 0.410 5.31 8.33 106,92
(,.07) (,94) (3.28) (34,9%)
September 9133 40,5 0,215 2.80 4,19 S4.27
(. 09) (1,32) (1.54) (22.,48)
October 384.4 6245 0,170 1.62 4,19 39.35
(,07) (,78) (1,58) (17,23)
November &§72.,0 85,5 0,160 1,25 3,71 29.11
(.03 (+30) (,924) (7.34)
[ecember 633.,9 121.8 0,100 0,53 2475 13.687
(. 05) (+22) (1,63 (6.85)
19283 b
HBY 59604 81,0 0,210 105? 392 29031
GO (,22) (,44) (6.19)
June 448,90 36,7 0,290 J+48 S5.41 67015
(.06 (.09 (.28 (14,446)
JU[Y 39842 31.2 0,230 3.01 4,53 58,046
(. 007) (+29) (+29) (8.90)
Auguaf 09,2 37.8 0,200 2.08 327 34,46
(+04) (+49) (1.4 (15.50)
September 173,46 27.1 0,160 2,17 2463 35,70
(:+04) {,38) (1,19 (12,19
October 400, 4 35.7 04150 1.77 336 37.49
(,007) (.28) (4507 {+99)
November 484.4 6640 0,130 0.99 2.83 21417
(,01) (4 20) (139} (3.1
liecember 453.8 49,4 0100 0.97 230 21412
(. 007) (+09) (+39) (3.81)
January 554.0 101.8 0.030 0.18 0,67 2,70
(.02} (100 (+20) (1,31)

a Average of three 50 meter sample stations.
b Average of two S0 meter sample stations.
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Table . Average monthly physical chavacteristics, stamdard deviation in parenthesis; of the upper study
area on Bedrock Creek samelied in 1983 and 1984,

Stream Stream Stream Stream  Average Depth  Undevrcut Overhang, Surface Subm. Total

Month Dischy Veloc, Width  Depth Weter 30cm Eank Vegetatn, Turb. Rock  Habitat
Temp .
(m3/s) (cm/s) {lcm) {rm) [ {m2) (m2} (m2) {mZ) {(m2) {m2}
1984 a
May 0.1824 19,95 589.7 15.1 1.6 10,25 1:51 2:36 533 0 19.45
(,030) (4,61) (22.%) 1.2 (1.58)  (1.45) (3,22} (2,05 (2,11)
June 0,1221 15,20 S527.1 12,4 14.8 8,94 1428 1473 3404 ¢ 17,21
(,030)  (3.97) (45.2) (1.3) (4.04) (1.33) (Ze63) {1.30) (5,097
July 0.,0229 5.30 370.4 8.5 18,0 2.24 1.07 2429 1,80 0 7.43
(,003) (1.,46) (43.4) (5 (1,97y (1.22) {306} (.43 (1127
August 0,0096 2,77  310.é 7.7 i8.1 1.+67 0.82 188 (.88 0 5:25
(,004)  (,51) (219 (&) {1.23) (1.44) (2.59) (.55 (+83)
September 0.0141 3,54  342.3 7.8 13,9 2,02 0,77 2410 0,94 0 5.85
(.002)  (,34) (23.2) (,9} (1.79)  {1.34) {2,837 (4127 (1.14)
October 0.0206 4,36 28°.8 10,7 @.Z 311 0.92 2.08 1.18 0 730
(,002) (1.12) (49,8 (1,00 (2,55 {1.14) (3,037 {4+44) (.78
November 0,0504 7,91  447.9 2.8 4.9 375 103 2.01 1.11 v 7.91
{,020) (4,71 (44,0 (v 4) (224 120 (2.1 (447 (93)
llecember 0.1381 15,90 422.,7 19.4 1.5 g.12 G085 1+74 1.82 0 12,60
(4030 (5.,71) (58.,4) (2.0 (3.29y {1.22) (2463) WOl (24117
1287 b
MaY 0.,2082 32,07 594,85 13.5 13.1 - -
,001)  (3.43) (13.4)  (1.3)
June 0.,0382 12,32 448.0 a8,z 16+1 5,05 1.55 4,50 21 1.3 14,56
(,003) (2,36) (34.6) (1.4} {(Z,3) {22 (T, 00 {1.4) (1 (4.9)
July 0.0277  7.66 398.2 7.9 17,3 4,8¢ 1.28 3,40 045 O 10,06
G002y (2,5 (33,2 (e {454 {1.82) (3,8 {41} (2+48)
flugust 0.0553 11.74 399,32 %45 19,5 4,19 1429 IY-¥ 0,3 0 11,40
(,003) (1.47) (O) {0} 1,88y (1,77} {2.56) (o) (1.48)
September 0,0228 5,60 373.5% 7.3 12,3 X.21 195 3,44 G4 0 B8.28
(W 0G8)  (2.97) (172 (&) (1,470 (1,49 (4,877 (013 (1.7
October 0.,0220 4,38 400.4 8.9 9.3 3,03 1:28 247 03 0 707
(,006) (1,80) (29.1) (1.1} (2,15} (1.82% (3,15 0,07 (:74)
November 0.,11146 14,82 484.5 13.5 bed 6477 1:03 3.46 140 0 12,30
(,03)  (7.46) (47,2) (1.5 {87 {1.46) (4,89) (1.3) {2.94)
lecember 0,0680 10,86 453.9 10.9 2.5 7.98 i3l J.41 2.0 0 14,72
(004 (2,24) (42,1 (1.2 (3,07 {1.8%) (4,83 (1,13 (4,92)
January  0.,3448 32,55 554.0 18,4 145 - -

£,04) (346 U157 {1.D)

a Average of three 50 meter sample stations,
b Average of two 50 meter sample statians,
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decreased sanpling efficiency and nunbers declined during the
wi nter (Decenber) of 1984. The data is |ess precise than the
sumrer reduction, but there, potentially, may be another period
of popul ation regulation during the w nter period.

Year|ling biomass was highly correlated (P<O 05) with
density for both years of study. Biomass ranged from3.92 g/m
in May 1983, to a high of 5.41 in June, and then gradually
decreased to .67 g/'m” in January, 1984 (Table 4)., Estimtes of
Kearllng bi omass in 1984 fluctuated from 2.98 g/m” in Yay to a

igh of 14.57 in July, decreasing to a low of 2.75 g/min
Decenber of 1984. ile yearling densities, at the nost were
40. 7 percent of the total salnonid densit% present, yearling
bi omass nade up 62.3 to 86.4 percent of the total salnonid

bi omass in 1983 and 59.8 to 85.3 percent in 1984.

2

Year|ing steelhegd production at the ypper study area _
(Table 6) was~2.4 g/%1in 1984 and .12 q/ﬁ?durinq 1983. Since
production was neasured from May to Decenber or January, sone
production fromthis cohort was mssed in the early spring.

Mont hly production estimates followed a pattern with positive
production occuring in Nhﬁ and June and nai ntenance or
declining values during the sunmer period when higher water
tenperatures and |ow stream flows occur. Production was
ositive during Septenmber (Table 6) with a period of weiqght
oss for yearl|ng fish during the winter. Accumulation of
Yearling i sh flesh was highest at the upper study area and
owest at the lower study area. Fish emgration is a factor
that can affect production estimates and marked yearling
steel head noved out of the sanpling stations and into the poo
site during summer nonths. However, the estimates are
consi dered the production, or accumulation of fish flesh per
unit of tinme, that occured within the sanpling stations. The
t ot al Luvenile st eel head productioy for Bedrock Creek, aygeraged
over the study areas, was 3.67 ¢g//m“ in 1984 and 4.32 a/m i'n
1983. The 1983 data reflect subyearling production estinmates
from Novenber (1983) to May (1984) which the 1984 estimates
lack. These estimated production values fall into a mddle
range of rainbow trout production reported for fluvial systens
within the United States (Neves et al. 1985). _Neves reported
production values ranging from2.4 to 13.2 g/m“. Goodni ght and
Bj ornn (1971) reported that,steelhead production for tw |daho
strgams ranged from 2.4 grn? for the Lemhi River up to 10.4
g/m  for Big Springs Creek.

Survival estimates for yearling steel head were cal cul ated
during the sanpling period (Muy-Decenber) in 1983 and 1984.
Since yearling steel head could and did emgrate out of the
sanpling stations the estinmates are considered rough
approxi mations. Estimated survival in 1984 ranged from9 to
29.3 percent at the mddle and upper study areas respectively.
The lower study area survival was 24.3 percent. Yearling
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Table &. Froduction estimates of yearling and subyearling rainbow-steelhead trout from
three study areas on Bedrock Creek in 1983 and 1984.

Upper Study Middle Study Lower Study
Area Area Area
Month Production Froduction Production
(g/m2) {g/m2) {(g/m2)

Yearling Subyearling Yearling Subyearling Yearling Subvyearling
1984
May 2,15 2,23 T 1.70
June 140 - V43 &9 29 93
July - .77 V36 - .90 V26 - .58 15
August - .47 45 42 Y 04 20
Sept enber 1401 63 105 V10 V14 W32
QCct ober - .10 - 21 04 .08 - 412 0
Novenber - 42 10 - 27 W11 - .02 - .03
Decemner

e — -BM- e
TOTALS 2.4 1,53 2,21 1.82 1447 1.57

1983

My 01 5 .
June V20 W47 - g 1.12
July - 61 - .05 - .20 - 109
August .03 41 420 V99
Septenber V70 V27 .08 V40
QCct ober - .15 24 03 .87
Novenber - .01 .09 - 10 04
Decenber - .05 V02
January
Nov- My & 1,60 2,0

__________ g--s- ————
TOT&S 12 3.23 - 404 5,33

a - Age 0t steelhead only+
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survival in 1983 varied from 36.1 (lower area) to 38.1 percent
(upper area) from May to Decenmber. Hi gher densities of fish
were present in 1984, conpared to 1983 density information, and
estimated survival was lower. Survival fromage |+ to snolt
outmgrant (age |Il+) could not be estimated due to spring pre-
snolt outmigration of the age I+ fish. Also, survival _
estimation was not the nain focus of the present study. Bjornn
(1978) reported the survival of yearling steel head m grants,
from stocked trout fry, ranged from. 4 to 1.2 percent over a 12
year period in Big Springs Ceek, Idaho.

As fish densities decreased over the summer period nost
yearling fish were found congregated in pool areas within the
respective 50 mstations. Total measured yearling habitat,
never exceeded 10 percent of the total available stream area
during any nonth and appeared limting in the study area.
Average stream depths during the summer were less than 12 cm
and water velocities were |ess than 15 cm's. These depths and
velocities are at a mnimumlevel in terns of probability-of-
use data for juvenile steelhead reported by Bovee (1978).
Yearling fish density fromone pool sanpled in the upper study
area in 1983 (Figure 8 and Table 7) was .88 fish/ i n August
and declined to .335 fish/m“ i'n Decenber. _pPool densities in
1984 (Figure 9% fluctuated from.13 fish/nf in June to a 2
maxi mum of 1.49 in Auqust and then reduced to .495 fish/m" in
Novenber.  The August 1984 maxi num density was over 1.5 tinmes
hi gher than the August 1983 nmaxi mrum but the Novenber 1984
density (.égs fishfn?) was very conparable to the 1983 |eve
(.52 fish/’nt) prior to the overwintering period. Yearling
steel head densities at the pool site were up to five tinmes the
sanpling station densities (Figures 10 and 11). The nore
pronounced 1984 density decreases, at the sanple stations from
July to August, occurs while the density of fish in the poo
Increases (Figure 11) to the maxi num | evel observed during the
study period. Reduction in yearling densities at the sanple
stations cannot be equated to natural nortality as fish can
em grate, but not out of the stream system during the sumrer
because of subsurface flows at the stream nouth. As previously
di scussed, when the 1984 summer low flow is attained (Table 8)
in August (.0096 nr/s) densities decrease pointedly from
Auqust to Septenber at both the station and pool area.
Densities fromthis pool area (Figure 11) were uE to four tines
greater than that observed during any nonth at the
representative sanple stations. the representative sanple
stations. Pool areas provide crucial summer and w nter habitat
as indicated by the nuch higher fish densities at the pool site
compared to the sanple station densities (Figures 10 and 11).
The pool area contained a root wad as an undercut bank, was
shaded and had water depth greater than 35 cm conpared to
depths of less than 19.4 cmat the sanple stations. Everest
and Chapman (1972) reported a higher density of age |+
steel head, in Crooked Fork Creek, generally in depths greater
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Figure 8. Yearling rainbowsteelhead trout density at
the pool site at the upper study area on Bed-
rock Creek from August to Decenber, 1983.
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Figure 9. Yearling rainbow steel head trout density at

the pool site at the upper study area on Bed-
rock Creek from June to Novenber, 1984.
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Table 7. Monthlyval ues of strea, area sanpled, stream volune sanpled, density and biomass of yearling
fall nbow steelhead trout at the pool site of the upper study area on Bedrock Creek sanpled in 1983

and 1974,
Density Biomass
Stream Stream
Month Area Yo Lume Number/m2 Number/m3 Grams/m2 Grams/m3
Samp Led Samp led
(m2) (m3)
1284
May - - -
June 80.3 32,48 0,135 0.34 2,17 537
July 677 28,49 1,210 284 24,28 57,30
AgUSt 48,4 U, 57 1.490 4,15 30.03 83. 65
Sept enber 5.5 21. 68 0,950 2,86 18,82 5691
Qct ober 77,0 33.04 0.770 1.78 19.77 46,07
Novenber 78,9 29,67 0,495 1,31 10,09 26,81
Decenber - -
1983
May - - - - - -
June - - - - - -
July - -
August 64,3 25,03 0. 880 2,28 19,31 49,64
Sept ember 60,3 23,70 0,750 1,90 14.34 36445
Oct ober 55,4 20,26 0,720 1,97 16,40 44,82
Novemer 65,8 27.29 0,520 1,24 15,38 37,06
Decemer 71.3 27,88 0,335 0.86 7.15 18,29
January -
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Tabl e 8. Mont hl yphysi cal characteristisfandara deviation in parenthesis, at the pool site of the
upper study area on Bedrock Creek sampied i N 1983 and 1984,

Streanm Stream Stream Stream Average
Manth Discharge Yelocity Width [lep th Water Temp,
(m3/s) (cm/s) {cm) {cm) [

1984

May - - - -

June 0.0929 11,05 554, 4 40,4 14,8
(9.72) (142.8) (35.3)

July 0.0193 4,15 466. 6 42,4 1840
(3,04 (58,4) (37,7

August 00,0139 3.28 472.0 5. i8.1
{2,34) (96.8) (31,7

Sep tember 0.0124 3.30 451,58 33,4 13,9
(2,44) (79.7) (28,1)

October 0.0208 2.83 £31.2 42,9 9,2
(2,44) (64,6) (35.2)

Novenber 0.0340 5,45 44,2 3744 4,9
4,34 (147.3) (31,17

December -

19283

May

June

July

August 0.0578 12,78 459, 6 40,5 19.5
(4,85 (87.9) (3046)

Septemher 0,0271 7,70 430.4 39,3 13,3
(4,10 (97.5) (29,3)

Octoher 0,023 5445 395.4 41.1 9.3
(3,423 (133.4) (28,5)

November 0013?0 QOtlo 46‘308 4105 606
(7,75 (97,0) (32.8)

liecember 0.0715 12,45 509.4 39.1 2.5
(9,30 (80,3 {3042)

January - ~
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than 15 centineters. Rainbow trout density has been reported
to be significantly related to current veIocitY i n pool
environments where rainbow and brown trout (Salnmo trutta)
occured in synpatry (Lewis 1969). No significant relations
wer e noted between yearling density and velocity or instream
cover, at the pool site, during this studv. Conparatively

hi gher densities at this pool area occur as yearling rai nbow
steel head trout apparently seek pool habitat when cover is
extremely limted and water tenperature elevated during |ow
fl ow conditions.

Yearling biomass in the pool during 1983 was 19. 31 q/m%

August with a sharp droP from15.38 in Novenber to 7.15 g/m}
Decenber.  The 1984 pool bionass fluctuation, from2.17 g/m”
June to 24.28 in July, ;occured during a sharp drop in stream
di scharge from. 0929 m~/s i'n June to . 0193 n'/s in July #Table
7)1 This substantial increase in biomass resulted fromfish
novenent into the pool area duri gg these low flows. Biomass
increased.,to a high of 30.03 g/n? in August and decreased to
10. 09 gfn? by Novenber

Correlation matri ces between yearling rai nbow st eel head
density and biomass and habitat variables were calculated for
the upper study area. Few significant correlations existed
that provided a biological basis to relate yearling density or
bi omass information to habitat data. Regression analysis,
therefore, was not a useful tool in delineating factors that
limt steelhead densities and the discussion is supported by
the literature when possible. Average water tenperature and
yearling density (Figures 12 and 1§§ were significantly
associ ated durin% both years of study. The average water
tenperature of 19.5 C in 1983 was higher than the 18.1 C
average tenperature reached in 1984 despitg the fact that
summer | ow flow conditions in 1934(.0091n/8) were | ess than
one-half of that in 1983 (.022 m SL' The figures indicate
that yearling density increases with increasing water
temperature, which would occur only to a point where |etha
tenperatures were approached at which point the curve woul d
truncate downward. There is also some interaction between
yearling densitﬁ and reduced discharge which tends to
concentrate fish as water tenperature is increasing. Fish
density and tenperature then decrease in the fall and winter as
stream di scharge increases. The data did not indicate that
increased water tenperatures reduced yearling densities.

Ral eigh et al. (1984) state that the optinum range in water
tenperature for rainbow trout is 12 to 18 C.  Average water
tenperature was up to 19.5 C during 1983 and fish survived an
11 day period in early August when water tenperature varied
between 17 C and 25.1 degrees Centigrade. A simlar 10 day
period occured in late July and early August in 1984 when water
tenperatures ranged between 18 and 23.9 degrees Centigrade.
However, as stated previously, populations decrease during the

in
in
in
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Figure 12. Relation between yearling rainbow-steel-
head trout density and average water
temperature at the upper study area on
Bedrock Creek from May, 1983 to January,
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Figure 13. Relation between yearling rainbow-
steelhead trout density and average water
temperature at the upper study area on
Bedrock Creek from May to December, 1984.
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summer period but the decrease can not be attributed
specifically to elevated water tenperatures or |ow stream fl ows
alone. A significant relationship between water tenperature
and density also existed at the pool station in 1983 but not in
1984. Yearling densities and instream cover were not
significantly associ ated at the pool site. Stream discharge

and density was negatively correlated at the sanpling stations,
indicating that as flow was reduced juvenile steel head were
concentrated in remaining habitat. Rut higher flows do not
reduce yearling fish densities. The highest correlation
observed between conponents of instream cover and yearling
density was with overhangi ng vegetation in 1983 ( r=.47) and in
1984 (r=.43) despite the lack of measured habitat present
((10%. Depth greater than 30 cm and overhangi ng vegetation
made up the majority of gearling habitat present. Riffle areas
conErised the remaining 90 percent of the total stream area.

Lack of a significant positive relationship between density and
I nstream cover suggests that the variabl es exam ned, sanple
size or time frame was inadequate or sonme other mechanisn(s),
other than space, operate to regulate density (Chapnan 1966%.

QO her researchers (Burns 1971, rdon and MacCrimmon 1982) have
reported significant correlations between steelhead and rai nbow
trout density and living space variables. MFadden (1969)
described population regulation as a highly flexible process,
not dependent on any single environmental factor, and the
primary density regulator may even change seasonally (Chapman
1966). Food supply was not exam ned during this study.

Subyearling rainbow Steel head trout densities in 1983

decreased from .63 fish/m, when fish first recruited to the
ear ig June at a total length of 50 nm to an estinated .12

i sh/ in January 1984 (Fiqure 14 and Table 9). Sone _
difficulty was experienced in efficiently sanpling subyearling
fish when they started to enter substrate chanbers fromlate
Novenber on. Densities in 1984 (Figure 15 and Table 93 were
initially higher than in 1983, ranging from.9 fish/min
Ju|y,n§o a sharp decrease from .86 fish in Auqust to .62

fish/ in Septenber, and decreasing to .34 fish/m“ in
Decenber. A simlar pointed decrease in yearling density
occurred in 1984 at the pool site and sagple stations when the
lowest summer flow in Auayst was .0096 m~/s; and flow renai ned
low in Septenber (.0141 m”/s). The higher initial densities in
1984 were related to a larger adult escapenent into the stream
as reflected by adult catch rates of 3 fish/man day in 1984
versus 1 fish/man day in 1983. Subyearling | evels 0$ abundance
i n Decenmber of each year were the same at .24 fish/nf.
Qoviously, higher initial densities nmay be beneficial to fully
seed other habitats, but similar overw ntering abundances mav
indicate that the carrying capacity is being approached.
Subyearling fish accounted for 69 to 80 percent of the total.
Sal monid density in 1983 and 59.3 to 75.7 percent in 1984.
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Figure 14. Subyearling rainbow-steelhead trout density
at the upper study area on Bedrock Creek
from June, 1983 to January, 1984.
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Figure 15. Subyearling rainbow-steelhead trout density
at the upper study area on Bedrock Creek
from July to December, 1984.
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Table 9,

Monthly values of stream area and stream volume sampled and average density and biemass
(standard deviation in parenthesis) of subyearling rainbow-steelhead trout measured in the upper

study area on HBedvock Creek in 1983 and 1984,

Stream Stream
Month Area Yo lume Number/m2 Number/m3 Grams/m2 Grams/m3
Samp Lled Samp led
{m2) (m3)

17284 a

May 884.4 133.2 -

June 79141 98.8 -

July 5559 41.5 0,960 10,95 2,50 28,85
(,52) (4,68) 1.0) (8430

Auqust 4662 35.8 04865 11,23 2,72 35,56
(,09) 1,43) (+16) (3.11)

Sept enber 513.3 40,5 04420 796 2,52 32,63
(,04) (1.36) (4+35) (165)

Qct ober 584, 4 62.5 04530 4,94 2.71 25.29
(+03) (:61) (+32) (3.99

Novenber 672,0 85.5 04410 3.21 1.89 14,94
(410) (,89) (.32 (2.88)

Decenber 433.,9 121.8 0,275 1,43 1,36 7.16
(07 (,50) (430) (2,37

1983 b

May 596. 4 81.0 -

June 448.0 36,7 0,635 1.72 0,85 10,22
(,10) A7 ,21) (458}

July 398.2 3.2 0,510 6443 1.08 13.717
(,11) {.82) {,16) 1,85)

August 399.2 37.8 0.470 5,01 1,00 10,54
1,01) {15 {0100 (1,023

Sept enber 373.6 27,1 0,340 4.7C 1,12 15,39
(,112) (1,26) 1,27 (2,38}

Qct ober 400. 4 35,7 0.270 2,95 1.21 13.34
(09 (72 l,38) (3,66)

Novenber 484. 4 66.0 04300 2.33 1,47 12,69
1,12) (1,16) (+64) (6,110

Decenber 453.8 49.6 0. 240 2.23 1,39 12,81
i (1,09} (4 78) (7036

January 55440 101.8 0,120 0.68 0,70 3.91
l,06) {.39) 0,30 {1,87)

a Average of three 50 neter sanple stat ions+
b Average of two 50 neter sample stations,



~ Biomass estimates of subyearling fish in 1983 (Table 9)
varied from .85 g/g? in June to a maximum of 1.67 in Novenber
and down to .70 g/ in January, 1984. Fish biomass in 1984
was hi gher than in 1983, ranging from2.50 g/ ig July to a
high of 2.72 in August and decreasing to 1.36 g/m in
Decenber.  Cordon and MacCri nmmon (1982) ,reported ranges in
sal monid bi onmass of from.5 to 48.7 g/n? in European and North
Anerican streams. Al though subyearlings conprised the najority
in terms of numbers of total salnonids present they made up
only 13.6 to 37.7 percent of the total salnonid bionmass in 1983
and 14.7 to 33.1 percent of the total in 1984,

Subyear|ing steelhegd production (Table g% at the upper
study area was 1.53 g/m“ in 1984 and 3.23 g/ during 1983.

In 1983, production of age 0+ fish was estimted from Novenber
of 1983 to May of 1984 and provided the best estimate of annua
production. Calculations in 1984 |acked this estinate

Mont hly production values indicated that subyearling fish
accunul at ed bi omass during nost nonths except for COctober
(1983) and July in 1984. Production estinates between study
areas (Tablg 6) were very simlar in 1984 ranging between 1.53
to 1.82 g/n".  The estinated accunul ati on of subvearling
biomass in 1983 was nore variable, ranging from3.23 to 5.33
/nﬁ Age 0+ steelhead production continued to be positive
gxcept as stated above, even during |low summer flow conditions
and average water tenperatures that approached 19.5 C with
maxi mum wat er tenperatures up to 25.1 degrees Centigrade.

Survival estimates for subyearling steel head were
calculated from June to Decenber (1983-84). Fish novenent
precluded estimating survival from Decenber to the follow ng
May (1984). Estimates are considered to be too high as
survival was conputed from when the first population estinate
could be nade. Initial nunmbers of age 0+ fish were unknown.
Subyearling fish could also emgrate from the sanpling
stations, thus nmaeking the estimates rough approxi mations only.
Estimated survival in 1984 varied from 33 to 34.8 percent at
the mddle and |ower study areas respectively. The upper study
area survival was 33 percent. Age 0+ survival in 1983 ranged
from 17.4 percent (lower area) to 38.3 percent (upper area).
hi gher subyearling nunbers were present at the lower study area
in 1983, conpared to other study areas, and the projected
survival was much lower (17.4%. Wentworth and LaBar (1984)
estimated that the over-w nter survival of steel head averaged 16
percent (range 13-44%. They further report an average
survival of four percent from stocking of fry to age I.

~ Subyearling steel head density and bi omass and habit at
variables were examned via correlation matrices. Average
wat er tenperature and subyearling density had the only
significant positive association observed (Figures 16 and 17).
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Figure 16. Relation between subyearling rainbow-steel-
head trout density and average water tem-
perature at the upper study area on Bedrock
Creek from June, 1983 to January 1984.
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Densities could only increase along with water tenperature

until lethal tenperatures were approached, at which point the
graph would truncate downward. Average stream tenperatures
reached 19.5 C in Auqust of 1983 and 18.1 Cin July of 1984,
Subyearling densities did not decrease in response to the

el evated water tenperatures. Fish density and stream discharge
were negatively correlated, with the only significant
association occurring in 1984 between bi omass and dischar?e (r=-
.94). This showed that reduced streamfl ow concentrates fish
into smaller and snaller available area, but higher flows do
not cause |ower densities. Densities renained low as flow
increased in the fall and winter. During 1983 and 1984 a
S|gn|f|cant rel ationship exi sted hetween subyearling density_
and yearling density in numbgrs/m“ and nunbers/'m=.  Subyear![ing-
yearling density (No. fishfn?) in 1983 was highly correl ated
(r=.98) as was density expressed in nunber of fish per cubic
meter (r=.98). Simlar results in 1984 indicated that
subyearling density and yearling density (No. fish/m) was
agaln significantly associ ated #r: 93) as was the respective
densitv expressed in number of fish per cubic neter (r=91).

If intraspecific predation of the Iar?er yearling fish on
subyearlings was occurring, it is unclear fromthese data due
to concurrent reduction in discharge and habitat. Abundance of
both groups declined over tine during the study period. The
summer-autunm habitat utilization of subyearling steelhead in

| ower Clearwater River tributaries has been described b% _
Johnson and Kucera (1985). To what degree suﬁyearllng abi t at
utilization overlaps with the yearling fish (if any), and the
food habits of the yearling steel head, is unknown.

Substrate sanpling during the study period indicated that

there was sufficient spawning gravel present for adults.

Esti mat ed avail abl e spawni ng substrate in 1983 was 26.8 percent
of the total stream bottom area, and in 1984 was 27.1 percent.
The percent of each substrate classification present is given
below with the 1983 data presented first and 1984 val ues in
parenthesis: boulder 18.8 (29); | arg cobble 37 (22); smal
cobbl e 30 (33.3); very coarse gravel 11.1 (8.4); coarse grave

7 (2.1); nmediumgravel 2.5 (2.4); fine gravel 0 (.4); pea
gravel 0 (.3); sand . 3 (.02) and silt .5 (.3) percent. bbl e
enbeddedness was estimated to be 26.7 percent in 1983 and 30.5
percent in 1984,

Mddl e Study Area

This study area was added to gain additional information
on the Bedrock Creek system and was sanpled only in 1984,
Rai nbow steel head trout was the only anadronous sal nonid
sanpl ed and ﬁearllng densities (Figure 18 and Tﬁ?lg 10) ranged
from. 35 fish/m in May to a high of .425 fish/ fn July.
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Tabl e 10, Honthly val ues of streamarea and streamvol ume sanpl ed and average density and bi omass (standard
deviation in parenthesis) of yearling rainbow steel headtrout collected in the niddle study
area on Bedrock Creek in 1984,

Density Bi omass
Stream Stream
Area Vol une Nurmber / n2 Nunber / n8 Gans/' n? G ams/ nB
Mont h S?rr%))l ed S?;%))l ed
1784 a
May 665.7 971 04350 2,38 5406 34,14
(,03) 1430) (,88) (4,43)
June b 336.4 28.4 0,400 4,45 770 85,42
(v13) (4+30) (3.01) (11.52)
July 398,7 30.4 0,425 5,40 9,03 111,74
(,21) (1,83) {6+14) (54490)
August 372,0 19,9 0,225 4,15 4412 73,39
(,13) {2,34) {3,08) (47,46)
Sept enber - 501.3 47,0 04125 1,32 2441 25,54
(,03) (,24) (+60) (2,44)
Qct ober 498,9 62,0 0,115 0,97 2,45 19.98
£,01) (1) (164} (3.48)
Novenber 564.3 8.8 04070 0.44 1,55 9,97
1,02) (,18) (,76) (5,31)
Decenber 580.5 105,5 04035 0,19 0469 3.80
(,02) (v11) (+43) (2,39

a Average of three 50 meter sanple stations+
b Average of two 50 meter sample stations+
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Densities dropped to .225 fish/m? in August and declined to
.035 fish/m“ I n Decenber, 1984. The drop in fish density from
Jyly to August occurred as stregm di scharge dropped from .0141
nﬁfs to a sumrer |ow of .0055 nT/s in August gTabIe 11).
Average yearling abundance in Decembger was .035 fish/ni®
conpared to a density of .10 fi'sh/'m® at the upper study area in
1984.  The upper study area contained several pools wth
undercut banks while this study area had nore run/glide

habitat. This may indicate that the pools provide better

overw ntering habitat than the run/glide habitat. Average
stream depth in this section never exceeded 18.2 cm and was

| ess than 10 cm during the sumer period. Stream velocity was
hi ghest in My (24 cnfs) but was less than 12 cm's during the
low flow period. In ternms of probability-of-use data presented
for juvenile steel head (Bovee 1978) these stream depths and
velocities are at mnimum levels. Instreamcover was | ess than
about six percent of the available stream area. Depth greater
than 30 cm overhanging vegetation and surface turbul ence
formed the majority of the total measured yearling habitat
present. Ybarlin% rai nbowsteel head trout conprised 13.7 to
31.2 percent of the total salnonid density present at this
study area in 1984.

Yearling density and biomass was highly correlated (5= 97
p<(0.05) in this study area. Biomass varied from5.06_g/m* in
May peaked in July at 9.03, and decreasedn?o_.Gg g/n?|'n
Decgmber. A pointed decrease from 9.03 g/ in July to 4312

/'m~ in August occurred as d|s§harge dropped from.0141 m/s to
he sumer |ow flow of .0055 m°/s (Table 11). \Wereas,
yearling densitite nade up only 13.7 to 31.2 percent of the
total yearling bionmass enconpassed 39 to 81.4 percent of the
total sal nonid bi omass present.

Estimated yearling steelhegd production at the mddle
study area in 1984 was 2.21 gfn? (Table 6). Sonme production of
this cohort was mssed during the early spring because no
sanpling was conducted. Monthly production values showed that
most of the accunulation of yearling fish flesh took place in
May and June with negative production occurring in July.
Little increase in production occurred during the fall with a
decrease in fish weight, and thus production, taking place in
November. The estinmated production in the mddle study area
(2.31 g/m) was nore simlar to the upper study area,value (2.4
g/'m”) than the lower study area estimate of 1.47 g/'m”.

Correlation matrices were calcul ated between yearling
rai nbow st eel head density and biomass and all habitat variables
measured. The highest correlation observed was between water
t enperature and yearlln? density (Figure 19). As discussed
previously, density could only increase until the letha
maxi num tenperature was approached and then the relationship
woul d truncate. Reduced stream discharge appears to affect
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Table 11,

Aiverage monthly physical characteristics, standard deviation in parenthesis, of the middle
study area on Bedrock Creek sampled in 1984,

Stream GStream GStream Stream Aver, Depth Undercut Overhang Surface  Subm. Total
Month DIischs Veloc. Width Depth Water 30cm  Bank Vegetatn, Turb. Rock Habitat
Temp.
(m3/s) f{cm/s) {(cm) {cm) (0 {(m2) (m2) (m2) (m2) (m2) (m2)
1984 s
May 0.1937 24,43 444,1 14,9 1146 4,37 0.06 0.56 9.81 0 14,01
(,05) (5.43) (116,.5 (2.0 (3,76) (1D (.81) (6.9 (3.45)
June 0.0422 12,0 336.5 8.5 14.8 1,08 0.16 1.22 4.88 0.23 7.58
(,006) (4,48) (51.6) (1.8 (1,28) (.28) (+43) (1,08) (.23) (1,85}
July 000141 50?0 26507 705 1800 0026 0013 0060 1043 0012 2.56
(,001) (1.90) (28.0) (1.8) (+46) (422) (+69) (166) (+15) ( +80)
August 0,005% 2.45 247.8 5.3 18.1 0.35  0.20 0,78 0+40 0 1.94
(0007)  (.65) (20.8) (1.0) (,26) (.34 (.60) {+18) (1,50)
September 0,0315 8.10 334.2 9.4 13,9 0.54 0.13 1,08 1.34 0.04 315
oD (1,93) (47.2) (1.4) 679 (W23 {.87) {+49) (07 (2,12)
October 0.0251 6,98 332.8 12,2 @.2 0.469 0.22 0,97 1.44 [} 3.35
(W006) (2,73) (49.46) (2.2) (1,13) (.38) (,93) G70) (2.12)
November 0.1114 146,80 374.2 15.8 4.9 1,27  0.35 1.40 1.84 0 4.87
(. 02) (1,74) (46.,2) (1,5 (1.31)  (,62) (1.39) (+38) {2.89)
liecember 0.1214 17,73 387.1 18,2 1.5 .63 0.23 1,95 24469 0 8.51
(.003) (.38) (84.8) (,8) (2:77) (L 40) (1,81 (+68) (3.44)
a Average of three 50 meter sample stations,
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density fromJuly to the summer l[ow flow in_ August, as yearling
steel head densitv declined from.425 fish/mto .225 fish/m?
However, overall'; fish density and stream di scharge was
negatively correlated (r=-.11) and not significant. The

hi ghest correlation attained between yearling density and

i nstream habi tat conponents was with surface turbul ence

(r=.44). Total yearling habitat and yearling density was not
significantly correlated (r=.19) during 1984.

Density of subyearling steel head (Figure 20 and Tabl e 12)
ranged ,frominitial” values of .88 fish/m in June to 1.195
fish/m in July. Densities decrease? mar kedly in August and
Septenber and to a low of .22 fish/nf in Decenber. The
increase from June to July apparently was due to protracted
spawni ng of adults and recruitment of young fish to the

sanpl i ng eﬁ#" A marked decrease in density was notgd from
1.195 flsﬁf inJuly to . 89 in August to .57 fish/min
Septenber.  This corresponds with a reduction in stream
discharge to a low of . 0055 m /s in August as average water
temperature reached its highest [evel of 18 C (mgximum of 23.9
C)l  Subyearling density in Decenber (.22 fish/m) was,very
conparabl e to the upper “study area value of .24 fish/n? during
both years of study. As expected, subyearling rainbow stee|head
conprised the majority (69-86% of the total salnonid density
present.

Subyear|ing biomass varied from1.76 gln@ in June to a
high of 3.61 in July and gradually declined to a value of 1.08
/'m- in Decenber of 1984. Ranges in biomass estimates were
enerally simlar to those observed in 1984 at the upper study
area. Density and biomass was closely associated (r=. 87,
P<O. 05) during study period. As two variables were highly
correlated their individual relationships to ph¥5|cal habi t at
variables were sinilar. Age 0+ fish accounted for 18.6 to 61
percent of the total salnmonid biomass present, with yearling
fish making up the renainder

2 Production of age O+ steelhead in 1984 (Table 6) was 1.82
RénL Estimated production was cal cul ated from June to
venber, thus some of the cohort production was m ssed.
anthly producti on estimates indicated that subyearling fish
accurmul ated weight during all nmonths in the mddle study area.
Smal | er increases in production occurred during the fall. and
early winter nonths. Production estimates of subyearling
st eel head between st udy areas, were Very simliar in 1984,
ranging from1.53 to 1.82 g/'m~

Anal ysis of age O+ fish density with habitat variabl es
agai n showed that density and water tenperature had the highest
correlation (Figure 21). Density increased as average water
tenPerature Increased up to 18.1 Cin July and August, nmaxi num
dai ly water tenperature approached 23.9 C, and then both
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Tabl e 12 Monthly values of stream area and stream volume sanpled and average density and biomass
(standard deviationin parenthesis) of subyearling rainbow steelhead trout collectedin the mdde
study area on Bedrock Creek in 1984
""""""""""""""""""""""""""""""""" Density  Gomss
Stream Stream
Area \o | une Number Nunber / n8 Grams/ n@ @ ans/ nB
Mont h SanpLed Sanpl ed
(m2 (m8
1284 &
May 645,7 97.1 - - - -
June b 336. 4 28.4 0,880 10. 47 1,76 20. 68
(+14) (4,35) (07 (6,21)
July 398.7 30.4 1.195 16.71 3.61 50,92
(,08) (4,85) (154) (16490)
August 372.0 19,9 0,890 17.50 2,93 57.96
(,15) (5.51) (75 (22,40)
Sept enber 501.3 47.0 0.570 6. 20 2.31 25. 46
(1D (2,05) (,80) (7,93)
Qct ober 498,9 62,0 0. 465 3.93 2.02 17.00
(410 {1,23) (+56) {5+85)
Novenber 564.3 88.8 04295 1.88 1,33 8.53
(406) (149) (+24) (2,06)
Decenber 580,5 105,5 0.220 1.19 1.08 5.91
(+04) (,24) (,21) (1.05)

a Average of three 50 neter sanple stat ions*
b Average of two 50 meter sanple stat ionst
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vari abl es decreased through the fall and winter nmonths. The
data did not indicate that el evated water tenperatures caused a
reduction in fish density, even though it exceeded the optinum
range of 12 to 18 C for rainbow trout (Raleigh et al. 1984).

As noted for both yearling and subyearling fish, fromthis
study area, there is a reduction in density fromJuly to

Sept enber as stream di scharge declines. Overall

there is a significant negative correlation (r=-.78)

between density and stream discharge, indicating an inverse
relatignship. Density of subyearlin% and yearling fish (No.
fis‘h/r‘gj was highly correlated (r=.93), as was this
relationship at the upper study area. It is not clear fromthe
data if intraspecific predation is occurring or whether
abundances are decreasing over tine in response to reduced
habitat or some other effect. Food habit analysis would need
to be examned on the yearling fish as other forage is present
wi t h abundant speckl ed dace, Paiute scul pin and crayfish as
wel | as aquatic and terrestrial insects.

Substrate sanpling in the mddle study area indicated that
spawni ng substrate was not limting to steel head production
Approxi mately 25.3 percent of the substrate within the sanpling
stations was estinated to be spawning sized material (25-76

| The percent of each bottom substrate classification
present in 1984 was: boul der 20; large cobble 28.4; snall
cobble 32.7; very coarse gravel 5.5; coarse gravel 3.5; nedium
gravel 5.4; fine gravel 2.1; pea gravel .6; sand 1.3 and silt
1 percent. Cobble enbeddedness averaged about 27 percent in
this study area.

Lower Studv Area

Rai nbow st eel head trout was the mai n anadronous sal nonid
in lower Bedrock Creek with chinook salmon being sanpled
occasionally during 1984. The chinook are believed to have
noved into the streamfroma planting of 260,000 Leavenworth
fish in the North Fork Clearwater R ver, by Dworshak Hatchery,
in March and April 1984. Kooskia Hatchery al so rel eased
170,000 chinook in March into Clear Creek. Densities of
yearling steelhead in 1983 &Figure 22 and Tabl e 13? varied from
.11 figh/m“ in May to a peak in June (.18 and declined to .02
fish/m“ in January of 1984 (the |owest density observed on
Bedrock Creek). Yearling densities.,in 1984 were hjgher from
May to July ran%ing from .24 fishfnfto .17 fish/m? Densities
declingd to .05 fish/'m™ in August and |leveled off to .065
fishr/ in Decenber (Figure 23 and Table 13). Estimated _
popul ati on numbers and densities in the sanple area were fairly
stable from Septenber to Decenber (1984) after the main
decrease in nunbers occurred in July and August (Appendi x-Tabl e
73.2.). Popul ation nunbers were nore variable in the fall of
1983 as a small increase in density from Cctober to Novenber
appeared to be due to fish downstream emgration
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Tabl e 13.  Mnthly val ues of streamarea and streamvol une sanpled and average density and bi omss
(standard deviation in parenthesis! of yearling rainbow steelhead trout measured in the |ower
study area on Bedrock Creek in 1983 and 1984

Density Bi onass
Stream Stream
onth Area Vol une Nunber / n2 Nunber / n8 G ans/ @ ans/ nB
Sapl ed Sanpl ed
() (n8)
1984 a
May 911.4 129.8 0,240 1,71 3.78 26.71
(,03) (,35) (,55) (6436)
June 789.3 80.8 0,255 2,53 5. 9% 58. 28
(408) (490) (2,50) (26:75)
July 583.8 33,1 0,170 3,12 4,26 76435
(4,09) (1.82) (1,87) (39.66)
August 485.4 21.9 0050 1.12 0,96 21,62
(405) (1,30 (1,05) (25,48)
Sept enber 603.3 44,3 0. 065 0.85 1.18 16.08
(,04) (145) (,59) (8,35)
QCct ober 705.0 75,7 0. 055 0,53 1.17 11,12
(02 (429) (456) (6,07)
Novenber 765,0 105. 6 0,055 0,38 1.11 8,11
(,03) (,24) (+48) (5.56)
Decenber 799.5 125,1 0,045 0,42 1.24 8,13
(,03) (21 (.75 (5.34)
1983 b
May 43,0 68. 7 0,110 1.05 1490 17,82
(,01) (+10) (+02) (+15)
June 552.8 31.4 0,180 3.26 3,70 66,25
(415) (2,75) (+30) (55,57)
July 492,0 22,7 0,080 1,85 1,47 32,01
(,007) (.03 (+14) (,75)
August 456.4 22,5 0,045 0.98 0.74 15,24
(4007 {,25) (.09 (2.97)
Sept enber 434,0 21.0 0,035 0.7 071 14,56
(,007) (,09) (429) (5.03)
QCct ober 474,4 2643 0,030 0,49 0465 11,39
(.01) (.08) {,34) (4.13)
Novenber 598,8 58,2 0,090 0,94 2,0 20,82
(,03) (436) (1,24) (13.39)
Decenber 558.4 42,9 0050 0462 0,99 13,27
(.01) (+25) (,44) (7,01)
January 6036 89,5 0,020 0.18 0,57 3,64
(,007) (0 (+15) (,32)

a Average of three SOmeter sample stat ions,
b Average of two 50 meter sanple stat ions.
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(Figure 24). Densities,in Decenber of both vears were al nost
i dentical at .05 firsh/n? in 1983 and .065 fish/ in 1984. In
1983, the npst pronounced decrease in dgnsity occurred between
June’ (.18 fish/mt) and July (.08 fish/mo . Fhe sharpest decline
in density observeg in 1984 was fromJuly (.17 fish/m) to
August (.05 fish/m“) when the stream di scharge dropged from
0161 m'/s to the sunmmer |ow flow of .0048 m /s (Table 14).
This decline in abundance followed a pattern simlar to that of
the mddle study area. Yearling fish conprised 6 to 20.7
percent of the total salnonid density present in 1983 and 11 to
36.4 percent of the total in 1984. Subyearling rai nbow
steel head trout made up the renaining percentage.

“Biomass ranged from 1. 90 9/n¥ in May of 1983 to a hi gh of
3.7 in June and declined to .5 q/n# in January of 1984 (Table
13). Yearling biomass estimates from 1984 were initjally
higher at 3.78 g/'m° in May and increased to 5.94 gl in June
A sharp decrease occurred from 4. 26 tg .96 g/m*= fromJuly to
August, and bionass averaged 1.24 g/m” in Decenber. Bionass
and density of yearling steel head was highly correlated during
both years (P<Q05) and followed simlar patterns over tine.
In 1983 yearling biomass accounted for 25 to 64.4 percent of
the total salnonid biomass and in 1984 conprised from40 to 91
percent of the total salnonid standing crop.

Production of,yearling steel head varied from-.o04 g/n%
(1983) to 1.47 g/m“ in 1984 (Table 6). Sonme production of this
cohort was mssed as sanpling was not conducted in the early
spring. Mnthly production estimates followed a pattern of
initial accunulation of fish flesh in May and smaller
production values during the fall. Mintenance or negative
Broduction occurred over the summer and w nter nonths during
oth years. Fish emgration is a factor that can affect
estimates of production. Marked Kearlinq st eel head noved out
of the sanple stations and into the pool site during low flow
periods. The estimate of production, however, was that which
occurred within the representative sanple stations. The tota
juvenil e steel head production for Redyock Creek, averaged gver
the study areas, ranged from 3.67 g//m* in 1984 to 4.32 g/m” i'n
1983. The 1983 information includes subKearIing product i on
from Novenber, 1983 to May, 1984 which the 1984 estimates
lack. Both years lack estimtes of yearling production from
January to May so the annual production of juvenile steel head
I's probably higher than the reported values. Bedrock Creek
production estimates fall within a mddle range of rainbow
trout production, of 2.4 to 13.2 g/m“, reported for streans
within the United States (Neves et al. 1985)

As fish densities decreased over the sumrer period there

was little instream cover available at the |ower study area.
Total measured yearling instream habitat never exceeded four
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Table 14, Average month

area on Bedroc

gpysical characteristics, standard deviation in parenthesis, of the lower study
eek sanpled in 1983 and 1984

Stream Stream Stream Stream Aver+  Depth  Undercut Overhang, Surface Subm Tot al
Mont h Discht Veloc Wdth Depth Véater  >30cm  Bank Vegetation Turbt  Rock Hahi t at
Temo
(m3/sy (CM's) (em emd (0 (m2) (a2 (m2) (m2) (m2) (m2)
1984 a
May 0.2000 21,43 607.6 144 116 290  0.28 2.32 7.11 0 12,59
(,004) (2,48) (84.1) (1,7) (2,99)  (,44) (3.20)  (1.64) (1,75)
June 0.0905 13.16 s27.4 10,3 14,8 0.78 0.49 2,40 6472 0 10. 60
(,010)  (1.72) (54.8) (2,2) (1,11 (5D (4,51) (.87 (3.84)
July 010161  4.85 389.3 5.7 18,0 102 0.17 0.79 1,84 0 3.82
(004)  (.18) (77.9)  (,é) (1,76) (.29 (,69) (5D (,89)
August  ©.0048 2,62 323.8 46 18,1 0.44 0.11 1,08 0,25 0 1.88
(,001)  (1.62) (39.8) (,6) (76) (19 (1,22) (19 (1)
Septenbero.o182 5.0 4021 7.4 13,9 0.80 0.03 0.85 1.21 0 2.90
GO (247 (354 LB (1,39) (.05 (L98)  (.96) (,01)
(ctober  0.0343 7,30 470.2 10,7 9.2 1.05 0,14 1.33 1,58 0 4,11
(005 ey wee LD (1,82) (248 (1,88)  (466) (1.69)
Novenber0,1027 1536 s10.2 141 49 2,0 0,14 1,59 1.98 0 5.73
(03 (5.22)(117,5) (2,2 (3:36)  (,2%) (2,36)  (,96) (2,17
December  0.1251 15,40 5331 15,7 L5 2.95 013 2,59 316 0 8.84
(03) (269 (53.3) () (3.55) (,22) (3,21)  (1.2D) (1,05)
b
May 011557 21,20 443.3 10,7 13.1
(,020)  (7.85) (46:6)  (,05)
June 0.0349 9,40 557.7 57 161 1.24 0,41 7,38 0.85 0 9.89
(,004) (1,70) (14.5) (.2 (1,7)  (.58) (4,92) (19 (2,39)
July 0.0239 6,25 4919 4.6 1.3 1,07 0.04 44 0.1 0 5467
(003 (O (7.2) (3 (1,52)  (,09) (4:22) (007 (2.65)
August  0.0281  B.07  456.¢4 4,9 195  o0.48 0440 4,67 0 0 5.75
(002)  (1,31) (34,1) (L&) (,96) (5D (4,51) (2,97
Septenbero.o190  4.76  434,0 4,8 133 0.81 0.18 3.96 0.08 0 5,03
(003) (71 (431 AT (1.18) (.25 (3,78 (0B (2,33
October 0,023 519 4746 1.5 93 o.87 0.27 3,31 0,21 0 4,67
(,004)  (.27) (18.7) (1,24)  (.38) (2,92) (09 (1.,36)
Novenber 0.1131 15,97 598.8 9.7 6.6 2.1 0,39 4.76 0,42 0 7463
(,004) (39 (20.1) (3 (2,98) (.55 (505 (3% (1.79)
Decenber 0.0707 11.77 55847 17T 25 1,14 0.28 3,72 0440 0 5454
(,0002) (\17) (4.9 (.8 (1.62) (39 (3.84)  (.08) (1,91
January  0.1991 22,30 603.5 14,8 1.5 0
(0200 (.99 (LOT) (2.7

a Average of three 50 meter sanple stationst

b Average of two 50 meter sanple stations
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percent of the total available stream area. Instream habit at
averaged about two percent of the total available habitat
during summer nmonths. Stream depth averaged |less than 10 cm
fromJune to October (Table 14) and was usually less than 15 cm
during the other nonths. Streamvelocity averaged | ess than 13
cm's during the same period. The stream depths and velocities
in |ower Bedrock Creek are at the mninmumlevel in ternms of
probability-of-use for juvenile steel head (Bovee 1978).
Everest and Chapman (1972) also found a higher density of age
| + steel head, in Crooked Fork Creek, ldaho, in depths greater
than 15 cm  Yearling densities fromone pgol/run area sanpled
in 1983 (Figure 25) ranged from .58 fish/ i'n August decl1ning
to. 25 in Septenber and down to .16 fish/m in Decenber (Table
15).  Abundance of fish in the pool/run area was three to ten
times the density observed at the samplipg stations. Density
in 1984, ig the pool/run, was .21 fish/m® in June increasing to
91 fish/m® in July.2 A major drop occurred from.79 fish/n? i
August to 24 fish/m in Septenber, leveling off at .25 fish/
in Novermber (Figure 26 and Table 15). The sharp decrease in
yearling density from August to Septenber occurs during both
years as water tenperature concurrently drops 4-5 degrees
Centi gr ade. Fish, during this time, apparently redistribute to
other habitats or under%o mortality. No pulse in downstream
movenment was noted at the fish weir during this time (Figure
24). Since pool habitat is scarce in this stream section, the
redistribution of relatively few fish would not appreciably
i ncrease yearling density at the sanple stations and is not
reflected in increased densities. Yearling steel head densities
at the pool/run site were five times the densities at the
sanplin% stations durin% the summer nonths (Figures 27 and
28). This points out the critical |ate sunmmer habitat that
pools or runs provide in the |lower stream section. Wnter
densities at the pool site are three to four tines that of the
sanpl|n% stations which also indicates they provide inportant
winter habitat. Stream depth in the pool/run averaged
approximately 20 cm during summer |low flow (Table 16) conpared
to depths of about 5 cmat the sangle stations (Table 14).
Year|ling rai nbow trout (Wesche 1980) and steel head trout
(Everest and Chapman 1972) are reported to utilize depths nore
often as depth exceeds 15 centineters. Depths greater than 15
cmare nore available at the pool site than at the sanpling
stations. Wnter density of fish at the pool/run site was very
comparable_between years at .23 fish/m" in Novermber, 1983 and
.25 fi'sh/’/n? in Novenber of 1984, Yearling density at the poo
site in the upper study area, in Novenber was tw ce the
estimated yearling density at the pool/run site in the |ower
study area during both years (Tables 7 and 15). The upper pool
site- apparently provided better overwintering habitat. The
pool at the upper study area, beside having an undercut bank
contai ned water depth greater than 35 cm and was shaded. The
pool /run (lower study area) |acked an undercut bank, had a
stream depth of about 20 centineters and was not shaded.
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Yearling rainbow-steelhead trout density
at the pool/run site at the lower study
area on Bedrock Creek from August to
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Table 15, Monthly values of stream area sampied; stream volume sampied, density and biomass of vearling
rainbow-steelhead trout collected at the puol/vun site in the lower study area on Redroeck Creek
in 1983 and 1984.

Density Riomass

Stream Stream

Area Yo lume Number/m2 Number/m3 Grams/m2 Grams/m3
Month Samp led Samp led

(m2) {m3)

1984 ) o o
May - - - - - -
June 80.4 18.86 0.210 0,90 4,07 17.40
July 65.8 12,04 0.910 4,98 30,50 164,69
August 6241 13,53 0.7%0 3462 21,50 98,49
September &5.7 14,32 0.245 1412 G171 26,20
October 674 15,34 0,220 0.98 .37 23.66
November 7242 14,49 0.250 1.08 41 23,40
December - - - - - -
1983
May - - - - -
June - - - - - -
July - - - - - -
fiugust 51,9 10.8% 0,580 2476 13,35 44 .84
Sep tember 60,9 11:69 0, 250 1.28 5,25 27,33
October 64.8 13,74 0,200 0,95 3.89 18435
November 77.0 19,02 0,230 0.9% 4,80 19,45
llecember 84,8 22,75 0.1460 0461 4,03 15,38
January - - - - - -
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Figure 27. Yearling rainbow-steelhead trout density at the samp-
ling stations (solid diamond) versus the pool/run site
(open diamond) at the lower study area on Bedrock Creek
in 1983.
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Figure 28. Yearling rainbow-steelhead trout density at the samp-

ling stations (solid diamond) versus the pool/run site
(open diamond) at the lower study area on Bedrock Creek

in 1984.
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Tabl e 16.  Mont hl yphysi calcharacteristics, standard deviationin parenthesis, at the pool/runsite of the
| ower study area on Bedrock Creek sanpled i n 1983 and 1984,

Stream Stream Stream Stream Aver
Month Di schar ge Vel ocity Wdth Depth \\at er Tenp.
(n8/s) (cm's) << (cn (0
1284
May - - - -
June 00989 13,65 403,0 23,4 14,8
(10,08) (67:9) (17,1
July 0.0167 5.0 329,0 18,3 18,0
(5.28) (41,9) (16,0)
August 0,0031 0.78 310.4 21,8 18,1
(1,.0) (37,3 {17.2)
Sep tember 0.0113 3+60 328.4 21.8 13.9
(3,20 (42,8) (1644)
October 0.0398 710 38,0 22,7 9.2
(5,35) (39,2) (16:4)
November 0.0772 11,70 361.2 23,1 4.9
(9,84 (35.7) (16.3)
[lecember - -
1283
May - - - - -
June - - - -
July - - -
August 00267 7415 331.0 20,9 19,5
(5.45) (76.0) (16:1)
Sep tember 0.0211 526 348.0 19.2 13,3
(4,18) (31.2) {16:3)
October 0,0262 5,38 370.4 21.2 9.3
(3,27 (40.9) (18.8)
November 0,1163 16,25 440.,0 24,7 b6
(8.76) (102,2) (21,1)
Dlecember 0,0705 11,90 494,2 2642 2.5
(6+30) (111.1) (20.5)
January -
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Estimgted yearling biomass in the pool/run in 1983 was
13.55_anr i n August drqﬁglng to 5.25 I n Septenber and 4. 03
I'm® in Decenber (Table 15). Biomass val ues in 1984 ranged
rom 4.07 g/m“ in June to 30.5.g/m“ in July. A narked
decrease occurred from 21.5 g/n? in August to 5.71 g/ in
Septenber, decreasing to 5.41 g/n% in Novenber.  Shar
decreases in biomass from August to Septenber during Both years
paral l el ed the decrease in fish densitv, as water tenperature
dropped 4-5 C, and fish either redistributed to other habitat
or underwent nortality.

Correlation nmatrices between yearling steelhead density
and habitat variables indicated that significant relationships
exi sted between density and instream cover. Yearling steelhead
density and surface turbulence had a significant relationship
during both years of study (Figures 29 and 30). During 1983,
when two 50 m stations were sanpled, fish density and surface
turbul ence had a correlation of . 85 even though the range
within each variable was limted. |n 1984, tﬂree sanpl e
stations were studied and the correlation remained about the
same (r=.87). However, in 1984 neasurenent of surface
t ur bul ence was enphasi zed in areas where instream cover was
limted. In the |ower study area there were few pools, runs or
under cut banks Froviding yearling fish habitat. Overhanging
vegetation and fish density had a significant correlation in
1983 (r=. 95; P<O. ) but did not in 1984 (r=47). In 1983 only
one of the two sanple stations contained nuch overhangi ng
vegetation, and nmost of the yearling fish were collected under
the vegetation. Total habitat, a summation of the instream
cover variables, was significantly associated (r=.96) wth
yearling densitK in 1983 (Figure 31) and in 1984 (r=72)

(Figure 32). This study area was the only one on Bedrock Creek
where a significant (P<QO05) relationship between yearling
steel head density and instream cover was denonstrated. Lack of
consi stent relationships between yearling density and instream
cover gtotal habitat) for the other study areas suggests that
ot her aptor%s) ot her than space alone operate to control fish
density in the Bedrock Creek system

_ Densities of subgearling steelhead in 1983 degreased from
a high of 1.32 fisg/m“ in June down to .73 fish m"™ (August)
and to . 105 fish//m® in January of 1984 (Figure 33 and Table
17) . Subyearling abundances (Table 17) decreased nore sharply
fromhigh initial values in June to Cctober. Age 0+ density
declined [ ess sharply fromogtober to January. Densities in
1984 varied from. 445 fish/n? in June to .625 fish in Julv and
then to . 15 fish/m® in Decenber (Figure 34 and Table 17).
Mar ked decreases in age 0+ abundance occurred from July to
Sept enber, when stream discharge was at its |lowest, and then
decreased slowy into the winter period. Densi ty of
subyearlin% fish supported in this |lower study area in Decenber
of 1983 (.225 f|sh/n?) was simlar to Decenber
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Figure 29. Relation between yearling rainbow-steelhead
trout density and surface turbulence at the
lower study area on Bedrock Creek from May,
1983 to January, 1984.
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Figure 33. Subyearling rai nbow steel head trout density
at the |l ower study area on Bedrock Creek from
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Tabl e 17. anthby va lues of streamarea and streamvol ume sanpled and average density and bi omass
(standard deviation in parenthesis) of subyearLing rainbow-steethead trout collected in the |over
study area on Bedrock Creek in 1983 and 1984

Dens i ty Bi omass
Stream Stream
Area Vol ume Nunber / n2 Nunber / n8 Grans/n? Gans/nB
Month Sampt ed Sampl ed
t )
1984 a
May 911.4 129.8
June 789.3 80.8 04445 4,27 0460 5,75
(+14) (,81) (A7) (.99)
July 583.8 i1 0,625 10,91 1,99 34,82
(,22) (3,34) (166) (11.04)
August 485. 4 21.9 0,410 9,22 1.45 31.78
(122) (5.23) (,76) (17.48)
Sep t enber 603. 3 44,3 0,280 3,78 1,14 15,50
(1) (1,50) (,47) (6430)
Qct ober 705.0 75.7 0,230 2,21 1,26 12,01
(,07) (,84) (,47) (5.18)
Novenber 25,0 105. 6 0,220 1,52 1,17 8,25
(,09) (162) (,51) (3.48)
Decenber 799.5 125.1 0,150 0,97 0.84 b.44
(,04) (,32) (,29) (2.08)
1983 b
May 643,0 68.7
June 552.8 31.4 1,320 22,91 2,04 2,04
(,94) (15.65) (1,46} (1,46)
July 492.0 22,7 1,090 23,90 2,50 54.43
(,24) (7.0 (,03) (4,62)
August 45614 22.5 0,730 15,05 1,86 18,52
(,25) (6,23) (,83) (19.84)
Sept enber 434,0 21,0 0,585 12,09 2,14 44,45
(,15) (3.82) (,37) (10,39)
Qct ober 474.4 26.3 0,400 7.51 1,87 35,20
(,10) (3.26) (148) (15,50)
Novenber 598.8 58.2 0.345 1,52 2,39 24,49
(,007) (17 (17) (2466)
Decenber 55846 42.9 0,225 2,9 1,44 21,61
(,02) (,59) (,22) (5,07
January 603,64 89.5 0.105 0,70 0,81 5,59
(. 007) (,09) (,02) (1.19)

a Aveage of three 50 neter sanple stat i ons,
b Average of two 50 meter sanple stat ions
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1984 estimates (.15 fish/mz), suggesting a Decenber carrying
capacity of this nagnitude. Subyearling fish accounted for
79.3 to 94.4 percent of the total sal moid density present in
1983 and 63.6 to 89 percent of the total in 1984.

5 Subyearling biomass estimates in 1983 ranged from 2.04
g/m“ in June (Table 17) to a peak of 2.5 in July, fluctuated up
and down from Auqust to Novenber, and declined to .81 g/min
January of 1984. No distinguishable trends in biomass were
evident in 1983. Bi omass values in 1984 ranged from a | ow of

60 m/” in June to a maximum of,1.99 in July and generally
declined in the fall to 84 g/m™ i'n Decenber. Subyear!ing
bi omass and density, unlike the mddle and upper study areas,
was not significantly associated during either year. Bi onass
of age O+ rainbow steelhead trout in 1983 contributed 35.6 to
75 percent of the total.

Production of subyearling steelhead (Table 6) at the | ower
study area ranged from 1.57 g/m" (1984) to 5.33 g/m in 1983
Annual production of age 0+ fish was estimated in 1983. In
1984, data from Novenber to May was not available and thus sone
of the cohort production was m ssed. Mont hly production
estimates indicated that accumulation of fish flesh was
positive during nost nonths except in Novenber of 1983 and Julv
of 1984 (Table 6). Esti mated production was highest in June of
both years with a decreasing production from Auqust to Cctober
of 1984. H gher levels of weight qgain were observed during
August to Cctober of 1983. Difference in subyearling
producti on between the study areas was small, in 1984, varying
from1.53 to 1.82 g/'m~. Accunulation s-f age O+ biomass in 1983
was nore vapiable ranging from3.2 s/m at the upper study area
to 5.33 g/m”~ at the |ower area.

Correlation matrices between subyearling steel head density
and bi omass and habitat variables indicated a significant
rel ati on existed between density and average water tenperature
during both years (Figures 35 and 36). Abundance of age O+
fish would only increase up to a point where |etha
t enperatures were approached, at which point the graph would
truncate. Sunmmer average water tenperatures reached 19.5 C in
1983 and 18 C during 1984 which is at the upper range of
optimum water tenperature of 12 to 18 C for rainbow trout
(Raleigh et al. 1984). Subyear!ling production was positive
t hrough the summer nonths except for July of 1983 (Table 6).
The | argest decline in subyearling density occurs fromJuly to
August, during both years, during the period of |low flows and
hi gh water tenperature. Subyearling biomass and stream
di scharge was significantly neqgatively correlated in 1983 (r=
.69), but not in 1984 (r=-. 69) indicating an inverse
rel ati onshi p. Density of subyearling versus yearling fish was
not significantly correlated in either 1983 (r=.71) or 1984
(r=.66). This differed fromthe other two study areas where a
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significant relationship existed and generally higher densities
of yearling fish. Wen a significant relationship exists
between density of yearling and subyearling fish, it is
difficult to explain the association as being intraspecific
predation. Further research into the interspecific

conpetition, food habits and feeding ecol ogy of the rhinichthys-
Cottus- Sal nbo species conplex is needed.

Substrate sanpling showed that adequate spawning gravels
existed for adult steelhead. Estinmated avail able spawning
substrate in 1983 was 28.3 percent of the total stream bottom
area and in 1984 was 27.6 percent. Spawni ng substrate was
present in patches or pocket areas as opposed to |arge
conti nuous expanses of gravels. The percentage of each
substrate classification present is given below with 1983
information presented first and the 1984 data in parenthesis:
boul der 18 (23); large cobble 34.1 (24.7); small cobble 29.2
(3@ - very coarse gravel 13.7 (7.45; coarse gravel 0 (2.2):
medi um gravel 3.7 (3.7); fine gravel O (.8); pea gravel 0 (.4);
sand . 6 (.2) and silt .3 (.8) percent. Cobble enbeddedness was
egginated to have been 38.2 percent in 1983 and 26.6 percent in
1984,

Juvenile Steelhead Qutmgration

Juveni |l e rainbow steel head trout outmgration was
monitored during the study period while density and bionmass
estimtes were made. Generally, small pulses in downstream
nmovenent were seen (Figure 24). The only exception was the
tail-end of the spring 1984 snolt outmgration that was
sanpl ed, and snolt nmovenent ceased by md June of 1984. No
smal | pre-snmolt (age I+) fish were captured during this latter
portion of the snolt outmgration which is simlar to the
nmovenent patterns in Cottonwood Creek. Smaller pulses in
movenent were evident in the fall of 1983 and 1984 but the
nunbers of fish sanpled were low. Very little novement was
evidenced during sumrer low flow stream conditions. Stream
fl ow goes sub-surface at the stream nouth during the sunmer and
early fall period thus precluding fish novenent into the
Cearwater River. The nunber of snolts mgrating out of the
Bedrock Creek system based on Decenber popul ation estimates,
were projected to be 5,290 fish in 1984 and 4,339 fish in
1985. Is estimate assunmed that no nortality took place after
Decenber of each year. Snolt estimates cal cul ated using
popul ation estimates obtained during base flows (August), were
tw ce the above estimtes and were m sl eading.

Juveni |l e Steel head Age and G owh

A total of 255 juvenile steel head were aged via the
scal e nmethod to separate age groups for density,
bi omass and production estimates. For this report two
groups of fish were recognized: yearlings (age I+, age Il+
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and ol der) and subyearlings (age Of). During the studg
period yearling rainbow steelhead ranged in size from 74
to 304 mmin total length and 4 to 221 g in weight. The

| argest fish sanpled (304mm221g) was the only age || +
individual collected in Bedrock Creek. Over 90 percent of
the yearling rainbow steel head trout examned were age |+
fish. These fish varied in size from74 to 190 mmin
length and 4 to 67 g in weight. Subyearling fish ranged
up to 127 nmmin length and 13 Qin weight during their
first growi ng season. Annulus formation was conpl eted by
March at which tine fish were assigned to the next ol der
age group.

The avera%e | ength of yearling rainbow steel head
(Tables 18 to 20) was very simlar between the sane nonth,
study area and year (generally + 10 nm. Average |ength
and wei ght of yearling steelhead in May of 1984 range
from108 to 119 nmand 11.6 to 15.3 g, for all three study
areas. Fish size fluctuated up and down over the summer
and fall and varied from 129 to 142 nmin lenqth and 16.5

to 20 g in weight during the overwintering period (Tables
18 to 20). The largest increase in weight observed in
1984, occurred fromMy to June with a small increase from

Jyne to July. During summer |ow flow conditions (.0096
n?#s i n August), averagg wei ght decreased but then
increased slightly in Cctober. Average fish condition
factors during 1984 did not bottom out during the summer

| ow flow period but during the winter at a val ue of
between .74 to .77; condition factors ranged from .89 to
.74, Yearling fish in 1983 ranged from about 120 mmin
length and 16.7 to 18.6 g in weight in May and fl uctuated
up and down during the summer and fall. Fish varied
inlength from137 to 141 mmand in weight from19.3 to
21.1 g in January, 1984. Average yearling weight attained
vascillated nore in 1983 at the |ower study area (Table
20) than the uEper area (Table 18). Condition factors in
1983, unlike the 1984 data, reached a |ow point during
late sunmer (.57 to .622 and then increased slightly in
the wnter and ranged from.71 to .75 Net growth occurs
during May and June with some growth occurring during the
fall. Small increments in growh that are realized in
late spring and in the fall are partially vegated by
wei ght | oss during summer low flow conditions and in the
winter period. The growh that occurred in early spring
was m ssed because no sanpling was conducted due to water
turbidity and higher stream flows.

Progression in the average |length and weight of
subyearling rainbow steel head was simlar between study
areas in 1984 (Tables 18 to 20). Subyearling fish increased
In size during the year and attained a length and weight
of about 83 mmand 5 g in Decenber. Average condition
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Tabl e 18

Average total length, weight and condition factor (standard deviation in parenthesis) of
yearling and subyearling rainbow steelhead trout sanpled from the upper study area on Bedrock
Creek in 1983 and 1984,

Yearling Subyearling
Total Condition Total Condition
Month Length Weight Factor Length Weight Factor
(mm) (g) {mm) (g)
1984
May 107.7 11,60 0.86 -
(17.0) (6:15) (,09)
June 125.2 19.30 0,89 48.2 0,70 0.57
(21.,2) (15,74) (.07 (4,6) (,39) (,23)
July 131.2 21,55 0.85 65. 8 2.75 0.93
(23.0) (17.14) (,09) (6+3) (,84) (+12)
Auqust 130,3 20,10 0.81 70,5 3.15 0.87
(21,5) (14,90) (.07 (5.7) (.87 (+12)
Sept enber 127.6 18.65 0.83 74,3 4,05 0,97
(16,9) (9.36) (,09) (6:3) (1,02) (,09)
QCct ober 135.8 23,95 0.89 8040 5415 0.97
(18,0) (12,15) (v15) (840) (1.50) (+11)
Novenber 137.7 23.20 0,80 81.0 4,70 0.85
(22,2) (15.38) (,07) (8+4) (1.,38) (+10)
Decenber 141.7 20,0 0.77 83,0 5.0 0.84
(29.8) (23.80) (.07 (8:9) (1.,50) (+10)
1983
May 120.1 18,60 0491 -
(27.4) (19,23) (114)
June 128.5 18.65 0.71 53.6 1.35 0,90
(29.0) (25.60) (,10) (4,5) (+24) (4128)
July 131,0 19.30 0,76 65,3 2.20 0,79
(24,1) (14,97) (+12) (5.2) (163) (,25)
August 131.8 16455 0.64 7046 2,10 0.58
(22,9 (13.97) (112) (7:2) (+63) (17
Sept ember 134,3 16465 0.57 74,5 3.65 0.85
(25.6) (16:65) (+12) (646) (1.11) (+10)
QCct ober 138.3 21125 0.68 84,3 4,55 0.77
(25,6) (18,12) (+14) (8.5) (1,21) (,24)
Novenber 137.1 20. 20 0,74 8444 5.35 0.85
(15.8) (8426) (,09) (949) (1.9 (112)
Decenber 138.3 20,10 0,71 87.4 5470 0,89
(16:7) (9:17) (+10) (11,42) (1,45 (,30)
January 137.4 19,30 0.71 9140 5,70 0.79
(12,9) (7.64) (4+12) (9:9) (,93) (,27)
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Tabl e 19. Aver?etotallengh wei tht and condi tion factor (standarddevi ationi nparenthiseis) of

year!ingandsubyear!lingrainbow steel head t rout sanpl ed f romt he m ddl e st udy area on Bedr ock
Creek 1n1984,
Yearling o Subyear! i ng o
Tot al . Condi tion Total . Condi tion
Nont h Lengt h Vi ght Fact or Lengt h Vi ght Fact or
(m) (9 (m) (9
1984
My 111.6 12,95 0.87
116.1) (6,04) (10
June 126.9 19.30 0,88 6340 2,30 0.88
(19,1) (10,40) {,08) (5.9 {(,75) (+15)
July 131,2 20.95 0,85 8.0 3.0 0,93
(21,8) (14.36) (1D (5.7 (+81) (+12)
August 127.0 18,20 0.81 7147 3,25 085
(19.6) (10.87) (,06) (641 {496) (1)
Sept enber 132.3 20,45 0.82 75.8 4,10 0,92
(20,2) (12,14) LoD (649) (1.18) (410
(ct ober 135.2 21,10 0,80 77.8 4,30 0.88
(20.2) (10,58) ¢, 073 {8.1) (1,33 (+09)
Novenber 138.4 21,70 0,75 79,7 4,50 0,86
(20,0} (11,62) (07 (844) (1,43) (,08)
Decenber 128,7 16.50 0.74 81,0 4.95 0450
(15,3) (5,50) (,05) (9.1) (1,55) (409

67



Table 20, Average total length, weight and conditior facter {(standard deviatien in parenthesis) of
yeariing and subyearling rainbow-steeihead trout sampled from the lower study area on Bedrock

Creek in 1982 and 1984,

Yearling
Total
Menth Length Weight
{(mm) (q)
1984
May 118.7 15,35
(21.,5) (9.28)
June 132,46 22.30
(19.7) (12,29
July 137,6 93,65
(21.4) {15,50)
August 121.6 1840
(12,1} (5,07)
Sept enber 1301 19.15
(17.4) (8.11)
Cct ober 1351 21,40
(17.8) (8,93}
Novenber 131.8 19.25
{19.3) (8.24)
Decenber 130.8 18.80
(21,3 (10.53)
1983
May 121.5 16,75
(18,1) (8,29)
June 134,4 20,30
(19.9) (13,10
July 1271 15,90
(12,3) (5.54)
August 1265 12,95
(10:7) (4,99)
Sept enber 133,4 18,10 2
(14.3)
Qct ober 140,5 20,90 @
(19,3)
Novenber 139,9 22,0
(23,9) (14,36}
Decenber 139.3 20,45
(16,9 (7,85
January 141,1 2,154
(9,9}

Subyearling

Condition Total Condition
Factoy Length Weight Factor
(mm} (g)
0.84
{10}
0,88 55,8 1,35 0,75
(070 {507 (442} (17
0.83 68.6 3,20 0,96
{113 (5.9} (.91} (.14}
0.83 2.7 3.50 0.88
4,07 (642} (,94) (4 12)
0.82 78,0 4,10 0.82
(12} (7.9) (1,38) (,12)
0,82 81.8 3440 0.96
(4,05} {844} (1.,63) [+10)
0,79 B4.5 5440 0.87
(, 04} (9.5) {(1.62) (.10}
0,77 2.9 S423 0.88
(,06) (9.7 (1.79) (,0%)
0,88 -
(,12)
0.76 54,2 l.55 1.02
{,14) {7.3) (+42) (.39
0,75 6841 2490 0.81
|+14) 17:2) {164) {,24)
0.62 71,0 2440 0.67
{(,12) (646} (74 (v 18)
0.76 76,0 3.90 0.86
(7.7} (1.17) (,13)
0,75 86. 2 4,70 0,75
(.1} (+94) {,22)
0,72 94,8 7,10 0.81
(.08} (104} (2.0} (,13)
0,72 9643 725 0.83
(1) {11.4) (1.70) {+26)
0,79 10044 7490 0.80
(11.4 {1.92) (23
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factors during the saTFI|ng period generally ranged
between .84 and .97 and were .84 to .90 in Decenber during
t he overMAnterlng period. Age 0+ steelhead In 1983,
followed a simlar pattern of growth but fish were Iarger
going into the winter period. Larger size has been shown
to be inmportant in the overwintering survival of wld
subyearllng brook trout (Salvelinus‘ fontinalis) by

Hunt (1969). Sub%earllng fish_in Decenber varied from 87
to 96 nmin length and 5.7 to 7.25 g in weight conpared to
83 mmin length and 5 g in weight in 1983. Average
condition factors in 1984 ranged between .75 and .9 in
nmost cases.

The length-weight relationship for juvenile steelhead
from Bedrock Creek is presented in Figure 37. A
non-linear |east squares regression was run and the
| engt h-wei ght equation showed that growth slightly
exceeded the cubic relationship resulting in allonetric

romﬁh (Tesch 1971) during natal stream habitation. The
Ien?th | og Selght relationship was log W= -11.1957 +
2 9018 log L (R® =.98).

Information on total length and fork length for
juvenile steelhead was collected in 1984. Conversion
factors between total length and fork |ength for
subyearling fish (n=305) 57 to 102 mmis TL = .1295
+.9477(FL) and for 168 yearling fish (99-207 mm is TL =

5152 + . 9495(FL). The coefficient of deternination
RY) for the sinple nodel of total length and fork
Iength was . 99 for both groups.

Enhancement Strat egy

Enhancenment reconmendati ons for the Bedrock Creek
system have previously been nmade by Kucera et al. (1983),
Fuller et al. (1984) and Fuller et al. (1986?. Resul ts
from these studies and the current survey will be used to
addr ess anadronous sal noni d enhancenent potential. \here
direct support fromthe sanple data is not available,
through regression or correlation, support from the
literature is used. Problenms identified were a |ack of
yearling habitat, |ow sumrer stream di scharge and
concurrent el evated water tenperatures and extrene annual
streanfl ow vari ati on.

Lack of instream cover for yearling fishis a
limting factor to anadronmous sal nonid production in
Bedrock Creek as has been found in other studies (Everest
and Sedell 1984). Total neasured instream cover never
exceeded 10 percent of the available area at any study
area, with the remainder being riffle or riffle-run
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habitat. The upper study area supported the highest
sumrer and w nter yearling steelhead densities (Table B.I)
and al so contai ned the highest percent instream cover
during the two year study period. The upper study area
contained nore pool habitat, the mddle study area nore
run habitat and the |ower study area mainly surface
t urbul ence and over hangi ng vegetation as instream cover.
Yearling steelhead density was significantly correlated
(PcO.05 with total yealing habitat at the |ower study
area only. Few significant correlations existed that
rovided a biological basis to relate yearling density or
iomass information to habitat data. Therefore
regression analysis was not a useful tool in delineating
factors that limt steel head densities. However, other
investigators (Burns 1.971; Gordon and MacCrinmon 1982)
have found significant relationships between yearling
steel head densities and |iving space variables. Sone
habi t at enhancenent neasures in the Cearwater Basin are
al so based on the prem se that inproving instream habitat
wi Il increase steelhead density.

Avera?e stream depths during the sunmer and early
fall were [ess than 12 cmand water velocities averaged

less than 15 cm's. These depths and velocities are at a
mnimm level in terns of probability-of-use data for

juvenil e steel head (Rovee 1978). Yearling rainbow trout
(Wesche 1980) and steel head trout (Everest and Chapman 1972)
are reported to utilize depths nore often as depth exceeds 15
centinmeters. Preferred depths (15 cm) are generally found in
pool habitats2 Yearling densities at the pool sites ranged up
to 1.5 fish/m and were three to ten tines the densities
observed at the sanple stations. H gh pool steelhead densities
indicated that pool habitat provided crucial cover during
sumrer low flow conditions and during the winter. Placement of
i nstream structures such as boul ders, root wads, gabions,

boul der clusters and woody debris would help increase the
amount of pool habitat. It is estimated that with such
limted yearling cover (<I0%, that placenent of instream
habitat structures could substantially increase the snolt

yield. Placement of instream structures should take place

as part of an overall. enhancenent/restoration plan. For
exanpl e, Jester and MKirdy (1966) reported that water
tenperature increased 60 percent In 16 reaches inproved by

| og dans. \ater tenﬁerature i n Bedrock Creek averages

nearly 20 C during the summer period (maxi mumof 25.1 Q

which is not within the optinumrange of 12 to 18 C for

rai nbow trout (Raleigh et al. 1984).

Annual stream flow variation, |ow summer stream fl ows

and high summer water tenperatures are variables that also
need inprovenment in this ow and valley stream  Bedrock
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Creek, hydrologically, is highly variable. Stream
dischaxge during the sanpling period varied from.003 to
4.25 m/s; a 1,417 fold difference. Stream discharge
megasured On a descending flowin the spring of 1986 was 22
/s. TRaleigh et al. (1984) state that there is a
definite relationship between annual flow regine and
quality of trout habitat with the nost inportant period
being base flows. Peak spring runoff has reduced the
channel stability by creating wider flood plains in the
lower 4 to 5 kmof stream  Stream channels within these
wi der flood plain areas, may be conpletely altered from
year to year which would | eave sonme instream structure
enhancenment unavailable to trout. Spring runoff also
inhibits riparian vegetation establishnent in these
areas. However, where well-developed riparian
vegetation and overhead canopy exist, there is usually
better channel stability. Placenent of instream
structures such as woody debris not only creates high
qualitY pools (Platts and Rinne 1985) but also helps
control channel stability (Heede 1981). conditiosn in
the lower one to two kiloneters of stream may require
rechannelization into a meandering path and revegetation of the
stream banks. Pl acenment of instream deflectors to help
di ssi pate energy during periods of high runoff needs to be
eval uated further.

Low summer stream flows and high summer water
tenperatures also are of concern in the Bedrock Creek
system Stream di scharge was as low as .003 m/s (.10
cfs). Stream discharge was significantly positively
correlated with yearling steel head habitat and at sumer
base flows severely limted the available yearling cover
Avai l abl e yearling habitat was |acking ((10% under |ow
flow conditions as the majority of habitat present ﬁQO@@
were riffles or riffle-run habitat. Consistent declines
in yearling popul ations (numbers of fish) were observed
during the summer over the two year study period. A
period of population regulation apparently occurs during
the summer |ow flow period. Low summer flows, high water
tenperatures and lack of yearling habitat all occur during
the summer. One specific limting factor that regulated
yearling nunbers could not be identified but, rather, the
time of population decline was. Flow augnentation, either
t hrough spring enhancenent or construction of a smll.
storage reservoir, would alleviate sumer |ow flow,
increase yearling habitat and help reduce water
temperatures. Average water tenperatures in Bedrock Creek
reach 20 C during the sunmer wth nmaxi num tenperatures up
to 25.1 C for short periods of time. Yearling steel head
growth and production during this time is negative as the
sumer low flow period is reached and water tenperatures
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are elevated. Platts and Rinne (1985) state that

summer sol ar radiation accounts for about 95% of the heat
input in Rocky Muntain streans during nidda%. A noderate
overhead canopy is therefore, essential to shade the
stream and keep water tenperatures at acceptable |evels
for salmonid production. Raleigh et al. (1984) report

that the optimum range in water tenperature for ral nbow
trout is between 12 to 18 de%rees Centigrade. Riparian
vegetation is needed on the Bedrock system (Fuller et

al. 1986) to help shade the stream thus reducing water
tenperature. It would also stabilize banks and, in the
upper watershed, would decrease the rate of water runoff
in the spring. Good riparian devel opment may al so enhance
channel stability and increase stream flow. ~ Riparian
enhancenment woul d also be required in the vicinity of
Louse Creek. Water tenperature and yearling density are
general ly positively significantly correlated in Bedrock
Creek. The data did not indicate that increased water
tenperature decreased yearling densities. However

increase in density along with tenperature could only
occur up to the point that lethal limts were approached
and then the relationship would truncate. The upper limt
in optinmum water tenperature (Raleigh et al. 1984) has
been exceeded and yearling steel head popul ations decline
during the sumer period. Ybarlin%_fish density may
remain positively correlated with higher water tenperature
but at a physiological cost of negative growh and
production and a notable increase in incidence of
parasitism by black grub.

An enhancenent/restoration plan of riparian
revegetation, placenent of instream structures and
channel stabilization would substantially increase snolt
yield in Bedrock Creek. R parian revegetation is
Important to help shade the stream thus reducing water
temperature, and stabilize banks. It may also aide in
stabilizing the channel and increasing stream flow during
| ow flow periods. Placement of instream structures wll
i nprove the anmount of yearling habitat present and nay be
placed to help channel stability. Channel stabilization
I's also an inportant enhancement goal. It is estinated
(indirectly) that snmolt yield would be doubled if these
measures were undertaken. The current snolt yield was
estimated to be 5,290 fish in 1984 and 4,339 Snmolts in 1985.
The feasibility of flow augnentation, either spring enhancenent
or reservoir storage, and instream water deflectors requires
further eval uation.
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COTTONWOOD CREEK

Cott onwood Creek flows for 25.6 km the lower 9.6 km having
perennial flow, and is joined by two small perennial
tributaries, Mgpie Creek and Coyote Creek, in the |ower stream
section (Figure 38). The upper drainage is |located in
agricultural environs with poor riparian devel opnent and
noderate to heavy grazing by cattle. From skm 22.4 the stream
flows about 7.6 kmthrough a relatively steep canyon area,
mhichmgrovides [imted grazing, and the canyon w dens about skm
14.8 where grazing pressure is heavy down to skm 10. Fl ooding
in this section has created a wider flood plain and prevented
revegetation of the stream banks. From skm 9.6 to about skm 4
there is good riparian development and little grazing activity.
Numer ous residences are present in the lower 4 km of stream
where very little overhead canopy is present and grazing is
general |y heavy. Logging has taken place in the drainage and
several old logging roads remain.

Stream di scharges varied 376 fold, from.02 to 7.52 nﬁ/s
over the two year study period (Figure 39). The stream fl ow
variability has created wider flood plains in certain areas and
has reduced channel stability. Peak spring runoff inhibits
riParian revegetation, in the wder flood plain areas, which
hel ps shade the stream and stabilize banks. Stream channel s
were nore stable in areas of good riparian vegetation and
overhead canopy. Discharge during.,the fish popul ation sanpling
period ranged from .0166 to , 197 m/s.  Mont |y average water
temperatures (Figure 39) fluctuated from 2.5 to 18.8 C with
sunmer maxi mum tenperatures up to 26.4 degrees Centi grade.

Ther mogr aph placenment in 1983 was in the upper stud% area about
1 km bel ow where subsurface water flow re-entered the stream
channel, which kept water tenperatures cooler than the |ower
study area. Because of this phenonena the 1983 water
tenperature data was used for the upper studv area only. In
1984, the thernograph was noved to the [ower study area and the
data used only for this area. Stream gradient ranged from one
to five percent and averaged 2.5 percent. \Water quality
analysis (Table 21) showed Cottonwood Creek to be noderately
roductive with a pH of 8 and total dissolved solids (TDS)

evel of 138 to 148 ng/l. Water quality did not appear to be
limting to fish production. Fish species inhabitln%
Cottonwood Creek are: rainbow steel head trout, cutthroat
trout, sgeckled dace, northern squawfish, chiselnouth, redside
shiner, bridgelip sucker and paiute sculpin. Crayfish are also
noderately abundant in the stream Adult steel head in spawning
condition have been sanpled in Cottonwood Creek in the spring.
Large nunbers of adult bridgelip sucker ascend the creek from
the dearwater River, each spring, to spawn along with |esser
nunbers of adult northern squawfish and chiselnouth. Due to
the presence of adult steelhead spawners and the |ow nunber of
age |1+ and ol der rainbow steel head (<10%, we believe the fish
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Figure 38.

Map of Cottonwood Creek indicating the two study areas
sampled in 1983 and 1984 and the fish weir location.
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Table 21. Chemical analysis of water collected fyom
Colttorwood Creesk on August 4, 1983, and
September 14, 1984,

Constituent 19683 19684

P 8.01 VP2
Calcium, Ca, mas/l 20 .28 D243
Magnesium, Mg, mg/l 740 P+13
Sodium, Nas, mg/l Pl 160.67
Fotassium, K, mg/l 2ol 352
Chlovide, Cly mg/lL G35 K.l
Carbonate, CO3:; mg-sl P39 Mil
Bicarbonate, HCO3, mg/l PP eEY 134,15
Sulfate, S04, mg/l 1.0 2.0
Nitrate, NO3Z, mg/l 0.39 Q072
O thophosphate, FO4, mo/l .07 Q.07
Total Residue, mg/l 142.,0 1500
Non-Filtered Residue, mg/l 4.0 24

Total Dissclved Solids, THS 138.0 147 .4
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to be steelhead and not a popul ation of resident rainbow trout.
Cot t onwood Creek steel head, electrophoreticallv, were not
significantlv different from the H g Canyon O eek popul ation in
a pairwi se conparison and were in a cluster of other A-run
popul ations (Appendix A). Fishing nortality was not quantified
gn }he hj uveni l'e steel head but fishi ng pressure was believed to
e ligh.

Upper Study Area

Rai nbow- st eel head trout was the only anadronous sal nonid
ampled in this area during the stuy eriod. Yearling density
dur| ng 1983 (Fiqure 40) was .18 fish rn May and increased to
a high,of , 315 fish/m® in June. Densities renained around .24,
fi sh/'m®> from July to Cctober and then decreased to .095 fish/'m
I n January, 1984 (Table 22). The,increase in fish densi ty from
18 fish/m? in May to 315 fish/'m” In Jgyne occurred while
stream di scharqge decreased from .1417 m”/s to 0395 nr/s (Table
23) which constricted fish into smaller available stream area.
The | argest decrease in nunbers of fish transpired from
Novembgr {0 Decenber. Densities in 1984 ranged from .205
fish//'m“ in My, with a pointed increase fromJune (. 295
fish/m) to 435 flsh/m' in July. This was followed bv a
steady decrease from Julv to Decenber at which tine_an
estimated .155 fish/ were present (Fiqure 41 and Table 22).
The marked increase in fish abundance from June to July 3
coincided wth a dgcrease in stream di scharge from.0761 m/s
in June to . 0154 m§/s i'n July (Table 23), thereby concentratins
fish into reduced avail able habitat. he | argest decline in
fish nunbers (not densities) occurred from Auqust to Septenber
and from Novenber to Decenber. However, unlike the 198
density decreases, as stream discharge renmained |ow thru
Cctober the 1984 yearling densities decreased constantl
formng a straight, descendi n(? right linb on the qraph e/FI gur es
40 and.41). Wnter density of fish in Decenber o 1983 (.125
£ish/m>) Was Very simlar to the 1984 estinmate of .155
fish/'m“  This suggests that the carrving capacity ‘of vearl | ng
rai nbow steel head trout, during this tine of year, nmay be near
these densities. Actual nunbers of yearling i sh, as Oﬁposed
to densities, declined from Novenber to Decenber of bot years
(Appendi x- Tabl e R 4.) which coincided with the timng o _
yearling downstream novenent at the fish weir (see outmgrat| on
section). Yearling steel head, presumably, are seeking
overwi nering habitat and/or are noving out of the stream
systme. Yearling fish accounted for 20 to 36 percent of the
total saslnonid density in 1983 and from50 to 60.8 Percent of
the total in 1984. Subyearling steel head conprised
remai ning percentae in each year, respectively.

Year | i n bi omass and density was highly correlated during

both years study (P<O 05{1 Subsequently, biomass and density
exhi b| ted SI ml ar reI atl onships with the physical habitat
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Figure 40. Yearling rainbow-steelhead trout density at
the upper study area on Cottonwood Creek from
May, 1983 to January, 1984.

G ]
o g

w
9

. 23*:.

MINE Ca=id0m =

- 1q-tl ‘l Jl:
™ F A F

¥ 5
Momnth

Figure 41. Yearling rainbow-steelhead trout density at
the upper study area on Cottonwood Creek from
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Tabl e 22

Mot h

1984 a
My

June
July
August
Sept enber
Qct ober
Novenber
Decenber

1983 b
My

June
July
August
Sept enber
Qct ober
Novenber
Decenber

January

Monthlyval ues of streamarea and streamvol ume sanpl ed and average density and bi omass

(standard deviation in parenthesis) of yearling rainbow steel hea

trout collected in the upper

study area on Cottonwood Creek in 1993 and 1984

Stream

Area

Sanpl ed
()

684.3
619.5

482.1

459.4
394.4
407.0
317.4
367. 4
353.4
39514
402.8

4666

Densi ty Bi omass
Stream
Vol ume Nunber / n2 Nunber /n3 @ ans/n G ans/ B
Sanpl ed
el
143.4 0,205 0,95 2,56 11.85
{(,05) (116) (1,02) (3.,57)
98.5 0,295 1.84 4,42 27,42
(,03) (,24) (1,33 (6,3%)
63,7 0,435 3,23 7.0 51,59
(,14) (71) (3,51 (20,03)
60,0 0.375 3,20 6442 5,47
(13 (+35) (3,15) (16,78)
76,7 0,310 2,07 5,40 36,09
(+13) (+40) (3.19) (14,93)
93,4 0,275 1460 4,56 26. 23
(,09) (,136) (2,54) (12,14)
118.3 0.235 1.12 4,05 19,36
(0 (426) (1.62) (7.52)
132,2 0,155 0.73 2.17 10,13
(,04) (+13) (1,20 (4,13)
94,1 0,180 0,90 3,70 18,0
(,01) {003 (1,12) (4,88)
60.8 0,315 2.03 6487 44,13
(,06) (,31) (2,83) {16,11)
b1.7 0,240 1,73 521 34.72
(,03) (,60) (4+22) {(4,73)
62.2 0,240 1,46 3,85 23.81
(,01) I418) )] (5.80)
54,8 0,250 1,69 5.75 38.0
1,03) (,08) (2,49) (14,03)
42,3 0.235 1,29 4,55 25.01
{,09) (+40) (3,14) (15,39
76.0 0,180 0,93 4,27 21,77
(,04) (4+15) (1,73) (6,81)
71,9 04125 0,70 2,97 1681
(,05) (+31) (1.91) (11,12)
105,7 0,095 0.43 2,30 10. 29
(,02) (,04) {433 (2,15)

a Average of three 50 nmeter sanple stations,
b Average of two 50 meter sanmple stations+
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Table 23+ Average monthly physical characteristics, standard deviatien in parenthesis, of the upper study

area on Cottonwood Creel sampled in 1983 and 1984.

Stream Stream Stream Stream Aver. Depth Undercut Overhang, Surface  Subm. Total
Month Disch., Veloc, Width Tepth Water )>30cm Bank Vegetatn, Turb. Rock Habitat
Temp+
(m3/s) {cm/s) {(cm) (cm) (0 (m2) (m2? {m2) {m2) {m2) {m2)
19784 a
May 0,1923 21,9 4564 21,2 - 43,41 2:17 2443 3.12 0,95 52.29
(.02) (.9 (56,9 (2,0 (8.09) (2.2 (3,107 (2412 (1.64) (10,35
June 0.0761 1241 412,9 1641 - 22,70 1.37 3. 78 1+71 0.71 30,28
01 (2,2) (84,7 (2. (8,037 (1,200 (3,16) (1.49) (+&7) (8,44)
July 0.0154 4,0 321.4 13,3 - 14,02 1.51 2.04 040 Geb2 18,61
(,001) L9 (379 (2,00 (4,22) (1,22) {1.90) (+27) (+65) (9.76)
August 0.0106 3.1 350,9 11,7 - 13,31 1,31 2.90 0,15 063 18,31
(. 0008) (.8 (37.,1) (3.9 (3,600 {1,600 {1.99) (+04) (1.1 (6:29)
September 0.02462 6,7 353,9 14,7 - 16,55 1,85 3.0% 0,30 0,52 22,32
(,005) (1,9 (43.7) (3.8 (3.26)  (1.34) (1.69) {(+09) (4145) {6.90)
October 0.,0273 6.4 370.1 17,0 - 18,53 2,37 3.28 0,32 0.57 25409
(.003) 1,1 (53,00 (2,2) (5.,94) (1.91) (1.01) {+14) (463} (b416)
November 0.0492 2.8 378.b6 20,9 - 19,61 2,17 4,49 0,47 0.43 27,39
(003) (1.1)  (55.,9) (1.5 (6:65) (2,11} (707 4 13) (4460} (7.26)
llecember 0.1168 16,5 422,3 21,3 - 30,47 2,06 b6.44 (.59 0.54 40,11
(,003)  (2,2)  (70.2) (5,2 (13.22) (1.87) (1.59) (+66) (+58) (13,73)
1282 b
May 0,1417 16,3 459,9 20,5 11,1 - -
(.02) (4.6) (2.3 (D
June 0.0395 b4 394,46 15,4 14,1 21,75 3.49 20.28 0.72 1.58 47,83
(006 (1.4 (30,5 (.8 1,18y 13,28 {1677 {4267 {2+41) {18472
JULY 000349 605 407»0 15;2 1405 20.60 3»7? 9’98 0.34 2054 37!25
(.0008) () (6,4) (2,1 (4,84) (4.0) (8.55) {+49) (3.29) (4,93)
August 0.0202 4,2 3775 16,3 157 21,55 5.26 537 .10 1.41 33,70
(,002) (+1) (88,5 (1.1 (3,46) (4,22) (297} {+15) (1.,62) (2.25)
September 000152 303 36706 1409 1403 20&5? 3039 5!01 0023 2011 31&52
(,0009)  (,03) (26,2) (1.1} {4.41) (2,49} (1,701 (01 (2,82) {3,059
October  0.0150 2.8 3537 17,7 10.6 18,80 3.70 5.78 0,27 1.31 29,87
(,002) G (26,5 (1.7 (4,81) (3.29 (34627 G 18) (1,86} (405}
November 0.0521 8.2 395.6 19,3 2.0 24,44 3.74 2,60 0,81 0,75 32.34
007 (1,00 (45,99 (1.9 {4337 (1.7 (1,583 {+197 (1,06) (2,18}
[iecember 0.0444 7.3 402.9 17.8 6:6 31,26 3.99 3,80 1.20 0.67 40,93
(.01 (1.9) (45.7) (.4 (5,49} (,79) (1.82} (+54) (480) (J+14)

January 0.1634 19.4 4665 22,5 2.8 -
(.10) (9.0)  (64.1) (1.4

a Average of three 50 meter sample stations.
b Average of two 50 meter sample stations.
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variabl es examned. Bionass varied from 3.7 g/n@ in May 1983,
to a high of 6.87 in June (Table 22) and decreased to 2.3 g/nf
In ganuary, 1984. Bionmass estimates in 1984 ranged from 2. 56
g/m”~ I N May,to a peak of 7 g/ fn July, gradually decreasi ng
to 2.17 g/'m* i'n Decenber. The estinmated biomass present in
Decenmber of both years was essentially the sane. Yearling

bi omass represented the maiority of total salnonid bi omass
present, conprising 70.3 to 86.4 percent of the total in 1983
and 83 to 97 percent of the total in 1984,

Year| i ng steelheig production at the upper study area
(Table 24) was .59 g/min 1984 and 1.54 g/n?during 1983.

Sone production fromthis cohort was mssed since sanpling
occurred from May to Decenber or January. Monthly production
estimates did not follow a simlar pattern between years (Table
24). In 1984, yearling production was positive from My thru
July and in October and was negative during late summer and in
the winter. Estimated accunulation of fish flesh in 1983 was
positive during May, August and from Cctober thru Decemnber.
Negative values were obtained for June, July and Septenber.

Fish emgration is a factor that can affect producti on

estinat es. Negative production (-1.07 g/'m) was estinmated from
July to August of 1983 as a mninmum of 32 percent of the

opul ation were new fish that noved into the area; determned

y yearling fish marking experiments. Average fish weight also
declined from20.35 g to 16 g during this tine. Fish 2
production fromJuly to August of 1984 was positive (.39 g/m
as only 13 percent of the population had noved into the area
during the nmonth. Fish were also snaller in weight in 1984,
increasing from15.6 to 16.85 grans. Yearling steel head were
larger in weight during 1983 and wei ght varied nore between
nmonths than during 1984 (see age and growth section, Table

33). Juvenile steel head production for Cottonwgod Creek,
averaged,over the two study areas, was 2.13 qf in 1984 and
6.78 gfn? during 1983. The 1983 information reflects
subyearling production estimtes from Novenber to My %1984)
which the 1984 estimtes lack. Cottonwood Creek steel head
production values fall into a low to mddle range of rainbow
trout production reported by Neves et al. (1985? for fluvial
systens in the United States Neves reported production val ues
ranging from2.4 to 13.2 g/n?. Production estimates for two

| daho stxeams ranged from 2.4 g/ for the Lemhi River up to
10. 4 gfw? in Pig Springs Creek (Goodnight and Bjornn 1971).

Survival estimates for Yearlin steel head were cal cul at ed
from May to Decenber during 1983 and 1984. Since yearlinﬂ fish
could emigrate at will, the estimates are considered roug
aﬁproxinations only. Conputation of survival estimates was not
the main focus of the present study. Estimated survival in
1984 ranged from 34.8 percent (lower study area) to 47 gercent
(upper study area). In 1983 these values varied from 2
percent at the lower area to 39.3 percent at the upper area.
Lower study area survival estimates were consistently about
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Tabl e 243 Productionestimates of year!lingandsubyear!ingrai nbow steel headtrout from
two study areas on Cottonwood Creek in 1983 and 1984,

Upper  Study Lower Study
Area Area
Nont h Production Production
(g/mZL (a/m2)
Yearling Subyearling Year | i ng Subyearling
1984
May 62 - 1.87 T
June 26 .08 - .85 73
July +39 vy - 32 22
August 0 +10 - .01 RYi
Sept enber - .23 01 - 408 +23
Qct ober .08 0 V09 - 406
Novenber - .53 - .02 W11 102
Decenber
TOTALS V59 V42 \81 1.66
1983
May 1,32 T - 79 T
June - 41 1,0 V72 1,63
July -1.07 '39 - .11 V59
August 2,07 v25 v12 1.98
Sept enber -1,20 .08 61 1,41
Qct ober 147 +49 - 423 94
Novenber 03 - .04 - W12 104
Decenber 13 - .18
January
Nov- May & L55 1,70
TOTALS 1,54 3,72 402 8429

a - Age 0+ steelhead only+
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14 percent lower than upper studv area values. Survival from
age |+ to smolt outmgrant (age Il) could not be estinated due
to pre-snolt outmgration of the age I+ individuals and fish
movenent in general. Bjornn (1978) reported the survival of
yearling steel head mgrants from stocked fry to range from .4
}8 #.2 percent over a 12 year period in Big Springs Creek

aho.

The upper study area on Cottonwood Creek was characterized
b% excellent riparian devel opment, w th both overhead canopv
shadi ng the stream and abundant grasses overhangi ng the stream
bank. Instream cover was nmai nly pool and run habitat with sone
overhangi ng vegetation also being present. The pools had
undercut banks. Cobbl e enbeddedness was estinmated to be at
| east 35 percent with silt conmprising 10 percent of the tota
bottom substrate. salmonid production can be affected as the
percent fines reach about 20 percent (Bjornn et al. 1977).
Total measured ﬁearlin? habitat (Table 23) was never |ess than
10 percent of the available streamarea and generlaly ranged
between 12 to 20 percent. Total yearling habitat was nore
abundant during the summer of 1983 than in 1984. The instream
cover conponent of depth greater than 30 cm nade up the
majority of habitat present. Average stream depths during the
summer and fall ranged between 10 to 16 cm and water velocities
were less than 12 cnis. Depths less than 15 cm and velocities
less than 15 cnmis are at a mninum level in terns of
probabi lity-of-use for juvenile steel head (Bovee 1978).
Everest and Chapman (1972) and Wesche (1980) reported that
yearling steel head and rainbow trout utilize the depth
conponent nore as it exceeds 3.5 to 20 centimeters. If our
criterion for instream cover had been depth greater than 20 cm
consi dreably nore vearling habitat woul d have been esti mated.

Correlation matrices between vearling steel head density
and bi omass and habitat variables were cal cul ated. No
significant correlations existed that provided a consistent
bi ol ogi cal basis to relate yearling steel head density to
habitat data. Therefore, regression analysis was not a usefu
tool in delineating factors that limt steel head densities.

The discussion is supported by the literature when possible. A
significant association between density and stream discharge

al so existed (Figures 42 and 43). During both years there was
a significant (P<O ) negative correlation between these
variables, indicating an inverse relationship. Reduced stream
di scharge concentrated fish into a smaller available area but
increased flow did not cause a reduction in yearling densit
Average water tenperature, data available only in 1983, an
yearling densit%E(Figure 44) al so had a significant

rel ationship. nsity of yearin fish would continue to
increase only until lethal tenperature was approached and the
relationship would truncate. Average water tenperature reached
a high of 15.7 C in August of 1983 with a nmaxi mum tenperature of
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Figure 42. Relation between yearling rainbow-steelhead
trout density and stream discharge at the
upper study area on Cottonwood Creek from
May, 1983 to January, 1984.
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Figure 43. Relation between yearling rainbow-steelhead
trout density and stream discharge at the
upper study area on Cottonwood Creek from
May to December, 1984.
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18.6 degrees Centigrade. These higher tenperatures were
general Iy within the optinumrange of 12 to 18 C reported for
rai nbow trout (Raleigh et al. 1984). A significant association
bet ween yearling density and overhanging vegetation (r=77) was
observed in 1983 but in 1984 a significant negative correlation
existed (r=-. 71) which is not clearly understood. overhanging
vegetation as instream cover was al nost tw ce as abundant in
1983 as during 1984 (Table 23), as nore grasses hung over the
stream edge. Also, patterns in stream discharge were different
between years (Figure 39) with higher flows occurring in My,
June and Decenber of 1984 as conpared to 1983. Fish density
and total yearling instream cover had a positive (r-=24)
relationship in 1983 but a significant negative correlation (r=-
.79) in 1984. D fferent factor(s) that affect densitv nust
have been present between vears during the study period.

Subyearling rainbow-stgelhead densities in 1983
fluctuated from .915 fish/m~ in June, with a sharp decrease
occurring from .96 fish/m” in July to .64,fish/m” in Auqust.
Densities fyrther declined to .505 fish/m”~ in September and to
.225 fish/m” in January, 1984 (Figure 45 and Table 25). The
sharp decrease from July to Augqust did net correspond to a
concurrent drop in stream discharge Density of subyearling
fish in 1984 ranged from .19 fish/m”™ in,June tc a high of .395
fish in July and declined to .15 fish/m® in December (Figure 46
and Tahle 25). The increase from .19 fish/m“ in June to .395
fish/m”~ in July occurred as more fish were recruiginq tc the
ggar and as stream discharge dropped from .0761 m™ /s to .0154
m~/s, thus concentrating fish. Peak densities of age 0O+ fish
in 1983 was twice that during 1984, as density was generally
hicher throughout the year. Catch per unit of effort of adult
steelhead indicated a larger escapement in 1983 (2 fish/man
day) than ip 1984 (1 fish/man dav). The December 1983 density
(.27 fish/m”) was almost douhle the subvearling densitv in
December of 1984 (.15 fish/m”). Densitv of subyearling fish
comprised 64 to 80 percent of the total salmonid density in
1983 and 39 to 50 percent of the total in 1984.

Esti mat ed subyearling bionmass in 1983 varied from 1.08
g/m“ in June up to 2.2 in July and then decreased to .88 o/m"”
In January, 1984, Bi omass of subyeapling fish in 1984 was
generally lower ranging from .14 g/ fn June to a high of 1.13
I n August which declined to .51 gfn? in Decenber. Subyearling
density and bionmass was not significantly correlated in 1983
(r=.50) or in 1984 (r=.64). Subyearling biomass nade up only a
smal | portion of the total salnonid biomass present in 1983
(13.6 - 30% and in 1984 (3 - 17%.

Subyear|ing steelgead production (Tab19?24)i_n t he upper
study area was .62 a/'m” in 1984 and 3.72 g/m” during 1983. _
Production in 1983 was cal culated from My to May of 1984, which
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Figure 45. Subyearling rainbow-steelhead trout density
at the upper study area on Cottonwood Creek
from June, 1983 to January, 1984.
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Figure 46. Subyearling rainbow-steelhead trout density
at the upper study area on Cottonwood Creek
from June to December, 1984,
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Tabl e 25. Honthly values of stream area an? streamvol ume s3np | ed and average density and biomass (standard
deviation in parenthesis) of subyearling rainbowsteelhead trout collected in the upper study area
on Cottonwood Creek in 1983 and 1984.
Density Riomass
Stream Stream
Month Area Vo lume Number /m2 Number/m3 Grams/m2 Grams/m3
Samp Led Samp led
(m2) {m3)
1984 a
May 684,3 143,46 - - - -
June 619.5 98,5 04190 1,24 0.14 0496
(,09) (. 74) (.07 (162)
July 482,1 43.7 04395 3,07 0\ 72 5463
(,04) (.87 (4097 (1,647
Augusf 92645 60.¢ 0,355 3,45 1,13 11406
(,05) (1,917 {(116) (6409)
Sep tember 531.0 7447 0,315 2,36 1,09 8,23
(+11) (1.4%) 40D (5,19
Dctober S55.,0 P3+6 0,270 1.63 095 5.82
{,08) (L 72) (430) (2.67)
November 54749 118.3 0,210 1.02 0,75 3.65
(,03) (+23) {,09) (4697
[lecember 63344 132,2 0,130 0,73 G451 2,51
(,03) (23) (070 (,59)
1283 b
NdY 459.4 24,1 - - -
June 394,4 60,8 0,915 640 1.08 7:09
(,40) (2,93) (3B (2,53
July 407.0 61,7 0,960 656 2,20 15,11
(27 (2,96) (63) (6,81)
August 3774 62.2 0.+440 395 1.35 .97
(18 (1.38) (087 {1,13)
Sep tember 367.4 548 0,505 3.41 1,63 10,99
(,01) (,28) GO {,55)
October 353.4 62.3 0,420 2,39 1,44 8,19
(0) (21 (,03) (162)
November 305.4 6.0 0,355 1,86 1.59 8,28
(,06) (149) (+01) (7D
llecember 402.8 71,9 0,270 1,49 1,22 6483
€,0%) (,29) (+04) (,08)
January 464,64 105.,7 0,225 0,99 .88 3.91
(,06) (.21) {419) (61>

a Average of three S50 meter sample stations,
b Average of twe 50 meter sample stations.
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provi ded the best estimate of annual production. Conputations
in 1984 |acked the Novenber to May estimate, and thus some of
the cohort production was m ssed. anthlﬁ producti on esti mates
showed that subyearling fish accunul ated biomass during all
mont hs except during the late fall (Novenber) of 1983 and 1984
(Table 24). Lower study area production was two times greater
than that estimated for the upper study area during both

years. Annual subyearling production 1n 1983 ranged between
3.72 and 8.29 g/'nt between the two study areas.

Survival estimates for subyearling steel head were conputed
fron1Jng to Decenber in 1983 and 1984. Fish emgration
precluded estimating survival from Decenber to the follow ng
May (1984). Estimates are considered to be too high as
survival was calculated from when the first population estimte
could be made. Initial nunbers of age 0+ fish were unknown.
Subyearling fish survival ranged from 36.5 to 50 percent in
1984 and from 21.5 to 27.7 percent during 1983. Lower surviva
val ues were always observed at the |ower study area.

Subyearling densities at the |lower study area (1983) were two

to six times higher than upper study area densities. Survival

estimates, however, did not vary wi dely between the upper area
27.7% and |ower study area (21.5% . Wentworth and LaBar
1984) estimated the overw nter survival of subyearling

steel head to average 16 percent (range 13-44%. Thez al so

report Fn average survival of four percent from stocking of fry

to age I.

Correlation matrices between subvearling density and
bi omass and habitat variables indicated significant. relation
between density and average water tenperature (Figure 47).
Subyearling density would only increase with water tenperature
until [Iethal tenPeratures were approached and then the
rel ationship would truncate. Average water tenperature reached
15.7 C in August which was within the optinumrange of 12 to 18
Creported by Raleigh et al. (1984) for rainbow trout. Water
tenperature data was not available in 1984 to analyze the
relationship. In 1983 there was a significant positive
association (r= 79) between density and the cover conponent of
overhangi ng vegetation. However, as with the yearling fish,
there was a high negative correlation (r=-.89) between the two
variables in 1984. Stream discharge was significantly
negatively correlated with subyearling density in 1984 (r=-
- 90), but was not in 1983 (r=-.44). Low strean1d|scharﬂe does
concentrate a higher nunber of fish per unit area. Higl
di scharge occurs in the sprlnP as fish are just recruiting to
the sanpling gear and in the [ate fall when popul ati ons have
already declined. Thus, higher discharge does not cause |ower
subyearling densities. Subyearling densitv was siqgnificantlv
associated with yearling densitv in 1983 (r=.81) and in 1984
(r=.91). \Wether this is indicative of intraspecific predation
of yearling rainbowsteel head on the smaller subyearling fish
may only be determned through a thorough food habits
i nvestigation. 90
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Substrate sanpling during the study period indicated that
there was adequate spawning gravel present for adult steel head.
Esti mated avail abl e spawning substrate in 1983 was 32.1 percent
of the total available stream area and in 1984 was 24.4 percent.
The cobbl e enbeddedness was estimated to be 35 percent during
both years of study. Percentage of each substrate size is as
follows, with 1983 data presented first and 1984 values in
parenthesis: boulder 9.1 (10.7); large cobble 30.1 (30.4);
smal | cobble 34.3 (35.8); very coarse gravel 15 (5); coarse
gravel 0 (1.5); nediumgravel 2.2 (1.5); fine gravel 0 (.03);
pea gravel 0 (.2); sand O (.I) and silt 9.2 (11.8) percent.

Lower Study Area

Rai nbow- st eel head trout was the only anadronous sal nonid
collected in the |ower study area. Density of yearling rginbow-
steel head in 1983 was low, ranging frogy .10 to . 11 fish/ from
May to August, declining to .05 fish/ in January, 1984
(Figure 48 and Table 26). Yearling density in 1984 gFigure 49
and Table 26) was simlar in magnitude, fluctuating from.i5 to

17 fish/m" from May to July and decreasing to .06 fish/m” i'n
Decenber. A snmal | incpease 1N density from.lO fish/mi'n
Cctober to .125 fish/m“ i'n Novenber, shortly preceeded the fal
1984 Kearling pul se in downstream novenent (see juvenile
steel head outm gration sectign). Wnter density of fish in
Decenber of 1983 (.g3 fish/m') was simlar to the Decenber 1984
value of .06 fish/m< but was only one-half of the uPper st udy
area winter density. The relative constancy of yearling
density in Decenber of both years, suggests that the carrying
capacity my be approached for this time of year. Estimated
density of fish at the upper study area was al nost tw ce that
of the lower study section (Table 22 and 26) durinﬂ the study
period. Yearling fish nade up 4 to 9 percent of the tota
igggnnld density in 1983 and 17.3 to 34 percent of the total in

Esti mat ed yeaxling biomass (Table 26) in 1983 varied from
a high of 3.47 gfné fn My, fluctyated up and down thru the
sumer and fall, and was 1.77 g/’ fn January f 1984,  Bionass
estimates in 1984 reflgcted a Nigh of 3.83 s n? in June
decreasing to 1.37 g/'m* in Decenber. Bionmass generally
fluctuated very little and onl¥ I n association wth water
tenperature in 1984 (r=70). earling density and biomass was
significantly correlated during both 1983 and 1984 (P<O 05).

In 1983 yearling biomass constituted 22 to 34.3 percent of the
total salnonid biomass present and in 1984, conposed 50 to 89.5
percent of the total.

Production of yearlin% st eel head %§ the lower study area
ranged from .02 g/m in 1983 to .81 g/ during 1984 (Table
24).  Sone production from this cohort was mssed as sanpling
was not conducted in the early spring. Mnthlv production
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Figure 48. Yearling rainbow-steelhead trout density
at the lower study area on Cottonwood Creek
from May, 1983 to January, 1984.
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at the lower study area on Cottonwood Creek
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Table 26, Monthly values aof stream area and stream volume sampled and average density and biomass
(standard deviatien in parerthesis) of vearling rainbow-steelhead trout collected in the lower
study area on Cottenwood Creek in 1983 and 1984,

llensity Biomass
Stream Stream
Month Area Yo lume Number/m2 Number /m3 Grams/m2 Grams/m3
Samp led Samp led
{m2) {(m3)
1284 a
May 795.3 128,3 0.170 1.07 2.78 17,24
(03} {433} {,48) (3,92)
June 717.3 100.4 0,130 1,07 3.83 26,58
(0% (+35) (1,89 (10.40)
July 969.4 74,0 0,170 1,33 3,70 28,57
(,06) (507 (1,397 (9.81)
August 565,5 62,5 0,120 1,19 2,60 25,73
(,06) {(,73) {1.58) (18.28)
Sep tember 603,46 76,3 0,090 0.74 2,05 16,47
(+03} (4,33} {,61) (6,01)
October 637.8 76,5 0,100 0.8% 2,20 18.12
(,06) (.47} {,89; (6:45)
November 678.0 118.1 0,125 0.71 2,71 15,45
.09 (,45) (1.57) (7.64)
Liecember 770.4 152.7 0,060 0.30 1.37 6.81
(,02) (.07} (144) (1.61)
1983 b
May 489.,0 78.4 0.11¢ .49 3.47 21,78
(0D (19 (1,31 (8.92)
June 436, 4 o222 0.100 C.84 2440 20,17
(414) (1419 (3+39) (28,52)
July 457,0 53.9 ¢. 100 0,90 3.02 26,16
(,07) (1647 (2,18} (19,83)
August 383.4 41.5 0,100 0,92 2,72 25434
(,04) (,39) (4+63) (6.:32)
September 407.0 45,9 0,070 0.é6 2.18 20,27
(+05) (,93) {1.,43) (16.92)
October 402,4 51.8 (.080 0.69 321 25,73
(,02) (422 (1.3 (13,04)
November 434,8 40,6 0,040 0.48 217 16,19
{,06) {,90) (2,47) (18,65
[lecembey 420,0 9.8 0.030 0.23 1.08 7.71
(00} (,15) {1,01) (7.41)
January 444,0 71,9 G050 0.31 1,77 10.85
(,03) {,22) (1.41; (B.46)

a Average of three 50 meter sample stations.
ik Average of two 50 meter sampl= stations,
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estimates did not follow a consistent pattern between years.

I n 1984, production was nggative fromJune to Septenber and
most production (1.85 g/ )" occurred in May. Production in
1983 was negative in May, July and Cctober to,December Wi th
nost production taking place in June (.72 g/nﬁ§ and i'n

Sept enber (.61 g/'m° (Table 34). Yearling fish sanple size
(1983) was somewhat small (<50) cpnﬁared to the 1984 sanpl es
whi ch ranged between 50 and 130 fish. Yearling steelhead were
larger in size at the start of the sanpling period during My
of 1983 at 29.45 g, conpared to 1984 when yearlings were 16.1
grams in weight (see age and growth section, Table 34).

Juveni | e steel head production for Cottgnwood Creek, averaged?2
over the two study areas, was 2.13 g/'m° i'n 1984 and 6.78 g/ m
during 1983. Production estimates for 1984 |acked subyearling
accumul ation of biomass from Novenber to My, which the 1983
estimates included. Cottonwood Creek steel head production
falls into a low to mddle range of rainbow trout production in
streanms in the United States (Neves et al. 1985). Neves et al
(1985) reported production values ranging from=2.4 to 13.2 g/n2.

This study area contai ned good overhead canopv which
shaded the stream but little vegetation on the stream banks as
cattle grazing was noderate in this section. Pool/run habitat
conprised the majority of Kearlin cover; with very few
undercut banks present. The cobble enbeddedness was
conservatively estimated to be 25 to 30 percent. Measured
yearling habitat (Table 27) conprised about 7 to 10 percent of
the available stream area during both years and was relatively
simlar between years. The instream cover conponent of depth
greater than 30 cm made up the bulk of the total habitat
present. As discussed previously the upper study area
contained alnost twice the density of yearling rai nbow
steel head trout conpared to the |Iower study area. Al though not
definitive, some observations can be made concerning this
difference. The upper study area, beside being 3 km hi gher up
in the drainage had about a two to three degree Centigrade
cool er average water tenperature. Raleigh et al. (1984) state
that the optinum range in water tenperature for rainbow trout
is 12 to 18 C, which the upper study section usually is (Table
23). The upper study area also contained alnost twce the
anount of yearling cover (Table 23 and 27) and had hi gher
quality pools with undercut banks which the |ower section
lacked. Stream depth averaged |less than 13 cm from July to
Cctober of both years (Table 27). Stream velocity was |ess
than 13 cnm’s during the sane period. These stream depths and
velocities are at a mninumlevel in terms of probability-of-
use for juvenile steelhead (Rovee 1978). Everest and Chapman
§1972) al so reported a higher density of age |+ steelhead in

epths greater than 15 centineters.

~ Correlation matrices between yearling density and habitat
variables indicated a significant relationship with water
tenperature (Figure 50). Even though average water tenperature
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Table 27. Average menthly physical characteristics, standard deviation in parenthesis, of the lower study
area on Cottonwood Creek sampled in 1983 and 1984,
Stream Stream Stream Stream Average Depth Undercut Overhang. Surface Subm. Total
Month Dische Veloc, Width Depth Water Y30cm Bank Vegatatn, Turb. Rock Habitat
Temp .
(m3/s) {cm/s)  {(cm) {cm) () {m2) {(m2) (m2) {m2) {m2) {m2)
1984 a
May 0.2017 23,9 530.4 166 12,1 20,51 1,07 0 586 017 27462
1,02) (1,3 (92,8 (3.7 (7.31)  (1,51) (A7) (29 (7.82)
June 0.1083 15,2  478.4 14,1 15.3  13.84  0.82 0 4,25 0405 18,97
101)  (3,2) (69,9 (D) (4,18) (1,42) (1,87)  (.08)  (3.89)
July 0.0317 &8  379.6 12,9 18,8 10.65  0.71 0 1,91 0.10 13,39
(,004) (1.,2) (300 (1.5 (3,62)  (1.24) (,56) (18)  (3.93)
August 010226 4.9  377.3  11.2 18,2 9,59  0.74 0 1,20 0,02 11,55
(002) () (39.4) (2,7 (3,31)  (1.14) 1,547 (,03)  (3.38)
Septenber 010450 &'u  402.4 12,7 13,4 1.7 0.97 0,09 2,07 0.01 14,89
(,001) (1) (51.7) (1.4 (4,72)  {1.46) (+18) (56 (W02)  (5.87)
Cctober  0.0613 9.9  425.3 12,1 9.1 13,23 0.94 0 1.76 0.03 15,97
(,004) (1,2) (57,7 (1.2 (6446)  (1.39) (54 06 (6459
November 0,0962 13.5 4521 17.1 6.7 13,23 1,05 0 1,80 0 16409
(011)  (1.1)  (48.9) (2,7 (6,04)  {1,59) (,53) (6418)
Decenber  0.2276 25.1  513.4 20,1 3.2 18,26  0.B4 0,16 2,43 0 21,70
(,003) (1.5)  (B9.6) (3.1) (6,19)  (1.21) 1,200 (.82 (6,70
1483b
May 0.1782 23.6  489.1 16.0 - -
(,003) (1) (12,6) (5
June 0.0601 11.55 436.8 11.9 12,12 4,64 1,36 1,60 0.07 19.85
(,002) (1.4) (27.6) (,OD) (8:28)  (.é8) (1,14)  (1,36) (10) (5,15
July 0.0724 13,0  456,7 11.8 19.66 2,57 2,56 0.94 0.12 25,86
(,005) (1.2)  (23.8) (.6) (14,82) (39 (2.89) (0) 117)  (11.38)
August  0.0415 9,3  385.6 10,7 13.04 322 0.74 0.10 0.48 17.58
1,001)  (409) {11.9) (2 (8:47)  (1.47) (1,04) (14 (.28) (5,53
Septenbero.o4s8 9.4 407.0 11,3 12,28 2,02 0.24 0,35 0,32 15,22
(,006)  (1.4) (3 (1.3 (6,55)  (2,56) G349 (W18 L22) 0 (3.26)
Cctober  0.0497 8.5  402,6 12,8 14,31 2.82 0459 0,63 0.33 18.69
1,01) (2,5 (11.3) (1.4 (6:90)  (,94) (,83) (,89) [v11)  (4,13)
Novenber0.0977 13.6  434,8 13.9 15.62  2.91 0,31 1,00 0,40 20. 26
(007 (S (O (B (6:25)  (1.69) (+44)  (1.25) (57 (2.29)
Decenbero.0894 13,5  419.9 14,2 12.62  3.23 0,43 1.65 0.45 18,40
1,009) (.9 (1.5 (.5 {5.:46)  (1,14) (G61) LGB 200 (2,73)
January  o.1881 22,8  446.0 14.1
(,002)  (0)  (17.4) (S

a Average of three 50 neter sanple stations+

b Average of two 50 meter sanple stationst
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reached 18.8 C (maxi numtenp.- 26.4 C) the data did not
indicate that increased water tenperature reduced yearling fish
densities. In fact, yearling steel head survived water
tenperatures between 17.4 to 26.4 C from July 27 to August 5,
1984. These tenperatures surpassed the 12 to 18 C optinmum
range in water tenperature reported by Raleigh et al. (1984).
Water tenperature data was not available for 1983 to exam ne
the relationship. The highest correlation observed between
density or bi omass and instregm cover conponents in 1983 was
between yearling biomass (‘g//m°) and depth greater than 30 cm
(r=.46). However, in 1984, this association was negative (r=-
30). Consistent, significant relationships between yearling
density and instream habitat were not observed which precl uded
regression anal ysis.

SubKearIing rai nbow st eel head density in 1983 ranged from
2.34 fish/m in June, the highest observed gge 0+ density
during the study period, down to .26 fish/ fn January 1984
(Figure 51 and Table 28). These high subyearling densities
resulted froma larger adult escapenent in 1983 and were
observed generally fromriffle areas, at a gradient of five
percent, that contained |arge cobble substrate, higher stream
velocities and a |lot of surface turbul ence. Chapnan (1966)
states that spatial isolation usually prevents conpetition in
riffle areas, and Kalleberqg (1958) found that visual isolation
anong Atlantic Salnon (Salnmo salar) and brown trout led to
reduced territorial size. Visual isolation appears to have been
partially responsible for the high subyearling-densities in 1983
I n | ower Cottonwgod Creek. Decl i nes in subyearling abundance
from 2.14 fish/ in July to 1.75 fish/m in August occurred

as streamdischgrge decreased fron1.0724-rﬁ/s to the sumer |ow
flow of . 0415 n?fs (Table 27). Pointed decreases in density
from Cctober to Novenber and Decenber to January occur as
rising stream discharge increases available stream area and
during peak novenment of subyearling fish in the fall on

Novenmber 4 and Decenber 12 (see juvenile steel head outmgration
section). Estinmated dgnsity in 1984 (Figure 52 and Tabl e 28)
varied from .37 fish/ fn June to . 54 fish in July and then
decreased to .15 fish/n@ in Decenber. The June to July density
I ncrease occurs as subyearling fish fully recruited to the gear
axyd as streamdischarge.dropped (Tabl e 27% mar kedly from . 1083
n?ﬁs in June to . 0317 nt/s i'n JUI%, t hereby concentrating fish
into a smaller area. Average fish density decreased from July
to August as average water tenperature reached 18.8 C maxi mum
tenperature of 26.4 degrees Centigrade. Raleigh et al. (1984)
considered 25 C to be the upper Iimt suitable for rainbow
trout and then only for short periods. Age O+ rainbow
steelhead in this study area are surviving somewhat higher

maxi mum tenperatures for short periods of tine. _A small
decrease in sybyearling density from, 245 fish/mé in November
to . 15 fish/ fn Decenber occurred as peak downstream novement
takes place in late Novenber and as stream discharge increases.
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Table28.  Mnthly values of streamarea and streamvolume sanpl ed and average density and bionass (standard
deviation in parenthesis) of subyearling rainbowsteelhead trout collected in the |ower study area
on Cottonwood Creek in 1983 and 194.

Lensity ‘ Biomass
Stream Stream
Month Area Volume Number/m2 Number/m3 Grams/m2 Grams/m3
Samp led Samp led
(m2) (®2)
1984 a
May 795.3 120.3 - - - -
June 717.3 100.4 0,370 2,63 0,45 3.28
(,08) (,58) (,07) (,78)
July 569. 4 74.0 0.540 4,24 171 13.56
(422) (1.97) (,73) {7.02)
August 5655 62,5 0.435 4,21 1,58 15.39
(114) (2,17 (64) (8,28)
Sept ember 603. 6 76,3 0,430 3.50 2.06 16. 88
(120} (1,85) (1,11 (9.92)
Qct ober 6378 76,5 0,285 2.31 1,55 12,92
(,10) (.89} 1,84} (6,59)
Novenber 678.0 115.1 04245 1.44 1426 7049
1,05) (,32) | +44) (2444)
Decenber 770.4 152,7 0,150 0.76 0,79 4,03
1,02 1,21) (+01) {472)
1983 b
My 489,0 78,4 - - - -
June 434,4 52,2 2,340 19.61 5475 48,05
(047 (v46) (17) (1,12)
July 457,0 53,9 2.140 18,10 6. 86 57.95
(,58) (4,08) (1.88) {13,06)
August 385.4 41,5 1,750 16,23 6412 56483
(+54) (4,67) (1,86) (16436)
Sept enber 407.0 45,9 1,280 il.26 5490 51,78
{34} (1.81) (1460) (8,33
QCct ober 402,4 51.8 1,010 7.83 6412 47,41
(17 (450 (1,07 {3.,08)
Novenber 434,8 60:6 0,610 4,43 4,16 29.90
(0072 (,37) (.08 {2:47)
Decenber 420,0 59,8 0,520 3,48 3.82 26. 87
{(+007) (+20) (408) (1,50)
Jabuary 446,0 71,9 04260 1,44 1,77 10,97
(007 (,05) (.09} (428}

a fAverage of three 50 neter cample stations,
h o Average of twe 00 meter cample Stations,
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H gher age 0+ abundance in 1983 was due to a higher
escapement of adults into the systemas reflected by the catch
per unit of effort for adult steelhead; 2 fish/man day in 1983
versus 1 fish/man day in 1984. Wnter densities of age 0+
steel head, after peak downstream.movement, Wwere al most tw ce as
high i Januarﬁ 1984 (.26 fi'sh/m?d as I'n Decenber of 1984 (-15
flsh/n?). H gher densities of subyearling rai nbow steel head
were present In 1983 along with a stronger fall pulse in
nmovenent and a spring pulse (1984) in pre-snolt (age |+ fish)
outmgration. Wth lower age O+ densities in 1984 the fall
subyearling pulse in novenent was reduced and a nuch snaller
spring pre-snotl outmgration was noted. Wth the higher adult
escapenent in 1983, subyearling fish conprised 91 to 96 percent
of the total salnonid density present but in 1984 nade up 66 to
82.7 percent of the total.

Biogass estimates of subyearling fish in 1983 ranged from
5.75 g/m% in June to a high of 6.86 in July and decreased to
1.77 gfn? in January, 1984 (Table 28). Subyearling bionass in
1984 aver aged less than one-half of the 1983 estimatbs, with a
high of 2.06 g/'m* in Septenber decreasing to .79 g/m during
the overwintering period in Decenber. Age 0+ density and

bi omass was significantly correlated in 1983 (r=.81) but not in
1984. Biomass of subyearling steel head accounted for the
majority (65.6 to 78% of the total salnonid bionass in 1983
but conprised 10.5 to 50 percent of the total. in 1984.

Estimated sub earling steelhead production at the |ower
study area varied from 1.66 g//m* in 1984 to 8.29 g/m* during
1983 (Table 24). Annual production of subyearling fish was
estimated in 1983. During 1984, information from Novenber to
May was not avail able and sone of the cohort production was

m ssed. Adult escapenment was also larger during the spring of
1983. Even with higher fish densities in 1983 the conparative
mont hly production was twice that of the 3984 estinates (Table
24).  Monthly production estimtes showed that accumulation of
fish flesh was positive during all nonths except for October of
1984.  Production sl owed considerably during November of both
years. Estinmated age O+ production at the |ower study area was
nore than twi ce that which occurred at the upper studv area.

Correlation matrices between age 0+ density and bi omass and
habi tat vari abl es showed that stream di scharge and subyearlin
bi onass had a significant inverse relationship #Figures 53 an
54). Reduced stream di scharge had the effect of concentrating
fish into a smaller available area but higher stream flows did
not act to reduce subyearling densities. Subyearling density
was also significantly associated with water tenperature in
1984 (Figure 55). Age O+ density was not shown to decline with
increasing water tenperature. However, subyearling density also
increased in response to reduced stream flow which concentrated
fish. Density would only continue to increase with water
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temperature as the upper |ethal tenperature was apProached, at
whi ch point the relationship would truncate. The |argest
declines in subyearling nunbers (not densities) occur from July
to Au?ust during both years. Thi s decrease, occurs as sunmer
low flows are reached and water tenperatures average 19 degrees
Centigrade. In July and August, essentially no downstream
movenent is observed at the fish weir site. Subyearling fish
ei ther undergo nnrtalit¥ or emgrate from the sanpling stations
during this time. yearling biomass and subyearling bionmass
were significantly correlated during both years of study
(P<0.05). Further study would have to be conducted to explore
if this correlation indicated the possibility of intraspecific
predation.

Substrate sanpling indicated that the |ower study area in
Cott onwood Creek contalned adequate spawning substrate for
adult steel head. Avail able spawning substrate in 1983 was
estimated to be 35.3 percent of the total available stream area
and in 1984, 29.6 percent of the stream area. Cobble
enbeddedness was visually estimated to be 31.5 percent in 1983
and 28 percent in 1984. The percent of each substrate category
is given below, with the 1983 data presented first and 1984
percenta?es in parenthesis: bedrock 1.7 (0%; boul der 12.4
(11.4); Tlarge cobble 24.7 (28.4); small cobble 34.9 (35.2);
very coarse gravel 17.9 (9); coarse gravel 0 (3); nediunlgrave
5(7); fine gravel .6 (1.5); pea gravel 0 (1); sand .2 (.3);
and silt 2.4 (2) percent.

Juvenile Steelhead Qutmgration

Water Tenperature

Water tenperature varied considerably in Cottonwod Creek
(Figure 56). Tenperatures recorded in 1983 appear to fluctuate
l'ess than those in 1984. The cause of this variation was due
to placement of the 1983 thernograph site 1 km bel ow where the
subsurface stream fl ow resurfaced. The thernograph site was
noved downstream and closer to the trap for the 1984-1985
season.  Maxi mum sunmer tenperatures were as high as 26.4 C and
m ni mum winter tenperatures as low as 0.2 degrees Centigrade.

St ream Fl ow

ﬁ?ream di scharge fluctuated (Fi%ure 56) froma high of
7.52 n’/s i'n the spring (April 3, 1985) to a low of 0.02 m/s
in the late sumer (August 23, 1983). Maxinum flow exceeded
mnimm flow by a ratio of 205 to 1 during 1984 when a nore
conplete yearly range in flow neasurenent was avail abl e.

Precipitation
Cott onwood Creek stream flow is influenced by |oca

precipitation throughout the year. There was a significant
rel ationship between average daily precipitation depth at the
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Craignont and Wnchester gage stations and daily discharge in
Cott onwood Creek (r=.287, n=86), for the spring, 1984 period
when both daily discharge and precipitation data were
available. A significant correlation between precipitation and
di scharge was not observed for the spring of 1985 (r=.004, n=
38). Neither was there a significant correlation between nean
weekly precipitation depth and nmean weekly dischar%% for both
years as illustrated in Figure 56 (r=.18, n=59). wever, when
the highest weekly discharge and the highest weekly
precipitation depth were dropped, the correlation was
significant (r=.39, n=57). These results suggest that |oca
precipitation depth does have sone influence on stream

di scharge in Cottonwood Creek. It should be noted that
precipitation data is recorded as inches of rainfall., and
snowfal | depth is converted to rainfall depth. However, data
recorded at the traﬁ site generally reflected rainy conditions
when snow fell at the higher elevation gage stations. The

rel ati onship between precipitation and discharge was expected
to be greater in the sumrer and early fall, than that in the
wi nter and spring, when snowpack does not have as nuch

i nfluence on stream di scharge.

Qutm gration

There were four periods of rainbow steel head trout
movenent past the Cottonwood Creek trap (Figure 57). There was
a fall pulse in 1983, a large spring pulse in 1984, a fal
pul se in 1984, and a smaller spring pulse in 1985. Daily
fluctuation within each novenent period was al so observed.
Characteristics of each of the novenment periods wll be
di scussed below. The reader is directed to the methods section
for explanation of YRLG YR and YOY/ SM YR cat egori es.

Fall Qutmgration, 1983

Movenent began around the 4th of October and extended into
| ate Decenmber (Figure 58). A total of 630 YOY and 17 YR
rai nbow st eel head trout noved past the trap site during this
tine. A binodal distribution indicated peak novenent occurred
on Novenber 4 and Decenber 1.2. The general trend in
outmgration began as water tenperature decreased from an
average of 10.6 Cin COctober to 6.6 C in Decenber. Average
aﬁrean1discharge al so incregased during the period from.015

Is in Cctober to . 0444 nv/s in Decenber.

Daily fluctuations in the nunber of fish nmoving past the
trap were evident and the relationship that water tenperature,
precipitation and discharge had on daily novenent was exam ned.
The daily nunber of outmigrants (YOY and YR conbined) correl ated
significantly with the daily mean water tenperature (Table 29).
Movenent of subyearling fish also correlated significantly with
wat er tenperature. There was no significant relationship
bet ween novenent of YR s and tenperature; possibly due to the
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Tahle 29, Corvelationsg betuwesn nunber of ocutmigrants and
precipitalion and tempoevature data for the

fall peviod, 1983%.

Depaendent Indepondent Gamp L Covvelaltion Hignificance
Variable Vavr iabhle Size Coefficient L.eaves L

(Y) X T (r2

#YOY Frecipitation &% e OO
* YR Frecipitation &% O, OO N%3
#TOTAL. Frecipitation &% LI B I 0 3
HYOQY Tenperature 42 LAYy QL 00
# YR Temperatiore 4 D023 NS

HTOTAL Temperature 43 G477 O 0%
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| ow nunber of &arl ing mgrants (n=17). The daily nunber of
outmgrants (YOY and YR conbined) also correlated significantly
Wi th average precipitation depth at upper watershed gauge
stations (Table 29). Bjornn (1971) suggested that snal
freshets which occur during the fall increase the nunber of
fish outmigrating. Qur data also indicates this effect.

The length of the outmgrants appeared to be fairly
consi stent throughout the novenment period (Figure 59). A few
| arger individuals noved out in Decenber, but a distinct shift
in size distribution was not evident. The nean total |ength of
subyearling mgrants in the fall was 90.3 nmm and nean total
length of yearling mgrants was 142.8 mllimeters.

Spring Qutmgration, 1984

The SEring pul se in outmgration began on February 13 and
ext ended through June 12 (Figure 60?1, wi th a peak occurring
during the week of May 13th.  Steel head passage at Lower
Ganite Dam in 1984, peaked about May 15th (MConnaha et al.
1985). O the estimated 3706 rainbow steel head noving past the
Cottonwood trap, 2741 were YOY/SM YR and 965 were YR/LG YR
CGenerally, mgration began as water tenperatures increased.

During the spring period, two fishing traps were enployed.
The fish weir was utilized until February 14, and the fyke net
from February 15 through May 7. The weir was reinstalled on
May 7 and fished throughout the remainder of the year.

The nunber of outmgrants passing the weir is nore
accurate than the estimate of those passing the fyke net. An
estimted 2601 YOY/ SM YR and 522 YR/ LG YR noved past the fyke
net. A total of 140 YOY/ SM YR and 443 YR/ LG YR noved past the
fish weir. This difference in accuracy becane inportant in
eval uating environnental . influences on daily outmgrati on.

There was no significant correlation between the nunber of
outmgrants and precipitation, discharge, or tenperature, wth
the exception of number of YOY/SM YR and tenperature (Table
30). Wien the weir data was considered al one, a significant
negative correlation was found between tenperature and nunber
of outmigrants (YOY/SM YR and YR LG YR, conbined, and
separately) . A higher, but non-significant relationship was
not ed between nunber of YR/LG YR and di scharge fromthe fyke
net data, and between nunber of YOY/SM YR and precipitation
fromthe fish weir data.

A shift in length frequency of the outmgrants occurred
during the spring period (Figure 61). Larger fish predom nated
as the outmigration period progressed. In My, the nunber of
YF/ LG YR steel head (smolts) surpassed that of the smaller fish
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Figure 61. Length frequency of rainbow-steelhead trout
that migrated past the Cottonwood Creek
trap site during the spring of 1984.
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(pre-smolts). W believe this reflects the reduced efficiency
of the fyke net in trapping steelhead snmolts under |ower flow
conditions. These conditions existed Prior to replacenent of
the fyke net with the fish weir in early May (Figure 60). Mean
| ength of YOY/SM YR fish during the spring was 88.4 nm and nean
length of YRLG YR fish was 150.5 m I lineters.

During the spring period, smoltification became evident in
the outmgrants. Snolts had the typical silvery appearance,
el ongat ed body and deci duous scal es of steelhead smolts. The
first distinguishable snolts were observed on March 2, 1984.
Not all of the large yearling (LG YR) fish that mgrated
downstream had the "silvery" coloration of a snolt, but it was
assuned that they were indeed smolts. O 522 |arge yearling
fish estimated to have passed the fyke net 50 percent were
visual l'y distinguishable as snmolts; and of 443 fish sanpl ed
frommd-April on, approxinmately 82.8 percent appeared to be
smolts. The mean length of the distinguishable snmolt fish
(154.5 mm was simlar to the length of YRLG YR fish nentioned
above (150.5 mm). The average |ength of Cottonwood Creek
snolts is smaller than the nmean length of wild steel head snolts
&i?% m) collected in the |lower Cearwater R ver (Scully et al.
1984).

Fall Qutmgration, 1984

Downstream novenent in the fall began on Cctober 22 and
ended Decenmber 26, (Figure 62) with the peak occurring in late
Novenber.  The nunber of subyearling fish outmgrating in 1984

156) was only one-fourth that of the 630 fish that noved
ownstreamin the fall of 1983. A total of 139 yearling
rai nbow st eel head nmoved past the Cottonwood trap in 1984
conpared to 17 fish in the fall of 1983. Bjornn (1978)
surmsed that yearling (age I+) fish that left R g Springs
Creek in the fall and winter did so because of a lack of
overwintering habitat. As seen in 1983, novenment coincided
with decreasing water tenperatures. Several reporters have
shown steelhead to enter substrate chanbers at water
tenperatures of 4-6 C where, presumably, they overw nter
(Chapman and Bjornn 1969; Bjornn 1971; Bustard and Narver
1975).  Sone subyearling fish were still noving downstreamin
Cottonwood Creek at water tenperatures below 4 degrees
Centi grade.

Daily novenent was tested for correlation with tenperature
and precipitation (Table 31). Nunber of outmgrants, YOY, YR
and both classes conbined, were significantly correlated wth
precipitation. A higher, but non-significant correlation was
al so observed with all groups and water tenperature.

~ No major shift in outmqgrant length frequency occurred
during the fall pulse in downstream novenment (Figure 63). It
was evident, however, that considerably nore yearling fish
moved downstream in 1984 versus 1983.  Yearling densities were
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slightly higher at the upper study area in 1984 (Table 22) than
in 1983, but lower study area densities were nore simlar
between years (Table 26). Mean length of age 0+ outmgrants
vvais.l 83.0 nm and nmean |ength of yearling outmgrants was 119.4
mllimeters.

Spring Qutmgration, 1985

A mnor pulse of outmgrant novenent occurred in the spring
of 1985 from April 17 until June 3. Only 22 YOY/SM YR and 154
YR/LG YR rai nbow st eel head noved past the trap (Figure 64).

The fyke net was fished from February 28 to April 16 and
during this time, 16 YOY/SM YR and 24 YR'LG YR fish were
captured. No fish were recaptured and therefore a tra
efficiency was not available to estimate the nunber o
outmgrants. It is believed that the |ow nunber of captured
fish 1s partly the result of stream conditions which affected
trap placenent (see nmethods) but also nmay reflect a limted
outm grant novemnent.

No significant correlations existed between daily nunber of
outmgrants and tenperature, discharge or precipitation (Table
32). Qutmgrant length shifted sonewhat as the spring period
progr essed ?Fi gure 65). The nean length of YOY/SM YR fish was
86.1 nm and YR'LG YR nean length was 146.8 mm  Average |ength
of fish that had the typical S|Iver?/ appearance of a smot was
159.8 millineters. O the 154 yearling fish that noved past the
trap site, 46 percent were visually distinguishable as snolts;
all yearling fish were assumed to be snolts.

Qutm gration D scussion

The spring 1984 data indicated that a large nunber of small
yearling (age I+) and young-of-the-year fish mgrated past the
trap early In the season followed by a pulse of larger, snolt-
size fish later in the season. The larger yearling (LG YR) fish
were snmolts, age |1+ fish, as indicated by scale analysis. The
majority of steelhead snolts (90% plus) were age I+ fish with
the remai nder being age |+ individuals. The peak of
outmgration in 1984 occurred during the week of My 13th, and
snolt passage at Lower Ganite Dam peaked about My 15
(McConnaha et al. 1985). Steel head snolts conprised only 26
percent of the fish nmoving past the trap site in 1984, with pre-
snolt fish nmaking up the remaining 74 percent. The initial
nmovenent of younger fish 1age 0+ and small 1+) in Cottonwood
Creek is contrary to results reported on steel head trout
(Stauffer 1972; Kwain 1983) in which older and then younger
fish nove as the spring migration period progressed. This
mght be attributed to variations in fyke netting efficiency in
capturing large versus smaller fish; or perhaps the smaller
fish naturally outmgrate and rear in the mainstemriver prior
to outmagrating the follow ng spring.
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Table 32. Coryelations hetwesn nunbey of oultmigrants and

precipitations; discharge and teapevature data

on Cottonaood Cre duving the spring, 126805,
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H gher densities of age 0+ steelhead in the streamin 1983
evidentl'y contributed to the 1983 fall pulse in subyearling
outmgration. In 1984, when |ower densities of subyearling
fish were present in the stream a smaller fall pulse in
movenent was observed. Bjornn (1978) reported a fall nigration
of subyearling rainbowsteel head trout in Big Springs Creek,
| daho which he attributed to |ack of overw ntering habitat.
Bjornn al so noted that sone fish may have an innate notivation
to nmove downstreamin the fall, regardless of fish density or
available winter habitat. Bjornn ?1971) reported that in Big
Springs Creek, a tributary simlar in size to Cottonwod O eek
subyearling mgrants outnunmbered the smolt migrants. In the
Lenhi River, however, the nunber of snolts noving in the spring
outnunbered all other age groups. \Wether the subyearling and
smal l er yearling fish from Cottonwood Creek and other |ower
Clearwater tributary streams utilize the Clearwater or Snake
Rivers as an additional rearing area or nove back into
tributary streans is poorly understood. The |ower Snake River
reservoirs do not provi de adequate sal nonid habitat during the
summer period due to elevated water tenperatures (David Bennett-
personal conmuni cation).

Daily nmovenent of snolt and pre-snolt fish during the
spring was not related to discharge, precipitation or
temperature. Qther researchers (Eales 1965; Baggernan 1960)
have suggested that photoperiod mght induce snoltification and
hence novenent of juvenile salnonids. The effect of
phot operiod on mgration was not tested in this study. CQur
results show that migration coincides with an increase in water
tenperature, but this should not be perceived to be a causal
relationship. Bjornn (1971) cited evidence that sal nonid
mgration occurs even under constant tenperature reginmes. The
1984 weir data indicates an inverse relationship between
outmgration and tenperature. However, the number of snolts
movi ng past the Cottonwood Creek trap increased abruptly
follow ng the placenent of the weir trap on May 7. This
suggests that the nore efficient weir trap sanpled some portion
of the outmgration and that the ineffective f|shin% of the
fyke net during lower flows, before transition to the fish
weir, may mask any relationship between tenperature and
outm grati on.

The limted number of fish noving past the trap in the
sprin% of 1985, was not conpletely understood. Mst data on
st eel head snolts document that the primary novenent period
occurs during the spring or early sumer. It was believed that
the | ow nunber of snmolts trapped was partly the result of
stream conditions which affected trap placenent, but also nay
reflect a |ow nunber of outm grants. nter densities of
yearling fish were very simlar in 1983 and 1984, suggesting
that the carrving capacity was being approached. The 1985
smolt yield should have been simlar in magnitude to the 1984

out m grati on. However, this was not observed.
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Cottonwood Creek snolts are relatively small as conpared
with other Snake River basin steelhead snolts. Scully et al.
(1984) reported that the average length of wld steel head
snmolts collected in the lower Cearwater River was 181 mm
Those mgrating out of the Cottonwood system were somewhat
smaller, ranging in length from 154 to 160 nm over the two year
study period.

_ In the spring of 1984, 965 snolts were estimated to have
mgrated past the weir site. This represents the snolt yield
from about 5.2 kiloneters of stream as the weir was |ocated at
skm4.4. Since the |ower 4.4 km of stream was of |esser
quality, we estimated that approximately 1,500 snolts, total
outmgrated in 1984. The fro; ected smolt yield, from December
popul ation estimates, was 2,074 fish. This level of snolt yield
Is rather low if the systemis dependent on adult returns, to
seed the stream fromthis nunber of smolts. However, 4,533
pre-smolt fish were estimated to have mgrated in the spring of
1984 (for the entire 9.6 km and another 630 subyearling fish
nmoved past the weir during the fall of 1983. During the spring
of 1985, 154 snolts were estimated to have noved past the trap
site and a total of 255 snolts outm grated out of the stream
The 1985 snolt yield, projected from Decenber popul ation
numbers, was estimated to be 3,371 fish. Al though problens
were encountered in effectively fishing the fyke net in 1985,
if a large nunber of outmgrants had noved downstream the fyke
net woul d have sanpled more fish. \When the fyke net was
replaced with the fish weir there was not a large inmediate
I ncrease in nunber of fish caught which would indicate
ineffective sanpling by the fyke net. Therefore, it afpears
that snolts noved earlier and/or a smaller nunber of fish
outmgrated during the spring of 1985. This nmagnitude of snot
yield, 1,500 fish in 1984 and 255 fish in 1985, pose questions
In terms of what factors or conbination of factors may be
inportant to the continued survival of steelhead runs into
Cottonwood Creek and other |ower Clearwater River tributary
streams. The follow ng discussion is presented to utilize the
present data to postulate scenarios in the survival of these
steel head runs, and to point out where "know edge gaps" exist.

Based on the data fromtw years of outmgrant trapping on
Cot t onwood Creek one can hypothesize that: 1.) adult steel head
returns are dependent on the snolt yield fromthe stream or 2.)
adult steel head returns are not dependent on the snmolt yield
fromthe stream If the adult steelhead return in Cottonwood
Creek was dependent on a snolt yield of 1,500 fish (1984), the
snmolt to adult survival would have to be at |east two percent
whi ch would return 30 adults to seed 9.6 km of stream  This
nunber of adults would not fully seed the stream based on a
male to female sex ratio of 1:2.36 fish (n=47); based on adult
collections over the two year study period. Length of ocean
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residence could affect these estimates in terms of the year of
adult return, but 90 percent plus of the outmgrating sholts
represented one age group (age Il+ fish). If adult steelhead
returns were dependent on a snolt yield of 255 fish (1985) there
woul d not be a viable spawning popul ation. To the authors
know edge, there is no available information on smolt to adult
survival on upriver wild or natural steelhead runs. This
informati on needs to be gathered to effectively nanage upriver
st eel head st ocks.

If adult steelhead returns are not entirely dependent on
smot!l yield from Cottonwood Creek other factors may influence
adult returns: 1.) outmgrating pre-smolt fish may rear in the
Cearwater or Snake Rivers or return to tributary streanms and
make a contribution to the adult returns; 2.) |ower Cearwater
River tributary streans nmay depend on adult strays from ot her
streans or Dworshak hatchery, and 3.) sone conbination(s) of
the above factors may occur.

It is unknown whether or not the 4,533 pre-snolt fish (x

| ength-88.4 mm) that outmigrated in the spring of 1984, reared
in the mainstem rivers, noved into tributaries and nmgrated the
following spring or underwent nortality. Wat contribution
these spring pre-smolts and the fall subyearling outmgrants
make to the percent of returning adult steel head or the
distribution and survival of these fish in mainstemhabitats is
poorly understood. As nentioned previously, |ower Snake River
reservoirs apparently do not provide adequate summrer sal nmonid
habitat. Secondly, adult straying from other streans and from
Dwor shak National Fish Hatchery, 1nto Cottonwood Creek, is
difficult to analyze. Electrophoretically, Cottonwod OCreek
steel head were nost simlar to the Big Canyon Creek popul ation
anmong Reservation streams (Appendix A). DU[IH? adul t steel head
collections in Cottonwod Creek, no identifiable hatchery fish
were sanpled. Bedrock Creek steel head, however, were the only
Eppulatlon not significantly different from Dworshak Hatchery

ish (Appendix A). Adult fish marked at the Dworshak facility
and rel eased have been collected in Bedrock Creek. The Bedrock
Creek and Mssion Creek popul ations broke out together in a
cluster analysis of %enet|c simlarity, suggesting that M ssion
Creek fish may also have been influenced by Dworshak Hatchery
fish. Finally, any conmbination of the factors discussed above
may act together in the life history strategy of steel head
trout in lower Cearwater River tributary streans.

e
n
0

Juvenile Steelhead Age and G owth

A total of 198 juvenile rainbow steel head trout were aged
by the scale nethod to separate age groups for density, bionass
and production estimates and outmgration information.” Two
groups of fish were recognized during this study: yearlings |
(age |+, age I+ and ol der) and subyearling (age O+). Yearling
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rai nbow st eel head ranged in size from70 to 305 mmin total
Ien%th and varied in weight from3 to 287 grams. The |argest
fish sanpl ed was an age [Il+ individual and was 305 nm|ong and
wei ghed 287 granms. About 90 percent of the fish exanmined were
age |+ rainbow steel head which ranged in length from70 to 199
mmand in weight from3 to 70 grans. The few age Il+ fish
sanpled varied in total length from 157 to 258 nm and in weight
from38 to 152 grans. Several smaller age Il+ fish were
collected that were marked fish from the previous years work.
They were as small as 128 mmin length and 17 g in weight.
Subyearling rainbow steel head varied up to 129 mmin length and
11.6 g in weight by January.

Average length of yearling fish at the upper study area
(Table 33) was greater in 1983 than in 1984. Yearling rai nbow
steel head in May of 1983 were 120 mmin |length, conpared to 106
mmin 1984, and remained 10 to 20 mm | onger and about 4 to 9 ¢
heavier in weight. Ybarling fish fromthe |lower study area
were simlarly larger in 1983 conpared to 1984 (Table 34).
Awerage fish weight at the upper study area (1983) was nore
variable than the 1984 weights, with the [owest condition
factor qccuring in Qctober (.59) during |ow sumrer stream flow
(.015 Is) and in January. Condition factors in 1984 ranged
from .74 to . 88 with the | owest condition factor occuring in
Decenber (.71 during the overwintering period. Yearling
rai nbow steelhead trout at the |ower study area were generally
| arger in size than ugger study area fish (Tables 33 and 34).
Most fish growh in 1984, at both study areas occurred from May
to June, wth some growth continuing to August at the upper
study area, and then leveling off or declining into the wnter
eriod. Yearling growth in weight in 1983 aPpeared sporadi c at
oth study areas. Fish were also larger in [ength and weight
in 1983 conpared to 1984. \Wights recorded at the [ower study
area were variable from June to Cctober due to |ow sanple size
of fish ((45). Yearling weight recorded in August of 1983, at
the upper study area, was affected by emgration as at |east 32
percent of the fish were new fish that noved into the sanple
stations; as determ ned through marking experinments. Fis
grogkh 2Pat occured before May was m ssed as no sanmpling was
conduct ed.

The average |ength and weight of subyearling rai nbow
steel head trout was generally simlar between years in the upper
study area (Table 33). Fish in Decenber of 1983 were 81 nmin
| ength and weighed 4.5 g conpared to 75 mmand 3.45 g in
Decenber of 1984. Average condition factors at the upper study
area ranged between . 75 and 1.14 in 1983 and varied between .56
to .99 in 1984. Condition factors in Decenber (of both years)
ranged between .79 to . 93 during the overwi ntering period. _
Subyearling fish fromthe [ower study area were larger than fish
from the upper section (Tables 33 and 34) and age 0+ steel head
were larger in 1983 as conpared to 1984. Fish in Decenber of
1984 averaged about 84 mmand 5.3 g but in 1983 were larger in
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Tahl e33. Average total length weight and condition factor (standard deviationin Parenthesis? of
yearlignand subyearling rainbow steelhead trout sanpled fromthe upper study area on
Cot t onwood Creek i n 1983 and 1984.

Yearling Subyearl i ng
Totdl Condi tion Total Condi tion
Mont h Length Vi ght Fact or Lengt h Vi ght Fact or
() (9) () (9)
1984
May 106.2 12,30 0.88 - - -
(22.5) (10.57) (412)
June 1142 14,85 0,84 48.8 0,75 056
(22,7 (11,03} (,08) {7:3) (+45) (+16)
July 117.4 15,60 0.83 6247 1,85 070
(25,8 (15,72) (,07) (6+&) (4707 (15
August 119.,9 16.85 0,83 6841 3.20 0,99
(27.4) (16486} (409) (5:7) (+79) (+10)
Sept enber 121.7 16,85 0477 72,8 3.50 0,87
(28.4) (18,34} (., 06) (7.4) (1.21) (+13)
QCct ober 120.5 16,05 0,80 7244 3,55 0,90
(25.5) (13.44) (07 (649) (,98) (+11)
Novenber 123.3 16,30 0,74 74,2 3,55 0,84
(25.4) (13,35) (4 06) (7:5) (1,10) (410)
Decenber 117.3 13,55 0,74 74,8 3,45 0,79
(23,5) (12,44) (.06 (749) (1,13) (,09)
1983
May 120.3 14430 0.88 - -
(17,1 (7,72 {(414)
June 134.6 21,80 0.73 50.5 1,25 1,09
(29.1) (22,95) (413 (10.1) (452) (+68)
July 132,8 20,35 0,76 6043 2,30 1,14
(24,5) (15,94) (,14) (9,8) (163 {(+51)
August 129,0 16,0 0.67 6946 2.80 0.84
(22.7) (13,14 (v11) (9.9 (480) (+30)
Sept ember 138.6 24,45 0,78 73.3 3,25 0,82
(31.9) (23,95) (424) (946) (1,03) (24
QCct ober 139.3 19,40 0.59 77,3 3,40 0,75
(28,5 (20,69) {,13) (944) (97 {+21)
Novenber 140.7 22.75 0,72 82.3 4,65 0.78
(27.1) (17.42) (v12) (1142 (1.87) (,05)
Decenber 139.0 22,90 0,71 8141 4,55 0,93
(31.1) (23,26) (,08) (11.8) (1.39) (+63)
January 146,2 24,10 059 82,1 3.95 0,79
(34.7) (27.52) (11) (12,7) (,58) (,34)
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Tabl e 34

Average total lenth, weight and conditionfactor (standard deviationin parenthesis) of

year |ing and su
Cot t onwood Cree

q¥ear|in% rai nbow-steel head trout sanpled fromthe Lower study area on
i n 1983 and 1984

Yearling Subyearling
Total Condition Total Condition
Month Length Weight Factor Length Weight Factor
(mm) (g) {mm} (g}
1784
May 112,9 16.10 0,92 - -
(29.1) (18.18) (+09)
June 133.2 27,70 0,90 53.1 1.25 0,78
(37.8) (33,78 (07 (6427 (+52) {21
July 1311 22,40 0.85 67.7 3.15 0,97
(27.0) (19,33 (108) (6+5) (97 (112)
August 128,46 20430 0.84 72,4 3460 0492
(24,5) (17.61) (409) (647) (1,10) (+10)
Sept enber 1310 20,20 0.81 789 4,75 0,93
(23,1) (14,57) (,08) (8,1) {1.42) (,09)
Cct ober 130.0 19,45 0.82 82,8 5,40 0.91
(19.2) (9,27) (,06) (9.3 (1,79 (,10)
Novenber 132.2 20,25 0,79 83,1 5,20 0.87
(23,2 (12.09) (4,06} (8.0) {1.61) (+11)
Decenber 134,7 21,60 0,78 83.9 5,30 0.87
(20.0) (16,51 (,05) (7.8) (1.56) (+12)
1983
May 141.7 29,45 0,99 - - -
(19,9 (11.64) (116)
June 142,8 21.85 0.73 650 2445 0.96
(17.3) (7.28) (417} {10,0) (,83) {451)
July 150,32 29.25 0.80 75.8 3.20 0,73
(22,8) (15,99 (,09) (11.5) {1.31) (+29)
August 158,7 27.85 0.63 78.6 3,50 0.72
(21,6) (16461) (4107 (10.8) {1.18) (119)
Sept enber 155,2 29450 0,74 82,2 4480 0,81
(18,7 (13.61) (10) (10,7 (1.,81) 1,04)
QCct ober 160,46 37,20 0,87 90,7 6405 0,79
(21,3) (14,67) (+14) (10,8) (2,28) (17
November 1607 34,20 0.73 95,4 1.25 0,80
(22,7 (24,02) (,08) (11.6) (2452) (,08)
Decenber 159.8 31,404 0,76 9742 7.30 0.84
(29,2) (12,5) (1449) (31)
January 159.4 27.10 0,59 9640 6470 0,78
(21,8) (15,08) (4113 (12,4} (1,90 (,27)

a Average wei ght derived fromthe tog Length-10g wei ght egression equation.
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Decenber at 97 mmin total length and 7.3 g in weight.
Condition factors during 1983 varied between .72 to .9 and in
1984 ranged between .78 and . 97 at the |ower study area.
Condition factors during the overwi ntering period (Decenber) of
both years ranged from.84 to .87.

The |ength-weight relationship for juvenile steel head from
Cottonwood Creek (Figure 66) was cal culated by a non-Iinear
| east squares regression. The |ength-weight equation showed
that growth was about a cubic relationship indicating isonetric
growth (Tesch 1971) during natal stream habitation. The |og
length-lgg Vel ght relationship was | og = -12.0118 + 3.0768
tog 1L {R°=.97). Data on total length and fork |length for
juvenil e rainbow steel head was collected in 1984. Conversion
factors calculated for 306 subyearling fish 53 to 103 mm was TL
= -1.2717 + 0.9665(FL), with an R-squared of .99. A total of
213 yearling fish 90 to 259 mmin length had a conversion
factor of TL = -0.411 + 0.9479(FL); R-squared=.997.

Enhancenment Strategy

Enhancement recommendations for Cottonwood Creek have
previously been made by Kucera et al. (1983) and Fuller et al.
(1986). Results fromthese reports and the current studv wll
be utilized to address anadronous sal monid enhancenent
potential. \Were direct support fromthe sanple data is not
avail able, through regression or correlation, support fromthe
literature is used. Problens identified were a |ack of
erennial flow in the upper 16 km of stream |ack of yearling
abitat, sedimentation, |ow sumrer stream discharge and el evated
wat er tenperatures and extreme variation in annual stream flow

Lack of perennial stream flow occurs in the upper 16 km of
Cott onwood Creek. Sone steel head production occurs in isolated
stretches of stream but the anount is negligible. Instreamflow
I mprovenent/augnment ati on woul d be needed to open up this stream
section to steel head production (Fuller et al. 1986). The
feasibility of flow augnentation through spring enhancenent or
construction of a small reservoir for water storage needs to be
evaluated. The problens discussed bel ow woul d al so have to be
addressed in this section if flow inprovenent was inplenented.

A lack of instreamcover for yearling steelhead is a
limting factor, in the lower 7 kmin Cottonwood Creek, as has
been reported in other studies (Everest and Sedell 1984).

Total measured yearlin? cover did not exceed 11 percent of the
available area at the lTower study area. The upper study area
contained up to 20 percent vearling cover and supported tw ce
the summer and winter density of fish (Table B.1) conpared

to the lower study section. ~Yearling steelhead density was
significantly correlated with one of the instream cover _
conponents (overhangi ng vegetation) at the upper study area in
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1983. Consistent significant correlations did not exist that
woul d provide a biological basis to relate yearling steel head
density to instream habitat data. Regression anal ysis was,
therefore, not a useful tool in delineating specific factors
that limt fish densities. Qher investigators (Burns 1971,
Gordon and MacCrinmon 1982) have reported significant

rel ati onshi ps between steel head densities and |iving space

vari abl es. Some of the habitat enhancenent neasures in the
Cl earwater Basin are also founded on the prem se that
i ncreasing instream cover will inprove the density of

anadr onous sal noni ds.

Average stream depths at both study areas were |ess than
16 cm during the sumer and early fall nmonths. \Water velocity
was less than 13 cnis during the sanme tinme period. These
stream depths and velocities are at a mnimum level in terns of
probability-of-use data presented for juvenile steel head (Bovee
1978). Yearling rainbow trout (Wsche 1980) and steel head
trout (Everest and Chapman 1972) are reported to utilize depths
nore often as depth exceeds 15 centineters. These depths are
available in pool and run habitat in Cottonwood Creek.
Pl acenent of instream structures such as woody debris, boulders,
root wads, gabions and boul der clusters would increase the
amount of pool habitat available to yearling fish. Wth such
limted yearling cover present (<20%, it is estimted that
pl acenment of instream habitat structures could substantially
increase the snolt vyield. I nstream structure placenent shoul d
be one conponent of an overall enhancenent/restoration plan for
t he Cottonwood system

Sedi nentation, although not directly studied during this
project, may be one of the Iimting factors to rai nbow
steel head trout production in Cottonwood Creek. Cobbl e
enbeddedness val ues during the study ranged from 25 to 35
percent and silt conprised 2 to 11.8 percent of the tota
bott om substrate. Rai nstorm events in the drai nage woul d
occasi on heavy sedinent loads in the stream for several days.

Bjornn et al. (1977) reported that fine sedinent is a |l.imting
factor to sal nonid production. Fine sedinment mav fill in or
cover adult spawning substrate, reduce aquatic insect
production on which fish feed, fill in interstices in the
substrate which fish utilize as cover and may cause gil
irritation. Ri parian revegetation is necessary (Fuller et al.

1986) especially in the grazed headwater area and |ower section
of stream Revegetati on would help stabilize banks, decrease
the rate of water runoff in the spring and thus incom ng

sedi nent, and woul d hel p shade the stream

Low summer streamfl.ows and high sunmer water tenperatures
are of cancer y in Cottonwood Creek. Stream di scharge reached a
low of . 011 Is (.39 cfs). Stream di scharge was generally
significantly positively correlated with neasured yearling
steel head habitat. At summer base flows the yearling cover was
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severely restricted. Available yearling cover was |acking
((20% during nost of the year as the mpjority of habitat
present was riffle or riffle-run habitat. Average sumer water
tenperatures in Cottonwood Creek reach 19 C in |ower stream
reaches with the maximum up to 26.4 degrees Centigrade.
Yearling steelhead growth and production are negative during
this time at the |lower study area. Raleigh et al. (1984) state
that the optinmum range in water tenperature for rainbow trout
is between 12 to 18 degrees Centigrade. Water tenperatures in
the | ower stream reaches exceeded this optimumrange. Platts
and Rinne (1985) report that sunmer solar radiation accounts
for 95 percent of the heat input into streams during m dday.

Ri parian revegetation is required in the upper watershed to
stabilize banks, shade the stream and hel p decrease the rate of
water runoff in the spring. Revegetation is also necessarz in
the lower 4 kmof stream Establishment of both streanmban
vegetation and overhead canopy may al so enhance channe
stability and increase stream flow.  Average water tenperature
and yearling steel head density are positively significantly
correl ated ?P<O. 05) in Cottonwood Creek. The data did not
indicate that elevated water tenperatures decreased yearling
densities. Increase in fish density along with water
tenperature could only occur up to a point where upper |etha
tenperature was reached and then the relationship would
truncate. Flow augnentation, through spring enhancenent or
construction of a small storage reservoir, would alleviate
sumrer low flows, increase yearling habitat and hel p reduce
water tenperatures. R parian revegetation wuld also help
shade the stream thus reducing water tenperatures, and
stabilize the stream banks.

Annual stream flow variation ranged from.02 to 7.52 mh/s
over the study period; a 376 fold difference. Raleigh et al.
(1984) report that there is a definite relationship between
annual flow regine and guality of trout habitat with the nost
i nportant period being during base flows. Peak spring runoff
and grazing has reduced the channel stability from skm 10 to
14.8 and in the lower 4 kmof stream  Spring runoff also
inhibits riparian vegetation establishment in these areas.
However, where good overhead canoPy and streambank vegetation
exist there is nornally a well detrined channel. Placenent of
i nstream structures such as woody debris would hel p control
channel stability (Heede 1981) and also create high quality
pools (Platts and R nne 1985). Re-establishnent of riparian
zones should also help stabilize the stream channel. Stream
conditions in the l[ower-nost section may require channelization
into a neandering path.

An enhancenent/restoration plan of riparian revegeation
channel stabilization and placenent of instream structures
woul d substantially increase the steelhead snolt yield in
Cottonwood Creek. Riparian revegetation is inportant to
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stabilize the banks to reduce water runoff and sedinment input,
and to help shade the stream thus reducing water tenperatures.
Good devel opment of overhead canopy and streanbank vegetation
may al so help stabilize the channel and increase stream flow.

Pl acement of instream structures will inprove the anmount of
yearling habitat quantity and diversity present and may be
positioned to inprove channel stability. It is estimated

(indirectly) that the snolt ¥ie|d woul d be doubled if these
measures were inplenmented. he estimated smolt yield from the
fish weir (1984) was 1,500 fish. Snolt yield, estimated from
popul ation ﬁrojections, was 2,074 fish in 1984 and 3,371 snolts
In 1985. The feasibility of flow augnmentation through spring
enhancenent or reservoir storage needs to be evaluated _
further. If flow augmentation was determned to be feasible it
woul d open up 16'kiloneters of habitat to steel head

production. Currently about 9.6 km of stream has perennia
flow and supports juvenile steel head production
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Bl G CANYON CREEK

Big Canyon Creek flows for approxi mately 48 km (Figure 67)
with an 8 to 10 kiloneter stretch of streamin the upper section
having intermttent flow Little Canyon Creek is the ngjor
tributary and discharges into Big Canvon Creek at skm 3.7.
Several smaller streans and intermttent tributaries flow into
the Big Canyon system throughout its length. The stream
emnates in agricultural environs in the upper drainage and
flows through a deep, relatively inaccessible U-shaped canyon
that has steep canyon walls. The creek flows through the town
of Peck and is paralleled by a highway for the |ower three to
four kiloneters. Riparian vegetation is generally sparse
consisting of scattered deciduous trees. Cattle grazing
activity Is noderate to heavy throughout the stream | ength.

Fl ood damage has resulted in-localized severe degradation of
fish habitat and the stream has been channelized in the | ower
section. Logging has occurred on the steep canvon slopes and
si de drai nages.

During the 1983 study period stream di scharge ranged from
0763 to . 3833 nv/s (Figure 68). Aerial and ground
observations have indicated that severe flooding has occurred
and stream flow variability appears high. The streamis |ocated
in a CT-shaped canyon and has a relat|veIK wi de flood plain
area. Peak spring runoff and grazing inhibits riparian
vegetation which hel ps shade the stream and stabilize the
banks.  Mnthly average water tenperatures (Figure 68) varied
from2 to 20.5 C, with sumrer maxinmum tenperatures up to 23.2
degrees Centigrade. Stream gradient ranged from.5 to 4.5
percent. Water quality analysis (Table 35) indicated that with
a total dissolved solids (TDS) |level of 128 and a pH of 8.5 that
Big Canyon Creek appeared to be noderately productive. Hgh
nutrient concentrations and fecal coliform bacteria violations
have been reported in the past (ldaho Departnment of Health and
Wel fare 1980). Fish species inhabiting Big Canvon Creek include
rai nbowsteel head trout, brook trout, speckled dace, chisel nouth,
northern squawfi sh, redi de shiner, bridgeli§ sucker and paiute
sculpin. Adult steel head have been collected in R g Canyon over
the study period. Due to the collection of adult steel head and
the | ow nunber (<13% of age |1+ and ol der rai nbow steel head
trout it is believed that the fish were steel head and not a
resi dent popul ation of rainbow trout. The Pig Canvon Creek
steel head popul ation, in pairw se conparisons and a cluster
anaIKsis of genetic simlarity, broke out with the Cottonwood
Creek popul ation and other A-run populations. Big Canyon fish
were significantly different from Dworshak Hatchery steel head
(Appendix A). Some hatchery smolts, however, have been
collected in the |ower reaches of RI% Canyon Creek (Kuccra et
al. 1983). No stocking of Dworshak hatchery fish has been
recorded in the Bi? Canyon system  Large nunbers of adult
bridgelip suckers fromthe Cearwater R ver ascend the creek
each spring to spawn along with | esser nunbers of adult northern
squawf i sh and chiselnouth. Fishing nortality was not quantified
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during the study but was believed to be light at the relatively
I naccessi bl e upper study area. Pig Caann Creek is one of the
top steel head producing streans on the Nez Perce Reservation and
I'S Sanked as a priority for stream enhancenent (Fuller et al.
1986) .

Upper Study Area

The uEper study area was sanpled from May to Cctober, 1983,
after which tine the area becanme inaccessible. Rainbow steel head
trout was the only anadronous sal noni d sanpl ed durin? t he study
period. Yearligg densities during 1983 (Figure 69) fluctuated
from .36 frshfn? in May down to .28 fishfn% in Cctober

(Table 36). The lowest point on the graph (Figure 69) reflects
only one 50 neter station and not an average density. No nmjor
change in density was associated with a concurrent change in
habi tat variables. Densities were relatively high despite the
fact that total measured yearling habitat from June to August
was only 2.4 to 6 percent of the total available stream area
(Table 37). Estimated nonthly densities at the upper stud¥

area were about three times higher than densities at the | ower
study area. The relative inaccesibility to this steep canyon
area, through private land hol dings, reduces angler access and
thus fishing nortality in this section, conpared to the |ower
study area. The habitat quality in the upper study area was
believed to be higher than that of the |lower study area, thus
providing better yearling habitat. Specifically, water
tenperature reached a high of 18.5 C during August conpared to
20.5 C at the lower study area. Cobbl e enbeddedness was
estimated to be 25 percent (upper area) versus 33 percent at the
| ower area. Stream depths averaged less than 11.5 cm during the
study period (Table 37) which is at a mnimumlevel in terns of
probability-of-use (Rovee 1978). However, vyearligg densities
remai ned relatively high, declining to .28 Tish/min

Cct ober. Water velocity, another inportant factor in
probability-of -use data, was nore suitable as it was greater
than 15 cm's during all nonths. Yearling density was
significantly negatively correlated with streamvelocity (r=-
.81} . However, the relationship is not a cause-effect one.
Lower flows may concentrate a | arge nunber of fish but increased
flows do not cause |ower densities.

Yearling biomass was not significantly correlated with
yearling density at the upper study area. Bionmass calcylations
In 1983 ranged from8.29 g/m in My, 1983, to 4.62 g/min
Jung When only one 50 neter station was sanpled, and up to 10.59

/'m_ in Cctober (Table 36). Fl uctuations in biomass in June
nd Cctober represent only one 50 neter station being sanpled
and therefore an average value was not avail able.

Subyearling densjties in 1983 varied from.o7 fi_sh/m2 in
June up to 1.51 fish/m< i'n July and decreased to .95 frshfn?
in Cctober (Figure 70 and Table 38), A marked decrease in ,
density took place from1.51 fishinf in July to 1.11 fish/m
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Table36.  Monthly values of streamarea and stream volune sanpled and average density and bioness (standard
deviation in parenthesis) of yearling rainbow steelhead trout measured in the upper study area
on Big Canyon Creek in 1983,

Dens i ty B omass
Stream Stream
Mont h Area Volune Nunber/ n2 Nunber/ n8 G ans/ n? G ans/ nB
Sanpl ed Samt ed
(n2) (n8)
1983
May 89746 100.8 04360 312 8,29 71,40
(+12) (,54) (71 (12,25)
June a 517.0 43,1 0,210 2,48 4162 5551
July 7191.4 80.4 0,370 3.47 9.11 82,74
(+20) (1,24) (6+38) (42,51)
August 730.4 61.4 0,340 3.66 7.33 7777
,22) (1,213 (5.11) (29,507
Sept enber -
Cctober a 310.2 25,0 0.280 3,52 10,59 131,42

a Only one 50 neter station sanpled
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Table 37. Average monthly physical characteristics, standard deviation in parenthesis, of the upper study
area on Big Canyon Creek sampled in 1983,

Stream Stream Stream Stream “;ver. Depth  Undercut Overhang, Surface Subm. Total
Month Disch: Veloc, Width Tiepth Water »30cm  Bank Uegetatn, Turb. Rock Habitat
Temp.
(m3/s) {cm/s) (cm) (cm) {0 (m2} (m2) (m2) {m2) {m2) (m2)
1283
May 0.,1838 17,9 gev.7 11,5 13,5

(07 (2)  (222.6) (1.8)

June a 0.1124 27,2 1,035.4 8.3 15,5 13.66 0 0 14,58 1.469 29,93
July 0.1195  17.6 791.5 2.8 1é.1 8.79 0 0,70 6490 0,65 17,04
(.04) (4,9) (161.9)  (1.64) {9.54) (,98) (,73) 02D) (7.80)
August 0.1109 17,3 730.5 8.8 18.8 4,964 0 0.42 3402 0,49 8490
(.0 (2,3 (182.8) (3.2) {4,259} (460) (17 G08) (3.39)

September - - - - 13,7

October a 0.1209 16.% 620.4 11,4 10 - - - - -

a Only one 50 meter station sampled.
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Table38. Honthly values of streamarea and streamvol une sanpled and average density and bionass (standard
devi ationinparentheris) of subyearing rainbowsteelheadtrout measuredi nthe upper study area
on Big Canyon Creek i n 1983+

Liensity Biomass
Stream Stream
Month Area Vo lume Number/m2 Number /m3 Grams/m2 Grams/m3
Samp led Samp led
(m2) (m3)
1983

May 897.6 100.8

June a 517.8 43,1 0,970 11,67 1,80 21,40

July 791.4 B0, 4 1,510 V35 3,63 34,44

(,49) (1,50) (1.19) (3.60)

August 730.4 6144 1,110 12,73 3.34 38,19

(.37 { ,45) (1411) (1,38)
Sept emer -
(ctober a 310,2 25,0 0,950 11,79 6. 37 79,03

a Only one 50 neter stat ion sanpled
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in August as stream di scharge renained at .|| m¥'s (Tabl e 37)
and average water tenperature increased from 16.1 to 18.5
degrees Centigrade. The highest correlation observed between
density or bionmass and habitat variables was a non-signifi cant
associ ation between bionass (g/nt) and streamdepth (r=.72).
Subyearling density and maxi mum water tenperature were al so
correlated (r=.60) but not significantly.

Subyearling rai nbow st eel head trout biomass ranged from
1.80 gfn? fn June to 3.63 in July and up to 6.37 g/rhin
Cctober of 1983. As nentioned previously, data from June and
Cctober do not reflect an average because only one 50 neter
station was sanpled (Table 38). Subyearling density and biomass
was not significantly associated (r=-.13) at the upper study
area.

Substrate sanpling indicated that adequate spawning gravels
were present for adult steel head. Available spawning substrate
was estimated to be 24.8 percent of the total stream bottom
area. Cobbl e embeddedness was estimated to be about 25

ercent. The percentage of each substrate tY e is presented
elow.  boul der 26.5; arge cobble 31.2; sm cobble 24.9; ver
coarse gravel 12.2; coarse gravel .2; nedium gravel 4.2; sand .
and silt .4 percent.

Lower Studv Area

Rainbow-steelhead trout was the only anadromous salmonid
sampled at the lower study area in 1983. Yearling abundance
varied little from May through,October when densities ranged
from .10 fish/m” to .08 fish/m“® (Figure 71 and Table 39).

In June an accidental mortality of 41 yearling fish occurred,
before they could be placed back into the 50 meter section after
shocking operations were completed. However, there was no
noticegble difference in denﬁity between the June values of .11
fish/m® and July (.12 fish/m”) as the fish population

guickly adjusted to the vacant habitat A small decline in
densitg occurred from July (.12 fish/m”) to August (.09

fish/m”) as the average water temperature increased to 20.5 C
(Table 40). Densitigs decreased to the lowest level observed in
December (.03 fish/m”) during the overwintering period. No
notable fluctuations in density were observed in relation to
changes in habitat variables. Density of yearling steelhead at
the upper study area was three times the observed density at the
lower study area (Tables 36 and 39). Yearling density comprised
8 to 13.7 percent of the total salmonid density present with
subyearling steelhead making up the remaining percentage. The
estimated smolt yield from mainstem Big Canyon Creek, using
winter population estimate projections, is between 14,388 to
20,738 fish. This estimate was for 35 of the 48 km of total
stream length and assumes no mortality takes place after
December.
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Tabl e 39. Mnthly values of streamarea and streamvolune sanpled, and average densitK and bi omass istandard

deviation in parenthesis) of yearling rainbowsteel head trout measured in t

e Lower study area

on Bi g Canyon Creek in 1983

Density Bi onass
Stream stream
Nont h Area Vol une Nurber / n2 Nurber / n8 Grans/ Gans/nB |,
Sanpl ed Sanpl ed
(m2) (n8)

1983

May 696.8 115.0 0.100 0465 3.47 22,21
(,04) (.37 (,74) (4,10

June a 388.5 41.7 0,110 1,01 3.14 29.29

July 613.2 73,3 0,120 1,02 4,73 40,54
(+04) (146} (1,96) (19.02)

August 557.0 54.4 0,090 0,92 21 21.49
(.01} ( +15) (72 (7.28)

Sept enber 585.2 62,2 0,110 0.98 4,82 43.18
(,04) (+34) (1,72i (15,72

Qct ober 571.0 69,4 0,080 0,71 3.79 31.57
(,03) (37 (2,44) (21,12)

Novenber 6506 99.5 0,060 0,43 2,45 15,74
(,007) l,05) {497) (5.23)

Decenber 465. 4 109. 8 0,030 0,19 1.04 6426
10y .02 {,01) (430

a Onl'y one 50 neter station sanpl ed
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Tabl e 10. Average monthly physical characteristics, standard deviation in parenthesis, of the |ower study
area on Bi g Canyon Creek in 1983,

Stream Stream Stream Stream Aver.  Depth  Undercut Overhang, Surface Subm Total
Mont h Disch. Veloc. Wdth Depth \ater  >30cm Bank \egetatin. Turb+  Rock Hahi t at

Tenp

(m3/s) {(ca/s) (cm) {cm) () {m2) {(m2) (m2; {(m2) (m2) (m2)

1983

May 3210 21,6 7266 16,5 13.5 - -
GO9)  (9.2)  (B9.4)  (.3)

June a  o0.1610 10,7 7770 10,7 155 19,57 0 0 11,62 0,50 38.33

July 0.1534 13,8 35,4 11§ 181 10.30 0 1,39 390 0.78 16,34
(03 5.8 (UL . (5,33 (+69) (,BOY  (,46) (7.30)

august 0.1213 12,6 5749 9,7 205 8.40 0 1.95 .20 0.51 12,07
(,002) (1.1 {17, (,03) (5) (113 (,43)  (,10) (6467

Septenbero.os48 8.6 5743 112 15,7 .33 0 0,79 2,9 0.3 11.37
(,02) (4.5 (138.5)  (.08) (6408) (29 (.01 (18 (7.55)

Cctober ao.0924 8.4 593.3 12,1 10,0 Sebb 0 0,18 2,01 0,50 8.34
1,005)  (2,8) (117:&) 1.3 (5,29 (426) (.85 (,45) (6,33)

Novenber 0.1883 137 4737 15.4 40 14449 0 0409 4,40 0,29 19.28
1,004) (4)  (135.8) (1) (11.02) (A3 (1,09)  (.29)  (12,26)

Decenber 0,2422 14,0 489.8 1646 2,0 27,28 0 007 6480 0,25 34141
(O (2.9 (113.6) (1.3 (21,99) (10)  (1.28)  (W35)  (20.48)

a Oy one 50 meter stat ion sanpled+
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- Stream depth at the |ower study area averaged 12 cmor |ess
during the summer and early fall nonths. \Water velocity during
the same period (Table 40) was less than 14 cnm's. These depths
and velocities are at a mninal level in terms of probability-of-
use data reported by Bovee (1978) for juvenile steel head.

Wesche (1980) and Everest and Chapnan (1972) found that yearling
rainbow-trout and steel head trout utilized depths nore often as
depth exceeded 15 centimeters. Measured yearling habitat was
limted and represented about three to ten percent of the
avai |l abl e stream area (Table 40). Depth greater than 30 cm nmade
up the bulk of the measured yearling habitat with surface

t urbul ence conprising nost of the rest.

Esti mated yearling biomass was significantly associated
(r=.87) with yearling density during 1983. Biomass ranged from
3. 67 g/n? in May to a,peak 0 4.82 in Septenber and then
decreased to 1.04 g/m“ in Decenber (Table 39). Yearling fish
al t hough conmposing only 8 to 13.7 percent of the total salnonid
density conprised 40 to 72 percent of the total salnonid biomass
present.

Correlation matrices between yearling steel head density and
bi omass and habitat variables reveal ed that density was
significantly associated with average water tenperature (Figure
72).  Yearling density would only continue to increase wth
rising water tenperature as the nmaxinum |ethal tenperature was
apPrpached at which point the relationship would truncate.

Ral ei gh et al. (1984? report that the optinmum range in water
tenperature for rainbow trout is 12 to 18 degrees Centigrade.
As average water tenperature in R g Canyon Creek reached 20.5 C
In August, the far right point on Figure 72, density decreased
and then increased slightly in Septenber as stream tenperature
declined to 15.7 degrees Centigrade (Table 40). The data,
however, did not indicate that increased water tenperature
reduced yearling densities. Yearling density was negatively
correlated (r=-, 29) with stream discharge. As stream di scharge
was significantly positively associated with nmost conponents of
instreamcover, there was also a negative correlation between
yearling density and instream cover conponents. No significant
correlations existed that had a biological basis to relate
yearling density or biomass infornation to habitat data.
Therefore, regression analysis was not a useful tool in
delineating factors that limt steel head densities or in
providing a predictive basis to estimate yearling density from
measured habitat variables.

Subyearling rainboy-sSteel head trout densities in 1983
ranged from 1.27 fi'sh/ in June (Figure 73 and Table 41) to
.60 thhtn?, under Iom15|om1conditions in, Cctober and
decreased to .30 fish/m® in Decenmber. COctober density (.60
fishfn?) was about two-thirds that gf the abundance observed
at the upper study area (.95 flsh/n?)dur|ng t he same nonth.
Subyearling densities accounted for 86.3 to 92 percent of the
total salnmonid density present in the study area.
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Figure 73.  Subyearling rainbow steelhead trout densi tK
at the lower study area on Big Canyon Cree
from June to Decenber, 1983.
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Figure 74. Relation between subyearling rainbow steel-
head trout and average water tenperature at
the | ower study area on Big Canyon Creek
from June to Decenber, 1983.
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Tabl e 41, Monthly values of stream area and stream vol ume sanp ted and average density and bi omass (standard
deviation in parenthesis) of subyear| ins rainbowsteelhead trout measured in the lower study
area on Big Canyon Creek in 1983,
Density Eiomass
Stream Stream
Month Area Volume Number /m2 Number/m3 Grams/m2 Grams/m3
Samp led Samp led
(m2) (m3)
2
May 696.8 115.0
June a 388.5 41,7 1,210 11.86 1.78 16461
July 613,2 73,3 1,00 8,45 1,85 15,62
(,01) (,41) {409} (+16)
Augst 55740 54,4 0,850 8,76 2014 21,91
(.01 (+15) (.08) (99
Sept enber 5552 62,2 0,690 13 2.60 23,85
(,05) (,55) 1,22) (2,10)
Cct ober 571.0 6944 04400 4,97 51 31,49
(,03) (+34) i) (2.76)
Novenber 650, 6 99,5 0,440 3,02 3.12 24,05
(,06) 420 (,49) 1.64) -
Decenber 6654 109.8 0,300 1,83 2,00 12415
(,03) (432 {19 (2,08)

a nly one 50 meter stat ion sanpled .
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Riogass estimates of subvearling fish in 1983 varied from
1.78 g/m® in June, increased to a high of 3.81 in October, and
declined to 2 g/m”° in December during the overwintering
period. Subvearling density and biomass was negatively
correlated (r=-.52). As fish density decreased from June on,
subvearling growth continugd to increase thus causing the
biomass per unit area (g/m“) to increase through the month of
November. Subyearling biomass comprised 28 to 60 percent of the
total salmonid biomass present during the sampling period.

Correlation matrices between subyearling steel head density
and habitat variables indicated that density and average water
tenperature had a significant relationship (Figure 74). As
di scussed for the yearling fish, water tenperature and density
could increase only until a maximum | ethal tenperature was
approached and then the association would truncate. Average
wat er tenperature in August reached 20.5 C which is above the
opti mum range of 12 to 18 C for rainbow trout (Raleigh et al.
1984). However, subyearling fish continued to increase in size,
both I ength and wei ght, through the summer period. Subyearling
density was negatively correlated (non-significantly) with both
stream di scharge and stream velocity. Yearling density and
subyearling density was also significantly associated
(r=.84). A thorough food habits analysis would need to be
conducted to determne if this correlation indicated that
intraspecific predation was occurring.

Substrate sanpling during the study period indicated that
there was sufficient spawning gravel present for adults.
Esti mated avail abl e spawning substrate was 20.4 percent of the
total stream bottom area. he percent of each substrate
classification present in 1983 is as follows: boul der 34.7;
| arge cobble 28; small cobble 19.6; coarse gravel 10.6; medium
gravel 5.7; sand . 2 and silt 1.8 percent. bbl e enbeddedness
was visually estimated to be 33 percent.

Juvenile Steelhead Age and Growth

A total of 215 juvenile steel head were aged by the scale
method to separate age groups for density and biomass estimates.
Two groups of fish are recognized for this report: yearling (age
| + and ol der) and subyearling (age O+). During the  study period
yearling rainbowsteel head trout ranged in length from 89 to 289
mmand In weight from6 to 278 grans. The largest fish sanpled
was an age |11+ individual that was 289 mllineters |long and
wei ghed 278 grans. Monthly fish collections indicated that a
m ni mum of 87 percent of the fish collected were age |+. These
fish ranged in length from89 to 218 mmand from6 to 90g in
weight. Age |1+ rainbow steel head varied from 153 to 25
mllimeters in total length and in weight from 33 to 148 grans.
Subyearling fish ranged up to 124 mmin length and 15.5 g in
wei ght by January of 1984.
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Averaqge lenqgth of yearling rainbow steel head trout (Tables
42 and 43) indicated that fish fromthe |ower study area are
generally 10 to 15 nm longer and about 10 grams heavier in
wei ght than upper study area fish. Fish fromthe upper stud¥
area grew very little from My thru August, ranging in size from
134 to 143 mmand 20 to 23 grans. There was increasing growh
into the nonth of Cctober en yearling fish averaged g68 mmin
length and 38 g in weight. Marking experiments showed that only
17 percent of the fish collected noved into the section in
Cctober, so no mgjor influx of fish occurred to account for the
|arger size. Yearling fish fromthe |ower study area (Table 43)
decreased in size from 160 mmand 37.4 g in July to 158 nm and
29 g in August as water tenperature reached 20.5 C in August.
Yearling steel head increased in length and weight from 158 mm
and 29 g in August to about 170 nm and 44 g in-Cctober, but then
decreased in Novenber and Decenber (Table 43). Fish sanple size
was small, (<50 for this size stream which may have added to
the variability in average fish size.

Averaqge fish weight and condition factor (Tables 42 and 43)

reached their |owest point, at both study areas, in Auqust as
t he hi ghest average streamtenperature was reached (18.5-20.5
¢)l Yearling condition factors ranged from .68 in Auqust to .87
i'n My at the upper study area. Average fish condition factor
at the lower study area varied from .96 in May to a | ow of .69
In August. Condition factor in Decenber (.71), during the
overwi ntering period, was about the sanme magnitude as the |owest
condition factor observed in August (.69). Yearling fish were
not in 3ood condition during this time. Sonme fish growh
occurred from August to Cctober at both study areas and
Sgparently, fish growth also occurs in the spring period into

y and June. This Promﬁhlmas m ssed as no sanpling was
conducted in the early spring due to higher flows and water
turbidity., Qutmgration of the larger snmolt-sized fish occurs
during the late sPring (April to June) and naK be causing sone
of the observed fluctuation in fish size in this |ower study
area, thus masking the actual growth increnents.

~ Progression in the average |ength and weight of subyearling
fish was generally simlar between the two study areas (Tables
42 and 43). Upper study area fish grew somewhat faster _
initially (fromJune to July) but the average total lenqgth in
Cct ober was about the sanme;, ranging from9l to 93 mllineters.
Lower study area fish in Decenmber were 94 nmlong and weithed
6.6 g going into the winter period. Average fish condition
factors at the u Per study area varied froma low of .76 in July
to 1.08 in June F able 42). Subyearling condition factors at
the | ower study area were |ess variable, ranging from.90 in
June to a low of . 80 in Cctober (Table 43). The |owest
condition factor occugred in Qctober during |ow stream fl ow
conditions of . 0924 n$/s (Tabl e 40).
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Table 42, Average total length, weight and condition factor (standard deviation in parenthesis) of
yearling and seubyearling rainbow-steelhead trout sampled from the upper study area on
Big Canyon Creek in 1983,

Yearling Subyearling
Total Condition Total Condition
Month Length Weight Factor Length Weight Factor
(mm) (g) {mm) (g}
1983
May 134,5 22.95 0.87
(20) (13.9) (+15)
June a 136.2 22.30 0.83 54.8 1,85 1.08
(17.9) (11,2) (+15) (7:3) (,130) (+44)
July 143.7 23,70 0,70 69,2 2,40 0.76
(25,5) (21,4) (,115) (7.9 (430) (+31)
August 140.5 20.2 048 74,0 3,10 0,78
(19.8) (11,7 (+13) (6+9) (,67) (,22)
Sept enber
Cctober a 160.0 37.90 0.84 93,2 7,45 0.89
(25.4) (22,7 (116) (8:9) (2,17 (+06)
a Onl'y one 50 meter stat ion sampled,
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Table 43. Average total length, weight and condition factor {standard deviation in parenthesis) of
vearling and subyearling rainbow-steelhead trout sampled in the lower study area on
Rig Canyon Creek in 1983,

Yearling Subyear i nq
Total . Condi tion Total . Condi tion
Mont h Length Vi ght Fact or Length Veight  Factor
(mj (9 () ()
1983
May 14,7 34,10 0.96 -
(24,2) (32,2) (+13)
June a 155.1 291 0,71 5542 1,40 0490
(22,2) (15.9) (,09) (946) (,56) (+46)
July 1602 37.4 0.85 61.4 1,20 0.85
(22.1) (17.6) (,13) (9.8) (,56) (,33)
August 157.8 29.2 0.69 45,9 2.50 0.89
(2046) (13.5) (11) (10 (+90) (+26)
Sept enber 170.3 43.7 0.77 772 4.10 0.86
(27.8) (34.2) (416) (9.9) (1.62) (,05)
(et ober 172.2 45.0 0,77 91.4 6:10 0,80
(35.2) (30.8) (+12) (13.3) (2.76) (17
Novenber 167.7 38,8 0,72 98,1 8.40 0,86
(34.3) (25.5) (,08) (12,7 (2,80) (0
Decenber 158.9 31,5 0.71 93,9 6460 0.84
(2644) (18) (410) (13.8) (1.65) (,28)

a Onl'y one 50 neter station sanple.
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The length-weight relationship for juvenile rainbow
steel head trout (Figure 75) was calculated by a non-linear |east
squares regression. Juvenile steelhead in R g Canvon Creek
exhibited allonetric growth (Tesch 1971) as the exponent _
exceeded the cubic relationship. In fact, Big Canyon Creek fish
had the highest growth rate of all five study stream steel head
popul ations. The log length-1oq weiqght relationship for
jug;gi]gBJajnbom#steelhead trout was log W= -9.2975 + 2.51 log
L (R= .

Enhancenent Strateqy

The Big Canyon Creek system currently, is one of the top
st eel head producing streans within the Nez Perce Reservation
Enhancenent recomrendations for Rig Canyon Creek have previously
been made by Kucera et al. (1983) and Fuller et al. (1986).
Results from the current study and these reports wll be
utilized to address anadronous sal nonid enhancenent potential.
Wiere direct support fromthe sanple data is not avail able,

t hrough regression or correlation, support fromthe literature
I S used. roblens that were identified were a |ack of perennial
flowin 8 to 10 kmof stream lack of yearling habitat, |ow
summer stream flows and el evated water tenperatures and extremne
variation in annual stream flow.

A lack of perennial stream flow occurs in 8 to 10 km of
streamin the mddle to upper section of Rig Canyon Creek.
I nstream fl ow i nprovenent/augnentati on woul d be required to open
up this stream section to steel head or chinook sal non production
(Fuller et al. 1986). The Bureau of Land Managenent (BLM is
currently investigatin the potential for spring site
enhancenent to augnment flows. Proposed water storage or check
dam projects (Fuller et al. 1986) nust ensure that water
tenperatures will not be increased. Current water tenperatures
reach 20.5 C which is above the optimmrange (12-18 C for
rainbow trout (Raleigh et al. 1984). The feasibility of
constructing a storage reservoir needs to be exanined. The
areas di scussed bel ow would al so need to be addressed if this
section of streamwas opened up to steel head production

Lack of instream cover for yearling steel head may be a
limting factor in R g Canyon Creek. asured yearling habitat
never exceeded about 10 percent of the total stream area with
the remainder being riffle or riffle-run habitat. Yearling
densities at the upﬁer study area were noderately high, three
tinmes higher than the |ower study area estimates” (Tables 36 and
39). Hgher densities at the uEper studv area occurred even
t hough the percent of yarling habitat was about equal; 2.4 to 6
percent (upper area) versus 3 to 10 percent (lower area). This
was believed to be due to factors, other than neasured cover
alone, that reflect habitat quality such as: a 2 C lower average
wat er tenperature, |ower cobble enbeddedness val ues, and due to
i naccessibility a lower fishing nortality at the upper study
area. Yearling steelhead density was not significantly

156



2924+
2194+ H = . 90EERLeSL3 .32
r 761

(W1

e

116+

T,

+

o o7aq T K
L= _— e .
14 86 158 230 32

Total Length Cmm)

Figure 75.  Length-wei ght relationship for juvenile
rai nbow st eel head trout from Big Canyon
Creek in 1983.
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correlated with total yearling habitat in Big Canvon Creek

Since there was no biological basis to relate yearling density
and yearling habitat data, regression analysis was not a usefu
tool in delineating factors that |limt steelhead densities.

Q her investigators have found significant relationships between
Kearllng steel head densities and |iving space variables. Some
abi tat enhancenment neasures in the Cearwater Basin have al so
proceeded on the prem se that inproving instream habitat wll

I ncrease steel head density.

Stream depths during the summer and early fall months
averaged 12 cmor less at the |ower study area. Water
velocities during the same period averaged |less than 14 cnis.
Stream depth at the upper study area averaged less than 11.5 cm
and water velocity was greater than 17 cm's. Depths and
velocities below 15 cm and 15 cm's are at a mninumlevel in
terms of probability-of-use curves for juvenile steel head (Bovee
1978). Yearling rainbow trout (Wesche 1980) and steel head trout
(Everest and Chapman 1972) are reported to utilize depths nore
often as depth exceeds 15 centinmeters. The najoritg of yearling
steel head habitat is made UP of depth greater than 30 cm (pools
and runs) and surface turbul ence. Placenent of instream
structures such as woody debris, root wads, boulders, |og dans
and gabions woul d hel p i ncrease the amount of pool habitat.

Wth such limted yearling cover present ((10% it is estimated
t hat placement of instream habitat structures could
substantially increase the smolt yield in Big Canyon Creek

Pl acenment of instreamstructures shoul d take place as part of an
overal | enhancenent/restoration plan. For exanple, Jester and
McKirdy (1966) reported that water tenperature increased 60
percent in 16 stream reaches inﬁroved by log danms. \ter
tenperatures in Big Canyon Creek average 20.5 C during the
sumrer nonths which is above the optimumrange of 12 to 18 C for
rai nbow trout (Raleigh et al. 1984). R parian revegetation is
also required to help reduce water tenperatures. |nstream
habi t at enhancenent should be directed in the area above the
confluence of Little Canyon O eek.

Low summer stream flows and hi gh summer water tenperatures
are also of concern in the Big Cagyon Creek system. Stream
discharge reached a low of .092 m™ /s (3.2 cfs) in October.
Stream di scharge was highly correlated (in nobst cases) wth
total. yearling habitat and at |ow base flows severely limted
the avall able yearling cover. Available yearling cover was
| acki ng (<10% under low flow conditions as the majority of
habitat present (90% was riffle or riffle-run habitat. Average
water tenperatures I1n Big Canyon Creek reached 20.5 C during
the sunmer period. Yearling steelhead growth in weight is
negative fromJuly to August as water tenperatures are
elevated. Big Canyon Creek is situated in a wde U shaped
canyon with very limted overhead canopy due to grazing and peak
spring runoff. ~Platts and R nne (19852 state that sunmmer sol ar
radiati on accounts for 95 percent of the heat input in streans
during mdday. A noderate overhead canopy is essential to shade
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the stream and keep water tenperatures at acceptable levels for
sal monid production. Raleigh et al. (1984) report that the
optimum range in water tenperature for rainbow trout is between
12 to 18 degrees Centigrade. \Water tenperature and yearling
density are positively significantly correlated in Big Canyon
Creek. The data did not indicate that increased water
tenperature reduced yearling densities. |Increase in fish
density along with water tenperature could only occur up to the
point that l|ethal tenperatures were approached and then the
relationship would truncate. The upper limt in optimm water
tenperature (Raleigh et al. 1984) has been exceeded and yearling
growth is negative and |low condition factors result during the
sumrer (August). Riparian revegetation is necessary to help
shade the stream thus reducing water tenperature. 1t would al so
hel p stabilize stream banks which would reduce the rate of water
runoff in the spring and sedinment input. Channel stability and
I ncreased stream flow may also result from good riparian

devel opment. Exclusion of cattle will be required to establish
both stream bank vegetation and overhead canopy.

Aerial and ground observation has indicated that severe
flooding has occurred in the Big Canyon Creek systemin the
past. Stream discharge during the sanpling period ranged from
.0763 o .383 né/s, from May to Decenber, but spring flows of
56. 6 m/s at the mouth are considered normal (Morrison and
Maierle 1977). Little Canyon Creek contributes perhaps 30 to 40
percent of the 56.6 n?/s spring discharge. Assumng that
Little Canyon Creek contributes 30 percent of the discharge, the
Big Canyon Creek annual flow variation is estimated to he 519
fold. Since the streamwas studied for only a one year period it
is not positively known how stable the stream channel is in this
[J-shaped canyon area. Spring runoff and grazing currentlg
Inhibits riparian vegetation establishnent on the stream banks
Pl acenent of instram structures such as woody debris may be
done to help control channel stability (Heede 1981} while al so
creating high quality pools (Platts and Rinne 1985). Stream
braiding exists in several stretches of Big Canyon Creek and a
definite channel needs to be reconstructed and stabilized.

An enhancenent/restoration plan of riparian revegetation
pl acenent of instream structures and channel stabilization would
substantially increase smolt yield in Big Canvon Creek
Ri parian revegetation is necessary to help shade the stream thus
reducing water tenperatures and to stabilize stream banks to
reduce water runofft and sedinment input. Devel opnent of stream
bank vegetation and overhead canopy may also help stabilize the
channel and increase stream flow. ~ Placenent of instream
structures woul d i nprove the anobunt of habitat for yearling
steel head and may be placed to inprove channel stability. The
feasibility of flow augnmentation through spring enhancenent
and/ or reservoir storage needs to be evaluated further

Sone channel reconstruction also needs to be conducted in
areas of streambraiding. |If flow augnentation was determ ned
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to be practical an additional 10 to 12 km of stream would be
opened up to steel head production. The current steelhead snolt
vield frommainstem Big Canyon Creek ranged between 14,388 to
50,738 fish. It is estimated (indirectly) that the snolt yield
woul d be doubled if all the above measures were inplemented.
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JACKS CREEK

Jacks Creek flows for about 12.9 kmin length (Figure 76)
and is joined by several small tributaries in the md to upper
sections. The stream courses through a rather steep canyon area
and riparian vegetation is well developed. Cattle grazing in
t he canYon bottomis light to noderate. Logging activity has
taken place in the recent past and old | ogging roads renain.

Jacks Creek was the smallest of the five study streams that
wer e investigated. Stream discharge in Jacks Creek ranged from
.005 to . 2743 n?ﬁs during the one year study period (Figure
77). Monthly average water tenperatures (Figure 77) varied from
1to 16.3 C, with nmaximum tenperature up to 20.5 C during
August.  Stream gradient at the study area ranged between 2 to
10 percent and averaged about four percent. Water quality
analysis (Table 44) indicated that constituents measured did not
a%pear limting to fish production although nitrate |evel (.92
mg/1) was the highest observed anmong the five study streans.
Smal | vol umes of water, such as the |low discharge in Jacks
Creek, mav reflect nore concentrated nutrient levels due to a
| ack of dilution (Hem 1975). Fish species inhabiting Jacks
Creek are: rainbow steel head trout, chinook sal non, speckled
dace, Paiute scul pin and bridgelip sucker. Presence of adult
st eel head was not docunmented 1n Jacks Creek during the study

eriod. Fishing nortality was not quantified during this studv,
ut was believed to be light at the upper study area.

Upper Studv Area

Rai nbow st eel head trout was the sol e anadronous sal nonid
sanpled in Jacks Creek with an occasional chinook sal non being
collected. Yearling densisy during 1983 (Figure 78) decreased
froma high of .325 figh/m in My to . 265 in August and
declined to .06 fish/ fn January of 1984 (Table 45%. Bish
density decreased from .32 fish/m in June to .24 fish/m" i'n
July as neasured %earling habitat decreased from 9.92 to 2.6
square nmeters (Table 46). The |argest decrease in yearling
nunbers, not densities, also occurred from June to July.
Estimated popul ati on abundance was about the same from Cctober
to January but rising discharge increased the available stream
area, thus decreasing the density of fish per unit area.

Yearling density conprised from 28 to 37 percent of the total
sal monid density present fromJune to Novenber, with subyearling
fish representing the remainder. Difficulty in sanpling
subyearling rai nbow steel head trout from Decenber on precludes a
density conﬁarison during that tinme. Based on January density
estimates the projected snolt yield for Jacks Creek is 1,750
fish. This estimate assuned no nortality occurred after the
January sanpl e date.
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B - Study Area

Map of Jacks Creek indicating the study area sampled

Figure 76.
in 1983.
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Figure 77. Monthly average and range in water temperature

(lower graph) and average stream discharge (upper
graph) for Jacks Creek in 1983.

163



Table 44. Chemical analys
Creel on August

GConstituent

Pl
Calcium, Ca, mg/l
Magnesium, Mg, ma/l
Sodium, Na; mgsl
Folassium, Ky mgsll
Chlovide, ClL, mg/l
Carvbonate, COZX: mg/l
Bicarbonate, HOOZ, mag/l
Gulfate, S04, mgs/l
Nitrate, NOZX, mg/l
Drthophosphates FO4, mgll

Total Residue, mgsl
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Figure 77. Monthly average and range in water temperature

(lower graph) and average stream discharge (upper
graph) for Jacks Creek in 1983.

163



Table 44. Chiemical analyei
Creels on August

Conatituent

5] 'I

Calcium, Ca, mg/lL
Magnestume Mas ma/ |
Sodiums, Nas mosl
Fotassium, Ky magsl
Chlorvride, L, mg/lL
Carbonate., COX: mag/l
Dicarbonate, HCO3, mg/l
Sulfate, S04, magsl
Nitrate, NOX, mg/l
vthophosphate, FO4, mg/ll
Total FRewsicdue, mgsl
NoreF i Lteved Residoe, oyl
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Figure 78. Yearling rainbow-steelhead trout density
at the upper study area on Jacks Creek
from May, 1983 to January, 1984.
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TabLe 45. Mont hl(}/ values of streamareaand streamvol ume sanpled and average density and bi omass
ar

Mont h

1983
Mar

June
July
Auqust
Sept ember
Qct ober
Noverber

December a

January

(stan

upper study area on Jacks Creek in 1983,

Stream
Area

Sanpl ed

()

347,4
308.0
292,0
249,4
2467.4
309. 4

320,2

192.4

471.8

Stream
Vol une
Sanmp

(m8)

19.7

15.0

24.4

88.4

| ed

Density

Nunber/ nP Nunber/ n8
0,325 4,83
(.02 (+66)
0,320 6,35
(,05) {4,02)
0,240 4,84
(,05) l.48)
0,265 6403
(.00 (2,22)
04200 3,47

(0 (,74)
04120 1,92
(,02) a9
04090 1,51
(,01) (416}
0.080 0461
0,060 0.34

{0) l.08)

a Only one 50 nmeter station sanp|e81
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G ans/

d deviation in parenthesis) of yearling rainbowsteelhead trout neasured at the

Bi omass

G ans/ B

7590
(43,56)

63,40
(6.37)

73,59
(21.64)

97434
(12.81)




Tabl e 46. MmmmmW%WWwMMmﬁmmnm,Nde%WMWanmWN&MtMumwﬁmw

area on Jacks Creek in 1983
Stream Stream Stream Stream Aver. Iepth  Undercut Overhang. Surface Subm. Total
Month Disch, VUeloc, Width [epth  UWater »30cm BRank Yegetatn, Turb. Rock Habitat
Temp.
(md/s) {cm/s)  (cm) (cm) (0 (m2) {(m2) {m2) (m2} {(m2} {m2)
1983
May o.0190 6.9 37 7.1 11 - - - -
(O1)  (2,8)  (13.8) (.09
June 0,0132 5,5 3240 8,13 12,9 A 6.22 A 0a O a 360 a 0410 a 9.92a
(+003) (1.6) (9:4)
July 0,0102 4.2 309.8 5.2 14,8  1.67 0 0,27 0,50 0.16 2,60
(+002)  (1.6)  (54.3) (.3 {+64) {,38) (:28) (17 (+71)
Auqus’( 000068 3,2 261.8 4,8 16e3 10?8 0 O 0029 0006 2.14
(O09)  {1.1)  (22,7) (1.3) (,92) (.30 (O9) (1,31)
Septenber 0.0052 2,7  280.% 5.8 10,8  0.91 0 0.08 1.9 0,06 2,74
(003 (1,5 (15.3) (7 {+41) {12 (456)  (,08) {+94)
Qct ober 0.0101 3,1 I 7.2 7.8 1.39 0 0 1415 0 2,54
(,002) (&) (10 (2,2) (,142) (+39) (+81)
Novenber 0,028 7.7 3388 6.6 47 L.t o G 2,35 0 3,47
(005) (4 (445 (D) 1,09) £,007) (+08)

Decenber a0.0542 13.3  384.9 12,7 3.0

January  0.2743 30,0 498.5 18,7 1.0
(+003) (8.3 (49.8) (.9)

a Onl'y one 50 met er station sanpl ed,
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Avera%e stream depths in Jacks Creek are |ow, averaging
less than 8 cmfrom May to Novenber. Stream velocities are
simlarly low (<8 cm's), during the same tinme frane, in this
small low and valley stream  Stream depths and velocities bel ow
15 cmand 15 cnis are at a mninmal level in terns of
probability-of-use data presented by Bovee (1978) for juvenile
steel head. Everest and Chapman (1972) reported a higher density
of age I+ steelhead in depths greater than 15 centineters.
Stream di scharge was also low from May to Novenber and reached a
base flow of . 005 m/s (.18 cfs? in Septenber. As stream

di scharge was Bositively signiticantly correlated (P<O () wth
most of the habitat variables neasured, the Iow flows reduced
stream depth, velocity and amount of yearling habitat

available. The mgjority of measured yearlin? habi tat present

was depth greater than 30 cm (pools) and surtace turbul ence.
Excel l ent riparian vegetation shaded the stream keeping water
tenperature lowered in this small stream

Estimated yearling biomass and density was highlv
correlated (r= 97) during 1983 with both variables follow ng
simlar trends in relation to measured hgbitat vari abl es.

Bi omass declined froma peak of 4.55 g/m“ i'n May (Table 45) to
3.25 in August and down to .82 g/t in January of 1984.
Yearling rainbow steel head, although conprising only 28 to 37
percent of the total salmonid density, represented 64 to 87
ﬁgrcggt of the total salnonid biomass present fromJune to

venber .

~ Average water tenperture and yearling steel head density had
a significant association as indicated through calculation of
correlation matrices (Figure 79). Average water tenperature in
Jacks Creek (Table 46) reached a high of 16.3 C in August, which
is below the upper boundary in optinmmtenperatures (18 C for
rainbow trout (Raleigh et al. 1984). The maxi num water
temperature was 20.5 C during August. The |owest water
tenperature observed was 1 C during Januarv, 1984.
Theoretically, density could only increase until an upper |ethal
tenperature was approached and the relationship would truncate.
Good overhead canopy devel opnent shades the stream for nost of
its length thus reducing water tenperature. The highest
correlation observed between yearling density and yearling
habi tat was a nonsignificant one with depth greater than 30
centinmeters (r=.71). Total yearling habitat and density were
not significantly related (r=.55 despite the |ow percentage of
nmeasur ed cover &?enerally (3%. This suggests that yearling
rai nbow st eel head trout have adapted to utilizing cover other
than that which we nmeasured, or other mechanisms act or interact
to affect densities. Yearling nunbers, not densities, decreased
nost Sharply from June to July as stream di scharge remained at
.01 m/s. Yearling nunbers declined fromb53 to 37 fish as
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they either undergo nortality or emgrate to other areas.
Stream di scharge and yearling density and biomass were
nonsignificantly negatively correlated.

Subyeaxrling rai nbow steel head trout density varied from
.595 frsh/nt in June, With a marked decrease from .53 fish in
August tO 34_fishfn? in Septenber. Densities declined to
.105 fish/m® in January (Figure 80 and Table 47). The
reduction in density from Augugt to September occurred as stream
discharge dropped from .0068 m™/s to the lowest discharge
observed of . 0052 m/s in Sgptember. Density in Novenber was
estimated to be . 225 fish/n?prior t'o subyearling novenent
into the substrate. Estimates from Decenber on reflect
i nefficient sanﬁling of age 0+ fish from the substrate.
Subyearling fish accounted for 63 to 72 percent of the tota
saInpnhd density present with yearling fish conprising the
remai nder

Biomass,estimates of subyearling fish (Table 47) ranged
from. 57 g/'m® in Juge to a high of 1.07 in August, ich
declined to .39 qfn? in Decenber. This decline in biomss and
density from Novenber to Decenber, occurred as fish became nore
heavily associated with the substrate, and partially reflects
inefficient sampling. Subyearling biomass and density was not
significantly associated (r=.52) in Jacks Creek. However, a
distinct decline in biomass and density occurred from Auqust to
September as stream di scharge dropped to the | owest point (.0052
nﬁ/s‘i'n Sept enber (Table 46). Subyearling bionmass conposed
12.7 to 35.5 percent of the total salmonid biomass present
during the study peri od.

Average water tenperature and subyearlig rai nbow steel head
trout density (Figure 81) had the highest observed relation
among the variables examned. Subyearling density increased
with water tenperature within the range of 1 to 16.3 degrees
Centigrade. Density would not continue to increase as the upper
|l ethal tenperature was approximated; the relation woul d
eventual ly truncate. Correlation matrices also showed that
subyearling density and stream di scharge were nonsiqgnificantly
correlated (r=-. 57) indicating an inverse relationship bet ween
the variables. Low streamdischarge may concentrate fish into a
smal | er available area, but higher flows do not reduce
densities. Age O+ density was highly associated (r=.98) with
¥ﬁarling rai nbow st eel head density durin%_the study peri od.

ether this is indicative of intraspecific predation could only
be determ ned by a thorough food habits investigation.

Substrate sanpling indicated that spawning gravels were
probably adequate for adult steel-head. Estinmated available
spawni ng substrate in 1983 was 20 percent of the total stream
bottom area. Spawning substrate was not availanle in large
conti nuous expanses but, was present in patches of suitable
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Figure 80. Subyearling rainbow-steelhead trout density
at the upper study area on Jacks Creek from
June, 1983 to January, 1984.
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Table 47, Monthly values of stream area and stream velume sampled and average density and biomass
(standard deviation in parenthesis) of subyearling rainbow-steelhead trout measured at the upper
study area on Jacks Creek in 1983,

[lensity Riomass
Stream Stream
Month Area Vo lume Number/m2 Numbey/m3 Grams/m2 Grams/m3
Samp led Samp led
(m2) {m3)

1283

May 347,46 24,8 - - - -

June 308.0 19,7 0,595 11,44 0,57 11.24
(,03) (6416) (+11) (7.40)

July 292.0 15,0 0,480 9.84 0.72 14,99
(405) (,23) (+04) (3,40)

August 249,4 12.4 0,530 12,07 1,67 75,94
(4 10) (5,84) (+38) (17.05)

Septoemer  267.4 15.6 0,340 6,43 0+86 16.55
GO (2,64) (+29) (845%)

Qct ober 309.4 22,4 0,245 3.80 0,77 12,26
(. 007 (1.55) (,08) (5.,85)

Novenber 320.2 21,2 0,225 3,52 0482 13,16
(+007) (,03) (,02) (+76)

Decenber 2 192.4 24,4 0,100 0,78 0,39 3,11

January 471.8 88,4 0,105 0441 0,41 2,37
(0% (27 (+10) {(,88)

a only One so met er station sanpled
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sized gravel. The percent of each substrate classification
present is given below boulder 42.7; large cobble 23.7; snall
cobble 16.9; very coarse gravel 11.6; medium gravel 2.9; fine
gravel . 9 and silt 1.2 percent. Cobble enbeddedness was
visually estinmated to be 25 percent.

Juvenil e Steel head Age and Grow h

A total of 103 juvenile rainbow steel head trout were aged
via the scale nethod to separate age groups for densit¥ and
bi omass estimates. Two groups of fish are recognized for this
report: vyearlings (age I+ and age Il1+) and subyearlings (age
Ot) .  Yearling rai nbow steel head trout ranged from 78 to 21.7 nm
in total length and 4 to 89 g in weight. Nnety percent of all
yearling fish examned were age I+ fish. These fish ranged in
size from78 to 169 nmin lenqgth and 4 to 41 grans in weight.
The remaimng fish were age |1+ individuals which were 149 to
217 mmlong and varied from19 to 89 grams in wei th No age
11+ fish were collected in Jacks Creek. Subyearling
Salnbom+steelhead ranged up to 99 mmand 5.8 g in weight by

anuary.

~ Average Ien?th and weight of yearling fish (Table 48) was
fairly constant from May to August ranging from 111 to 116 nm
and 12 to 14 granms. Some growth occurred in Septenber and
Cctober as fish increased in size to 135 nmand about 19 g in
weight in Cctober, as water tenperatures began to decline during
the fall period. Fish size decreased from 125.5 nmand 19 q in
Cct ober to January when yearlings averaged 119 mm and 12.45 g
during the overwintering period. The growth that occurred
during the early spring period was m ssed as no sanpling was
conducted. Yearling condition factors (Table 48) ranged froma
high of . 84 in May to a | ow of .54 in December. A condition
factor of . 65 was reached in Septenber, during |ow stream fl ow,
whi ch was about the same magnitude as that reached in January
(.69). The | owest value recorded in Decenber (.54) may have
been partially due to a snmall fish sanple size n=15), as only
one 50 neter station was conpleted.

_ Subyearling rainbowsteel head trout steadily progressed in
size (Table 48) from48 mmand .95 g in June, up to 79 nm and
3.9 grans in January of 1984. Conpared to the other study
streans, these subyearlins fish are in the |ower range of fish
si ze observed during the overwintering period. Hunt (1969)
found that larger size was inportant in the overw ntering
survival of wild subyearling brook trout. Condition factors for
age 0+ fish ranged froma low of .73 in August to .9 in
January.  Although subyearling fish were not very |arge going
into the winter period their condition factor was the highest
observed during the study period on Jacks Creek.
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Table78. Average total length, weight and condition factor | standard deviation inparenthesis) of
year|ing and subyearling rainbow steel head trout sanpled fromthe upper study area on
Jacks Greek i n 1983,

Yearling Subyearling
Total Condition Total Condition
Month Length Weight Factor Length Weight Factor
{mm) {q) {mm) (g}
1433
HEY 111.4 14.0 0084 - -
(26:1) (14,95) (,16)
June 1114 12,15 0,75 48,2 0495 0,92
(22,9 (11,06) (4100 (645) 1,22) 1 .54)
July 116.8 12,95 0.71 58.7 150 0475
(25.8) {10.8) (,13) (8,2 1,48) 1430)
August 115.7 12,35 0,71 6643 2,05 0,73
(25,1) (10.28) (v16) (7.7) (+44) (27
Sept enber 121.8 14,70 0465 69,8 3.10 0.88
(28,5) (15,64) l,18) {700 (,90) (.10)
Qct ober 125,5 18,95 0,77 7244 3,15 0485
(30,7) (18.32) (+11) (7.6) (,43) (427)
Novenber 122.7 16,50 0482 753 3.7 0490
(2b.4) (11,38) {(+13) (644) (,43) (,21)
Decenber 134.8 17,25 0454 7744 3,40 0,75
(31.8) (16415) (+12) (8.3 (,68) {119)
January 119.4 12,45 0,69 784 3.90 0496
(163 (5.47) 1,12) (11,9) (1.10) (,98)
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The length-weight relationship for juvenile
rai nbowsteel head from Jacks Creek (Figure 82) was cal culated by
a non-linear least squares regression. Gowh slightly exceeded
the cubic relationship resulting in allonetric growmh (Tesch
1971) during natal stream residence. The |og length-log wei ght
relationship was log W= -10.9334 + 2.8312 log 1L (R =.97).

Enhancenent. Strat egy

Kucera et al. (1.983) and Fuller et al. (1986) have
previously made enhancenent recommendations for the Jacks Creek
system Results from these studies and the current survey wll
be used to address anadronous sal noni d enhancenent potential.
Wiere direct support was not available from the sanple data,
through regression or correlation, support fromthe literature
was used. Problem areas that may limt production were a |ack
of yearling habitat, |ow sumrer stream flow and el evated water
t enper at ur es.

Lack of instream cover for yearling fishis alimting
factor to anadronous sal nonid production in Jacks Creek, as in
other stream systens (Everest and Sedell| 1984). Total measured
yearling habitat never exceeded seven percent of the available
stream area and was usually about two percent. The majority of
yearling habitat present was surface turbulence and small plunge
pool -1ike cover with water depth greater than 30 cm as cover.
Yearling density was correlated wth depth greater than 30 cm
(r=. 71) but not significantlv (P>O ). No siqgnificant
correlations existed that provided a biological basis to relate
yearling density data to habitat information. Regression
analysis, therefore, was not a useful tool in defining factors
that limt densities or in providing a redictive basis to
estimate densities from neasurement of habitat variables. Qher
i nvestigators (Burns 1971; Gordon and MacCrinmon 1982) have
found signifcant relationships between yearling steel head
densities and habitat variables that would nore directly support
enhancenent through use of instream structures.

Stream depths in Jacks Creek are | ow averaging | ess than 8
cmand water velocities averaged |ess than 8 cm's during nost of
the year. These reduced depths and water velocities are bel ow
the mnimum level in terms of probability-of-use for juvenile
st eel head (Bovee 1978). \Wesche (1980) and Everest and Chapnan
(1972) have reported that yearling rainbow trout and steel head
utilize deFths nmore often as depth exceeds 15 centineters.

Total yearling habitat conprised | ess than two percent of the
available stream area and is believed to be limting. Placenent
of instream structures such as moodK debris, boul ders, root
wads, gabions and check dans woul d hel p i ncrease the anount of
pool habitat. The placenment of instram habitat structures
culd signi ficantly increase the snmolt yield.
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Low summer stream flow and high sunmer water tenperatures
are of concern in the Jacks Creek system  Stream discharge was
as lowas . 005 ni/s (.18 cfs) during Septenber of 1983.
Stream di scharge was significantly positively correlated with
yearling habitat (in nost cases) and at base flows severely
restricted the available vearling cover. Yearling habitat
conprised only two percent of the available habitat during base
flows as the majority was riffle habitat. Yearling nunbers
decreased nost sharply fromJune to July as stream discharge
remai ned at .014 mi/s. Average water tenperature in Jacks
Creek reaches 16.3 C in August with maxi mum tenperatures up to
20.5 degrees Centi grade. he observed average water
tenperatures were below the 18 C upper range in optinum
temperature for rainbow trout (Raleigh et al. 1984). Good
overhead canopy devel opnent shades the stream for nost of its
length thus reducing water tenperature. However, elevated water
tenperatures are of concern in such a small stream system which
can be greatly affected by |and management practices.

Devel opnent of spring areas may be a nethod to supplement |ow
EIEW¥ Qeriods whi ch woul d al so increase available yearling
abi tat.

Pl acement of instream structures and flow augnentation
t hrough spring enhancement would inprove the snolt yield in
Jacks Creek. The current estimated yield of smolts from the
systemis 1,750 fish. |Inplementation of these enhancenent
measures coul d conceivably increase snolt nunbers by two fol d.
The feasibility of spring enhancement requires further
eval uati on.
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M SSI ON CREEK

M ssion Creek courses for approximately 34.3 km and
di scharges into Lapwai Creek (Figure 83), ich in turn flows
into the Clearwater River. The upper 7.2 kiloneters of stream
flows through neadow pasture environs (Kucera et al. 1983) that
accommodate agricultural activity and noderate to heavy grazing
by cattle. Below this area Mssion Creek breaks into a steep
canyon, for about 17.7 km and then flows through the |ower
stream section where various agricultural activity occurs down
to the confluence with Lapwai eek. The |ower section of
stream courses through a broadened valley that has sparse
riparian devel opnent to shade the stream  The |ower stream
section has been channelized (Cates 1981) and irrigation
withdrawal s al so occur in this stream reach. Loggi ng, grazing,
roadi ng and agricultural practices occur in the drainage mhic%
initiate heavy siltation loads (Fuller et al. 1986).

Stream di scharge ranged from . 0302 M/s to .2769 m/s
during the fish population sanpling period (Figure 84). NMonthlv
average water tenperatures (Figure 84) varied from1.5 to 16.7 C
W th maxi num stream tenperatures up to 22.3 degrees Centigrade.
Stream gradi ent was estimated to average about four to five
percent at the study area. Water quality analysis showed that
the constituents nmeasured did not appear limting to fish
production (Table 49). Fish species inhabiting Mssion Creek
are rai nbowsteel head trout, speckled dace, northern squawfi sh,
redsi de shiner, chiselnmuth and Paiute scul pin. Adult steel head
have al so been collected in the Mssion Creek system Due to
the presence of adult steelhead and |ess than 10 percent of the
yearlings being age |1+ or older, we believe the fish to be
steel head and not a resident population of rainbow trout.

Steel head from Mssion Creek, electrophoretically, were

i ndi stinguishable from the Bedrock Creek popul ation; which was
the only popul ation studied that was not significantly different
from Dworshak Hatchery fish. Fishing nortality was not
quantified during the study period but fishing pressure was
believed to be noderate.

Upper Study Area

Rai nbow st eel head trout was the only anadronous sal nonid
sanpl ed during the study period.2 Density of yearling fish was
very low ranging from. o3 fish/m in My to .08 in June and
declining to .004 fish/ in January of 1984 (Figure 85 and
Table 50). Wth such a small range in density between nonths,
no nmajor changes in vearling abundance was observed in relation
to physical habitat variables. Depth greater than 30 cm and
surtace turbulence made up the najority of yearling habitat
present (Table 51). Yearling fish conprised 3.6 to 11.2 percent
of the total salmonid density present during June to Cctober,
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W - Study Area

Figure 83. Map of Mission Creek indicating the study area
sampled in 1983.
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49 . Chemical

Mission
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Tabl e 50

Nhnthhf val ues of stream area and stream volune sanpled and average density and biomass
ar

(stan

upper study area on Mssion Creek 1n 19

d deviation in parenthesis) of ggarling rai nbow. - steel head trout measured in the

Dencity Biomass
Stream Stream
Month Area Yolume Number/m2 Number/m3 Grams/m2 Grams/m3
Samp led Samp led
{(m2) (m3)

1983

My 65640 90,4 0,030 0,29 0.88 7401
(,02) {(,24) (,68) (6+21)

June 568,72 51.0 0,080 0,93 2,64 29,59
{0) (419 {430 (3,25)

July 541.0 45,7 04060 0,79 1,85 21.87
(007 (.03 (+16) (+45)

August 455,8 27,2 04060 1,04 1,71 28,77
{(,01) (,18) (435) (3.14)

September 50240 32,4 0,040 061 1,15 17,83
) £,01) (18 (1.94)

QCct ober 464,2 36,1 0,020 0,34 0.89 11,66
(003 (113 {,04) (2,97

Novenber - - - - - -

December - - - - - -

January 677,2 104.0 0,004 0,02 0.18 1420
(,002) (,01) (03 (+19)
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Table 51, Average monthly éwysical characteristics, standard deviation in parenthesis, of the upper study

area on Mssion Creek i n 1983.
Stream Stream Stream Stream Aver. Depth  Undercut Overhangs Surface Subm. Total
Month Dischs Velocs, Width [lepth Water »30cm  Rank Uegetatns Turb. Rock Habitat
Temp
(m3/s) {cm/s) (cm) {(cm) (C) (m2) {m2) im2) {m2) {m2) {m2)
1983
Mar 0.2556 25.8  ess.9 1346 10.0 - - -
(,23) (8.8) (108.1) (2.4)
June 0.0843 20,0 548,17 9.0 12,5 6.3 0 0 5.05  0.36 11.76
(,004)  (1.4)  (27.4) (D (2,19) (+54) (v 19) (1,46)
July 0,0583 14,1 541,00 8. 148 5,74 0 0,12 4.0 0.32 0.19
(:002)  (1.5) (58,70 ( &) (2,88) (A7) (1.62) (.19 (2,23)
Auqust  0.0399 10,8  455.8 5.9 16,7 2,15 0 0 2,13 0,13 4,41
(,001)  (1.9)  (B0.8) (&) (2,14 (1,58) (0T (3,65)
Septenber 0.,0302 10,2 S501.9 6.4 10,5 2,92 0 0 2018 0029 5,40
(,001) (8 (52,2) D (2.25) (1,500 (.41 {4,16)
Cctober  0.0303 8.2 444.2 8.0 7.¢ 289 0 0 11493 0 3.83
(004)  (2,3) (75.2) (2,4) (2,109 (+39) (1,700
Novenber - - - - -
Decenber - - - - - - - - -

January  0.2749 31,3 6/7.2 15,4 1.5 - - -
(,04) (2.8 (13.6) (.9
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with subyearling fish nakin? up the remainder. January data are
not included due to |ess efficient sanmpling. Densities in

M ssion Creek were the |owest observed anong the five study
streans. Cobbl e enbeddedness at this study area was about 44
percent which may be limting available yearlin% habi t at .
Enbeddedness was al so the highest noted anong the five stud
streanms. The estimated current snolt yield in Mssion Creek,
based on Cctober density estimates, is 1,700 fish. This
estimate assumed no nortality occurred after the Cctober sanple
date, and was calculated for 19.1 km of stream where steel head
and habitat currently exist. Smolt yield fromthe entire 34.3
km of stream would be considerably nore, if the entire stream
area was in production.

Stream depth and water velocity averaged |ess than 9 cm and
14 cm's, respectively, fromJuly to Cctober (Table 51). Depths
and velocities that range below 15 cmand 15 cnis are at a
mninum level in terms of probability-of-use for juvenile
steel head (Bovee 1978). Stream discharge wgs al so | ow fromJuly
to October and reached a base flow of . 03 n?fs I n Septenber and
Cctober.  Stream discharge was significantly positively related
(P<O. 05) to neasured yearlln?_habltat and at base flows limted
the amount of available yearling cover. The mgjority of
yearling habitat was depth greater than 30 cm (small plunge
pool s and pocket habitat) and surface turbul ence.

_ Esti mated yearling biomass ranged from .88 q/xg2 in My to a
high of 2.64 in June and then decreased to .18 g/'m* in JanuarY
of 1984 (Table 50). Al though yearling densities conprised only
3.6 to 11.2 percent of the total, yeapling_bionass accounted for
33 to 76.1 percent of the total salnonid weight. Biomass and
density were highly correlated (r= 97) during 1983 and generally
exh}béfed simlar relationships with respect to nmeasured habitat
vari abl es.

Correlation matrices showed a significant relationship
between yearling density and average water tenperature (Figure
86). Average water tenperature in Mssion Creek peaked at 16.7
Cin August which is within the optinumrange, of 12 to 18 C
for rainbow trout éRaIeigh et al. 1984). Maxi num wat er
temperature reached 22.3 C in August. Density could only
continue to increase with water tenperature until an upper
| et hal tenperature was approached and the associati on woul d
decline or truncate. Elevated water tenperatures are currently
2§ concern in the |lower section of stream At base flows (.03

/? hi gher water tenperatures could affect -juvenile steel head
production if a hotter summer period occurred. Surface
turbul ence had a significant positive relationship wth densitv
(Figure 87) as yearling biomass had with total habitat (Figure
88). Limted ranges in yearling density(.02-.08 fish/m° and
bi omass (.89-2.64 g/ m9) existed as fish popul ation estimtes
were low.  Relationships between yearling density and/or
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bi onass and yearling habitat changed between years at the other
study streanms. A second years data collection on Mssion Creek
woul d al l ow further exam nation of the relationships. An
intensive long termstudy would be required to nore fullv
establish and nodel cause-effect relationships. Stream

di scharge was nonsignificantly ne?atively correlated with
density and bionass, but was highly associated (P<O 05 wth
nost of the yearling habitat conponents.

Subvearling rainbow-steelhead trout density in 1983 (Figure
89) fluctuated from .63 fish/m” in June to a high of .74 in
August and declined to an estimated .16 fish/m”~ in.,January, 1984
(Table 52) Densities dropped off from .74 fish/m~ in Auqgust to
.55 fish/m” in Sgptember as stream discharge reached its lowest
level of .0302 m~ /s (Table 51). Fish density and stream
discharge both remained at similar levels in September and
October as base flows existed. Subyearling abundance comprised
82 to 96.4 percent of the total salmonid densitv from June to
October; when fish were sampled more effectively than in Januarv.

Suggearljn? bi omass in 1983 ranged from.83 q/m2 in June to
aboyt 1.3 g/m' Trom August to Cctober and then decreased to .74
/'m® in January, 1984. Bionmass renained relatively constant as
Stream di scharge remai ned | ow fromaugust, to Cctober. As age Ot
density decreased from August (.74f|shfn?) to Septenber (.55

fish/'m?), increased growth conpensated for the decrease in
density (see juvenile steel head acre and growth section) and kept
the estimated biomass at the same level. subyearling densitv

and bi omass was not significantly associated (r=.42).
Subyearling rai nbowsteel head trout biomass nade up 23.9 to 67
pepc%?t of the total salnonid biomass present during the study
peri od.

Anal ysis of subvearling density and habitat variables
I ndicated that average water tenperature was siqgnificantlv
correlated with density (Figure 90) over the study period. Age
O+ density increased wth water tenperature within the range of
1.5 to 16.7 degrees Centigrade. Density would not continue to
increase as the upper lethal tenperature was approached as the
relationship would truncate. Correlation matrices also showed
that age O+ density and stream discharge were significantly
negatively related (Figure 91). Low stream discharge acts to
concentrate fish into a snmaller available area but higher flows
do not reduce subyearling densities.

Substrate sanpling indicated that 17.3 percent of the
bottom substrate was estimated to be of suitable size for
spawni ng steel head. Spawning substrate, generally, was
avail able in small pockets or patches of suitable sized gravel
as opposed to large, continuous areas of gravel. The percentage
of each substrate classification present 1s given below boul der
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Tabl e 52. Mnnhty values of stream area and stream volune sanpled and average density and bionass
standard deviation in parenthesis) of subyearling rainbow-steelhead trout neasured at the upper
st udy area on M ssion Creek i n 1983,
Liensity Biomass
Stream Stream
Honth frea Yo lume Number/m2 Number Grams/m2 Grams/m3
Samp led Samp Led
(m2) (m3)

19283

May 65640 90,4 - - -

June 568.2 51,0 0,630 7,25 0.83 9,97
(,05) (2,20 (,39) (6.46)

July 541.0 45,7 0,700 8.25 1,04 12,38
(,03) 0,92 (,05) (1.38)

August 455.8 27,2 0,740 12,43 1,78 30,31
(.01 (1,50 (,03) (3,58)

September 02,0 32.4 0,550 8.57 1,80 27,84
(,05) (,34) (1D (1,11)

Qct ober 464.2 3641 0,540 7,09 1,80 23,46
{,007) (2,05) (07 (6,08)

Novenber - - - - - -

Decenber - - - - - -

January 677,2 104,0 1160 1,06 0,74 483
(.02 (+12) (,08) (+41)
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29.6; large cobble 23; small cobble 18.4; very coarse grave

8.1, nediumgravel . 7; sand 7.2 and silt 12.8 percent. Wth
sand and silt, conbined, conFrising 20 percent of the available
bottom substrate, and a cobbl e enbeddedness val ue of 44.4
percent, Mssion Creek had the highest sedinentation rate of the
five study strearns.

Juvenile Steel head Age and G owth

A total of 51 juvenile rainbowsteelhead trout were aged to
separate age groups for density and bionass estimates. Two
groups of fish were reco?nized in this report: yearlings (age |+
and age |1+) and subyearlings (age Of). Yearling fish ranged in
total length from 113 nmto 227 nmand in weight from 12 to 99
grans. Over 90 percent of the yearling fish exam ned were age
I+ and these fish ranged in size from 113 to 191 mllineters in
length and 12 to 53 grans in weight. The few age I+ fish
sampled, ranged in length from 196 to 227 mm and in weight from
62 to 99 grans. No age I|Il+ individuals were collected in
M ssion Creek. Subyearling rainbow steel head trout ranged up to
116 mmin total length and 13 g in weight by January of 1984.

Yearling fish increased in length and weight from 139 mm
and 27.7 g in May to 153 mmand 31.8 g in June (Table 53). Fish
rowh declined In the summer period as yearling weight
ecreased from 32 g in June down to 23 g in August. Stream
discharge decreased to approxi mately base flow | evel of .0399
n##s i'n August as maxi mum water tenperature increased to 22.3
degrees Centigrade. Fish size increased from Septenber on as
wat er tenperatures decreased in the fall and as yearling density
al so decreased. The sanple size of yearling fish was snal
(<20) from Cctober on which nmay affect a nore precise estinate
of fish growth. For exanple, fish increase in weight from33 to
over 36 granms in weight from Decenber to January (Table 53)
whi ch woul d not be expected at average water tenperatures of 1.5
to 4 degrees Centigrade. Fish growth that occurred during the
early sPring was mssed as no sanpling was conducted due to
higher tlows and water turbidity. Average yearJin% condition
factors ranged from .97 in May to a low of .69 in August when
maxi mum sunmer stream tenperatures ocured. Condition factors
increased during the fall period and averaged .81 during
overw ntering conditions.

Subyearling rainbow steel head trout grew in length and
weight from50 mMmmand 1.2 g in June up to 81 nmand 4.5 g in
January (Table 53). These subyearling fish are in the |ower
range of fish size, conpared to the other study streans, during
the overwintering period. larger size may be inportant in terns
of the overwintering survival of subyearling fish. More
information needs to be collected on the overw ntering surviva
of juvenile steelhead. Fish condition factors varied from 1.09
inJune to alowof .75 in July. Average condition factor in
January, during the overw ntering period, was .87. Al though
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Tabl e53. Average total length, weight and condition factor (standard deviation in parenthesis) of
yearling and ing rai nbow steel head trout sanpled at the upper study area on
Mssion Creek in 1983.

TYearling Subyearling
Total Condition Total Condition
Month Length Weight Factor Length Weight Factor
(mm) (g) (mm) (g)
1283
May 139.4 27.70 0,97 - . - -
(16:%) (11.30) {4117
June 153.3 31.80 0+80 49,8 1420 1.09
(22,9 (19,33} {.10) (9.6) i +49) (,55)
July 147.5 26.95 0.81 5945 1450 075
(15) (8.93) (+12) (9.8) (,49) i,39)
August 147.8 22.95 (.49 6541 2,40 0.89
(14, 1) (7:17) £.10) (10) (,827 (,33)
Sept enber 150.3 25,65 0,74 70.7 3,10 0,83
(12.8) (8,81) 1,16) () (1.3 (+10)
QCct ober 154.1 31.05a 0,82 346 3,20 .81
Novenber - - - - - -
Decenber 159.2 32,90 a 0.81
(12.5)
January 164.5 3254 0.81
(37.5)

a Weight derived from the log tength ~ log weight veagression equation.
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subyearling fish were not very large in January they were in
good condition as reflected by the condition factor.

The length-weight relationship for juvenile rainbow
steel head from Mssion Creek is presented in Figure 92. The
| engt h-wei ght equation showed that growth was just about a cubic
relationship indicating isometric growth (Tesch 1971) during
natal stream habitation. The log | ength-10g weight regression
equation was log W= -11.4375 + 2.945 Log L (R°=.99).

Enhancenent Strategy

Recommendations that address enhancenent/restoration of
the Mssion Creek system have been proposed by Kucera et al

(1983) and Fuller et al. (1986). esul ts from these studies and
the current survey will be used to address anadronous sal nonid
enhancenent potential. \Were direct support was not available

fromthe sanple data, through regression or correlation, support
fromthe literature is used. Problem areas that may limt
production were a lack of yearling habitat, |ow summer stream
flow and potential elevated stream tenperatures and heavy
sedi nent ati on.

Lack of instream yearling habitat appears to be a limting
factor to anadronous sal nonid production in Mssion Creek as has
been found in other studies é verest and Sedel| 1984). Measured
yearllnP cover did not exceed four percent of the total
avai l abl'e area and usually conprised about two percent. The
majority of yearling habitat present were snall stair-step
pl unge pools with water depth\greater than 30 cm and surface
t urbul ence providing cover. earling rainbow steel head trout
density was significantly positively related to surface
turbul ence (Figure 87) and total yearling habitat (Figure 88)
with a high (r=.66) but nonsignificant correlation with depth
greater than 30 centimeters. ~This supports the idea that
Increased yearling habitat will support a |arger nunber of
yearling fish. wever, where two years of data were available
fromother streans the relationships changed between years. In
any event, instream enhancenent is based on the prem se that
increased habitat will support a larger nunber of fish. The
amount of sedinment in Mssion Creek reduces the amount of
avai |l able habitat, especially during the winter period. A
cobbl e enbeddedness val ue of 44.4 percent indicated that
sedinment was filling in many of the interstices that fish nmay
potentially utilize as cover, and may affect aquatic insect
producti on.

Streamdepths in Mssion Creek are | ow, averaging |ess than
9 cmand water velocities averaged less than 14 cnfs during nost
of the year. Depths and velocities that range bel ow 15 cm and
15 cm's are at a mininumlevel in terns of probability-of-use
informati on for juvenile steelhead (Rovee 1978). \¥sChe (1980)
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and Everest and Chapman (1972) have reported that yearling

rai nbow and steelhead trout utilize depths nore as depth exceeds
15 centinmeters. Total yearling habitat was |ess than four
ercent of the available stream area and is believed to be
imting. Placenment of instreamstructures such as woody

debris, root wads, gabions, check danms and boul ders woul d hel p

i ncrease the amount of pool habitat.

Low summrer stream flow and ﬁotentially hi gh summer wat er
tenperatures are of concern in the Mssion Creek system  Stregam
di scharge during the |late sunmmer (Septenber) dropped to .03 nT/s
(1 cfs). As stream di scharge was siqnificantlr positively
correlated (P<O.05) wth yearling habitat, it [imted the anount
of yearling cover (<4% present at base flows. The majority of
the habitat present was riffle habitat. Average water
tenperature in Mssion Creek reached 16.7 C in August with

maxi mum tenperatures up to 22.3 degrees Centigrade. The average
tenperatures were below the 18 C upper range In optinum _
tenperature for rainbow trout (Raleigh et al. 1984). Yearlinqg
density and averaqe water tenperature were significantly
positively correlated during 1983. Increased water tenperature
was not shown to reduce yearling density. However, elevated

wat er tenperatures are of concern in |lower Mssion Creek and in
subsequent years could affect steelhead production in other
sections of stream during the summer period. Riparian
revegetation is crucial In the grazed upper watershed to
stabilize banks and thus reduce the rate of water runoff and
sedinent input. It will also help shade the stream and reduce
wat er tenperatures. Thonas et al. (1985) estinated that
adequate riparian vegetation renained on only 28 percent of
Mssion Creek. Good riparian devel opment may al so enhance
channel stability and increase stream flow. Riparian

enhancenent is also necessary in the |ower stream reaches bel ow
the Slickpoo M ssion.

~ Sedinentation, although not directly studied during this
project, may be a [imting factor to rai nbow steel head trout
production in Mssion Creek. Cobble enbeddedness was estimated
to be 44.4 percent and sand and silt, conbined, conprised 20
percent of the bottom substrate types. These were the highest
val ues observed anong the five study streams. Rainstorm events
in the drainage would cause heavy sedinment [oads in the stream
for several days which indicated the erosive potential i _
t hedr ai nage. Bjornn et al. (1977) report that fine sedinent is
alimting factor to salmonid production. Fine sediment may
fill in or cover adult spawning substrate, reduce aquatic insect
production on which fish feed (Cordone and Kelly 1961, Crouse et
al. 3981), fill in interstices in the substrate which fish
utilize as cover and nay cause gill irritation. R parian
revegetation is particularly necessary in the grazed headwat er
section to stabilize banks,- shade the stream and decrease runoff
in the sprign and thus incom ng sedinent. Exclusion of
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livestock will be necessary to ensure riparian devel opnent.

Once the upper stream section is addressed the existing sedinent
in the bottomsubstrate could be trapped or renoved in
conjunction with the instreamoptions or by nechani cal neans.

An enhancenent plan of riparian revegetati on and pl acenent
of instream structures would substantially increase the snolt
yield in Mssion Creek. Establishment of multi-layered riparian
vegetation is inportant to help stabilize banks thus reducing
the rate of water runoff and sedinment input into the stream It
will also shade the stream and reduce water tenperatures. Good
riparian devel opnent nar also aide in stabilizing the channe
and increasing streamflow Placenent of instream structures

will inprove the amount of yearling habitat present. Structures
may be placed to aid in sedinment trapping and to help in channel
stability if desired. It is estimated fromthis studv and

Kucera et al. (1983) that about 55 percent of the Mssion O eek
systemis currently producing steel head. The projected snolt
yield fromthis area (19.1 km) is 1,700 fish. If the
enhancenent neasures are inplenented it is estimated that the
current low snolt yield could conservatively be tripled or
quadrupl ed.  Thomas et al. (1985) estimate the potential snolt
?rﬂguction in the Mssion Creek systemto be as high as 11, 366
i sh.

195



