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| NTRODUCTI ON

Construction and eval uation of salnonid habitat inprovements on
Fish Creek, a tributary of the upper Cackamas River, was continued in
fiscal year 1986 by the Estacada Ranger District, M. Hood Nationa
Forest, and the Anadronous Fish Habitat Research Unit of the Pacific
Nort hwest Research Station (PNW, USDA Forest Service. The study
began in 1982 when PNWentered into an agreement with the M. Hood
National Forest to evaluate fish habitat inprovements in the Fish
Creek basin on the Estacada Ranger District. The project was
initially conceived as a 5-year effort (1982-1986) to be financed with
Forest Service funds. The habitat inprovenent program and the
eval uation of inprovenents were both expanded in mid-1983 when the
Bonneville Power Administration (BPA) entered into an agreenment wth
the M. Hood National Forest to cooperatively fund work on Fish Creek.

Habitat inprovenent work in the basin is guided by the Fish Ceek
Habitat Rehabilitation-Enhancenent Framework devel oped cooperatively
by the Estacada Ranger District, the O egon Department of Fish and
Wldlife, and the Pacific Northwest Research Station (see Appendix 2).
The framework exam nes potential factors limting production of
salmnids in the basin, and the appropriate habitat inprovenent
measures needed to address the limting factors.

Habi tat i nprovement work in the basin has been designed to: 1)
inprove quantity, quality, and distribution of spawning habitat for
coho and spring chinook sal mon and steel head trout, 2) increase |ow

flow rearing habitat for steelhead trout and coho sal mon, 3) inprove



overwintering habitat for coho sal non and steel head trout, 4
rehabilitate riparian vegetation to inprove stream shading to benefit
all species, and 5 evaluate inprovenent projects froma drainage wde
perspecti ve.

The objectives of the evaluation include :

1) Drai nage-w de eval uation and quantification of changes in sal nonid
spawning and rearing habitat resulting froma variety of habitat
| mprovenents.

2) Evaluation and quantification of changes in fish popul ations and
bi omass resulting from habitat inprovenents.

3) Benefit-cost analysis of habitat inprovenents devel oped with BPA
and Forest Service funds on Fish Creek.

The eval uation has confirmed the dynam c nature of limting
factors, and the useful ness of exam ning the historical record of
habi tat characteristics in a basin. Liniting factors vary from year
to year, and can be different for each species and age-class of
salnonids present in a basin. Hstorical records that describe the
condition for fish habitats prior to intensive managenent activities
in a basin are useful for assessing fish habitat potential and
establishing an end point for rehabilitation efforts

The projects conpleted during the first three years of the
programwere typically prototypes to see which were the nost effective
given the conditions found in Fish Creek. As a result none of the
project areas were intensively treated. Therefore, the enphasis of

the 1986 field season was to intensively treat project areas in |ower



and mddle Fish Creek with the objective of increasing habitat
conplexity. In 1986, about 110 structures were constructed at three
work areas in |lower and mddle Fish Creek and a passage project was
conpleted at the mouth to inprove access conditions for spring
chinook.  The structures built in 1986 were conbinations of |ogs and
boul ders anchored together and to the stream banks with epoxy resin
and cabl e. The najority of the structures were placed along the
stream margin rather than across the channel

I npl enentation activities on Fish Creek are scheduled to be
conpleted by 1988. At the end of the habitat inprovenent program it
is anticipated that at |east 80 percent of the habitat available to
anadronmous fish will have been affected. A total of $133,291 was
budgeted for planning, project inplenentation, and the Fish Creek
eval uation in 1986. A total of $124,376 was spent.

This paper will focus on the projects conpleted in the basin in
1986, and the eval uation of projects constructed during the 1983-85
period. Wnter habitat use and coho sal mon and steel head trout snolt
production will be enphasized.

A flood event with a 10-15 year recurrence period occurred in the
Fish Creek basin in February 1986. This was the first major flow
event since habitat work began in the basin in 1981. During the event
three debris torrents brought large quantities of woody debris and
sediment into the channel of Fish Creek. The conbination of high
flow, sedinment, and wood tested the habitat projects conpleted in
1983-85.  The effects of the flood are described in Everest et al,

1986 and in the discussions of individual projects in this paper.
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DESCRI PTI ON OF STUDY AREA

The Fish Creek basin lies in north central Oregon on the west
slope of the Cascade Range and drains into the upper Cackanas River
(Fig. 1). The watershed is 21 kmlong, averages approximtely 10 km
in width, and covers 171 kmz. The terrain is steep and nountai nous
with bluffs in the |ower canyons typical of the Colunmbia River Basalt
formati on. The valley bottons are typically narrow with incised
stream channel s and narrow floodpl ai ns.

Fish Creek heads near the summt of the Cascade Muntains at an
el evation of about 1,400 m and flows generally north for about 21 km
to its confluence with the O ackamas River about 14 km east of North
Fork Reservoir. The channel gradient is steep throughout this
distance, generally exceeding 5 percent except for the lower 6 km
where gradients average 2 percent. The steep gradient and vol canic
geol ogy create a streamw th predom nately riffle environment and
boul der substrate. The mainstem of Fish Creek is 5th order as defined
by Strahler (1957) and the annual flow variation near the mouth ranges
from 0.5 rr?’/sec in late summer to nmore than 100 mo’/sec during
winter freshets.

One major tributary, Wash Creek, a 4th order system heads in the
sout hwest portion of the Fish Creek basin and enters Fish Creek at km
11.  The Wash Creek subbasin covers 36 kn2 and has a mainstem | ength
of 8 km  The stream heads at an el evation of about 1,200 m The
mai nstem habitat of Wash Creek is steep bouldery riffle in a narrow

incised channel. Average nininumsumrer flow is approximtely 0.3

mg/sec.
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Figure 1. The Fish Creek basin Is located In northwest Oregon.



The Fish Creek basin supports a significant population of
anadronous sal nonids, including sumrer and winter steelhead trout

(Sal no gairdneri), spring chinook sal non (Oncorhynchus tshawtscha),

and coho sal non (0. kisutch). Upper areas of the basin contain
resident rainbow trout (S pairdneri). Few resident salnonids are

found within the range of anadromous fish and all rainbow trout
sanpled there were treated as steelhead trout. Approximtely 16 km of
habitat are used by anadromous sal monids, including the [ower 4.7 km
of Wash Creek. The upper reaches of both Fish and Wash creeks are
bl ocked to anadronous sal monids by major waterfalls. About 20 km on
Fish Creek and 8 km of habitat on Wash Creek are unavailable to
anadromous  salnonids, but provide good resident trout habitat.
Cul verts have bl ocked access to a total of 2 km of anadronmous habit at
on three small tributaries to Fish and Wash Creeks. Wat er
tenperatures in habitat used by anadronous fish are generally
favorable for fish production, ranging fromnear C at tinmes in
Wi nter to about 20°C in nost sunmers. In years with |ow sunmer
streanfl ow and hi gh summer tenperatures, however, water tenperatures
can reach stressful l|evels for sal nonids. For exanple, in early
Sept enber 1980, tenperatures in |ower Fish Creek reached 24° C for
several consecutive days. Future streanside managenent in the basin
s expected to gradually reduce high sumer tenperatures and elimnate
periodic sumer thernmal stress for juvenile sal nonids as streanside

vegetation recovers where openings were created.



The present habitat conditions in Fish Creek vary significantly
from historical conditions. A survey of the Fish Creek basin in 1959
indicated that pools nade up about 45 percent of the habitat in the
range of anadromous salmonids. A resurvey of the basin in 1965, after
the catastrophic flood of Decenber 1964, indicated that pool habitat
had been reduced to about 25 percent. Qur studies from 1982-86
indicate that pool habitat averaged 11 percent (range 8-18) of total
area during those years. The percentage of boul der habitat within the
range of anadromous fish increased from45to 70 percent in the upper
reaches of Fish Creek between 1959 and 1965, and from 25 to 60 percent
on Wash Creek. Spawning habitat for anadromous sal nonids declined by
about one-third during the same tine interval. The 1964 flood was
followed by a vigorous |ogjam renoval effort that was probably

responsible for the observed decline in pool habitat.



DESCRI PTI ON OF HABI TAT | MPROVEMENTS

Habi tat inprovenents in 1986 were concentrated at 3 | ocations
(km 0.0, 0.6, and 7.8) in Fish Creek basin. A total of 2 km of
habitat was treated intensively. The conplexity of  these
riffle-domnated areas was inproved by adding a series of boul der and
tree groupings that were anchored securely with cables and epoxy. The
work was designed to inprove both |ow flow sumer habitat and wi nter
habitat for coho and spring chinook sal non and summer and wi nter
steel head trout.

Eval uation of habitat inprovenents conpleted on Fish and Wash
Creek in the sumrer of 1986, as wel| as those done during the 1983-85
period, continued in 1986. Each type of inprovenent conpleted during

the past four years (Fig. 2) is described in the follow ng pages.

1986 Habi t at | npr ovenent s

Approximately 94 trees were felled and nore than 300 boul ders
were used to construct 110 structures designed to add habitat conpl ex-
ity to 2 kmof streamat sites |ocated at km0.0, 0.6, and 7.8. The
project was designed to increase the habitat conplexity in boul der
domnated riffles and increase effective cover in existing pools to
inprove low flow rearing habitat. The addition of large structura
el ements to the channel also should inprove overw ntering conditions
and provide additional spawning habitat. Maintenance work was al so
performed on the off-channel pond constructed in 1985.1n addition to
i ncreasi ng nai nstem habitat conplexity, mnor nodifications at the

mouth are planned to inprove upstream passage for anadronous fish.
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1981- 1986.



10

The work in 1986 al so presented an opportunity to rehabilitate

access sites used by heavy equi pment during previous years of the
proj ect.
Passage enhancenent at the nouth of Fish Creek required placement of
large rock to maintain a narrowere channel. The channel broadened at
the nouth and did not have sufficient depth to pass chinook. This
channel will maintain present flows and allow access for spring
chinook salmon over a wder range of flows.

The inplenentation of the project was divided into four stages,
1) boul der haul, 2) tree falling, 3)backhoe operation, and 4)
cabl i ng/ securi ng:

Boul der Haul : To minimze the disturbance of boul ders already
incorporated in the channel approximtely 250 boul ders were hauled to
the project area and stockpiled at eight sites. Transportation of
boul ders fromthe stockpile sites to individual work sites was done by
the backhoe.  About 50 boul ders located along the floodplain of the
project area were used also. The boul ders were placed individually
and in groups to act as scouring agents in riffles, to provide cover
in pools, and to act as anchoring points for |ogs.

Tree Falling: A professional tree faller was hired to drop
approximately 94 trees throughout the project area. The trees, which
were pre-selected and marked, ranged in size from0.6 mto 18min
di amet er. In order to protect the streanbanks and stream shadi ng,

bankside trees were avoided. Trees that were felled were back from
the bank and were dropped between standing trees. Wth a large

portion of the felled tree on the bank and wedged between standing
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trees, displacenent during high flows is less likely. Also, the trees
were anchored by cable to standing trees and to boulders in the
channel. The majority of the trees were left whole, with the |inbs
on, and were used as debris collectors, cover logs in pools, and as
flow deflectors in riffles.

Backhoe (peration: A |arge excavator/backhoe was rented to place the
| ogs and boul ders, excavate pools, and reconstruct the west beaver
pond. \Wen a boul der was placed it was stabilized by seating it into
the substrate. Boul ders used as scouring agents were seated |ow
enough to allow flows to pour over the top of the boul der to assist

the scouring. Boul ders used as anchors were placed on the upstream
side of the felled trees to prevent the logs fromfloating and com ng
to rest on top of the boulders. Aso, the backhoe was used to pull

on-site boul ders and downed | ogs along the banks into the channel. As
the backhoe left the project area it ripped and placed barrier rock
across the spur roads to restrict vehicle access to these areas.

Disturbed soil areas were grass seeded upon the conpletion of the

proj ect.
Cabl i ng/ Securi ng: The anchoring system enployed an electric,
pneumatic drill and a polyester resin. Tw 20 to 25 cm deep hol es

were drilled into each boul der and partially filled with the pol yester
resin. One end of the 12 mmcable was inserted into one hole and the
cabl e was wapped around the log and the other end inserted into the
other hole. The resin takes a few nminutes to set up and can bear a
full load in approximately 90 mnutes. The bank end of the |og was

cabled to standing trees and stunps with 12 nm cable and cable clanps.
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1985 Habi t at | npr ovenent s

Eastsi de O f-channel Pond

Fifteen nmp (surface area) of spawning gravel were created by
pl acing 10 m of drain rock in the inlet channel. Five to ten pairs
of spawning adult coho sal non can be accommopdated per year on these
sites. Juveniles produced at these sites will provide recruitment for
the pond, assumng there is adequate adult escapenent.

Westside O f-channel Pond

The met hods used to devel op a new of f-channel pond on the west
bank of Fish Creek were simlar to those used on the previous pond
(Everest et al. 1986). Approximately 90 m of 30 cm dianeter pipe was
laid on a mnus 0.5 percent grade froma pool in Fish Creek through
the streanbank to the upper end of an abandoned channel conplex
(Fig. 3). The pipe was fitted with a control valve. A log weir was
constructed to act as a control structure at the outlet of the pipe
The inlet of the pipe was protected with a treated tinmber crib filled
with rock. The inlet was altered in 1986to inprove flow and reduce
mai nt enance costs.

A fish ladder and upstream downstream mgrant trapping facility
was constructed at the pond outlet. The design was simlar to that

used on the eastside facility (Everest et al. 1985).

Al cove Ponds

Two al cove ponds designed to provide quiet water rearing habitat
for coho sal non were excavated with a backhoe on the east bank of Fish

Creek at stream km 35(Fig. 3,4). The floodplain was broad and
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Figure 3. Diagrammatic sketch of westside offchannel pond and constructed
alcoves at km 3.5 on Fish Creek.
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Figure 4. Configuration and dinensions of constructed al coves at km 3.5 on
Fish Creek.
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streanbanks were lowin this area. FExcavation followed the routes of
exi sting overflow channels on the elevated floodplain in an attenpt to
reduce the anount of excavated materials.

Perenni al Side Channel

The perennial side channel constructed in 1984 was nodified in
1985to inmprove its function. In order to reduce winter flows into
the side channel, an inlet control structure was built with rocks and
logs. Primary construction was conpleted with a backhoe. Additional
work with organic debris was acconplished by hand |abor. Lower flows
during winter are expected to inprove overwintering habitat in the
channel.  The physical structure in the channel was increased al so.
One log sill, one large root wad, four |oose |ogs, five boul der berns,
three group boulder clusters, three flow deflectors and four rubble
overwintering areas were built. These structures provide additional
complexity to the channel and el evation controls to prevent channel

downcut ti ng.

1984 Habi tat | nprovenents

Perenni al Side Channel

A flood overflow channel about 200 min length located at km 1.0
on Fish Creek was devel oped by excavating an inlet fromFish Creek to
provide perennial flow, and by downcutting the outlet to provide easy
upstream access for adult and juvenile salnmonids. Water velocity and
turbul ence in the channel were controlled by installation of several
rock weir structures. The channel inlet was armored with |ogs and

cobbles to prevent erosion. The channel was designed to provide
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of f-channel  spawni ng habitat for chinook and coho sal non, and
of f-channel rearing for juvenile salnmonids with special enphasis on
inmproved winter rearing habitat. The 1986 fl ood event caused
substantial changes in the channel and influenced the design of future

i mprovenments of this type.

Al cove Enhancenent

A prototype project was undertaken bythe Estacada Ranger
District and Oregon National Quard in late sumer of 1984to increase
the conplexity of alcove edge habitats al ong nainstem Fish Creek in

the vicinity of km 85. Several Wstern Red Cedar (Thuja plicata,

Dougl as-fir (Pseudotsuga nenziesii), and Western Heml ock (Tsuga

heterophylla) trees were felled into Fish Creek with explosives. An

attenpt was made to direct each tree to a preselected point to
increase the carrying capacity of edge alcoves for juvenile
sal noni ds. In September of 1984, 12 trees were blasted into the
stream No attenpt was made to secure the trees in place. An
eval uation of physical and biological changes caused by the trees was
initiated at six sites in August 1984. Only one of these trees is
still in place, indicating that this technique |acks prom se for

future work.

R parian Revegetation

As a result of logging, stream surface shading has been reduced
on nunmerous perennial tributaries in the upper Fish Creek basin. A

portion of the riparian zone, totalling 4acres in six clearcuts, was
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planted with 2-year ol d cottonwood in the spring of 1984. The purpose
of plantings in the clearcuts was to accelerate regrowh of shading

vegetation and reduce solar heating of upper Wash Creek.

1983 Habitat |nprovenents

Boul der Ber ns

Twent y-one boul der berms were constructed with heavy equi pnent by
removing the boulder armor layer from the streanbed at specific
locations and stacking the boulders in a V-shaped curve oriented
downstream  There was some question as to whether cross-channel berns
constructed with boul ders could withstand winter flows on Fish Creek.
The berms were designed to withstand a flood with a 5-year recurrence
interval. The bernms successfully withstood high flows during the
1983-85 period, but a 10-15 year recurrence event in the winter of
1985- 86 substantially changed the physical structure of 16 of the 21
berms.  Finished berms ranged from1 to 1.5 min height and up to 30
nmeters long. The berns were designed to capture and retain spawning
gravel for steelhead trout and coho salnon. Al but 3 of the berns

extended from bank to bank across the stream

Eastside O f-channel Rearing Pond

An of f-channel coho rearing pond was devel oped by building a
gravity-feed pipeline from Fish Creek to an ancient flood terrace on
the east bank of Fish Creek about 200 m bel ow the pipeline intake.

The 25 cmdianeter pipe is about 135 min length and is capable of
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delivering about 35 1/sec to the pond. The pond, which wasfornerly
dry in sumer, is approximately 90 min length and 60 min w dth.
Depth varies fromabout 0.2 mto 1.25 m and the surface area is about
0.5 hectares. Volume of the pond is about 3,600 m.  Vater from the
pi peline maintains a near constant water level in the pond throughout
the year. A second source of water augnentation for the pond was .
devel oped by diverting a small tributary stream at the northeast end
of the pond. The stream fornerly bypassed the pond but now fl ows

directly into the north end.
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METHODS AND MATERI ALS

An inportant part of the habitat enhancement evaluation on Fish
Creek was docunentation of pre-inprovement habitat characteristics and
fish popul ati ons. Once these characteristics were established,
changes in habitat and fish nunbers associated wth habitat
improvement within the basin could be docunented. Physi cal and
biological surveys also were mde before and after habitat

i mprovements at specific sites.

Habi t at Surveys 1982-1984

The conposition of physical habitat was nmeasured by conpiling the
results of habitat surveys in five 0.5 kmreaches in the basin
(Fig. 5). Three reaches were |ocated on mainstem Fish Creek between
Wash Creek and the mouth, and one each was |ocated on Wash Creek and
Fish Creek above the confluence of Wash Creek. Each reach was
sel ected because it was representative of overall habitat conditions
in Fish Creek and yet covered as nuch area planned for habitat
enhancenent projects as possible.

Five distinct habitat types were found in the reaches. These were
riffles, pools, side channels, alcoves, and beaver ponds. Side
channels in Fish Creek are found prinarily above canyon constrictions
and tributary junctions where sedinents have accunulated for
centuries. The stream often spreads out at high flow and forns
mul tiple channels in these areas. The side channels are active at

high flow in winter and spring, but some are internittent or dry in
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Fish Creek during the summer. Those that remain active in sunmer have
characteristically slow water velocity and |ow stream flow, but water
tenperature remains favorable fcr fish production.

Al coves, found along the edges of the main channel, are quiet-
water habitats forned at high flows by eddy currents bel ow cascades,
downed trees, or boulders. Beaver ponds are rare in the system and
are found only in areas with side channels that are active in sumrer.
These five habitat types are occupied preferentially by the three
anadromous fish species present in Fish Creek.

Physi cal habitat was neasured by conpiling results of the five
0.5 kmreach surveys in the basin. Surface area and water volune of
the five habitat types in each reach were neasured. The sanpling
schene inventoried about 15 percent of the basin. Results were
extrapolated to the rest of the basin accessible to anadronous fish to

estimate total habitat in each category available to anadronous fish.

Habitat Surveys 1985, 1986

The habitat surveys conducted in 1985 and 1986 differed from
those made from 1982-1984.  The edge habitat type previously called
"al cove" was dropped from the survey because independent observers
showed inconsistency in identifying and quantifying this habitat
type. A habitat type called "glide" (Bisson et al. 1982) was added to
the survey. dides are shallow habitats with little turbul ence and
low velocity. In the 1982-84 surveys glides were included primarily
with riffles. The 1985 survey identified five types of habitat:

pools, riffles, glides, side-channels, and beaver ponds.
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The habitat surveys done in 1985 and 1986 covered the entire area
of the basin used by anadronous fish, rather than the five half-
kil ometer (km) reaches used previously. Every habitat unit in the
16.1 km of anadronous habitat was classified according to the five
habitat types and its length, width, and mean depth was estimted. |n
addition, on every 20th unit of each habitat type, the length, wdth
at 4 to 5 points along the length of the unit, and depth at 25, 50,
and 75 percent of the width, were neasured. The estimated and nmeasured
area and vol une of a given habitat type were conpared and a correction
factor, which reflected the bias introduced by the estinator, was
calculated. Estinmated area and vol une of each unit were nultiplied by
the correction factor. The total area and volume in each section of
the basin were the sums of the areas and vol unes of the individual
units in that section. The techniques initiated in 1985 are nore
reliable than those used prior to 1985 because habitat of anadronous
fish in the entire basin is sanpled, rather than a few selected

r eaches.

Fi sh Popul ati on Esti mat es 1982- 1984

Fi sh popul ation estimates for the portion of the basin accessible
to anadronous sal nonids were nade by sanpling juvenile salmonids in
i ndi vidual habitat types at 8 locations in the basin (Fig. 6). Fish
popul ations were estimted separately for 36 habitat units (one
habitat unit is one riffle, pool, side channel, alcove, or beaver
pond) and then extrapolated to the basin based on previous estimates

of total available habitat.
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Figure 6. Fish populations were sampled at 8 locations in Fish Creek basin.
Thirty-five individual habitat units were sampled, 1982-1984.
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Popul ations of juvenile salnonids in each habitat unit were
determned by installing 0.47 cn? mesh bl ock-nets at the upstream
and downstream boundaries of each site and either electrofishing with
Smith-Root Type VII or XI D.C. Shockers, or by snorkel divers actually
counting the nunber of fish.

Popul ation estimates by electrofishing were calculated by the
Mor an- Zi ppen net hod (Zippen 1958). which is a multiple pass renova
nmet hod. Each pass included electrofishing from the downstream
bl ock-net to the upstream net and return. The sanpling concluded when
the succeeding catch was less than one-half of the previous catch

Each salnonid captured by electrofishing was neasured to the
nearest mllimeter (fork length) and the first 25 of each species at
each site were weighed to the nearest tenth of a gram on an Chaus
D al - O G am bal ance. Wights for additional numbers that were
neasured only were determined by using |ength/weight frequency
calculations involving the first 25 fish wei ghed and neasur ed.
Estimates of bionmass in sections counted by divers were made by
extrapol ati on of |ength-weight data obtained by electrofishing in
simlar habitat units nearby.

Diver counts of fish were made in riffles and pools that were
either too swift or too deep for effective electrofishing (about 50
percent of the area sanpled). The habitat unit to be counted was
divided in half longitudinally wherever this technique was used. Two
divers, each in a predetermned half of the unit, noved sinultaneously
upstream recording the nunber of fish by species and age-class. After

the first count the divers switched hal ves and each counted the
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opposite side on a second pass. The diver counts were then averaged

to estimate the fish population in the section.

Fi sh Popul ati on Estinmates 1985, 1986

Fish nunbers in 1985 and 1986 were estinmated by direct
observation with a mask and snorkel and by electrofishing. Direct
observations were made by a team of two divers in ten percent of the
units of each habitat type. The units in which observations were made
were determ ned by systematic sanpling (Hankin and Reeves in prep.).
Counts were nade on a total of 20 riffles, 15 pools, 12 glides, and 1
side channel. The divers began at the downstreamend of a unit and
proceeded slowy upstream  Each diver identified and enumerated the
different species and age-classes of salmonids. Wen a unit was too
large to be sanpled effectively in this manner, it was partitioned and
each diver identified and counted fish on one side only. The presence
of non-sal nonids was noted but no attenpt was made to quantify them

El ectrofishing was conducted at reference sites established in
previous years (Everest and Sedell| 1984). Popul ation size was
estimated by the Moran-Zi ppen nmethod (Z ppen 1958). Popul ations of
juvenile salmonids in each habitat unit were determned by installing
0.47 cn2 bl ock-nets at the upstream and downstream boundries of each
site. A pass was defined as electrofishing from the downstream
bl ock-net to the upstream net and return. Sanpling concluded when the
succeedi ng catch was | ess than 25 percent of the previous catch. This
change from nmethods used in 1982-84 was done to narrow the confidence

intervals around estinates.
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Fish captured by electroshocking were neasured to the nearest
mllimeter (fork length). The nunber of fish weighed varied with the
sanple size. Al individuals were wei ghed when there was |ess than 20
fish captured. To avoid bias, every other fish was wei ghed when there
were between 21 and 40 individuals and every third fish wei ghed when
there were nore than 41. Wi ght neasures were made to the nearest
0.1 g with an Chaus digital balance. The standing crop of fish at a
site was estinmated by nultiplying the mean wei ght of a species or

age-class times the estimated nunmber of individuals.

Smolt Production Estimates

Smol t production of steel head trout and coho and chi nook sal non
in 1985 and 1986 was quantified by use of a floating snolt trap. The
trap (Fig. 7) is a catamaran configuration consisting of two 0.6 x 0.6
X 7 m pontoons straddling a traveling screen powered by a paddl e
wheel. The 1.5 mwide traveling screen (4 mmnesh) is fitted with
seven 50 x 50 mm baskets that extend across the entire width of the
screen at equal intervals. The screen can be lowered into the water
to any desired depth between the surface and within about 20 cmof the
bottom  The paddl ewheel is powered by the streanflow passing by the
trap and turns the traveling screen at speeds up to 15 cnl sec.

The trap was fished 0.3 km upstream from the nouth of Fish Creek
by positioning it with cables in high velocity water at the stream
thalweg (Fig. 8). Downstream mgrant salnonids, noving primarily at
night, are inpinged on the subsurface portions of the traveling screen

and baskets nove continuously upward. As the screen rotates around



27

Figure 7. Modified Hunphrey trap used to sanple downstream ni grant sal nonid
smolts on Fish Creek.
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Figure 8. Schematic diagram of Humphrey trap in operating position.
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the upper axle, the fish drop by gravity into a holding box that can
maintain more than 100 fish for several days.

The trap samples only a portion of the cross-sectional area of
the stream and so its efficiency must be calibrated. The efficiency
is determned by releasing a known nunber of narked migrants upstream

of the trap and assessing the capture rate of these fish. Since
capture efficiency changes with flow level, efficiency checks nust be
made at all levels of flow experienced while the trap is fishing. The
trap nust be tended daily or twice daily when |arge nunbers of fish
are magrating downstream

In 1985 an attenpt was made to fish the trap continously fromthe
installation date of April 15 until m d-Novenber, to nonitor both
spring and fall novenent of juvenile sal nonids. Except for a few
scattered days when the trap was out of operation because of
mechani cal problens, it fished from April 15 until August 25 when
streanf| ow becanme too |ow for operation. The trap was started again
in late Septenber and fished until m d-Novenber when it was renoved
from the stream before the onset of winter freshets.

In 1986, the trap was fished continously from March 13 until the
end of June. No fall trapping was attenpted because of the abundance
of floatable woody debris in the channel follow ng habitat enhancenent
activities in August and Septenber.

Smolts leaving the eastside off-channel pond at km 3 were
captured in a trap at the head of the fish |adder at the pond outlet.
A rotating drum screen diverts all downstream migrants into a screen

trap box adjacent to the |adder.
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Boul der Berm Surveys

Physi cal habitat surveys designed to document changes in channel
bed topography were conpleted at 21 sites in Fish Creek in the sumer

of 1983, after construction of rock berms, and again in 1986.

Wnter (bservations

Field

The distribution and density of juvenile salmonids in |ower Fish
Creek and Wash Creek to the first bridge upstreamfromthe nmouth, were
sanpl ed nonthly in Novenber and Decenber, 1986, and January, 1987.
H gh flows and high turbidity levels precluded sanpling in Cctober,
1986.  Twenty percent of the pools and glides and 10 percent of the
riffles were sanpled systematically each tinme. A single diver began
at the downstream end of the habitat unit and proceeded upstream
counting all visable fish. Cobbles and boul ders also were turned by
divers to determne to what extent fish were hiding in interstitia
spaces in the substrate. W also recorded all physical data that were

recorded in 1985 observations (Everest et al. 1986).

Eval uation of Habitat |nprovenent Structures for Over-w ntering

The objectives of this survey were to describe habitat created by
| arge woody debris and boul der structure that was constructed in Fish
Creek during the sumer of 1986, determine fish abundance within those
sites, and deternmine habitat utilization by coho sal non and steel head
trout in winter. Habi tat characteristics of interest were depth
velocity and cover. Popul ation statistics were assessed at two

| evel s: (1) a nmacro-level that considered abundance in relation to
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total habitat available, and (2) a mcro-level which considered
characteristics of habitat associated with individual fish. The goal
of this work was to determine what habitat characteristics were
important to juvenile salnonids during wnter.

Ten sites in Fish Creek where | ogs had been cabled to boulders to
provi de instream cover for fish were sanpled in January 1987. Ni ne of
the sites were located along a 400 mlength of Fish Creek beginning
300 m upstream from the confluence with the O ackamas River. The
tenth site was located at river km 3.5 imediately downstream from
t he westside of f-channel pond.

An aerial view of each sanple site was mapped. Lar ge woody
debris, accunul ations of slash and debris, boulders, riparian
vegetation and undercut banks were drawn on each site map. Current
velocity, measured with a Marsh-MBirney flow meter, and depth were
measured at selected spots around and in the structure. Stream depth
and velocity were classified as shallowfast (<0.5 mdeep, > ft/sec),
deep-fast (0.5 m >1 ft/sec), shallowslow (X0.5 m <l ft/sec), or
deep-slow (>0.5 m <1 ft/sec). The boundary of each depth/velocity
category was delineated on each map in the field.

A side view of each structure was drawn to show the position of
various cover types relative to the water surface. A cross-sectional
depth profile was included in the side view. The side profile
indi cates overhead cover, and cover in the water colum that is
available to fish.

Transects across representative intervals of a site were
established at each site to describe and quantify the type of material

providing cover in the structure. Seven categories were used to
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classify cover: slash, boulders, |arge woody debris (LW) (23 cm
dianeter), LW and sl ash, LWD and boul ders, boul ders and sl ash, and no
cover. \Wody stens, not counted as LWD, encountered along a transect
were counted and classified into seven size classes based on a nodifi -
cation of the USDA Forest Service fuels inventory procedure.
Separate counts were made for stens occurring above and bel ow t he
wat er surface.

Juvenile salnonids were sanpled using a Smth-Root A C. Type X
backpack el ectroshocker. Location where a fish was first observed,
species, and age-class were recorded on the aerial maps. A fine nesh
seine was used to block the downstreamend of each site to retain fish
that were shocked but not netted. Mul tiple electroshocking passes
were made to deplete the fish populations. Each pass proceeded from
the bl ock net upstreamthrough the habitat unit, then back down to the
bl ock net. Popul ati on estinates were cal cul ated using the Mran-
Zippin method (Zippen 1958). Fish were neasured to the nearest 1 mm
(fork length), and weighed to nearest 0.1 using an Chaus digital

bal ance.
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RESULTS
Habitat Availability 1982-1986

The surface area of major habitat types for anadronous sal nonids
in Fish Creek has been estimated in |ate sumer each year from 1982
through 1986. The differing techniques used in the 1982-84 period,
and since 1985, resulted in some changes in estimtes of area for the
various habitat types (Table 1). The inproved nethod for estimating
habi tat area used since 1985 is believed to be more accurate than the
techniques wused previously because habitats have been sanpled

throughout the entire range of anadromous fish in the basin.

Table 1. Area (mZ) of habitat available to anadronous sal noni ds on

Fish Creek, September 1982-1986.

Habi tat Types

1/

Si de Beaver—
Year Pool s Rffles dides Channel s Al coves Ponds Tot al

1982 18,450  138.590 -- 4,250 2,210 190 159. 310
1983 20,850 219, 360 -- 6, 200 2,450 300 249,160
1984 19,180 161,700 -- 5,320 2,280 270 188, 750
1985 26,380 93,770 21,030 2,580 -- 190 143, 950
1986 27,470 114,400 27,380 0z -- 190 169, 440

Mean 22,446 145.563 24, 205 3,670 2,330 223 182, 085

1 Does not include enhanced of f - channel ponds.

2l Al side channels were dry when habitats were quantified in September.
The area of habitat types in sumrer has varied with m ninmm

streanflow between 1982 and 1986. A rough average of the total area
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in each habitat type nmeasured during the 1982-84 period was: riffles,
86 percent; pools, 10 percent; side channels, 3percent; alcoves, 1
percent: and beaver ponds, 0.1 percent. Al coves were elimnated as a
habitat type beginning in 1985. dides were added as a habitat type
in 1985 and the ratio of habitat types appeared to change because
glides previously had been included prinmarily with riffle habitat.
The average percentage of each habitat type in 1985 and 1986 was:
riffles, 66 percent; pools, 17 percent; glides, 15 percent; side
channels, 1 percent; and beaver ponds, 0.1 percent. No side channels
with water were observed in Septenber 1986. Al had been bl ocked by
gravel and/or debris deposits fromthe February 1986 high flow event.

The total area of summer habitat in the systemvaried directly
and significantly with streanflow (Fig. 9). There is no stream gage
on Fish Creek, but the adjacent Mlalla River basin to the west has a
USGS gage and can be used as an index to flow in Fish Creek. Fish
Creek and the Mlalla River head in the same area and share conmon
rainfall characteristics. Using 1982 as the base year with a flow
index of 1, nean flows in August 1983, 1984, and 1985 were, 1.6, 1.2,
and 0.9, respectively. Total habitat available to anadronous
sal monids on Fish Creek in late summer is related directly to these
indices. The higher the mninum streanflow, the greater the available
area and volume of available habitat.

The distribution of habitat used by rearing juvenile anadronmous

sal monids varies by species (Fig. 10). Steelhead trout use the entire
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area accessible to anadromous sal nonids while chinook and coho sal non
use only about the lower one-third of the system The area of each
habitat type available to the salnon species is listed in Table 2. An
annual summary of habitat availability and use by salnmonids for the

1982-86 period is presented in Appendix I.

Table 2. Area (mz) of habitat types utilized by coho and chinook sal mon

on Fish Creek, sumer 1982-1986.

Habi tat Types

Si de Beaverl/

Year Pool s Riffles @ides channels Al coves ponds Tot al

1982 8,110 70,350 - - 1,600 1,080 190 81, 330
1983 9,160 104, 820 -- 2. 230 1.170 300 117,680
1984 8,430 81,610 -- 2,000 1,080 270 93, 390
1985 11, 840 55,810  13.450 2,300, -- 190 83, 590
1986 7,166 62,944 13 749 0= -- — 83, 829
Mean 89, 461 75.107 13,600 1,626 1,110 240 91, 962

1/ Does not include enhanced off-channel habitat.

2/ Al side channels were dry when habitats were quantified in Septenber.

Sal noni d Popul ations and Habitat Utilization 1982-1986

Steel head trout were the dom nant species of anadronous sal monids
in Fish Creek during the 1982-86 period. Age 0+ and 1+ juveniles

accounted for 90 to 98 percent of the total salmonid popul ation
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(Table 3). Underyearling (0+) steelhead were the dominate age-class,
comprising 66 to 79 percent of the total salmonid population during

the same period. Coho salmon contributed 2 to 9 percent, and chinook

Table 3. Estimated numbers of juvenile anadromous salmonids in Fish

Creek, September, 1982-1986, and percent of total population.

0+ Steelhead 1+ Steelhead Coho Salmon Chinook Salmon

Year Number Percent Number Percent Number Percent Number Percent Total

1982 87,810 78.7 21,680 19.4 1,910 1.7 120 0.1 111,520
1983 60,030 66.5 21,670 24.0 7,430 8.2 1,140 1.3 90,270
1984 88,060 73.1 23,800 19.8 8,290 6.7 290 0.2 120,440
1985 115,770 76.9 18,500 12.3 11,980 7.9 4,350 2.9 150,620
1986 117,870 82.8 20,670 14.1 3,560 2.5 200 0.1 142,300
Mean 93,900 74.4 21,260 18.1 6,630 6.3 1,220 1.3 123,300

0.1 to 3 percent, to the total standing stock of salmonids in the
basin (Table 3).

Populations of O+ steelhead trout have been highly variable
during the 5 years of the evaluation, averaging about 93,900 fish
(+ ~ 30 percent) annually (Table 3). The reasons for the high
variability are complex and related to both seeding rates (Fig. 11)
and environmental variables (Fig. 12). Numbers of steelhead trout fry
show a weak direct correlation (r = 0.55) with the number of adult
winter steelhead trout passing North Fork Dam the previous winter and

spring, and a strong inverse correlation (r = -0.92) with low summer
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streanflow. A direct correlation between spawners and fry woul d be
expected when the quantity and quality of spawning habitat isadequate
to acconodate increased nunbers of adults. The inverse correlation
with mninum summer streanflow, however, is surprising. One m ght
expect that increases in |low sumrer flow would result in increased
survival of 0+ steelhead trout since nore habitat area would be
available in years with abundant flow, but the opposite was true.
Water years with the highest |ow sumrer flows al so had higher flows in
the late winter and spring that mght adversely affect survival-to-
emergence of fry, or survival of post-emergent fry in their initial
weeks of streamlife. The effects of flow on fry mght be the
control I'ing mechani smsince recently-enmerged fry seek quiet stream
margins that are in short supply in Fish Creek during springs with
abundant flow

Underyearling steel head trout make significant use of all habitat
types in the system except for beaver ponds (Table 4). From 1982 to
1985, densities (fish/ m2) of 0+ steelhead trout are generally
hi ghest in quiet shallow habitats such as glides, alcoves, and side
channel's, but substantial use of quiet riffle and pool nargins also
occurred. In 1986, however, densities were greatest inriffles. This
may have been attributable to changes in habitat availability and
quality followi ng the high flow event of February 1986. Densities of
0+ fish were low in beaver pond habitat except in 1985 when steel head
trout spawned in the tributary to the beaver pond at km 3 and energing

fry moved downstream into the pond.
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Table 4. Density 0+ steel head trout (fish/n2) by habitat type, Fish
Creek, 1982-1986.

Habi tat Types

Si de Beaverl/
Year Pool s Riffles d@ides channels Al coves ponds Mean
1982 0.28 0.54 1. 20 0.97 0. 00 0. 55
1983 0.18 0.25 0.28 0.25 0.03 0.24
1984 0. 20 0.50 - 0.45 0.36 0.00 0.47
1985 0.76 0.78 0.96 0.882/ - - 0.53,, 0.80
1986 0.51 0.83 0.35 .00= 223 070
Mean 0.39 0.58 0. 66 0.56 0.53 0.14 0. 55

%5 Does not include enhanced off-channel ponds.

£/ Al side channels were dry in Septenber 1986.
3/ Not sanpled in 1986.

The absol ute numbers of 0+ steelhead trout in the system during
the sumers of 1982 through 1984 were highest in riffles, followed by
decreasing nunbers in pools, side-channels and al coves (Table 5). In
1985, the greatest nunbers of 0+ fish also occurred in riffles,
fol lowed by | esser but about equal numbers in glides and pools, and
substantially [ower nunbers in alcoves and beaver ponds. Availability
and quality of quiet streammargins in late spring and early summer
appears to be a key habitat need for post-enmergent steelhead fry.

Age |+ pre-snolt steelhead trout populations in [ate sumer have
been renarkably consistent during the 1982 to 1985 period, averaging
about 21,300 fish (+ ~ 10 percent, Table 3). The abundance of |+

steel head trout shows a positive correlation (r = 0.63) with sumer
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Table 5. Estimated nunbers of O+ steel head trout by habitat type, Fish
Creek, 1982-1986.

Habi tat Types

. 1/
Si de Beaver—
Year Pool s Riffles dides channels Al coves ponds Mean
1982 5,170 75, 240 -- 5,100 2,200 0 87,810
1983 3,780 53,870 -- 1.760 610 lo 60, 030
1984 3,850 81,010 -- 2.370 830 108 88, 060
1985 20,180 72,960 20,270 2,260 - - o2/ 115,770
1986 13,970 94,410 9,490 0 - 117,870

Mean 8, 390 75, 500 14,880 2,300 1,210 28 93,910

1/ moes not include habitat created by enhancenment projects

2/ Not sanpled in 1986.
streanflow, indicating that as wetted habitat area increases in

sumer, carrying capacity for age |+ fish also tends to rise.

Age |+ steel head trout show a preference for deep, rocky pools
but also use riffles, side channels, alcoves, and beaver ponds in
descending order (Table 6). Preferred pool habitats for this
age-group in sunmrer, as determned by density of fish per ﬁwof
habitat, are in short supply, making up only 10-18 percent of tota
habitat. Popul ations of |+ steelhead trout are highest in riffles
since riffles nmake-up 80 to 90 percent of the habitat in Fish Creek
(Table 7). Pools contain the second highest nunmbers of |+ fish in
sumrer followed by glides, side channels, alcoves, and beaver ponds.

The nunmbers of juvenile coho salnon in the Fish CGreek basin

increased steadily from 1982 to 1985 but declined in 1986 (Table 3).
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Table 6.

Density of 1+ steelhead trout (fish/n2) by habitat type,
Fi sh Creek, 1982-1986.

Habi t at Types

Si de Beaver
Year Pool s Riffles dides channels Alcoves ponds Mean
1982 0.21 0.12 0.11 0. 05 0.00 0.14
1983 0.13 0.11 0. 05 0.04 0.00 0.09
1984 0.25 0.12 g. (())g 0.05 0.09 0.13

. . 0.00

198 0.3 0.4 B 99 0.00Y — -2/ 9.3
Mean 0.19 0.12 0.11 0. 07 0.05 0.02 0.13
1/

£/ Not sanpled in 1986.

3/ Al side channels were dry in Septenber 1986.

Table 7. Estimated nunbers of |+ steelhead trout by habitat type, Fish
Creek, 1982-1986.

Habitat Types

Si de Beaver

Year Pool s Riffles G@ides channels Al coves ponds Total

1982 3, 840 17, 260 - 460 120 0 21) 680
1983 2,800 23, 760 - 340 90 0 26, 900
1984 4,820 18, 420 - - 440 110 10 23,800
1985 3,610 12, 880 1,800 220 _ 0 18, 520
1986 6,620 10,820 3,230 301/ . _2/ 20,670
Mean 4, 340 16, 700 2,515 290 110 3 22,310

1/ Al side channels were dry in Septenber 1986.
2/ Not sanpled in 1986.
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The reasons for the increase apparently are not related to increased
seeding since the nunbers of adult coho sal non passing North Fork Dam
(Table 8) and entering the upper C ackamas basin declined from 1982-83
to 1984-85, while the numbers of 0+ fish in Fish Creek increased. It
is possible that the numbers of adult coho sal mon spawning in Fish
Creek have increased, even though the total nunbers passing North Fork
Dam declined. However, this has not been substantiated by counts of
adult fish or redds in Fish Creek because weather and water conditions
precl ude accurate counts during the spawning period. The decline in
1986 probably was due to |oss of redds from scour and siltation during

the February 1986 high flow event.

Table 8. Counts of adult anadronous sal monids at North Fork Dam 1981-82
to 1985-86.

St eel head trout Coho sal mon Spring chinook sal mon
Year Summer W nt er Tot al Tot al Jacks Tot al Jacks
1981-82 44,138 1,446 5, 584 1,282 (112) 3,119 (209)
1982-83 11,948 1,099 3,047 2,949  (409) 2, 685 (102)
1983-84 11,062 1,238 12,300 1,599 (78) 2.835 (87)
1984-85 55,549 1,225 6,674 694 (83) 1,693 (140)
1985-86  77.422 1.432 8.854  3.315 (592 1,960 (163)

Mean 6, 024 1,288 7.312 1,968  (254) 2,458 (140)
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Beaver ponds are the preferred habitat of juvenile coho salmon in
the Fish Creek Basin in sunmmer, as neasured by density of fish per
m (Table 9). Aides, side channels, and pools are also inportant
habitats, but received only a fraction of the use per r%that was
observed for beaver ponds. Coho salmon prefer noderately deep quiet
habitats on the stream nmargins or out of the main channel.

The greatest nunbers of coho salnon in the systemin sunmmer
occurred in riffle habitats from 1982 through 1984 (Table 10). even
though the densities in this environment were |ow In 1986, the
estimated nunmber in riffles declined dramatically. This probably was
due to the over-all reduction in nunbers of coho salnon. Riffles are

the least preferred habitat of coho sal non and would be the last to be

Table 9. Density of 0+ coho salnon by habitat type, Fish Creek, 1982-1986.

Habi tat Types

Nat ur al
Si de Beaver
Year Pool s Riffles Qdides channels Al coves ponds Mean
1982 0.04 0.01 0.11 0.13 1.37 0. 02
1983 0.16 0.05 -- 0.06 0.19 0.80 0.06
1984 0.22 3 84'/ -- 0.96 0.28 2.19 0.09
1985 0.13 o.ool/ 0.43 0.26 -- 1.37 0.14
1986 0.18 ) 0.16 02/ -- _-3/ 0.04
Mean 0.15 0.03 0.30 0.35 0.20 1.43 0.08

%5 Actual density 0.0006 fish/m2
£/ Al side channels were dry in Septenber 1986.
3/ Not sanpled in 1986.
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Table 11. Density of O+ chinook salmon (fish/mz) by habitat type,
Fish Creek, 1982-1986.

Habitat Types

Side Beaver
Year Pools Riffles Glides channels Alcoves ponds Mean

1982 0.01 0.00 -~ 0.00 0.01

0.00 0.001

1983 0.07 0.01 -- 0.00 0.01 0.00 0.010

1984 0.03 0.00 -- 0.00 0.00 0.04 0.003

1985 0.10 0.03 0.11 0.001/ -- 0.002/ 0.050

1986 0.01 0.00 0.01 0.00= - --='"0.002

Mean 0.04 0.01 0.06 0.00 0.01 0.01 0.013
/

%/ All side channels were dry in September 1986.
=/ Not sampled in 1986.

Table 12. Populations of O+ chinook salmon by habitat type, Fish
Creek, 1982-1986.

Habitat Types

Side Beaver
Year Pools Riffles Glides channels Alcoves ponds Total

1982 110 0 --

0 10 0 120
1983 640 490 - 0 10 0 1,140
1984 280 0 -- 0] 0 10 290
1985 1,240 1,620 1,490 01/ -- 02/ 4,350
1986 100 0 100 o= -- -— 200
Mean 470 422 800 0 10 3 1,220
1/

2/ All side channels were dry in September 1986.
=/ Not sampled in 1986.



48

The nunber of adult chinook sal non spawning in Fish Creek appears to
be related largely to the timng of fall freshets (Everest et al.
19695). Late arrival of fall rains and runoff can inpede entry of
spawners. Early rains and runoff provide easy access for adult
chi nook sal non. Qur data show no apparent relationship, however,
bet ween the nunber of spawners using the systemin the fall and the

nunber of juveniles rearing in Fish Creek the follow ng sumer.

Coho Sal non Snmolt Production, Fish Ceek

The coho sal non snolt mgration fromFi sh Creek was nonitored
closely in 1985 and 1986 with the floating snolt trap |located at km
0.3. The trap was operated from April 15 until August 25, 1985 when
streanfl ow became too low for effective operation. Coho salnmon snolts
were captured at the trap between April 18 and June 19, with the peak
outmgration occurring on May 19 (Fig. 13). Atotal of 1,095 coho
sal non snmolts were captured. The total 1985 snolt mgration was
estimated at 3,099 fish (Table 13).

In 1986, the snolt trap was installed on March 14 and fished
until July 18. Coho snolts were first captured on March 15, about one
month earlier than the previous year, indicating that sone early
mgrants mght have |left the system before trapping began in 1985.
Consequently, the 1985 data shoul d be considered a mnimum estimte of
coho sal mon snolt production for that year.

The 1986 migration apparently began earlier and peaked earlier

t han was observed in 1985 (Fig. 13). Total nunbers of coho sal mon
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Table 13. Coho salnon snolts captured in a floating trap at km0.3 on

Fish Creek, and estinmates of trap efficiency and total snolt migration

by two-week intervals, April 15-June 23, 1985.

Mar ked Mar ked Trap Estimatel/
Snol ts smolts / snolts efficiency tota
Dat es captured released= recaptured percent smol ts
04/15-04/28 76 83 38 46 165
04/ 29-05/ 12 217 115 55 48 452
05/13-05/26 631 497 235 47 1,342
05/27-06/09 171 281 43 15 1,140
06/10-06/23 0 2 0 -- --
Totals 1,095 978 371 T 3,099

;/Includes smolts from of f-channel pond at km 3.0

snolts leaving the systemin 1986 (2,371 fish), however, were 23
percent |ower than in 1985 (Table 14).

Coho snolts from Fish Creek in 1985 averaged about 114 mm fork
|l ength and ranged from 96 mmto 140 mm The nean size of snolts
varied somewhat on a daily basis, but showed no distinct seasonal
trends (Fig. 14). Coho snolts were smaller in 1986, averaging only
107 nm and ranging from82 mmto 134 nm and agai n showed no distinct
seasonal trends (Fig. 14). The flood event of February 1986 (Everest
et al. 1986). conbined with a relatively cold winter, mght account

for some of the variation in size between years
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Tabl e 14. Coho salnon smolts captured in a floating trap at kmO. 3
on Fish Creek, and estimates of trap efficiency and total snolt

nunbers by weekly intervals, March 14 - July 18, 1986.

Mar ked Mar ked Trap Esti mat ed
Smol ts snolts snolts efficiency t ot al

Dat es captured released recaptured per cent snolts
03/ 14+03/ 26 47 46 13 28 168
03/ 27- 04/ 02 112 115 59 51 220
04/ 03- 04/ 09 83 127 73 57 146
04/ 10- 04/ 16 149 131 61 47 317
04/17-04/ 23 142 220 137 62 229
04/ 24- 04/ 30 126 195 98 50 252
05/01-05/ 07 90 115 54 b7 191
05/ 08- 05/ 14 192 236 133 56 343
05/ 15/ 02/ 21 64 185 79 43 149
05/22-05/28 74 161 50 31 239
05/ 29- 07/ 18 14 81 10 12 117

Total s 1,093 1,612 767 -- 2.371

Coho sal mon snolts were not only smaller in 1986, but also much
lighter in weight than the 1985 cohort. |n 1985 smolts averaged
about 20 g while the 1986 nigrants averaged about 14 g. Snolt weights
ranged from7 to 33 g in 1985 with a near normal distribution
(Fig. 15A); in 1986 snolts ranged from7 to 31 g with the distribution
skewed heavily toward the lighter weights (Fig. 15B).

The behavi or of downstream m grant coho sal mon snolts in Fish
Creek was simlar to that reported by other workers. Nearly all
downstream noverment occurred at night, apparently without regard to

moon phase. Judging fromthe position of the trap and depth of the
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traveling screen, nost fish noved downstreamin the upper half of the
water colum near the thal weg.

Fish Creek is a |ow producer of coho salnon smolts when conpared
to other west coast streans. Marshal I and Britton (1980) have
summari zed data on coho snolt production from 21 western rivers and
streams of various sizes. Smolt outputs ranged from about 360 fish/km
for the snmallest streans to 3,000 fish/kmin large streans. Streans
the size of lower Fish Creek typically produce from 1,500 to 3,000
smolts/km  Fish Creek currently produces from 200 to 500 snolts/km
and ranks far |lower as a coho producer than other conparably sized
streams. The reason for this is the high gradient, incised channel
that provides little of the margin and off-channel habitat preferred
by coho in sumrer and winter. The 1964 flood, road encroachnent,
tinber harvest in the basin, and intensive debris renoval fromthe

channel over the past 20 years have reduced coho habitat in the basin.

Coho Sal non Smolt Production, O f-Channel Pond

Snolt production from the eastside off-channel pond, constructed
on a flood terrace adjacent to Fish Creek at km 3.0 in 1983, was
evaluated in the spring of 1985 and 1986. A total of 1, 326 coho
salmon fry were electrofished fromthe margins of Fish Creek between
March 30 and July 5 1984 and placed in the pond. The fry exhibited
rapid growh and ten 0+ smolts averaging 86 mm fork length left the
pond between July 20 and August 16, 1984. The presence of 0+ smolts

in natural coho salnmon populations is rare. An unknown nunber of
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addi ti onal coho salnon fry entered the pond in the spring of 1984 from
natural reproduction in the north inlet of the pond.

A total of 493 snolts fromthe introduced and naturally produced
fry left the pond between April 15 and June 8, 1985. The timing of
t he coho sal non snolt mgration occurred during the same time interval
as that observed on Fish Creek (Fig. 16). but peak nigration fromthe
pond occurred the first week in June. Smolts fromthe pond were
significantly larger than smlts from Fish Creek. Mean |ength of
smolts leaving the pond was 124.6 mm while Fish Oreek snolts averaged
113.3 mm  Pond snolts al so were much heavier than snolts reared in
Fish Creek (Fig. 17). The primarily nocturnal migration of snolts
| eaving the pond was also simlar to the behavior of coho |eaving Fish
Cr eek.

Fry were not introduced to the pond in 1985 but in January 1985
seven adult female coho salnmon and five nales were trapped at North
Fork Dam and transported to the pond. The fish spawned naturally in
the inlets and an unknown nunber of emergent fry mgrated downstream
into the pond in the spring of 1985  The 1986 snolt migration
resulting from the natural reproduction was inpressive. Between MNarch
14 and July 18, 1986, 1,196 coho salnon smolts left the pond
(Fig. 16), approximately triple the nunber of 1985 emigrants. The
mgrants leaving the pond in 1986 were smaller in length (nean
108.5 mm) and weight (Fig. 18A 18B) than in 1985  The nean length
(pond 108.5 mm Fish Creek 105.0 nm) and weight (Fig. 19) of snolts

| eaving the pond in 1986 was nmore sinmilar to those |eaving Fish Creek
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than in 1985.1ncreased nunbers of young coho in the pond in 1986
grew nore slowy than the lesser nunbers present in 1985, however, the
pond was still probably below carrying capacity.

The off-channel pond, even though not fully stocked with fry,
made a significant contribution to coho salnon snolt production in
Fish Creek in both 1985 and 1986. Fi sh Creek, excluding the pond,
produced 2,606 coho salnon snolts in 1985 while the pond contributed
493, an 18.9 percent addition to the run. In 1986, Fish Creek
produced 1,175 snolts while the pond produced 1,196, a 102 percent
addition to the smolt mgration (Fig. 20A, 20B). These contributions
are particularly renmarkable since the pond represents only about 2.5
percent of the habitat area of Fish Creek. The total carrying
capacity of the pond remains unknown, but potential coho snolt
production probably is substantially greater than that observed to
dat e.

Prelimnary Benefit-Cost Analysis of

Eastsi de O f-channel Pond

The eastside off-channel pond was constructed in 1983 at a cost
of $24,030. Additional work to enhance spawni ng habitat was conpl et ed
in 1984 at a cost of $300. Total construction costs were $24,330, and
an annual nmaintenance cost of $l 00 year is expected.

Benefits were calculated for the first time in 1986, based on
coho salnmon smolt production of 1,200 fish, and the following

procedure:
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1,200 smolts x 7.5% smolt to adult survivalY = 90 adul ts,

90 adults x 7:1 catch:escapenent ratio-2/ = 79 adults harvested

79 adults x 64% commerci al harvest?/ = 51 adults in conmercia
har vest,

51 adults x 7 pounds x $1.47/pound = $525 commerci al benefit
annual |y,

79 adults x 36% sport harvest 2/ = 28 adults in sport harvest,

28 adults x $107/adul t 2/ =$2,996 sport benefit annually, and
3525 comercial benefit + $2,996 sport benefit = $3,521 annua

benefit.

The benefit-cost ratio is 1.6/1, and 1.2/1, at discount rates of
4 and 7 percent, respectively, figured on a project life of 20 years
(cal cul ations per Everest and Tal hel m 1982). Benefits begin to accrue
in the third year of the project when the first year-class of snolts
recruits to the fishery. The actual realized benefits will be higher
because the pond has not yet been seeded to capacity. These
prelimnary data indicate that the eastside pond is a cost-effective

project, and wll become nore so with full seeding

1/ Oregon Dept. of Fish and Wldlife, 1981
2l Meyer, 1982
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Overwinter Survival of Coho Salnmon on Fish Creek

The snmolt trap has provided a means of estinmating w nter survival
of coho salnon juveniles in Fish Creek. Tha total nunber of coho
salmon in the systemin Septenber 1984 was estimted at 8,290 and the
total estimated snolt production from mainstem Fi sh Creek (excluding
smolts from the of f-channel pond) was 2, 606. From t hese data,
overwinter survival was estimated at 31 percent. Wile data on winter
survival of pre-snolt coho sal non are not abundant for other western
stream it appears that 31 percent is bel ow average.

The | ow winter survival of coho rearing in the nmainstem of Fish
Creek in 1985 can be attributed to the general |ack of quiet edge
habitats and side channels during winter. Diving observations in the
wi nters of 1984 and 1985 showed that 0+ coho salnon prefer to winter
in quiet backwaters with heavy cover. Habitats neeting these criteria
are rare within the distributional range of coho salnon in the basin.

Problens with overw nter survival of coho salmon in the system
were confirmed following a large flood event in February 1986.
Juvenile coho salmon in the systemwere estimated at 11,980 fish in
Sept ember 1985, and snolt production fromthe mainstem was estinated
at 1,175 fish in the spring of 1986. Overwi nter survival was
estimated at 10 percent. The low 1986 survival is attributed directly
to lack of suitable winter habitat during the scouring flood event of
February 1986.

The of f-channel pond, with noderate water tenperatures and
abundant quiet water, food, and cover, provides ideal w nter habitat
for juvenile coho salnon. Wile the number of coho salmon in the pond

in Septenber 1985 was unknown, a summer nortality of |east 30 percent
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of the original 1,326 fry would be expected. If that assunption is
true, overwinter survival in the pond exceeds 50 percent and coul d be

from2 to 5 times higher than that observed in Fish Creek proper.

St eel head Trout Snolt Production

In 1985, the steelhead trout smolt nigration from Fish Creek was

nonitored from April 15 through June 28, when novenent of snolts
ceased. The migration was in progress when the trap was installed on
April 15, and based on observations made in March 1986, several
hundred smolts coul d have left the basin before the trap was activated
in 1985, Two distinct peaks of movement occurred in 1985 (Fig. 21).
A | ow steady catch rate averagi ng 10-12 snolts/day occurred between
April 15 and April 27. During the followi ng week the catch increased
mar kedl y, averagi ng 100 snolts/day, and a peak catch of 159 smolts/day
occurred on May 2. The catch dropped to an average 14 snolts/day from
May 5 through May 10 and peaked again at 171 snolts/day on May 16.
The catch declined rapidly after May 17 and the final snmolt of the
season was caught on June 28.

The total nunber of snolts moving downstream between April 15 and
June 28, was estimated at 7,470 (Table 15). W assuned that the
mgration had been in progress for at |east 15 days before trapping
began. Based on the md-April catch rate, an average of 10 snolts/day
woul d have been trapped during this period. Usi ng an esti mated
efficiency of about 30 percent for this 15 day period, a total of
about 500 snolts probably left the system before trapping comenced.

Therefore, the total snolt migration is assumed to be about 8,000.
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Table 15. Catch of steelhead trout snolts, recapture of marked
smolts, estimtes of trap efficiency, and total nunber of snolts,
| eaving Fish Creek by 2-week intervals, April 15 to June 28, 1985.

Mar ked Mar ked Trap Estimat ed
Smol ts snolts snolts efficiency t ot al
Dat es captured released recaptured per cent snolts
04/15-04/28 382 49 15 31 1,232
04/ 29- 6/ 12 708 115 47 41 1.727
05/ 13-04/26 787 155 57 37 2.127
05/ 27- 06/ 09 103 82 10 12 858
06/10-06/23 166 122 14 11 1,509
06/24-06/30 2 -- -- 10 20
Totals 2,148 523 143 -- 7,473

The size of smolts ranged from123- 242 nm fork length, and varied
during the trapping season. The average size was about 160 mm and
the approxi mate mninumthreshold size for snolts was 140 mm al t hough
a fewsnolts were snaller (Fig. 22). The average size of snolts
remained fairly constant from md-April to md-My and then decreased
frommd-May to md-June (Fig. 23). Scal e analysis froma snall
sanmpl e of early nmigrants, both snolts and non-snolts, indicated that
the group was conposed primarily of age 2+ fish, the normal age of
nost steel head trout snmolts in western O egon. The smal | er June
m grants mght have been a nmix of smaller 2+ snolts, and socially
dom nant, fast growing |+ smolts.

A generalized growth pattern of juvenile steelhead trout is shown
in Figure 24. This figure was devel oped from exam nation of the
growth pattern observed on scales and by back-calculating the length

of fish at the time of annulus formation. The estimted nean length



67

1985

002

oel

081

oLt

ot

oS

ori

otl

20

15

tength (mm)

1986

wQNN

£012Z

pv
g
%nW.OON

081

081

0Ll

e e s v v

ﬁﬁﬁﬁﬁﬁﬁﬁ

091

. —— — ——

osi

ori

50

40-

30 -

oqu N

20 -

10 -

i

o0

[ —

LI

YT

length (mm)

1985 and

Size frequency of steelhead trout molts from Fish Creek,

1986.

Figure 22.



200
0 1985 68
- n4hmme T e nm 1
€ 1507 |} HH T r%l
‘ "--
® Il
o
2 100
e
o
[ ]
E
50

15 20 25 30 5 10 15 20 25 30 5 10 15

April May June

1986

= =
o ol
o (@]
™ I\ W . W SR I W, W W W Sl § - ) w— .
A W W W W W W W
S - — — < S5
ne ~
- —
—
S S S S ==
— =~ b —~
A e e iinrigiin
_— -~ v wn
X AT
=<
<
J
 —
|
N W, W, S, W N,
~
>
"
b . S W, T, V. W, S VI . W, . Wt WM Wi, W, W W W
D WA S W W W, W VML W W W, WA W, W, W, W . . WS W, W, W S - |

4
. S st . VA U W, VI, WA, WSS VSN, W W, W, V. W, W G VO S w— e w |

10

ab
L4 ]
@
o
L)
=
N
=
@
o ]
L)
=
N
o
«
o

April May June

Figure 23. Mean daily lengths of steelhead trout nolts |eaving Fish Creek
between April 15 and June 15, 1985, and March 14 and June 15. 1986.



16%

120

80

length mm

40;

dparr | presmolts P

Figure 24

w® OD F® Jg» obD Fo Jygo» OD

months

Generalized growth pattern of juvenile steelhead trout in Fish
Creek. Emergence occurs primarily in June and smolts leave in

May of their second year. Presmolts must be 120 mm fork length
to smolt the following spring.

69



70

at the tine of formation of the first and second annulus was 82 nm and
125 mm respectively. Thus, we speculate that in ofrder for a fish to
reach the mnimumsize to smolt, 140 mm it nust have attained a
length of 120 mm by the end of the growi ng season the previous fall.
It is probably unlikely that fish |ess than 120 mm woul d reach the 140
mm threshol d by the follow ng spring

Overwinter survival of pre-snolt steelhead trout appeared to be
favorable in Fish Creek in 1985, In the summer of 1984 the Fish Creek
basin contained an estinated 23,800 age one and ol der steel head
trout. Approxinmately 50 percent of these fish, 11,900, were a m ni num
length of 120 nmby the fall of 1984 (Fig. 25). Since about 8,000
snolts left the basin in 1985 over-winter survival is estimted at
about 70 percent. An additional contribution could be expected from
age |+ parr that remain in the systemfor another grow ng season

In 1986, steelhead trout snmolts were trapped in Fish Creek
between March 14 and June 14. A few fish were mgrating when the trap
was installed in March, but because of cold water tenperatures in the
system prior to trap installation, it is unlikely that many snolts
left before trapping commenced. Several peaks of nmovenent related to
changi ng water tenperatures and flows occurred in 1986 (Fig. 21).
Catch during March was fairly consistent at 10 to 20 fish/day with a
peak of 27 fish on March 30. Mjor peaks of novenent occurred on
April 18 and 27 when about 70 fish/day were caught. Peaks al so
occurred on May 3 and 14 at 35 and 47 fish, respectively. After May
14 catch of smolts declined rapidly and ceased on June 14.

The total steelhead trout smolt migration in 1986 was estimated

at 3,781 fish, approximately half of the nunber of migrants in 1985
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(Table 16). The smolts were about the same length and weight as 1985
mgrants, averaging about 154 mm fork length and 37.7 g.  Snolt
l engths ranged from 135 mmto 217 mm and weights ranged from 16.1 to
94 g (Figs. 22, 26). The average size of smolts remained fairly
constant througout the mgration period (Fig. 23).

Overwi nter survival of juvenile steelhead trout in Fish Creek was
lower in 1986 than in 1985,  Approximately 18,520 age one and ol der
steel head trout were present in the basin in Septenber 1985 and 3, 781
snolts left the basin in the spring of 1986. Overwinter survival is
estimated at about 40 percent, as conpared to about 70 percent in
1985. The flood event of February 1986 probably is responsible for
the difference. Steelhead trout overwintering in the substrate could
have been killed by the overturning of the streanbed during the flood
or entonbed by snaller bedload particles that filled interstitia
spaces in the boul der-cobble streanbed and prevented escape of
overwintering steelhead trout.

The behavior of migrating steelhead trout smolts in 1985 and 1986
was typical of other salnonid smolts. Nearly all novenment occurred
during darkness and m grants apparently nove downstreamin the upper

portion of the water colum near the thalweg.

Habi t at Enhancenent and Steel head Trout Smolt Production

At this tine it is not possible to determ ne whether prototype
projects designed to inprove steel head trout habitat have had any
inmpact on the production of steelhead trout smolts. By 1985, projects

had altered only about 5 percent of the habitat in the basin, and
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Tabl e 16. Fish Ceek steelhead snmolt estimate, March 14 to June 5,
1986.

Mar ked Mar ked Trap Esti mat ed
Smol t's snolts snolts efficiency tota

Dat es captured released recaptured per cent snolts
03/14-03/27 92 51 12 24 383
03/28-04/10 142 137 26 19 747
04/11-04/24 364 191 61 32 1,137
04/ 25-05/08 304 175 65 37 822
05/ 09- 05/ 22 151 101 25 25 604
05/23-06/05 22 22 0 -25 88
Total s 2,148 523 143 -- 7.473

natural variability of steelhead trout populations has been in the
range of +/- 10 percent per year. Construction of boul der berns in
1983 was the only project in the basin to significantly inpact habitat
for age |+ steelhead trout prior to work conpleted in the sumer of
1986. The effect of the boul der bernms on steel head smolt production
appeared to be neglegible based on sumer standing crop of presnolts.
Habitat inprovenments in 1986 altered about 10 percent of the steel head
trout habitat in the basin and could significantly affect snolt

production in the future.

Wnter bservations

Field
The density of 0+ and |+ steelhead trout decreased between

Novenber 1986 and January 1987 in all habitats in |ower Fish Creek and
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Wash Creek (Fig. 27). No fish were observed to be active after early
Novenber. Water tenperatures were 7° C in Novenber and decreased to
2° C in Decenber. The only 0+ steelhead trout observed in Decenber
and January were under |arge boul ders near the margins of the stream
or in an overflow channel. The only place 1+ fish were observed was
under large boulders in a single pool in Wash Creek in Decenber.

W observed a nunber of adult summer steel head trout in both
| ower Fish Creek and | ower Wash Creek when the November counts were
made.  Approxi mately 50 percent of the fish observed in lower Fish
Creek had their adipose fin clipped, which would indicate that these
fish were of hatchery origin. Unclipped sumer steel head are believed
to be "wild" offspring of previous generations of hatchery summer
steel head that successfully reproduced in the Fish Creek basin.

The distribution of |+ steelhead trout observed in 1986 was
different than that observed in 1985. In 1985, nunbers of [+
steel head trout increased in pools in Novenber, and decreased in other
habi t at s. Everest et al. (1985) specul ated that this increase nmay
have been due to novenent of [+ fish into pools from other habitats.
In 1986, we were unable to sanple in Cctober because of highfl ow and
turbidity and therefore were unable to determine if densities declined
from Septenber to Qctober and increased in November.

No clear statistical relationship was noted between fish
densities and the physical features nmeasured. The highest densities
of 1+ steelhead trout generally were found in pools that contained
| arge boulders (> m that were enbedded 25-50 percent by naterial

0.5-1.0 min diameter (Everest et al., Fig. 23). Areas with large
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concentrations of material 0.5-1.0 malso had high densities of fish.
These areas were within the [ow summer flow perineter (Everest et al,
1985, Fig. 24). Pools with bedrock substrate or with small-sized
substrate (<025 m) generally had few or no fish. Age 0+ steel head
trout generally were found along the stream margins (Everest et al.
1985) .  Bustard and Narver (1975) also found 0+ steel head trout in
shal | oner water and associated with snaller substrate than were ol der
age-classes.  Johnson and Kucera (1985) reported that O+ steel head
trout in three Idaho streans shifted to areas of gravel and cobble in
the sumer and to cobble and boul der substrates in the fall. Swales
et al. (1986) reported highest densities of steelhead trout in areas
of cobble and boul der riprap during the winter in two interior British

Col unbi a streans.

Eval uation of Habitat |nprovenent Structures for Over-w ntering

Al sites were sanpled for fish but only five were mapped. Hgh
wat er conditions prevented mapping at all sites. Al napped sites
were in lower Fish Creek. Rigorous analysis would not be neaningful
using the current small data set, but some trends are apparent.

Fish were captured in all cover types and depth/velocity
categories but the nunber, species, and age-class conposition varied.
Age O+ steelhead trout were nost abundant in shallowslow and
deep-slow areas (Fig. 28) and associated with boul ders and LW and
slash (Fig. 29). O the 21 fish in fast water (Fig. 28). 6 were

associated with LVWD and 8 were associated with boulders (Fig. 29).
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Age 1t steelhead trout were strongly associated (65.6 percent)
with fast water, particularly deep-fast water (Fig. 30). They were
found predomnatly in areas of LWD and boul ders, but as with age 0+
steel head trout, they utilized several cover types (Figure 31).

Coho sal non were found predominantly in slow water (Fig. 32).
Depth appeared to be of secondary inportance, with deep-slow areas
containing 55.1 percent of the coho sal non captured and 31.9 percent
in shallowslow areas. Mst coho salnmon were associated with LWD and

slash (65.2 percent) and slash (20.3 percent) (Fig. 33).
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These observations suggest that the LW boulder conplexes
provi ded favorable winter rearing habitat for juvenile salnonids in
Fish Creek. The species or age-class of fish found in a conpl ex
varied with the conpostion of the structure. Coho salnon were found
in deep-slow and shal | owsl ow areas and in conjunction with LW and
slash.  The conbination of LWD and slash slowed current velocities and
created cover. Age 0+ steelhead trout also utilized slow water areas
with slash but not to the degree that coho salmon did. Age I+
steel head trout were found primarily in deep-fast water and in

association with boul ders.
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Figure 30. Abundance of age 1+ steelhead trout in water depth
categories in winter, Fish Creek, 1987.
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These results are prelimnary but can be used to make suggestions
for future work. The LW boul der conpl exes created in the sumer of
1986 appear to have created over-wintering habitat for juvenile
salnonids in Fish Creek. The nore open structures, consisting
primarily of boulders and |ocated in deeper water, tended to be
utilized primarily by 1+ steel head trout (Fig. 34). These structures
need to be in the low summer flow perimeter in order to be available
to older steelhead trout. Coho salnon and O+ steel head trout were in
sl ower areas, nore associated with LWD and slash (Fig. 35). These
structures tended to be |ocated along the banks, further away fromthe
t hal weg

Sl ash and debris of varying anmounts could be introduced
periodically at selected sites and nonitored to determne fish
response. There may be variabl e responses of fish to different
sources of slash and debris (e.g., cedar versus hem ock), or to
orientation, density, and size ranges of LWD, subnerged versus
over head cover, height of cover above substrate, and overall height of
cover which coul d inpact effectiveness over different flow reginmes.
Also, different life stages of a species appear to respond differently
to depth-velocity-cover interactions.

The wood and boul der structures installed in Fish Creek in the
sumrer of 1986 to increase the conplexity of stream edges appear to
have inproved both winter and sunmer rearing habitat for sal nonids.
The intense level of treatnent used in 1986, where structures were
concentrated in restricted reaches that needed inprovenent, appeared
to be far nore effective than the often-used technique of scattering a

few structures over a broad geographic area. The intensity of
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87

treatment, with structures located about every 30 m along the stream

margin, appears to be near optinmm

R parian Revegetation

Four acres (1.6 hectares) of clearcut riparian habitat in upper
Wash Creek basin were planted with two-year-old cottonwood in the
spring of 1984. The objective of this work was to accelerate
revegetation of the riparian zones to reduce water tenperatures and
inprove streanbank stability. The survival, health, and growth of the
trees were recorded in Septenber of 1984 and 1986 (Table 17).
(oservations also were nmade on the deer and el k browse damage to the
seedlings. Survival in Septenmber 1984 exceeded 70 percent, wth about
44 percent of the trees in good health. Gowth of surviving trees
averaged about 8 cmon the termnal shoot and deer and el k browse was

negligi bl e.

Table 17. Survival, growth, and browse use of two-year-old cottonwood

stock planted in a Wash Creek clearcut in the spring of 1984.

Heal t h percent Gowh, cm Br owse
Dat e Dead Weak Robust Robust  Weak X percent (n)
Sept ember 1984 26 30 44 11.1 2.8 7.8 0 128
Septenber 1986 9% 30 61 20. 6 3.4 120 0 283

-1/Trees that died in the sunmer of 1984 were difficult to locate in 1986.
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By Septenber 1986, dense native vegetation had obscured the
cottonwood seedlings that died during the sumrer of 1984, so an
accurate assessnment of survival fromthe initial planting was
difficult to nake. It appeared that nost of the trees that survived
the initial summer were still alive in the sumrer of 1986. The
proportion of trees in robust condition had increased by the sumer of
1986, and growth of the term nal shoot averaged 12 cmduring the 1986
growi ng season (Table 17). Deer and el k browse damage renai ned
negligi bl e.

Despite good survival and growh of the planted cottonwood,
surviving trees were not noticeably taller than surrounding native
vegetation in the sunmer of 1986. Cottonwood, once well established,
is a notoriously fast growing tree and may outstrip the growth of
native vegetation. Consequently, several years of observations wll

be required to thoroughly evaluate the revegetation project.

Boul der Berm Surveys

Twenty-si x boul der bernms were built in Fish Creek, 5 in 1981 and
21 in 1983, to inprove the availability of spawning habitat in the
system  Three of the berms built in 1981 collected gravels the first
winter after conpletion and have been used each year since by spawning
steel head trout. A few of the berns built in 1983 collected gravel
during the winter after conpletion and were used as spawni ng areas
(Everest et al. 1984). A mgjor flood event in February 1986 breached
77 percent of the berms, but 46 percent were still neeting design
objectives of increasing spawning habitat (Everest et al. 1986).

Because this area was included in the 1986 project area, a final
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physi cal survey of the streanbed in the vicinity of the berns
constructed in 1983 was conpleted in the sumer of 1986. The survey
consisted of a series of long (thalweg) and cross-sectional profiles
in reaches where the bernms were constructed.

Results of the 1986 survey were conpared graphically to results
of a simlar survey conpleted in the fall of 1983 inmmediately after
the berms were built. A conparison of the integrity of the two
upstream berms on Wash Creek and the five upstream berns in the
Suspender area of Fish Creek in 1983 and 1986 show sone interesting
contrasts. The Wash Creek site has less than half of the winter flow
and energy of the Suspender site and the Wash Creek berns retained
nost of their original height and configuration except for a few
boul ders in the center of each bermthat were rolled out of position
by the high flow (Everest et al. 1986). The area upstream from berm
# degraded slightly (Fig.36A), and the area above berm #2 aggraded
slightly (Fig. 36B). Channel cross-section profiles in this area show
little change in the stream banks. At Suspender Site 3 the origina
configuration of the berns was obliterated in the area of the thalweg,
and about 30 percent of the thalweg area was degraded substantially
(Figure 37). A 4 to 8 msection of the center of these bernms was
removed by high flows, but the bermw ngs adjacent to the banks
remained intact. Consequently, stream energy was concentrated in the
thal weg area and streanbed degradation occurred in sone areas. The
cross-section profiles in this reach show slight aggradation between
1983 and 1986 (Figs. 38, 39). Suspender Site 4 (located just bel ow
the concrete bridge at km 7) which contained three half-berms showed

substantial degradation al ong about 90 percent of the long profile
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because the berms concentrated stream energy in the thalweg area
(Fig. 40). The cross-section profiles at Site 4 show significant
bankcutting and wi deni ng of the bankfull channel perimeter (Fig. 41).
The bank erosion apparently was due to turbul ence created by the berns
during high flow events

The bi ol ogi cal consequences of flood-induced changes in the berms
appear to be beneficial at Suspender Sites 3and 4. Destruction of
the center portions of the berns in this area during the February 1986
flood substantially increased habitat conplexity in the reach
Pre-construction habitat consisted of a |ong honbgenous reach of
shal  ow boul dery high-gradient riffle with essentially no spawning
gravel.  After the flood, the reach consisted of a series of quiet
backwat er habitats behind the remaining portions of the berms at the
stream margins, and in some areas, deeper bouldery riffle habitat
along the thalweg. Sunmer rearing habitat for both 0+ and one year and
ol der steel head trout appears to be inproved from pre-construction
conditions. Accunulation of gravels below the remaining portions of
the berms has created new spawni ng habitat, and some excellent w nter
habitat for both age O+ and I+ steel head trout was created where the
bernms are keyed into the stream banks.

The final survey of the berms, following a major (10-15 year
recurrence) flow event, reinforces the idea that a steep-gradient
boul der-arnored channel requires |arge angular rock and well anchored
structures to obtain a 20-30 year design life comon to habitat
| mprovenent structures. Initial construction of the Suspender berms
concentrated the relativliey snall boulder armor |layer into the

structures and de-arnored the spaces between. The subsequent high
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fl ow event of February 1986 breached the center section of the berns
and redistributed the boul ders along the streamthalweg. Only subtle
changes in the channel renained before the 1986 project work, but
those appeared to be beneficial to both spawning and rearing habitat
of steelhead trout. These observations were instrumental in
devel opment of the final design for 1986 project work. The beneficia

physi cal characteristics of the berm remants were copies in project

design criteria.
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SUMVARY AND CONCLUSI ONS
1) Monitoring efforts in 1986 focused on estimtes of summer habitat

3)

4)

5)

6)

D,

8)

9)

10)

11)

availability, summer standing crops of juvenile anadronous
sal monids, quantification of outmgrant steelhead trout, coho and
chinook salnon smolts, and winter habitat availability and use by
juveni |l e anadronous sal noni ds.

Summer habitat availability varies directly with the quality of
the water year, and available area can vary by nore than 50
percent annually.

Summer popul ations of 0+ and 1+ steel head trout, and coho and
chinook sal non were estimted at 117,870, 20,670, 3,560, and 200,
respectively in 1986.

Quiet streamnargins in late spring and early sumer appear to be
a key habitat need for post-energent steelhead fry.

Steel head trout snolt production in 1985 was estimted at 8,000
fish and overwi nter survival of presnmolts was estimted at 67
percent.

Coho sal non snmolt production in 1986 was estimated at 2,371 fish,
with a presnolt-to-snolt overwinter survival of 11 percent.
Juvenile coho salnon prefer to winter in quiet backwaters wth
heavy cover |ocated off of the mainstem of Fish Creek. Such
habitats are rare within the range of coho salnon in the basin

The of f-channel pond constructed at km 3 on Fish Creek increased
coho salmon snolt production fromthe basin by 102 percent in
1986. Overwinter survival in the pond exceeds 50 percent.

A prelimnary benefit/cost analysis indicated that the off-channel
pond at km 3.0 is cost effective at the observed 1986 snolt
productiion of 1200 fi sh.

Preferred winter habitat for age |+ steel head trout consists of
| arge boul ders surrounded by small boul ders and cobbles positioned
within the wetted perineter at summer flows.

The flood of February 1986 substantially altered sone enhancement
projects in the basin. Some continue to neet their design
obj ectives while others do not. Properly designed projects can be
effective, even in this high energy system
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12) The nost effective habitat inprovenent techniques in the high
energy Fish Creek basin appear to be those that nanipulate the
edges, rather than the entire stream cross section.

13 Structures placed along the stream edges in 1986 show differenti al
use by juvenile anadronous sal monids based on depth, velocity, and
cover characteristics at the sites.
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Appendix 1. Recalculated areas of rearing habitats in Fish Creek and associated salmonid
densities and biomass.
FISH CREEK, SEPTEMBER 1982
ESTIMATED ESTIMATED
NUMBER BIOMASS (g)
AREA IN OF FISH BY OF FISH
SPECIES HABITAT SYSTEM HABITAT BY HABITAT #/m? g/m2
COHO Alcove 1,080 140 870 0.13 0.80
Riffle 70,350 1,040 3,380 0.01 0.05
Side channel 1,600 180 1,250 0.11 0.78
Pool 8,110 290 2,850 0.04 0.35
Beaver pond 190 260 1,200 1.37 6.34
Total 81,330 1,910 9,550 0.02 0.12
CHINOOK Alcove 1,080 10 70 0.01 0.06
Riffle 70,350 0 0 - -
Side channel 1,600 0 0 - .-
Pool 8,110 110 510 0.01 0.06
Beaver pond 190 0 0 ="
Total 81,330 120 580 0.001 0.01
0+STHD Alcove 2,270 2,200 5,010 0.97 2.21
Riffle 138,590 75,240 211,660 0.54 1.60
Side channel 4,250 5,100 12,870 1.20 3.03
Pool 18,450 5,170 13,950 0.28 0.76
Beaver pond 190 0 0 - -
Total 159,310 87,710 253,490 0.55 1.59
1+STHO Alcove 2,270 120 2,240 0.05 0.99
Riffle 138,590 17,260 317,210 0.12 2.29
Side channel 4,250 460 8,400 0.11 1.98
Pool 18,450 3,840 84,930 0.21 4.60
Beaver pond 190 0 0
Total 159,310 21,680 412,780 0.14 2.59
ALL Alcove 2,270 2,470 8,190 1.09 3.61
SALMONIDS Riffle 138,590 93,540 542,250 0.67 3.91
Side channel 4,250 5,740 22,520 1.35 5.30
Pool 18,450 9,410 102,240 0.51 5.54
Beaver pond 190 260 1,200 1.37 6.31
Grand Total 159,310 111,420 676,400 0.70 4.24
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Appendix 1. (continued) Recalculated areas of rearing habitats in Fish Creek and associated
salmonid densities and biomass.

FISH CREEK, SEPTEMBER 1983

ESTIMATED ESTIRATED
NUMBER BIOVASS (g)
AREA IN OF FISH BY OF FISH
SPECIES HABITAT SYSTEM HABITAT BY HABITAT #/I‘rl2 g/mz
COHO Alcove 1,170 220 1,080 0.19 0.92
Riffle 104,820 5,340 29,680 0.05 0.28
Side channel 2,230 130 380 0.06 0.17
Pool 9,160 1,500 6,900 0.16 0.75
Beaver pond 300 240 670 0.80 2.24
Total 117,680 7,430 38,710 0.06 0.33
CHINOOK Alcove 1,170 10 30 0.01 0.03
Riffle 104,820 490 1,960 0.01 0.02
Side channel 2,230 — — - -
Pool 9,160 640 2,950 0.07 0.32
Beaver pond 300 - - - -
Total 117,680 1,140 4,940 0.01 0.04
0+STHD Alcove 2,450 610 1,710 0.25 0.70
Riffle 219,360 53,870 150,840 0.25 0.69
Side channel 6,200 1,760 5,610 0.28 0.90
Pool 20,850 3,780 12,470 0.18 0.60
Beaver pond 300 10 30 0.03 0.11
Total 249,169 60,030 170,660 0.24 0.68
1+STHD Alcove 2,450 90 2,370 0.04 0.97
Riffle 219,360 23,760 427,140 0.11 1.95
Side channel 6,200 340 5,780 0.05 0.93
Pool 20,850 2,800 53,960 0.13 2.59
Beaver pond 300 0 0 -- --
Total 249,160 26,990 489,250 0.11 1.96
ALL Alcove 2,450 930 5,190 0.38 2.12
SALMONIDS Riffle 219,360 83,460 609,620 0.38 2.78
Side channel 6,200 2,230 11,770 0.36 1.90
Pool 20,850 8,720 76,280 0.42 3.66
Beaver pond 300 250 700 0.83 2.33
Total 249,160 795,590 703,560 0.38 2.82
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Appendix 1. (continued) Recalculated areas of rearing habitats in Fish Creek and associated
salmonid densities and biomass.

FISH CREEK, SEPTEMBER 1984

ESTIMATED ESTMATED
NUMBER BIOMASS (g)
AREA IN OF FISH BY OF FISH
SPECIES HABITAT SYSTEM HABITAT BY HABITAT #/m? g/rn2
COHO Alcove 1,080 630 2,360 0.28 2.19
Riffle 81,610 3,310 12,740 0.04 0.16
Side channel 2,000 1,920 6,240 0.96 3.12
Pool 8,340 1,840 10,950 0.22 1.31
Beaver pond 270 590 1,730 2.19 6.42
Total 93,390 8,290 34,020 0.09 0.36
CHINOOK Alcove 1,080 0 _— -— —
Riffle 81,610 0 -- — -
Side channel 2,000 0 -- —
Pool 8,340 280 3,140 0.03 0.38
Beaver pond 270 10 130 0.04 0.48
Total 93,390 290 3,270 0.003 0.04
0+STHD Alcove 2,280 830 1,660 0.36 0.73
Riffle 161,700 81,010 196,850 0.50 1.22
Side channel 5,320 2,370 6,110 0.45 1.15
Pool 19,180 3,850 10,240 0.20 0.53
Beaver pond 270 0 0 - o
Total 188,750 88,060 214,860 0.47 1.14
1+STHD Alcove 2,280 110 3,360 0.05 1.47
Riffle 161,700 18,420 405,240 0.12 2.51
Side channel 5,320 440 7,220 0.08 1.36
Pool 19,180 4,280 112,990 0.25 5.89
Beaver pond 270 10 330 0.09 1.20
Total 188,750 23,260 529,140 0.12 2.80
ALL Alcove 2,280 1,570 1,380 0.69 3.24
SALMONIDS Riffle 161,700 102,740 614,830 0.64 3.80
Side channel 5,320 4,730 19,570 0.89 3.68
Pool 19,180 10,250 137,320 0.53 7.15
Beaver pond 270 610 2,190 2.26 8.11
Grand total 188,750 119,900 781,290 0.64 4.14
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FISH CREEK, SEPTEMBER 1985
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ESTIMATED ESTIMATED
NUMBER BIOMSS (g)
AREA IN OF FISH BY OF FISH
SPECIES HABITAT SYSTEM HABITAT BY HABITAT #/m? g/m2
COHO Glide 13,450 5,720 34,320 0.43 2.55
Riffle 55,810 3,850 15,550 0.07 0.28
Side channel 2,300 600 2,420 0.26 1.05
Pool 11,840 1,550 9,300 0.13 0.79
Beaver pond 190 260 1,570 1.37 8.28
Total 83,590 11,980 63,160 0.14 0.76
CHINOOK Glide 13,450 1,490 7,750 0.11 0.58
Riffle 55,810 1,620 6,770 0.03 0.12
Side channel 2,300 0 0 —— -—
Pool 11,840 1,240 6,450 0.10 0.54
Beaver pond 190 0 0 - -_
Total 83,590 4,350 20,970 0.05 0.25
0+STHD Glide 21,030 20,270 46,620 0.96 2.21
Riffle 93,770 72,960 174,370 0.78 1.86
Side channel 2,580 2,260 4,270 0.70 1.66
Pool 26,380 20,180 46,410 0.76 1.76
Beaver pond 190 100 250 0.14 1.32
Total 143,950 115,770 271,920 0.80 1.89
1+STHD Glide 21,030 1,800 36,680 0.09 1.74
Riffle 93,770 12,880 262,490 0.14 2.80
Side channel 2,580 230 4,310 0.09 1.67
Pool 26,380 3,610 96,420 0.14 3.66
Beaver pond 190 0 0 =" —
Total 143,950 18,520 399,900 0.13 2.78
ALL Glide 21,030 29,280 125,370 1.39 5.96
SALMONIDS Riffle 93,770 91,310 459,180 0.97 4.90
Side channel 2,580 3,000 11,000 1.20 4.26
Pool 26,380 ,580 158,580 1.01 6.01
Beaver pond 190 360 1,820 1.89 9.58
Grand total 143,950 150,620 755,950 1.05 5.25
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ESTIMATED ESTIMATED
NUMBER BIOMASS ()
AREA IN OF FISH BY OF FISH
SPECIES HABITAT SYSTEM HABITAT BY HABITAT #/m2 g/mz
COHO Glide 13,750 2,170 9,100 0.16 0.66
Riffle 62,940 40 160 0.001 0.003
Side channe1l/ 0 0 0 0.0 0.0
Pool 7,170 1,350 7,130 0.18 0.99
Beaver pondg/ 190 -_— == --
Total 84,050 3,560 16,390 0.04 0.20
CHINOOK Glide 13,750 100 420 0.01 0.03
Riffle 62,940 0 0 0.00 0.0
Side channell/ 0 0 0 - -—
Pool 7,170 100 940 0.01 —_
Beaver pondg/ 190 0 0 - --
Total 84,050 200 1,360 0.001 0.02
0+STHD Glide 27,380 19,490 23,350 0.35 0.85
Riffle 114,400 94,410 244,870 0.83 2.14
Side channe1l/ 0 0 - 0.00 0.0
Pool 24,480 13,970 42,050 0.51 1.72
Beaver pondg/ 190 — — -- --
Total 166,450 117,870 310,270 0.70 1.86
1+STHD Glide 27,380 3,230 53,040 0.11 1.94
Riffle 114,400 10,820 182,640 0.09 1.60
Side channell/ 0 - -- 0.00 0.0
Pool 24,480 6,620 120,550 0.24 4.92
Beaver pondg/ 190 _ - -
Total 166,450 20,670 356,230 0.12 2.14
ALL Glide 27,380 14,990 85,910 0.55 3.14
SALMONIDS Riffle 114,400 105,270 427,670 0.92 3.14
Side channe1l/ 0 0 0 0.00 0.0
Pool 24,480 22,040 170,670 0.90 6.97
Beaver pondg/ 190 -- -- --
Grand total 166,450 123,300 684,250 0.74 4.11

V/ All side channels were dry in 1986.

2/ Beaver pond was not sampled for fish in 1986.
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Fish Creek Drainage Fish Habitat

Rehabi l'itation and Enhancenent Franmework

. Introduction

The Fish Creek Drainage Fisheries Enhancenent Framework is a
cooperative effort by the Forest Service (USDA FS, M. Hood National
Foresyand t he Oregon Departnent of Fish and Wldlife (COFW. The
plan was devel oped by fisheries biologists from M. Hood NF, Pacific
Northwest Research St ati on, ODFW (C ackamas), and Pacific Gas and
Electric (PGE). The result of this effort is intended to be the first
step in the devel opnent of a drainage managenment plan for the Fish
Creek system
The Fish Creek Framework is intended to:
L. Sunmarize current information on fish and fish habitat
resources in the drainage.
2.. ldentify and formalize cooperative managenent objectives.
3. Establish responsibility for managenent and facilitate
I nteragency coordination.
4. Establish overall enhancement strategy for Fish Creek
drainage.
5. Establish individual project priorities and tinelines
consi stent w th managenent objectives and drainage

enhancenment strategy.
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[I. Physical Description

The Fish Creek basin lies in north central Oregon on the west slope of
the Cascade Range and drains into the upper Cackamas River at km
66.5 The watershed is 21 km (12.6 m ) |ong, averages approximately
10 km (6 m) in width, and covers 171 km2 (62 sq mi). The terrain
is steep and nountainous with bluffs in the |ower canyons typical of
the Colunbia River Basalt formation. The valley bottons are typically
narrow with incised stream channel s and narrow fl oodplains. The Fish
Creek drainage lies entirely on public lands, 99 percent Forest
Service and 1 percent Bureau of Land Managenent.

Fish Creek heads near the summt of the Cascade Muntains at an
el evation of about 1,400 m (4600 ft) and flows generally north for
about 21 km (12.6 m) to its confluence with the O ackamas R ver
approximately 14 km (8.4 m) east of North Fork Reservoir. The
channel gradient s steep throughout this distance, generally
exceedi ng 3 percent except for the lower 6 km (3.6 m) where gradients
average 3 percent. The steep gradient and volcanic geology create a
streamw th predomnately riffle environment and boul der substrate.
The mainstem of Fish Creek is 5th order as defined by Strahler (1957)
and the annual flow variation near the nmouth ranges fromO0.5 md/ sec
(15 cfs) in late summer to nore than 100 md/sec (3000 cfs) during
winter freshets.

The major tributary, Wash Creek, a 4th order system heads in the
sout hwest portion of the Fish Creek basin and enters Fish Creek at km
11 (6.6 m). The Wash Creek subbasin covers 25 kn2 (9 sq m) and

has a mainstem length of 8 km (4.8 m). The stream heads at an
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el evation of about 1,200 m  The mainstem habitat of Wash Creek is
steep bouldery riffle in a narrow incised channel. Average m ninum
sumrer flow is approxi mately O. 3P/ sec (9 cfs).

The Fish Creek drainage supports sumrer and w nter steel head,
spring chinook salnmon, and coho sal non. Upper areas of the basin
contain resident rainbow trout. Few resident salnonids are assuned to
be within the range of anadronous fish. Approximtely 16 km (10 m)
of habitat are used by anadromous sal monids, including 11.7 km (7 m)
on Fish Creek and the lower 4.5 km (2.7 m) of Wash Creek. The upper
reaches of both Fish and Wash Creeks are bl ocked to anadronous
salmonids by major waterfalls. \Water tenperatures in habitat used by
anadromous fish are generally favorable for fish production, ranging
fromnear 0° Cat times in winter to about 20° Cin nost summers.
In years with low sumer streanflow and high sunmer tenperatures,
however, water tenperatures reach stressful levels for salnonids. For
exanple, in early Septenber 1980, tenperatures in |ower Fish O eek
reached 24° C for several consecutive days.

The Forest Service began habitat enhancenent activities to
i ncrease the nunbers of anadromous fish in 1981 and contracted with
the Pacific Northwest Range and Experinent Station to monitor and
evaluate the results of this work on a drainage basis shortly
thereafter. In 1983 the Forest and BPA entered into an agreenment to
continue this work and to expand the scope of the PNW eval uation.
This is currently the only intensive, basin |level evaluation in the
Columbia River Basin and provides a uni que opportunity to test

enhancenent hypotheses. It is with this in mnd that the Forest has
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taken an aggressive approach to fisheries habitat enhancenent for the

Fish Creek drainage.

[11. Land Use
The three prinmary land use activities affecting fish habitat in the
Fish Creek Drainage are tinber harvest, roads, and dispersed
recreation.

The Fish Creek drainage is classified as comercial Forest |and.
Ti mber harvest began in earnest in the 1960's. In the past 25 years
more than 40 percent of the tinber in the drainage has been cut. Most
of this harvest has been in tributary areas. Stands of old growth
tinmber are being converted to second growth. The change is nost
dramatic within riparian areas, where |arge Douglas-fir, cedar, and

hem ock are being replaced by alder.

IV. Fish and Fish Habitat Resources of the Drainage

1) Background

Fish species generally found in the upper O ackamas River system
are found in Fish Creek. A though the Fish Creek drainage consti-
titutes only 10 percent of the habitat available to anadronous
fish in the Cackanas River it is estimated to contribute 23
percent of the steel head, 3 percent of the coho, and an unknown
percent of the spring chinook smolts |eaving the upper O ackamas
annual ly (Fred Everest, personal communication). A possible
expl anation for the high proportion of the total run of steel head

produced by the Fish Creek drainage is that after passage was
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reestablished over River M|l Damthe remant run col onized the
| ower tributaries and subsequent seeding has been insufficient to
reestablish runs throughout the basin.

Prior to construction of danms on the C ackamas River, large
nunbers of anadromous fish used the river and its tributaries for
spawning and rearing. Hi storical records indicate these runs were
seriously depleted by construction of a grist mll dam near
d adstone, Oregon in 1891. A State fish hatchery |ocated four
mles upstreamfromthis damreported a decrease in chinook sal non
egg take from 5,860,000 in 1890 to only 800, 000 eggs in 1891
(Thonpson, et.al., 1966). Problens with salnon runs were further
compounded when Cazadero Dam (now cal | ed Faraday D version Dan
was constructed in 1905. Although this damwas constructed with a
fish |adder, Federal fish hatchery egg taking operations allowed
very few salnon to pass over the dam (Eicher, 1977). Reports are
vague as to nunbers of coho salmon and steel head trout reaching
the upper reaches of the COackames River during this
period.

In 1911, River MII Dam was constructed with fish passage
facilities.  However, continued egg taking operations bel ow the
dam prevented any great number of chinook sal non fromreaching the
upper river system Six years later in 1917, the fish |adder over
Cazadero Dam was destroyed by a flood and was not rebuilt until
1939 . During the interimperiod, no salnon or steelhead reached

the upper river system
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During the 1940's, Federal hatchery egg taking operations
ceased, and the salmon were permtted to pass upstreaminto the
upper river. In 1959, the North Fork Dam was conpleted with a
fishway extending fromthe base of Faraday Diversion Damto the
crest of the North Fork Dam a distance of 1.7 mles. This
facility was provided wth upstream and downstream m grant
counting equipnent.

2) Anadr onpous Speci es

There are three species of juvenile anadromous fish which utilize
the Fish Creek drainage for rearing. They are chinook sal non,
coho sal non and steel head trout. Juvenile chinook and coho sal non
rear in the first 5.2 kmof the Fish Creek drainage. Steel head
trout juveniles are distributed throughout the entire 11.7 km of
Fish Creek to the falls just above Calico Creek and 4.5 km of \Wash
Creek to the base of an inpassable waterfall.

Very few fall chinook, if any, utilize the main channels of
the O ackamas River above the dans for spawning. Fal | chinook
spawning in the lower portion of the Cackamas system do so in
Cctober. The resulting fry energe in Decenmber and January.

Spring chinook enter the O ackamas River systemin late
spring and hold over to spawn in Septenber and Cctober. Runs have
been suppl enented by hatchery outplanting and now average 2,600
fish/year over North Fork dam Entry into Fish Creek appears to
be opportunistic, depending on high flows at the mouth to allow

sufficient depth for passage. Full seeding for spring chinook is
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estimated to be 150 adults. The bulk of the fry energe fromthe
gravel s from late Decenber through March.

Chi nook salnon juveniles are transient in the Fish Creek
system There appears to be three outmgrations of chinook
juveniles. The first outmgration consists of fry in February and
March, and along with the second outmigration occurring in late
summer of their first year probably, consists of fish that drop
down and rear in the mainstream O ackamas, hydropower reservoirs
on the Cackamas, and in the Wllamette River on their way to the
sea. The third outmgration peaks in March thru May and nmay
consist of fish ready to snolt.

Two distinct runs of coho spawn in Fish Creek and nunbers
vary widely by year, averaging a total of 180 fish/year. Unlike
chinook, coho utilize small streams, many of which are second
order, for spawning purposes. The early run coho (hatchery stock)
enter the Oackamas River in August, September and Cctober, with
most spawning occurring in Cctober and November.  The later run,
wild stock nmoves over North Fork in Decenmber through February and
spawns in Fish Creek in February and March. Al though these two
stocks spawn approxi mately three nonths apart there is only one
peak in outmgration, which occurs in May and June. Full seeding
for coho salnon is estinmated to be 200 adul ts.

Coho sal mon juveniles prefer side channels, alcoves, quiet
pools, and off-channel areas, most of which are |ocated within the
| ower 5.6 km of Fish Creek. Estimates by the PNW eval uation

suggest that only a small percentage of the habitat in Fish Ceek
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is optimal for coho. Fish Creek produced about 3,100 coho snolts
in 1985.

Wnter steel head counts at the dans, |ike coho, show w dely
varying totals by years. The Cackamas River system supports both
early and late run w nter steel head. The early run fish (a
hat chery stock) enter the upper river system in Novenber and
December.  The peak of spawning for these fish occurs in January
and February. Late run steel head pass the dans in February
t hrough May and reach the peak of spawning activities in My.
Normally, the bulk of the winter steelhead fry have emerged from
the gravels by late June and early July. \ile wnter steel head
utilize both small and large streans, it is inportant to note that
a significant proportion of steelhead spawn in smaller tribu-
taries. Full seeding for steelhead in the Fish Creek drainage is
estimated to be 700 adults.

Summer st eel head have been stocked in the O ackamas River
annual ly for the last 15 years. Because this race enters the
river during the summer nonths, and actively bites in freshwater,
it is a very popular sport fish. The management objective for
this stock has been to plant snolts and harvest all the adults
Wi th the assunption that there is no natural production. It is
uncertain to what extent this hatchery stock is spawning success-
fully in the Oackamas R ver drainage but there appears to be
naturally produced adults returning wFish Creek and conpetition

with the native late winter steelhead is very possible.
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Steel head trout juveniles prefer fast water riffles which
constitute the nost abundant habitat type in Fish Creek. Young-
of -the-year (0+) steel head prefer the |ow velocity nargins of
riffles while older steelhead (I+) prefer to live and feed in deep
swift habitats of boulder riffles and pools. Approxinately 8,000
steel head smolts were produced in Fish Creek in 1985.

Searun cutthroat rarely pass North Fork Dam  Most of these
fish spawmn in the | ower reaches of the O ackamas R ver during
January, February, and March. Fry emerge in late spring

3) Resident Sal nonids

Very few cutthroat trout are found in the Fish Creek drainage.
Because of the difficulty in separating young steel head from
resident rainbow trout it is uncertain what proportion of the
trout population in Fish Creek is resident.

Being typical of cold westside streams, growh rates in nuch
of the O ackamas R ver are slow Wth few exceptions, adult
cutthroat and rainbow trout rarely attain lengths greater than ten
I nches.

Brook trout have been planted in nunerous |akes and many
streams fed by these |akes also contain brook trout. However
brook trout conpose a mnor portion of stream popul ations

Mountain whitefish inhabit most of the larger streans of the
area. Their nunbers appear to be low and there is not a |arge

sport fishery for them

4) Description of Habitat
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The four basic habitat types currently used in the Fish Creek
Evaluation are: riffles, glides, pools, and side channels. Beaver
ponds are a fifth specialized type of habitat. R ffle habitat
made up about 87 percent and 80 percent of the total habitat
surface area in Fish Creek in 1982 and 1985 respectively. Pools
made up only 1204 and 18 percent. Si de channel s nmake up 9
percent, quiet alcoves about 1 percent and a beaver pond on an old
channel about 0.3 percent. Quiet water habitats are scarce in
Fi sh Creek.

These survey results reflect a high gradient stream system
with a few deep pools which are fast-nmoving plunge or scour pools
at high water. Side channels are restricted to a few areas in the
basi n.

The reaches of Fish Creek and tributaries accessible to
anadronous salnmonids are in large, steep gradient streans,
consequently spawning gravels in the area are scattered. The
substrate throughout the system is conposed predom nately of
boul ders and rubble with isolated patches of gravel suitable for
spawning. Gavels suitable for reproduction are often found al ong
the stream margin where physical features such as boul ders and
| arge organic debris have caused deposition. Spawni ng gravels
al so occur at the tail of some large pools and in a few side
channel s and braided sections of the main channel. There are few
| arge expanses of spawning gravel and those that do occur are in

the lower 2.5 km of stream Most gravel occurs in 5 to 15 n12
pockets scattered throughout the system A total of about 2,100
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n2 of spawning gravel is available to anadronmpus sal nonids
(Everest et al 1984). A previous survey conpleted in 1976 by
Chuck Wiitt (M. Hood N F.) quantified spawning gravel resources
at 911 nf for anadromous fish. Gavel resources appear to have
increased substantially since that tine.

Fish Creek as presently described varies significantly from
what it was historically. A survey in 1959 6 before the
catastrophic flood of 1964, indicated that approxi mately 45
percent of Fish Creek consisted of pool habitat. A resurvey of
the sanme area in 1965 estimated that only 25 percent was then pool
habitat. The percentage of boul der habitat had increased from 45
to 7opercent in the upper 7.2 kmof Fish Creek and from25 to 60
percent in Wash Creek. This sane series of surveys indicated that
approximately a third of the spawning habitat in Fish Creek had
been lost. The conclusions reached by the project |eader heading
the survey effort include 1) that the greatest change in fish
habitat in Fish and Wash Creeks was the loss of rearing habitat,
and 2)that this change was sufficient to "significantly limt the

sal mon- produci ng capabilities of these streans" (Sams, 1965).

| mpacts to Fish Habitat

As is true of nost drainages in Oegon, the Fish Creek drainage has

been affected by devel opnent activities of man. These inpacts have

been short and long term and from a variety of sources. Some of the

obvi ous incl ude:
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Construction of the Fish Creek road (#5400) encroached on the
floodplain, narrowi ng the channel and |imting its ability to
meander . Cul verts used at stream crossings have created
mgration barriers at three tributaries, elimnating 2 to 3
mles of habitat.

Removal of wood for a variety of reasons, over a |ong period
of time, resulted in substantial |oss of structure and
habitat conplexity. The loss of structure has probably been
instrumental in the downcutting of the channel and |oss of
side and off channel stream area.

Ti nber harvest in tributary areas has probably inpacted water
tenperature and slope failure rates. Elevated sumer water
tenperatures result fromthe [oss of stream shading. Sl ope
failures can be accelerated with the |oss of root strength of
harvested trees, poor road drainage, and sidecast road
construction. Sone of these slope failures have resulted in
debris janms that have blocked passage in tributary streans.
Roadbui | ding and tinber harvest have resulted in a decrease
in watershed stability, wth increased frequency of Iarge
magni tude rain-on-snow events and delivery of water to
streans. This has probably increased channel scouring and
| oss of channel structure.

Increased levels of notorized dispersed recreation is an
increasing managenent concern along Fish Creek. Maj or

conflicts with current use patterns include: harassnent and
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illegal harvest of spawning fish, renoval of down wood, and

harvest of smolt and presnolt anadronous fish.

VI.  Managenent (bjectives

The goal for anadronous fisheries managenent in the Fish Creek
drainage is to provide and naintain optimal habitat conditions for the
wi | d/ nat ur al production of spring chinook, coho, and wnter
steelhead. To achieve this goal the managenent objectives are

1) Maintain/enhance the aquatic habitat capability of Fish Creek
for the production of wi nter steelhead, coho, and spring chinook
2) Manage the riparian resource to reduce the inpacts of high
wat er tenperatures and provide long term supplies of LW,

3) Manage the dispersed recreation along Fish Creek to maximze
the quality of the canpsites, ninimze the harassnent of adult
fish, and informthe public of the nature of the work and the
eval uation, and
4) Correct all migration barriers to anadronmous fish in the |ower
1104 km of Fish Creek and the lower 4.7 km of Wash Creek. The
emphasis for passage inprovenent is on the return of fornerly

avail able habitat that has been blocked by road construction.

VI1. Managenent Approach

These management objectives can be attained by implementation of the
foll owi ng neasures:
1) Develop a habitat inprovenent strategy for the drainage that

will allow the testing of different hypotheses for increasing the
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productivity of the drainage/survival of anadronous juveniles to
snol tification.

2) Request that ODFWsuspend the rel ease of hatchery rai nbow
legals for a period sufficient to assess the habitat inprovenent
proj ects.

3) Cooperate with ODFW and | ocal sportsman's groups to decrease
the nortality of smolts noving through the early trout season on
the O ackamas River.

4) Funding of the evaluation of habitat inprovenent techniques
and the benefits attributable to these projects wll be supported
for a period of tinme sufficient to adequately assess these
questi ons.

5) Inplement a public information/education program to provide
the public with the objectives of project work on a drainage wi de

| evel

Qpportunities for Rehabilitation/Enhancenent

L General Habitat [nprovement Strategy.
Agressively devel op and refine habitat enhancement techniques
for steelhead trout, coho sal non, and where possible, chinook
salmon with enphasis on evaluation of their technical
bi ol ogi cal , and economc feasibility. The focus of
enhancement efforts is on increasing fish habitat conplexity

for the long term

2. Species Specific Habitat Strategy
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For steelhead develop and inplenent a w de range of
techniques aimed at providing preferred habitat over the full
range of seasonal conditions in |ower, md, and upper Fish
Creek and | ower Wash O eek.
a. dide/deep water riffle and pool habitat for |+
steel head, especially for low flow, late summer periods.
h. Al cove/edge habitat for 0+ steel head, especially for
transition and w nter periods
For coho devel op and i npl enent techniques to increase the
amount and quality of slow water, sidechannel, offchannel
and edge habitats and nmaxinmize tributary  spawning
opportunities. For spring chinook inprove passage at the
mouth of Fish Creek and naintain or inprove holding habitat

in the lower reach of Fish Creek.

IX.  Work to Date

A five year fisheries habitat enhancenent program was begun in
1983. The programis a cooperative effort between the USDA Forest
service and BPA to increase natural production of anadronous fish, and
toeval uate changes in habitat and smolt production within the
drainage as a result of habitat inprovenent projects. Five objectives
have beenidentified for the program They are: 1) inprove spawning
habi tat for spring chinook and steel head trout, 2) increase rearing
habitat for coho salmon, 3) inprove overwintering habitat for coho

sal non and steel head trout, 4) rehabilitate riparian vegetation to
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inprove stream shading to benefit all species, and 5) evaluate
| nprovement projects on a drainage wde basis.

Several prototype enhancenent projects were constructed during the
first three years of the study with the intent of identifying the nost
successful techniques that could then be broadly applied within the
basi n. Thi s stepwise procedure has been largely successful in
i dentifying the nost prom sing enhancement techniques for the Fish
Creek drainage. These projects include:

a) O fchannel rearing ponds - one built in 1983 and another added
in 1985, to provide rearing area for coho sal non, have a comnbi ned
area of 1 hectare (when the 1985 pond is finished). The 1983
of f channel pond increased coho snmolt production in Fish Creek by
an estimated 18.8 percent although it represents only 2.5 percent
of the habitat available in Fish Creek (Everest, et al 1986).
These ponds will be seeded with fry propagated from the native
late run coho trapped in a cooperative effort between the Forest,
ODFW and PGE.
b) Boul der berns - a total of 25 berns built in 1981 and 1983 to
collect spawning gravels and provide rearing area. G avel
collection has been limted to about a third of the structures and
future berms would be constructed with [arge, angular quarried
rock to increase durability and reduce on-site habitat
disturbance.

© Perennial side channel - built in 1984 to provide 1,200 n?
of of fchannel spawning and rearing habitat with enphasis on

i nproved overwinter habitat for juvenile salnonids. Prelimnary
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observations indicate that the side channel is providing spawning

habitat for spring chinook and coho and spring/sumer habitat for

coho and steel head.

d) Four acres of riparian habitat were planted with fast grow ng

cottonwood trees to pronote stream shading.

The prelimnary results of the Fish Creek evaluation continue to
refine our understanding of factors limting fish production by
speci es. Past work has concentrated on the nost obvious |imting
factors and future proposed project work will focus on limting
factors as identified in the eval uation. Rearing habitat for coho
salmon, and overw ntering habitat for coho and steel head trout appear
to be limting fish production in Fish Creek. Results of the first
wi nter sanpling indicate that spring chinook juvenile rear to sone
extent in Fish Creek. Habitat for these fish to overwinter may be
limted also. A mdw nter survey identified nunmerous sites wth
excellent potential to provide additional rearing/overw ntering
habitat.  Spawni ng habitat should be devel oped in association with
rearing habitat to insure adequate seeding with juvenile salmon. To
further inprove the accuracy of assigning nunbers of snolts produced
to the Fish Creek basin, operation of the smolt trap near the mouth of
Fish Creek will continue for at least 2 additional years. The
termnation date for the evaluation will be determned in consultation
with BPA

The intensive evaluation of instream habitat inprovenent projects
on a drainage wde basis provides a unique opportunity to test

enhancenent hypotheses. It is with this in mnd that the Forest has
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taken an agressive approach to fisheries habitat inprovement for the

Fish Creek drainage.

X Future Project Priorities

The full treatnent of fish habitat in the Fish Creek drainage is
schedul ed to be inplemented over the next two field seasons (FY 86 and
87). The winter surveys of 1984 and 1985 identified 13 general areas
according to access that have good potential for habitat inprovenent.
In 1986 the priority for action includes the follow ng:

A Passage i mprovement at the nouth of Fish Creek and the
accessible tributaries. Passage at the nmouth will be ained at
providing low flow access to spring chinook and passage at the
tributaries will focus on steel head.
B) Treatment of two intensive sites, selected to represent the 2
| ower reaches of Fish Creek. Inplenentation at these sites wll
enphasize 1) a variety of techniques to inprove |ow flow rearing
habitat, primarily for |+ steelhead, 2) providing habitat during
all flow events, and 3) designing the type of inprovenent that
will take full advantage of the specific site characteristics.

¢ Inprove the rearing pond built in 1985 to stabilize the flow

into and through the beaver pond area. This will require the

conpl etion of the bermjust belowthe inlet structure to raise the
water level, maintenance of the |ower pond dike, and conpletion of
the fish collection facility at the outlet.

D) Inplement the first phase of a public education plan, focusing

on an informational sign at the nmouth, signs at project work
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sites, and signs at the major wood accunul ations to educate the
public on the need for structure to maintain habitat conplexity.
Priorities for 1987 incl ude:

A) Passage inprovenent on Pick and Third Creeks. Both of these
projects have had significant planning conpleted already and
i mpl enentation is contingent upon securing funding for them

B Treatnent of three intensive sites, intended to conplete the
mpjority of work within all three reaches of Fish Creek. Project
sites for 1987 are shown on figure 5  Inplenentation at these
sites will enphasize 1) the use of large logs and boulders in a
variety of configurations, 2) providing habitat during all flow
events, and 3) designing the type of inprovenent that will take

full advantage of the specific site characteristics.



