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| NTRODUCTI ON

Construction and evaluation of salnonid habitat inprovements on
Fish Creek, a tributary of the upper Cackanmas River, began in 1982 as
a cooperative venture between the Estacada Ranger District, M. Hood
National Forest, and the Anadronous Fish Habitat Research Unit of the
Paci fic Northwest Research Station (PNW, USDA Forest Service. The
project was initially conceived as a 5-year effort (1982-1987) to be
financed with Forest Service funds. The habitat inprovement program
and the evaluation of inprovements were both expanded in m d-1983 when
the Bonneville Power Adm nistration (BPA) entered into an agreenent
with the M. Hood National Forest to cooperatively fund work on Fish
Cr eek.

Habi tat inprovenent work in the basin is guided by the Fish Creek
Habitat Rehabilitation-Enhancement Framework devel oped cooperatively
by the Estacada Ranger District, the Oregon Departnment of Fish and
Wldlife, and the Pacific Northwest Research Station. The framework
exam nes potential factors limting production of salmonids in the
basin, and the appropriate habitat inprovenent neasures needed to
address the linmting factors.

Habi tat inprovement work in the basin has been designed to: 1)
inprove quantity, quality, and distribution of spawning habitat for
coho and spring chinook sal non and steel head trout, 2) increase |ow
flow rearing habitat for steel head trout and coho sal non, 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 from a drainage w de
perspecti ve.

The objectives of the evaluation include
1) Drainage-w de evaluation and quantification of changes in sal nonid
spawni ng and rearing habitat resulting froma variety of habitat
| mprovenent s.

2) Evaluation and quantification of changes in fish popul ations and
bi omass resulting from habitat inprovements
3) Benefit-cost analysis of habitat inprovenents.

The eval uation has confirnmed the dynam c nature of limting
factors, and the usefulness of examining the historical record of
habitat characteristics in a basin. Limting factors vary from year
to year, and can be different for each species of salnonids present in
a basin. H storical records that describe the condition for fish
habitats prior to intensive nanagenent activities in a basin are
useful for assessing fish habitat potential and establishing an end
point for rehabilitation efforts.

The projects completed during the first three years of the program
were 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
and 1987 field seasons was to intensively treat project areas in |ower
and mddle Fish Creek with the objective of increasing habitat
conpl exi ty. In 1986 and 1987 nore than 300 structures were
constructed in lower and middle Fish Creek. The structures built in

1986 and 1987 were conbinations of |ogs and boul ders anchored toget her



and to the stream banks with cable and epoxy resin. The nmajority 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
I's anticipated that at |east 80 percent of the habitat available to
anadronous fish will have been affected. A total of $165,300 was
budgeted for planning, project inplenentation, and the Fish Creek
eval uation in 1987.

This paper will focus on the projects conpleted in the basin in
1987, and the evaluation of projects constructed during the 1986-87
peri od. Coho salmon and steel head trout snolt production, and
changes in physical habitat structure and spawning gravel related to
addition of boulders and |arge woody debris to the channel, will be

enphasi zed.



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 approxinately 10 km
in width, and covers 171 km2. The terrain is steep and nountai nous
with bluffs in the | ower canyons typical of the Colunbia R ver Basalt
formation. The valley bottons are typically narrow with incised
stream channel s and narrow fl oodpl ains.

Fish Creek heads near the sunmt of the Cascade Muntains at an
el evation of about 1,400 m and flows generally north for about 21 km
toits confluence with the Cackamas River, about 14 km east of North
Fork Reservoir. The channel gradient is steep throughout this
distance, generally exceeding 5 percent except for the |ower 6 km
where gradients average 2 percent. The steep gradient and vol canic
geology create a stream with predomnately riffle environment and
boul der substrate. The mainstemof Fish Creek is 5th order as defined
by Strahler (1957) and the annual flow variation near the mouth ranges
from0.5 nf/set in late sunmer to nore than 100 m/set during
winter freshets.

One myjor tributary, Wash Creek, a 4th order system heads in the
sout hwest portion of the Fish Creek basin and enters Fish Creek at
km11.  The Wash Creek subbasin covers 36 knf and has a mainstem
length of 8 km  The stream heads at an elevation of about 1,200 m
The mainstem habitat of Wash Creek is steep bouldery riffle in a
narrow i nci sed channel. Average mnimum sunmer flow is approxi mately

0.3 mglsec.



Portland

Figure 1.  The Fish Creek basin is located in northwest

[}
- e o el

OREGON

O egon.



The Fish Creek basin supports a significant popul ation of
anadronous salnonids, including sunmer and wi nter steel head trout

(Salmo_gairdneri), spring chinook sal non (Oncorhynchus tshawytscha)

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

found within the range of anadronous fish and all rainbow trout
sanpl ed there were treated as steelhead trout. Approximately 16.7 km
of habitat are used by anadronous sal nonids, including the |ower
4.7 km of Wash Creek. The upper reaches of both Fish and Wash creeks
are blocked to anadronous salnonids by nmajor 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.
Culverts have bl ocked access to a total of 2 km of anadronmous habit at
on three small tributaries to Fish and Wash Creeks. Vat er
tenperatures in habitat used by anadronous fish are generally
favorable for fish production, ranging fromnear OC at tines in
winter to about 20°C in nost summers. In years with |ow sunmer
streanflow and high sunmer tenperatures, however, water tenperatures
can reach stressful levels for salnonids. For exanple, in early
Septenber 1980, tenperatures in |ower Fish Creek reached 24° C for
several consecutive days. Future streanside management in the basin
I's expected to gradual ly reduce high sumer tenperatures and elimnate
periodic sumer thernmal stress for juvenile sal nonids as streanside
vegetation recovers in areas where |and management and natural events

have created openings in the riparian zone.



The present habitat conditions in Fish Creek vary significantly
from historical conditions. A survey of the Fish Creek basin in 1959
i ndi cated that pools made up about 45 percent of the habitat in the
range of anadronous 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 1982-87
indicate that pool habitat averaged 11 percent (range 8-18) of tota
area during those years. The percentage of boul der habitat within the
range of anadromous fish increased from45 to 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 sane tine interval. The 1964 flood was
fol lowed by a vigorous |ogjam renoval effort that was probably

responsible for the observed decline in pool habitat.



DESCRI PTI ON OF HABI TAT MODI FI CATI ONS

Extensive nodification of habitats in the basin was initiated in
1986 and continued at an accel erated pace in 1987. The objective of
this work was to increase the conplexity of habitats, particularily
along the stream margins, in the nainstemreaches of Fish Creek.
Plans called for placenent of |og and boul der structures along both
edges of the streamto provide quiet conplex edge habitats and a
narrowed and deepened thalweg. The work was designed to benefit all
speci es and age-cl asses of anadronous salmonids in the systemin both
sunmer and winter.

Habitat inprovenents in 1986 were concentrated at 3 |ocations
(km 0.0, 0.6, and 7.8) in Fish Creek basin (Fig. 2). 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 |ow flow sunrer pool habitat, and the
anount and conplexity of winter habitat, for coho and spring chinook
salmon and summer and winter steelhead trout.

The sane type of habitat work was continued in 1987, but a |arger
area was treated. Mre than 5.5 km of habitat between km 1.5 and
km7.8 (Fig. 2) were intensively treated with boul der-1og structures.
The work in 1987 addressed the sane objectives as the 1986 habitat
modi fi cations.

Eval uation of habitat inprovenents conpleted on Fish Creek in the
summer of 1986 was continued in 1987. The 1986 and 1987 habit at

modi fications are described in nore detail bel ow
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Figure 2. Habitat enhancenent projects conpleted in the Fish Creek basin,
1986-1987.
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1986 and 1987 Habitat Modifications

Approximately 94 trees were felled and nore than 300 boul ders were
used to construct 110 structures along 2 kmof streamat sites |ocated
at km0.0, 0.6, and 7.8. The work 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 structural elenments to the channel also will inprove
shelter for overw ntering salnonids and provide additional spawning
habitat through gravel entrapnent.

The work in 1986 also presented an opportunity to rehabilitate
access sites used by heavy equi pment during previous years of the
proj ect.

The inplementation of the projects in 1986 and 1987 was divi ded
into four stages, 1) boulder haul, 2) tree falling, 3) backhoe

operation, and 4) cabling/securing:

Boul der Haul : To mnimze the disturbance of boul ders already
incorporated in the channel |arge nunbers (250 in 1986 and 500 in
1987) of boul ders were hauled to the project area and stockpiled at
storage sites. Transportation of boulders fromthe stockpile sites to
i ndi vidual work sites was done by a backhoe. In addition to the
boul ders noved to the site, boulders located along the floodplain of
the project area were used also. The boulders 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
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Tree Falling: A professional tree faller was hired to drop trees
t hroughout the project area (94 were felled in 1986 and 280 in 1987).

The trees, which were pre-selected and nmarked, ranged in size from
0.6 mto 1.8 min dianeter. In order to protect the streambanks and
stream shading, bankside trees were avoided. Trees that were felled
were back fromthe bank and were dropped between standing trees. Wth
a large portion of the felled tree on the bank and wedged between
standing trees, displacenent during high flows is less |ikely. Al so,

the trees were anchored by cable to standing trees and to boul ders in
the channel. The majority of the trees were left whole, with the
limbs on, and were used as debris collectors, cover logs in pools, and
as flow deflectors in riffles

Backhoe Operation: A |arge excavator/backhoe was rented to construct
| og- boul der structures, excavate pools, and reconstruct the west
beaver pond (Everest et al. 1987). \Wen a boul der was placed it was
stabilized by seating it in an excavation in the substrate. Boul ders
used as scouring agents were seated |ow enough to allow flows to pour
over the top of the boulder to assist the scouring action. Boul ders
used as anchors were placed on the upstreamside of felled trees to
prevent the logs fromfloating and coming to rest on top of the
boul ders.  Also, the backhoe was used to pull on-site boul ders and
downed logs 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. Areas of disturbed soi

were planted with grass seed upon the conpletion of the project.
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Cabl i ng/ Securing:  The anchoring system enpl oyed a pneunatic drill and
pol yester resin. One or nore pair of 20 to 25 cm deep holes were
drilled into each boul der and partially filled with polyester resin.
One end of the 12 mm cable was inserted into one hole of the pair and
the cable 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 cabl e and cabl e cl anps.
Habi tat inprovenent objectives for the 1987 project area were
simlar to those of the 1986 project. The prinary difference was that
the 1987 project area was situated in nore difficult terrain to access
and inprove, and therefore required a nore aggressive approach for
improvenment.  An articul ated backhoe was used to access and pl ace
structures in 2.1 kmof the nost difficult terrain. In 1987 the
intent was to incorporate as nuch of each felled tree into the channe
as possible so at least part of the tree remained in contact with
water during low flow periods. Post project nonitoring of 1986
i mprovenents indicated that sone of the wood was placed too high to
affect habitat at low flow  Consequently, structures built in 1987
were lower in the channel and included nore rock to provide ballast.

It was anticipated that, because so much nore of each log was in
the channel, the structures would tend to nove during high flow
events, sinulating the behavior of natural blowdown. Approximtely 55
percent of the estinmated 600 pieces of wood placed in 1987 noved
during the Decenber 1987 high flow event. O those that noved, 94

percent were still neeting project objectives. Only 6 percent of the
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mobi | e wood was noved out of the channel, either deposited too high on

the edge to be effective fish habitat or floated out of the system
The rate of success is felt to be quite satisfactory, given the

fact that the structure design and intensity were very aggressive and

incorporated varying degrees of risk of failure.
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METHODS AND MATERI ALS

An important part of the habitat enhancenent eval uation on Fish
Creek was basin-wide docunmentation of pre-inprovenent habitat
characteristics and fish populations. Once these characteristics were
established, changes in habitat and fish nunbers associated with
habi tat inprovenent within the basin could be docunented. Physical
and biological surveys also were nmade before and after habitat

i mprovenents 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. Three
reaches were |ocated on mainstem Fi sh Creek between Wash Creek and the
mout h, and one each was | ocated on Wash Creek and Fi sh Creek above the
confluence of Wash Creek. Each reach was sel ected because it was
believed to be 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 primarily above canyon constrictions
and tributary junctions where sedinments have accunulated for
centuries. The stream often spreads out at high flow and fornmns
mul tiple channels in these areas. The side channels are active at
high flow in winter and spring, but many are intermttent or dry in

Fish Creek during the summer. Those that remain active in sumrer have
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characteristically slow water velocity and |ow stream flow, but water
tenperature remains favorable for fish production.

Al coves, found along the edges of the main channel, are quiet-
water habitats formed 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 sumer.
These five habitat types are occupied preferentially by the three
anadromous fish species present in Fish Creek (Everest et al. 1986)

Physi cal habitat was measured 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
scheme inventoried about 15 percent of the basin. Results were
extrapolated to the rest of the basin accessible to anadromous fish to

estimate total habitat in each category available to anadronous fish.

Habi tat Surveys 1985-1987

The habitat surveys conducted in 1985-1987 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. Gides are shallow habitats with little turbul ence and | ow
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 1985-1987 covered the entire area of
t he basin used by anadronmous fish, rather than the five half-
kil ometer (km) reaches used previously. Every habitat unit in the
16. 7 km of anadronmous habitat was classified according to the five
habitat types and its length, width, and mean depth was estimted. In
addition, at every 5th pool and glide, and every 10th riffle, the
length, width 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 neasured area and vol ume of a given habitat type were conpared and
a correction factor, which reflected the bias introduced by the
estimator, was cal cul at ed. Estimated area and volume of each unit
were multiplied by the correction factor. The total area and vol une
in each section of the basin were the suns of the areas and vol umes 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

sel ected reaches.

Fish Population Estimates 1982-1984

Fish popul ation estinmates for the portion of the basin accessible
to anadronous sal nonids were nmade by sanpling juvenile salnmonids in
individual habitat types at 8 locations in the basin. Fi sh
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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Popul ati ons of juvenile salnonids in each habitat unit were
determined by installing 0.47 cn? mesh bl ock-nets at the upstream
and downstream boundaries of each site and either electrofishing wth
Smith-Root Type VII or XI D.C. Shockers, or by snorkel divers actually
counting the nunber of fish.

Popul ation estinmates by el ectrofishing were cal cul ated by the
Mor an- Zi ppen et hod (Zippen 1958). which is a nultiple pass renoval
net 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 sal nonid captured by electrofishing was nmeasured to the
nearest mllimeter (fork length) and the first 25 of each species at
each site were weighed to the nearest tenth of a gramon an Chaus
Dial-O Gam balance. Wights of additional fish were calculated from
a |l ength/wei ght frequency rel ationship based on the involving the
first 25 fish weighed and neasured. Estimates of biomass in sections
counted by divers were made by extrapolation of |ength-weight data
obtained by electrofishing in simlar habitat units nearby.

Diver counts of fish were nade 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 simultaneously
upstreamrecording the number of fish by species and age-class. After

the first count the divers sw tched 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 Estinmtes 1985-1987

Fish nunbers in 1985, 1986, and 1987 were estinated by direct
observation with a mask and snorkel and by electrofishing. Direct
observations were made by a teamof two divers in twenty percent of
the pools and glides and ten percent of the riffles. The units in
whi ch observations were nmade were determned by systenmatic sanpling
(Hankin and Reeves in prep.). In 1987 counts were nade on a total of
23 riffles, 57 pools, and 26 glides. The divers began at the
downstream end of a unit and proceeded slowy upstream  Each diver
identified and enunerated 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 verification was conducted at 26 of the diver count
sites (Hankin and Reeves in prep.) Popul ation size was estimated by
t he Moran-Zi ppen nmethod (Zippen 1958). Popul ations of juvenile
salnonids in each habitat unit were determned by installing
0.47 cnf bl ock-nets at the upstream and downstream boundaries of
each site. A pass was defined as electrofishing from the downstream
bl ock-net to the upstream net and return. Sanpling concl uded when the

succeedi ng catch was | ess than 25 percent of the previous catch. This
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change from methods used in 1982-84 was done to narrow the confidence
intervals around estinmates.

Fi sh captured by el ectroshocking were neasured to the nearest
mllimeter (fork length). Al fish were weighed. \Wight measures
were nmade to the nearest 0.1 g with an Chaus digital balance. The
standing crop of fish at a site was estimated by multiplying the nean
wei ght of a species or age-class times the estimated nunber of

i ndi vi dual s.

Snolt  Production FEstinates

Snolt production of steel head trout and coho and chinook salnon in
1985- 1987 was quantified by use of a floating smolt trap. The trap
(Fig. 3) 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 mw de 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 cm of the
bottom  The paddl ewheel is powered by the streanflow passing by the
trap and turns the traveling screen at speeds up to 15 cnfsec.

The trap was fished 0.3 km upstream from the mouth of Fish Creek
by positioning it with cables in high velocity water at the stream
thalweg (Fig. 4). Downstream migrant salnonids, moving primarily at
night, are inpinged on the subsurface portions of the traveling screen

and baskets move continuously upward. As the screen rotates around



Figure 3.

Modi fied Hunphrey trap used to sanple downstream m grant
sal monid smolts on Fish Creek.
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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 sanples only a portion of the cross-sectional area of the
stream and so its efficiency nust be calibrated. The efficiency is
determ ned by releasing a known nunber of marked mgrants 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
nmust be tended daily or twice daily when |arge nunbers of fish are
mgrating downstream

In 1985 an attenpt was nade to fish the trap continuously from the
installation date of April 15 until md-Novenber, to nonitor both
spring and fall novenent of juvenile salnonids. Except for a few
scattered days when the trap was out of operation because of
mechani cal problems, it fished fromApril 15 until August 25 when
streanfl ow becane too low 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 fromMrch 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.

In 1987, the trap was fished continuously from Feburary 17 unti
June 8. Mechanical problens and | ow stream flow precluded trapping on

20 days during this period.
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Smolts | eaving the eastside off-channel pond at km 3 were captured
inatrap 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.

Spawni ng Habi tat Surveys

An inventory of spawning habitat in the basin was nade in 1982
1984, and 1987. The 1982 and 1987 surveys covered the entire area
used by anadronous sal nonids. Usable gravel was quantified separately
for each species. In 1984 only gravels used by chinook sal mon were
quantified. Only gravels of the correct size in the correct position
for spawning and with the proper water depth and velocity at the
correct time of year were included for each species. A slight change
in survey techniques was made between 1982 and 1987. Al usable
gravel areas 1 nf or greater in size within the range of steel head
trout and coho sal non were quantified as spawning habitat in 1982, but
the mninmumarea was increased to 2 m2 in 1987. Several years of
observations of spawni ng behavior of steelhead and coho in Fish Creek
indicate that while these fish can use gravel areas of <2 n@, t hey
rarely do so. The minimm area counted as chinook sal mon spawni ng

habitat was 2 nfin all vyears.

* k%
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RESULTS
Habitat Availability 1982-1987

The surface area of mmjor habitat types for anadromous sal nonids
in Fish Creek has been estinated in |ate sumrer each year from 1982
through 1987. The differing techniques used in the 1982-84 period,
and since 1985, resulted in sone changes in estimates of area for the
various habitat types (Table 1). The inproved nmethod for estinating
habitat area used since 1985 is believed to be nore accurate than the
techniques used previously because habitats have been sanpl ed

throughout the entire range of anadronous fish in the basin.

Table 1. Area (n2) of habitat available to anadronous sal nonids on
Fi sh Creek, Septenber 1982-1987.

Habitat Types

S 1/

i de Beaver—=

Year Pool s Rffles 3 ides Channel s Al coves Ponds Tot al
1982 18,450 138,590 - 4,250 2,270 190 159,310
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 2,5802/ -- 190 143,950
1986 27,470 114,400 27,380 0—/ -- 190 169,440
1987  29.660  79.700  23.980 9403 -- 190  13h.470
Mean 239665 134, 587 24,130 3.858 29333 222 174,180

1/ Does not include enhanced off-channel ponds

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

3/ Al side channels nearly dry in 1987 and were not sanpled for fish.
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The area of habitat types in sunmer has varied wi th mninmm
streanfl ow between 1982 and 1987. A rough average of the total area
in each habitat type neasured during the 1982-84 period was: riffles,
86 percent; pools, 10 percent; side channels, 3 percent; alcoves, 1
percent; and beaver ponds, 0.1 percent. Al coves were elinmnated 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 the 1985-87 period was:
riffles, 64 percent; pools, 19 percent; glides, 16 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. 5). There is no stream gage on
Fish Creek, but the adjacent Mdlalla River basin to the west has a
USGS gage and can be used as an index to flow in Fish Creek. Fi sh
Creek and the Mlalla River head in the same area and share conmon
precipitation characteristics. Using 1982 as the base year with a
flow index of 1, nean flows during habitat sanpling periods on Fish
Creek in 1983, 1984, 1985, 1986, and 1987 were, 2.12, 1.00, 0.50,
0.55, and 0.46, respectively. Total habitat available to anadronous
sal monids on Fish Creek in late summer is related directly to these
indices. The higher the mninumstreanflow, the greater the area and

vol ume of available habitat.
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A record drought in the summer and fall of 1987 resulted in the
| owest sunmer streanflows and habitat areas observed in the basin
since the evaluation began in 1982. Summer rearing habitat decreased
a total of 21 percent from 1986, wth the greatest decrease (30
percent) in riffle area. Pool area increased 8 percent in 1987
because sone habitats classified as glides in previous years were
classified as pools during the extrene |ow fl ow conditions of 1987.
Al so, habitat work conpleted in the summer of 1986 resulted in a snal
increase in pool area

The distribution of habitat used by rearing juvenile anadronous
sal nonids varies by species (Fig. 6). Steelhead trout use the entire
area accessible to anadromous sal moni ds while chinook and coho sal nmon
use only a portion of the system During the period 1982-86 chinook
and coho sal mon used about the |ower one-third of the habitat area
avai | abl e to anadronous fish, but both species expanded their rearing
range by about 20 percent in 1987. The expansion in rearing range was
directly related to an extension of spawning distribution by adult
chinook and coho sal non during the 1986-87 spawni ng season.  Access
i mprovenent at the mouth of Fish Creek, early fall freshets, and
moderate steady stream flow in the winter of 1986-87 allowed chinook
salmon to utilize nore than 8.5 km of the mainstem of Fish Creek, an
increase in range of nearly 3 km Coho sal mon spawning activity
extended fromthe nmouth of Fish Creek to the confluence of Fish and
Wash Creeks (9 km), also a range expansion of about 3 km The area of

each habitat type available to the sal mon species for the period



Figure 6.
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Table 2. Area (mz) of habitat types utilized by coho and chinook salmon
on Fish Creek, summer 1982-1987.

Habitat Types

Side Beaverl/

Year Pools Riffles Glides channels Alcoves ponds Total
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 2,3002/ - 190 83,590
1986 7,166 62,944 13,749 —/ - -- 83,829
1987 20,260 58,940 20,370 9403 -- 190 100,700
Mean 10,828 72,412 15,856 1,512 1,110 228 93,420
1/

2/ Does not include enhanced off-channel habitat.

3/ All side channels were dry when habitats were quantified in September.

All side channels nearly dry in 1987 and were not sampled for fish.

1982-87 is 1listed in Table 2. An annual summary of habitat
availability and use by salmonids for the 1982-87 period is presented

in Appendix I.

Salmonid Populations and Habitat Utilization 1982-1987

The number of juvenile anadromous salmonids in the Fish Creek
basin in the summer of 1987 was above the five year mean for 1982-86,
but the structure of the fish community had shifted from previous
years. Steelhead trout were the dominant species of anadromous
salmonids in Fish Creek during the 1982-87 period. Age O+ and 1+

juveniles accounted for 90 to 98 percent of the total salmonid
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popul ation in 1982-86, but only about 60 percent in 1987 (Table 3).

Underyearling (0+) steel head were the domi nate age-class in all years,

ranging from52 to 79 percent of the total salnonid population. Coho
salmon contributed 2 to 8 percent to the total salnonid population in
the 1982-86 period, but increased to 33 percent in 1987. Chi nook
nunbers ranged fromO0.1 to 3 percent of the total standing stock of
salmonids in the basin in 1982-86, but junped to 5.5 percent in 1987
(Table 3)

Popul ations of 0+ steel head trout have been highly variable
during the 6 years of the evaluation, averaging about 87,200 fish
(+ ~ 30 percent) annually (Table 3). The reasons for the high
variability are conplex and related to seeding rates (Fig. 7) and

environnental variables, and perhaps intra-stock conpetition. Nunbers

Table 3. Estimated nunbers of juvenile anadromous salnonids in Fish
Creek, Septenber, 1982-1987, and percent of total popul ation.

0+ Steel head 1+ Steel head Coho Sal mon Chi nook Sal non

Year Nunber Percent Nunber Percent Nunmber Percent Nunber Percent Tot al

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
1987 53,400 47.0 15,970 14.1 37.880 33.4 6, 290 5.5 113, 540
Mean 87,157 70.8 20,382 17.3 11,842 10.1 2,065 1.7 102. 525
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of steelhead trout fry show a weak direct correlation (r = 0.44) with
the nunber of adult winter steelhead trout passing North Fork Dam the
previous winter and spring. Envi ronnental variables such as high
spring flows and extrene |ow sumer flows mght also cause O+
st eel head populations to vary fromyear to year. Another possible
confounding factor is the recent increase in stocked sumer steel head
in the upper O ackamas Rver. An aggressive Oregon Department of Fish
and Wldlife hatchery program has devel oped a |arge run of Skanania
stock summer steelhead in the upper Cackamas River.  Adult summrer
steel head are frequently seen in Fish Creek in sumrer and are presuned
to spawn there. Inter-stock conpetition by fry for early rearing
habitat coul d reduce survival of post-emergent native winter steel head
fry. Also, since introduced summer stocks are probably |ess
wel | -adapted to Fish Creek, they mght suffer higher early-rearing
nortality rates than native stocks. The net result could be reduced
survival for both summer and winter stocks.

Underyearling steel head trout make significant use of all habitat
types in the system except for beaver ponds (Table 4). From 1982 to
1985, and in 1987, densities (fish/mk) of 0+ steelhead trout were
general ly highest in quiet shallow habitats such as glides, alcoves,
and side channels, but substantial use of quiet riffle and pool
margins also occurred. In 1986, however, densities were greatest in
riffles. This may have been attributable to changes in habitat

availability (loss of side channel habitat) and quality follow ng the

high flow event of February 1986. Al so, the highest absol ute nunbers
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Table 4. Density of 0+ steelhead trout (fish/mz) by habitat type, Fish
Creek, 1982-1987.

Habitat Types

Side Beaverl/

Year Pools Riffles Glides channels Alcoves 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/ -- 0.533/ 0.80
1986 0.51 0.83 0.35 O.OOE/ - -- 0.70
1987 0.58 0.26 0.64 -- = -- 0.03 0.40
Mean 0.42 0.53 0.65 0.56 0.53 0.12 0.53
1/

5/ Does not include enhanced off-channel ponds.
3/ All side channels were dry in September 1986.
&/ Not sampled in 1986.
-/ Side channels were nearly dry in 1987 and were not sampled for fish.
of O+ steelhead observed during the study occurred in 1986, possibly
forcing underyearlingsinto riffle environments. Densities of O+ fish
were low in beaver pond habitat except in 1985 when steelhead trout
spawned in the tributary to the beaver pond at km 3 and emerging fry
moved downstream into the pond.

The absolute numbers of O+ steelhead trout in the system during
the summers of 1982-87 were highest in riffles. A major decrease in
O+ numbers in riffles occurred in 1987 when riffle areas were greatly

reduced because of drought. Pools, glides, and side-channels are also

important habitats for O+ steelhead (Table 5). Availability and
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Table 5. Estinmated nunbers of 0+ steel head trout by habitat type, Fish
Creek, 1982-1987.

Habi tat Types

Si de Beaverl/

Year Pool s Riffles dides channels Al coves ponds Tota

1982 5,170 75,240 -- 5,100 2,200 0 87,810
1983 3,780 53,870 -- 1,760 610 10 60,030
1984 3,850 81,010 -- 2,370 830 o 88,060
1985 20,180 72,960 20,270 2,260 -- 1002 115,770
1986 13,970 94,410 9,490 0 -- --2/ 117,870
1987 17,150 21,010 15,230 -3 -- 10 53,400

Mean 16, 083 66, 417 14, 997 2,300 1,210 24 87 , 157

%j Does not include habitat created by enhancement projects

=" Not sanpled in 1986.

3/ side channels nearly dry in 1987 and were not sanpled for fish.
quality of quiet streammargins in late spring and early sumrer
appears to be a key habitat need for post-energent steel head fry.

Age 1+ pre-snolt steelhead trout populations in late summer were
remarkably consistent during the 1982 to 1986 period, averaging about
22,300 fish (+ ~ 10 percent, Table 3). The |owest nunbers of age |+
st eel head (16, 000) observed since the study began occurred in the
sumrer of 1987. The abundance of |+ steelhead trout shows a positive
correlation (r = 0.63) with sumrer streanflow, indicating that as
wetted habitat area increases in sumver, carrying capacity for age 1+
fish also tends to rise. This relationship helps explain the |ow

nunbers of age |+ steel head in Fish Creek in 1987, but several other
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factors could also be responsible. Age 1+ steel head were highly
vulnerable to angling during the low flow period in 1987, over-winter
survival mght have been reduced by the |arge freshet of February
1986, and some age 1+ fish mght have noved out of |ower Fish Creek in
the summer of 1987 in response to high turbidity caused by habitat
i mprovenent activities upstream

Age 1+ steel head trout show a preference for deep, rocky pools but
al so use deep boul der-rubble riffles, glides, side channels, and
beaver ponds in descending order (Table 6). Preferred pool habitats
for this age-group in sunmmer, as determined by density of fish per
m? of habitat, are in short supply, making up only 10-19 percent of
total habitat. Popul ations of [+ steelhead trout are highest in
riffles since riffles make-up 80 to 90 percent of the habitat in Fish
Creek in nost years (Table 7). Pool s contain the second hi ghest
nunbers of 1+ fish in sumer followed by glides, side channels, and
beaver ponds.

The nunbers of juvenile coho salnmon in the Fish Creek basin have
general ly increased since 1982, and reached an all-tine high in 1987
(Table 3). Populations in 1987 were 106 tines higher than in 1986.
The increase in juvenile coho salmon during the period 1982-1985 was
not related to increased seeding since the nunbers of adult coho
sal non passing North Fork Dam (Table 8) and entering the upper
O ackamas basin declined from 1982-83 to 1984-85. It is possible that

t he nunbers of adult coho sal non spawning in Fish Creek increased

during that period, even though the total nunbers passing North Fork
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Table 6. Density of |+ steel head trout (fish/nf) by habitat type,
Fish Creek, 1982-1987.

Habi tat Types

Si de Beaver

Year Pool s Riffles dides channels A coves 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 -- 0.08 0.05 0.09 0.13

1985 0.14 0.14 0.09 0.091/ -- 0.002/ 0.13

1986 0.24 0.09 0.12 0.00—/ - --="0.12

1987 0.20  0.07 0.13 3 -~ 0.00 0.12

Mean 0.20 0.11 0.11 0.07 0.05 0.02 0.12

1/

2/ Al'l side channels were dry in Septenber 1986.
=/ Not sanpled in 1986.
3/ side channels nearly dry in 1987 and were not sanpled for fish

Table 7. Estimated nunbers of [+ steelhead trout by habitat type, Fish
Creek, 1982-1987.

Habi t at Types

Si de Beaver

Year Pool s Riffles @ides channels Al coves ponds Tota

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 2301/ -- 02/ 18, 520
1986 6, 620 10, 820 3,230 n= -- _—— 20, 670
1987 5,850 6, 760 3, 360 2 3 - 0 15, 970
Mean 4,590 14, 983 2,797 290 110 2.0 21. 257

%; Al'l side channels were dry in Septenber 1986.
=/ Not sanpled in 1986.
3/ Side channels nearly dry in 1987 and were not sanpled for fish.
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Table 8. Counts of adult anadromous sal nonids at North Fork Dam 1981-82
to 1986-87.

St eel head trout Coho sal non Spring chi nook sal non
Year Summer W nt er Tot al Tot al Jacks Tot al Jacks
1981- 82 4,138 1,446 5. 584 1, 282 (112 3,119 (219
1982-83 1,948 1,099 3,047 2,949 (405) 2,685 (102)
1983-84 11, 062 1, 238 12,300 1,599 (78) 2.835 (87)
1984-85 5. 549 1,225 6, 674 694 (83) 1. 693 (140)
1985- 86 7.422 1.432 8,854 3,315 (592) 1, 960 (163)
1986-87  4.367 1,282 5,639 4.376 (214 1,214 (20)
Mean 5, 748 1, 287 7,019 2, 369 (247) 2,251 (165)

Dam declined. However, this was not substantiated by counts of adult
fish or redds in Fish Creek because weather and water conditions
precl uded accurate counts during the spawning period. The decline in
1986 probably was due to | oss of redds fromscour and siltation during
the February 1986 high flow event. The remarkabl e increase in nunbers
of juvenile coho salnon in 1987 is apparently related both to
i ncreased nunbers of adults returning to the basin, and to habitat
i mprovenent in the [ower and middl e basin since 1983.  The run of
adult coho salmon over North Fork Damin 1986-87 was about 25 percent
(1,000 fish) higher than in 1985-86 and some of the additional fish
undoubt edly spawned in Fish Creek. Aso, the first group of adult

coho returning from smolts produced in the off-channel pond at km 3,
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spawned during the 1986-87 season and contributed to the high nunbers
of 0+ fish seen in the sumrer of 1987. Habitat work conpleted in the
sumer of 1986 al so increased rearing capacity for O+ juveniles and
contributed to the high nunbers of coho in the basin in 1987.

Beaver ponds are the preferred habitat of juvenile coho salnon in
the Fish Creek basin in sunmer, as neasured by density of fish per
2 (Table 9). Gides, side channels, and pools are al so inportant
habitats, but received only a fraction of the use per % that was
observed for beaver ponds. Coho salmon prefer noderately deep quiet
habitats on the streamnargins or out of the main channel

The greatest absolute nunbers of coho salmon in the systemin
summer occurred in riffle habitats (approxinmately 80 percent of tota

habitat) from 1982 through 1984 (Table 10). even though the densities

Tabl e 9. Density of 0+ coho salnon (fish/nf) by habitat type, Fish
Creek, 1982-1987.

Habi tat Types

Nat ur a
Si de Beaver
Year Pool s Riffles @dides 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 0.04 - 0.96 0.28 2.19 0.09
1985 0.13 0.071/ 0.43 0.262/ -- 1.37 / 0.14
1986 0.18 0.00= 0.16 OE/ -- -3 0.04
1987 1.10 0.10 0.42 -— = - 2.40 0.38
Mean 0.31 0.05 0.34 0.35 0.20 1.63 0.12

%9 Actual density 0.0006 fish/n?

EY, Al'l side channels were dry in Septenber 1986.

%/ Not sanpled in 1986.

=" Side channels nearly dry in 1987 and were not sanpled for fish.
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in this environment were |ow. In 1986, the estimated nunber in
riffles declined dramatically. This probably was due to the over-all
reduction in nunmbers of coho salmon. Riffles are the least preferred
habi tat of coho salnon and would be the last to be utilized. Quieter,
| ess turbulent glides were found to be the conponent of habitat that
contained the majority of 0+ coho salnon. Pools and glides held the
| argest nunbers of coho in 1987

The system appeared to be nearing carrying capacity for coho
salmon in 1987. The summer popul ation was estimted at about 38,000
fish, three times higher than previously observed during the study.
Wi le nunmbers of coho had increased dramatically, there was a

correspondi ng decrease in the mean size of fish. Juvenile coho

Table 10. Estinmated numbers of 0+ coho sal non by habitat type, Fish
Creek, 1982-1987.

Habi tat Types

Si de Beaverl/

Year Pool s Riffles dides channels Al coves ponds Tota

1982 290 1,040 - 180 140 260 1,910
1983 1,500 5,340 - 130 220 2bo 7,430
1984 1,840 3,310 - 1,920 630 590 8,290
1985 1,550 3,850 5,720 6002/ -- 260 / 11,980
1986 1,350 B 2,170 oF) -- -3 3,560
1987 22,750 6,160 8,520 -— = - 450 37,880
Mean 4, 880 3,290 5, 470 570 330 360 11, 842

%5 Does not include enhanced off-channel habitat.
3/ Al'l side channels were dry in Septenber 1986.
1y, Not sanpled in 1986.
=/ Side channels were nearly dry in 1987 and were not sanpled for fish.
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averaged 4.6 g/fish in the summer of 1986, but only 3.4 g/fish in
1987, indicating increased conpetition for food and space

Age 0+ chinook salmon are less abundant in the Fish Creek system
than other species of anadronous sal nonids because nost fry emgrate
to the Cackamas River soon after emergence. Those fish that do
remain in Fish Creek apparently prefer pools and glides for summer
rearing (Table 11). The absol ute nunbers of 0+ chi nook have been
general Iy highest in pools, although in 1985 near equal nunbers
occurred in pools, riffles, and glides (Table 12)

Estimated nunbers of juvenile chinook salnmon in the basin in 1987
were the highest since the study began, due to a range expansion and
good spawning conditions in the basin in 1986, and increased
conplexity in rearing areas from habitat inprovement in the summer of
1986. Nurmbers in the basin the previous sumrer (1986) were |ow,
probably due to low redd survival fromthe high flow event in February
1986.  The nunber of adult chinook sal nmon spawning in Fish Ceek
appears to be related largely to the timng of fall freshets (Everest
et al. 1985). Late arrival of fall rains and runoff can inpede entry
of spawners, although channel inprovement at the mouth in 1986 has
alleviated this problemto sone degree. Early rains and runoff
provi de easy access for adult chinook sal non. Qur data show no
apparent relationship, however, between the nunber of spawners using
the systemin the fall and the nunber of juveniles rearing in Fish

Creek the follow ng sumrer.
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Table 11. Density of 0+ chinook sal mon (fish/n?) by habitat type
Fi sh Creek, 1982-1987.

Habi tat Types

Si de Beaver
Year Pool s Riffles G@ides 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
1987  0.16  0.03 0.07 =¥ . 0.00  0.06
Mean 0. 06 0.01 0.06 0.00 0.01 0.01 0.021

%5 Al'l side channels were dry in Septenber 1986.
EY, Not sanpled in 1986.
3 Side channels were nearly dry in 1987 and were not sanpled for fish.

Table 12. Popul ations of 0+ chinook sal mon by habitat type, Fish
Creek, 1982-1987.

Habi t at Types

. Side Beaver

Year Pool s Riffles dides channels Al coves ponds Tota
1982 110 0 - 0 10 0 120
1983 640 490 -- 0 10 0 1,140
1984 280 0 - - 8 0 0 290
1985 1,240 1,620 1, 490 AL/ - -2/ 4,350
1986 100 0 100 3 - 200
1987 3,200 1, 640 1,450 - 0 6, 290
Mean 928 625 1,013 0 10 2 2,065
1/

Y Al'l side channels were dry in Septenber 1986.
=" Not sanpled in 1986.
3/ Side channels nearly dry in 1987 and were not sanpled for fish.
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Coho Sal non Snolt Production, Fish O eek

The coho salnon snolt mgration fromFish Creek was nonitored
closely from 1985 through 1987 with a floating smolt trap |ocated at
km 0.3. The trap was operated from April 15 until August 25, in 1985
when streanflow became too |ow for effective operation. Coho sal mon
snolts were captured at the trap between April 18 and June 19, with
the peak outmgration occurring on May 19 (Fig. 8). Atotal of 1,095
coho salmon snolts were captured. The total 1985 smolt nigration was
estimated at 3,099 fish (Table 13).

In 1986, the snolt trap was installed on March 14 and fished unti
July 18. Coho smolts were first captured on March 15, about one nonth

earlier than the previous year, indicating that some early mgrants

Table 13. Coho salnmon snolts captured in a floating trap at km 0.3 on
Fish Creek, and estinmates of trap efficiency and total smolt mgration
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= recapt ured percent snolts
04/ 15- 04/ 28 76 83 38 46 165
04/ 29- o/ 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 -- --
Total s 1.095 978 371 -- 3.099

'\ ncludes smolts from of f - channel pond at km 3.0
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mght have left the system before trapping began in 1985 |
Consequently, the 1985 data should be considered a mninum estinmate of
coho salmon snmolt production for that year.

The 1986 migration apparently began earlier and peaked earlier
t han was observed in 1985 (Fig. 8). Total nunbers of coho sal non
smolts leaving the systemin 1986 (2,371 fish), however, were 23
percent lower than in 1985 (Table 14).

1987 was a difficult year for snolt trapping because of |ow stream
flow during much of the trapping season. An attenpt was nade to
operate the trap continuously from February 13 through June 9, but

mechani cal breakdowns, low flows, and vandalismresulted in periodic

Table 14. Coho salmon snolts captured in a floating trap at kmO0. 3
on Fish Creek, and estimates of trap efficiency and total snolt
numbers by weekly intervals, March 14 - July 18, 1986.

Mar ked Mar ked Trap Esti mat ed
Snol ts snolts snholts efficiency tota

Dat es captured released recaptured per cent snolts
03/ 14- B3/ 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 47 191
05/ 08- 05/ 14 192 236 133 56 343
05/ 15- 05/ 21 64 185 79 43 149
05/ 22- 05/ 28 74 161 50 31 239
05/ 29- 06/ 18 14 81 10 12 117

Total s 1, 093 1,612 767 - - 2,371
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| oss of data (Table 15). Estimated total smolt production (2,600) was
simlar to previous years (Table 15). Trapping efficiency (15
percent) was reduced in 1987 primarily because of |ow stream flow. As
in previous years, the peak migration in 1987 occurred in the early to
m d- May peri od.

Coho snolts from Fish Creek in 1985 averaged about 114 mm fork
l ength and ranged from96 nmto 140 nmm  The nean size of snolts
varied somewhat on a daily basis, but showed no distinct seasonal
trends (Fig. 9). Coho snmolts were snaller in 1986, averaging only
107 mm and ranging from82 mmto 134 nm and again showed no distinct

seasonal trends (Fig. 10). The flood event of February 1986 (Everest

Table 15. Coho salnmon snolts captured in a floating trap at km0.3
on Fish Creek, and estimates of trap efficiency and total snolt
nunbers by two-week intervals, February - June 1987

Mar ked Mar ked Trap Esti mat ed
Snol ts snolts snolts ef ficiency tota
Dat es captured released recaptured per cent snolts
02/15-02/28 5 0 0 11% 5
03/01-03/14 8 0 0 111/ 73
03/15-03/28 10 0 0 lli/ 91
03/29-04/11 14 9 0 11= 127
oh4/12-04/25 28 113 7 6 o7
04/26-05/09 42 604 92 15 280
05/10-05/23 161 481 53 11 1,252
05/24-06/06 7 65 9 14 50
06/07-06/20 0 0 0 0 0
Total s 275 1,272 161 T 2. 597

l/Estim.:-lted ef ficiency



46

et al. 1986). conmbined with a relatively cold winter, mght account
for some of the variation in size between years. Smolts averaged
111 mmin 1987 (range 82 to 171 mm (Fig. 11).

Coho salmon smolts were not only smaller in 1986, but also much
lighter in weight than the 1985 cohort. In 1985, snolts averaged
about 20 g while the 1986 mgrants averaged about 14 g. Snolt weights
ranged from7 to 33 g in 1985 with a near normal distribution
(Fig. 12); in 1986 smolts ranged from7 to 31 g with the distribution
skewed heavily toward the lighter weights (Fig. 13). In 1987 snolts
averaged 14 g in weight and the weight distribution was nore normally
distributed (Fig. 14) as in 1985 (Fig. 12).

The behavior of downstream m grant coho salnon smolts in Fish
Creek was simlar to that reported by other workers. Nearly al
downstream novenent occurred at night, apparently without regard to
moon phase. Judging fromthe position of the trap and depth of the
traveling screen, nost fish moved downstreamin the upper half of the
wat er colum near the thalweg.

Fish Creek is a | ow producer of coho sal non snolts when conpared
to other west coast streans. Marshal | and Britton (1980) have
summari zed data on coho snolt production from 21 western rivers and
streans of various sizes. Snolt outputs ranged from about 360 fish/km
for the smallest streans to 3,000 fish/kmin large streams. 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 |ower as a coho producer than other conparably sized
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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 summer and winter. The 1964 flood, road encroachment,
timber harvest in the basin, and intensive debris renoval fromthe
channel over the past 20 years have reduced coho habitat in the
basin.  However, nuch of the habitat work conpleted in Fish Creek in

1986 and 1987 will increase the conplexity of stream edge habitats and

directly benefit coho sal mon.
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Coho Sal non Snolt Production, Of-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
eval uated each spring from 1985 through 1987. 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 growth and ten O+ snolts averaging 86 mmfork length left the
pond between July 20 and August 16, 1984. The presence of 0+ snolts
in natural coho sal non populations is rare. An unknown nunber of
addi tional coho salmon 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 timng of
the coho salmon snmolt nmigration occurred during the sanme tine interva
as that observed on Fish Creek (Fig. 15). but peak mgration fromthe
pond occurred the first week in June. Snolts fromthe pond were
significantly larger than smolts from Fish Creek. Mean | ength of
smolts leaving the pond was 125 mm while Fish Creek snolts averaged
114 mm  Pond snolts al so were nuch heavier than snolts reared in Fish
Creek (Fig. 16). The primarily nocturnal migration of snolts |eaving
the pond was also sinilar to the behavior of coho |eaving Fish Creek.

Fry were not introduced to the pond in 1985, but in January 1985
seven adult fenale coho salmon 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
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into the pond in the spring of 1985. The 1986 snolt mgration
resulting from the natural reproduction was inpressive. Bet ween
March 14 and July 18, 1986, 1,196 coho sal non snolts |left the pond
(Fig. 15) , approximately triple the nunber of 1985 em grants. The
mgrants |leaving the pond in 1986 were smaller in length (nmean
108.5 mm) and weight (Fig. 17, 18) 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 simlar to those |eaving Fish Creek

than in 1985. Increased nunbers of young coho in the pond in
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1986 grew nore slowmy than the |esser nunbers present in 1985,
however, the pond was still probably bel ow carrying capacity.

Snolt production fromthe pond in 1987 was also inpressive. On
June 24, 1986, the pond was stocked with 5,035 O ackamas stock coho
salmon fry from O ackamas Hatchery. The fish averaged 1.7 grams in
weight at tinme of rel ease. A total of 1,234 snolts fromthe
introduced fry left the pond between February 20 and June 5, 1987.
Peak outmigration occurred in early May, simlar to previous years.
Smolts averaged 116 mmin length, 5 nmlarger than those rearing in
Fish Creek, and 16.9 grams in weight (Fig. 20, 21), slightly heavier
than smolts produced in the pond in 1986. About 25 percent of the fry
stocked in the pond in 1986 survived the winter and left the pond as
snolts in the spring of 1987

The of f-channel pond, even though never fully stocked with fry,
made a significant contribution to coho salnon snolt production in
Fish Creek in 1985-1987 period. Fish Creek, excluding the pond,
produced 2,606 coho salnmon smolts 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 snolt mgration. In 1987, Fish Creek produced 2600
coho snmolts and the pond produced 1,234, a 49 percent addition to the
t ot al (Fig. 22, A and Fig 22, B). These contributions are
particularly remarkable 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
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production probably is substantially greater than that observed to
date. The stocking level was increased to 10,000 O+ coho salnon fry
from O ackamas Hatchery in the sunmer of 1987 in an attenpt to

determ ne the maxi num smolt production capability of the pond .
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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 conpleted in
1984 at a cost of $300. Total construction costs were $24,330, and an
annual maintenance cost of $I Q0 year is expected.

Benefits were calculated for the first tine in 1986, based on coho
salmon  snolt  production of 1,200 fish (1987 production was

approxi mately the same), and the follow ng procedure:

1,200 smolts x 7.5% smolt to adult survi vall-/: 90 adults,

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

79 adults x 64% commercial harvest? = 51 adults in comercial
har vest,

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

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

28 adults x $107/adul &/ =$2,996 sport benefit annually, and

$525 commercial benefit + $2,996 sport benefit = $3,521 annual

benefit.

1/ Oregon Dept. of Fish and Wldlife, 1.981.
2l Meyer, 1982
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The benefit-cost ratiois 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 smolts
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 will becone nore so with full seeding.



62

Overwi nter Survival of Coho Sal non on Fish Ceek

The snolt trap has provided a neans of estimating winter survival
of coho salnon juveniles in Fish Creek for three consecutive years
beginning in the w nter of 1984-85. Wnter survival during that
period has been highly variable, ranging from 10 to 73 percent.
Quantity and quality of winter habitat and the severity of w nter
freshets seemto be the key variables controlling wnter survival of
juvenile coho salmon in Fish Creek.

The total nunber of coho salnmon in the systemin Septenber 1984
was estimated at 8,290 and the total estinmated snolt production from
mai nstem Fish Creek (excluding smolts from the off-channel pond) was
2, 606. From these data, overwi nter survival was estimated at 31
percent. \Wile data on winter survival of pre-snolt coho salnmon are
not abundant for other western streans, it appears that 31 percent is
bel ow average.

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

Problems with overw nter survival of coho salmon in the system
were confirmed followng a large flood event in February 1986.
Juvenile coho salnmon in the systemwere estinmated at 11,980 fish in

Sept ember 1985, and snolt production from the mainstem was estinated
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at 1,175 fish in the spring of 1986. Overw nter survival was
estimated at 10 percent. The low survival in the winter of 1985-86 is
attributed directly to lack of suitable winter habitat during the
scouring flood event of February 1986.

The inportance of flow conditions on winter survival was further
confirmed in the winter of 1986-87. The coho sal mon population in
Fish Creek in the summer of 1986 was estimated at 3,560 fish.
Production of smolts in the spring of 1987, after one of the mldest
winters on record, was 2,597 fish. COverwinter survival was estinated
at 73 percent. The high survival rate was attributed to a Iack of
significant winter freshets and the substantial anount of habitat
modi fication conpleted in the sumrer of 1986

The off-channel pond, with noderate water tenperatures and
abundant quiet water, food, and cover, provides nore stable winter
habitat for juvenile coho salnmon than the mainstem of Fish Creek. The
nunber of coho salmon in the pond has never been quantified in late
summer, so no direct calculations of winter survival have been
possi bl e. Fry to snolt survival, however, ranged from25 to 35
percent during the 1985-87 period, which mght indicate w nter

survivals of greater than 50 percent.

St eel head Trout Snmolt Production

The production of steelhead trout smolts fromthe Fish Creek basin
has been nonitored each spring since 1985. Production has averaged

about 5,400 fish per year (+ 30 percent). Availability of winter
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habitat and the magnitude of winter freshets have strong influences on
snolt production.

In 1985, the steelhead trout snolt nmigration from Fish Creek was
monitored 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 nmade in March 1986, several
hundred snolts coul d have left the basin before the trap was activated
in 1985. Two distinct peaks of novement occurred in 1985 (Fig. 23).

A low steady catch rate averagi ng 10-12 snolts/day occurred between

April 15 and April 27. During the following week the catch increased
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Figure 23. Daily catch of steelhead smotls at the floating fish trap at km
0.3 on Fish Creek, April 15 to June 15, 1985.
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mar kedl y, averaging 100 snol ts/day, and a peak catch of 159 snolts/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 smolt of the
season was caught on June 28.

The total nunber of smolts noving downstream between April 15 and
June 28, 1985 was estimated at 7,473 (Table 16). It is 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
smol ts/day woul d have been trapped during this period. Usi ng an
estimated efficiency of about 30 percent for this 15 day period, a

total of about 500 snolts probably left the system before trapping

Table 16. Catch of steelhead trout snolts, recapture of narked
smolts, estimates 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 Esti mat ed
Snolts snolts smolts efficiency tota

Dat es captured released recaptured per cent snolts
04/15-04/28 382 4g 15 31 1,232
04/29-05/12 708 115 47 b1 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

Total s 2,148 523 143 o 7,473
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comrenced.  Therefore, the total. smolt mgration is assumed to be
about 8,000. The size of snolts ranged from123- 242 mmfork |ength,
and varied during the trapping season. The average size was about

160 mm and the approxi mate mnimum threshold size for smolts was 140
mm although a few snolts were smaller (Fig. 24). The average size of
snolts remained fairly constant frommd-April to md-Mwy and then
decreased frommnid-My to nmid-June (Fig. 25). Snolt weights ranged
from25 to 125 grans and averaged about 50 grans in weight (Fig. 26).
Scale analysis froma small sanple of early mgrants, both smolts and
non-snolts, indicated that the group was conposed primarily of age 2+

fish, the normal age of nost steelhead trout smolts in western
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Figure 24. Size frequency of steelhead trout smolts fromFish Creek, 1985.
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Figure 25. Mean daily lengths of steelhead trout smolts leaving Fish Creek
between April 15 and June 15, 1985.
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Figure 26. Weight distribution of steelhead smolts captured at the floating
trap at km 0.3, 1985.
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Oregon.  The snaller June migrants mght have been a mix of smaller 2+
smolts, and socially dom nant, fast growing |+ smolts.

A generalized growth pattern of juvenile steelhead trout is shown
in Figure 27. This figure was devel oped from exam nation of the
growth pattern observed on scales and by back-calculating the |ength
of fish at the time of annulus formation. The estimated nean |ength
at the time of formation of the first and second snnulus was 82 nm and
125 nm respectively. Thus, we speculate that in order for a fish to
reach the minimumsize to snolt, 140 mm it nust have attained a

length of 120 nm by the end of the growi ng season the previous fall.
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Figure 27. Generalized growth pattern of juvenile steelhead trout in Fish
Creek. Energence occurs primarily in June and snolts |eave in
May of their second year. Presmolts nust be 120 nmfork |ength
to smolt the follow ng spring.
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It is probably unlikely that fish less than 120 nm woul d reach the 140
nm threshold by the followng spring. Overw nter survival of pre-snolt
steel head trout appeared to be favorable in Fish Creek in 1985. In
the sumrer of 1984 the Fish Creek basin contained an estimted 23,800
age one and ol der steelhead trout. Approximately 50 percent of these
fish, 11,900, were a mninmumlength of 120 mmby the fall of 1984
(Fig. 28). Since about 8,000 snolts left the basin in 1985,
overwinter survival is estimated at about 70 percent. An additiona
contribution could be expected fromage 1+ parr that remain in the
system for another grow ng season.

In 1986, steelhead trout smolts 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
systemprior to trap installation, it is unlikely that nmany snolts
|l eft before trapping comrenced. Several peaks of novenent related to
changing water tenperatures and flows occurred in 1986 (Fig. 29).
Catch during March was fairly consistent at 10 to 20 fish/day with a
peak of 27 fish on March 30. Mjor peaks of moverment 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 My
14 catch of snmolts declined rapidly and ceased on June 14.

The total steelhead trout snolt mgration in 1986 was estinated at
3,781 fish, approximately half of the nunber of migrants in 1985

(Table 17). The snolts were about the sane Iength and wei ght as
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Figure 29. Daily catch of steelhead smotls at the floating fish trap at km
0.3 on Fish Creek, March 14 to June 15, 1986.

1985 nmigrants, averaging about 154 nmfork length and 37.7 g. Snolt
| engths ranged from 135 nmto 217 nm and weights ranged from 16.1 to
94 g (Figs. 30, 31). The average size of snolts renained fairly
constant througout the mgration period (Fig. 32)

Overwinter survival of juvenile steelhead trout in Fish Creek was
lower in 1986 than in 1985.  Approximtely 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 coul d
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Figure 30. Size frequency of steelhead trout smolts from Fish Creek, 1986.
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Estimated number of steel head trout produced in Fish Creek,
1986.
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have been killed by the overturning of the streanbed during the flood
or entonbed by smaller bedload particles that filled interstitia

spaces in the boul der-cobble streanbed and prevented escape of
overwi ntering steelhead trout.

Trappi ng of steelhead trout smolts in the spring of 1987 was
marginal ly successful because of |ow streanflow and nechanica
difficulties with the trap. An attenpt was made to operate the trap
between February 17 and June 8, but the trap was out of operation for
several days during this period (Fig. 33). Only 304 snolts were
captured during this period, with peak nmovement of 57 smolts on Apri
13. Trapping efficiency was greatly reduced in 1987 because of |ow
streanflow, and the estinmate of total snolt production is therefore

believed to be less reliable than in previous years (Table 18).
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Figure 33. Daily catch of steelhead nolts at the floating fish trap at km
0.3 on Fish Creek, February 13 to June 9, 1987.
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The total 1987 steel head trout snolt migration was estinated at
about 7,600 fish. Average length of migrants was 151 mmwith a |ength
range of 98 to 203 nm (Fig. 34). Snolts averaged 36 g in weight with
a range of 6.6 to 79.8 g (Fig. 35). As in previous years, the average
size remained constant over the entire migration period (Fig 36).

Overwinter survival of |+ pre-smolt steel head was estimted at 92
percent for the mld winter of 1986-87. The estimate is based on a
summer 1986 popul ation of 20,670 |+ steel head, of which 40 percent
(8,270 fish) were over 120 nmin length. The proportion of |+ fish

over 120 nmin length declined from50 percent of the population in

Table 18. Steelhead snolts captured in a floating trap at km0.3
on Fish Creek, and estimates of trap efficiency and total snolt
numbers by two-week intervals, February - June 1987.

Mar ked Mar ked Trapll Esti mated
Smol ts smol ts smol ts ef ficiency tota
Dat es captured released recaptured per cent snolts
02/15-02/28 2 0 0 4 50
03/01-03/14 2 0] 0 4 50
03/15-03/28 7 0] 0 L 175
03/29-04/11 28 0 0 4 700
04/12-04/25 151 101 1 4 3,775
04/26-05/09 63 112 3 4 1,575
05/10-05/23 30 49 1 4y 750
05/24-06/06 20 19 1 b 500
06/07-06/20 1 1 0 4 25
Total s 304 282 6 T 7,600

U Esti mat ed efficiency for the season, including periods when the trap
was out of operation.
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Figure 36. Mean daily lengths of steelhead trout smolts |eaving Fish Creek
between February 13 and June 9, 1987.

1984 to 40 percent in 1986, due possibly to heavy fishing pressure on
juveniles above the legal size limt of 150 mm during the low flow
period in the spring and sumer of 1986.

The behavior of mgrating steelhead trout snolts in Fish Creek
appears to be typical of other salnmonid smolts. Nearly all movenent
occurs during darkness and nmigrants apparently nove downstreamin the

upper portion of the water colum near the thalweg.

Habi t at Enhancenent and Steel head Trout Snolt Production

At this tine it is not possible to determ ne whether projects

designed to inprove steel head trout habitat have had any inpact on the
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production of steelhead trout smolts. By 1985, projects had altered
only about 5 percent of the habitat in the basin, and natura

variability of steelhead trout popul ations has been in the range of
+/- 10 percent per year. Construction of boul der bernms in 1983 was
the only project in the basin to significantly inpact habitat for age
|+ steel head trout prior to work conpleted in the sumer of 1986. The
effect of the boul der berms on steel head snolt production appeared to
be negligible based on sunmer standing crop of presnolts. Habitat
inprovenents in 1986 and 1987 altered about 35 percent of the
steel head trout habitat in the basin and could significantly affect
snolt production in the future. Several years will be required to

fully evaluate the effects of this work

Spawni ng Gravel Resources

A conplete inventory of the spawning gravel resources in the Fish
Creek basin was made in the sumer of 1987 to assess effects of the
February 1986 high flow event on the abundance and distribution of
gravels in the system Previous surveys of spawning habitat were made
in 1976 and 1982, and a partial survey (chinook spawning habitat only)
was nade in the summer of 1984.  The results of the 1987 survey and
previous surveys are summarized in Table 19.

Spawni ng habitat for anadronous salnonids in the Fish Creek basin
I's sparse and scattered. The typically constrained steep gradient
channel of the streamresults in a substrate conposed primarily of

boul ders and rubble with only isol ated patches of gravel suitable for
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Tabl e 19.  Anount of spawning gravel (n%) in the Fish Creek basin
avai | abl e to anadronous sal nonids, 1976-1987.

chi nook coho st eel head
Year sal non sal non trout tota
1976 911 911
1982 190 569 1, 348 1,348
1984 288
1987 240 926 1,288 1,288

spawni ng. Smal | expanses of gravel suitable for reproduction are
found al ong the stream nargins where roughness elenents such as
boul ders and | arge woody debris have caused deposition. There are a
few | arge expanses of gravel that occur in less constrained areas at
the tail of large pools, where the channel is braided, or where the
main channel gives rise to side channels. Mst gravel resources are
concentrated in the nmainstem of Fish Creek below the mouth of Wash
Creek (Fig. 37).

The anount of spawnfng habitat in the system has been quite stable
over the past 6 years. The total spawning habitat in the system shows
an apparent change of |ess than 5 percent since 1982. That change
m ght be due to a change in methods. In 1982 all usable gravel areas
>| n? were counted, while in 1987 all gravel areas >2 n? wer e
counted. The apparent increase in spawning habitat for coho salnon is

related to an expansion of the spawning distribution of adults. In
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1982 coho sal non spawning was confined to the lower 5 km of the
mai nstem of Fish Creek, but by 1987 coho had expanded their spawning
distribution by another 5 km and were using the entire nainstem from
the nmouth of Fish Creek to the nouth of Wash Creek. The reason for
the change in spawning distribution is unclear at present.

Even though spawning habitat in the Fish Creek systemis sparse
and unevenly distributed, the quantity is nore than adequate to seed

existing rearing habitats of coho salmon and steel head trout.
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The Characterization and Role of Large Wod

in Fish Creek Following Tree Felling

Everest et al. (1985 reported that there was | ess wood in Fish
Creek than one would expect to find if no prior salvage |ogging had
occurred. The average of 4-5 pieces per 100 m of stream found in Fish
Creek in 1984 was considered to be about one-fifth of what would be
expected in streams flowing through natural old-growth forests. They
observed that a serious reduction in favorable salnonid rearing habitat
had occurred as well as a |oss of spawning gravels that were often
deposited around pieces of large wood along the stream margins. They
concl uded that coho sal non snolt output could be substantially enhanced
with a significant increase in [arge woody debris in the | ower reach of
the Fish Creek basin. In response to those observations and
conclusions, 94 trees were felled into parts of the mddle and | ower
reaches of Fish Creek in 1986, and 280 trees were felled along | ower
Fish Creek in 1987. These trees ranged in size from0.6 mto 1.8 min
di amet er. Bankside trees were avoided in order to protect the
integrity and stability of the banks and maintain stream shading. Most
trees that were felled were > 8 maway from the bank and were dropped
between standing trees. Probability of displacenent of felled trees
during flood events was reduced by, (a) having a large portion of the
bole on the bank wedged between large living trees, and (b) anchoring

themto live trees and to boulders in the channel by cable and epoxy.
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The majority of the trees were left whole with |inbs attached. As
habitat structures, they were used as sedinent and sl ash-size wood
collectors, cover in pools, and flow deflectors to scour depth and sort
gravels in riffles.

Fish Creek has been arbitrarily divided into four sectors for an
inventory of woody debris in the channel: (1) a lower reach fromthe
mouth to the first bridge, a distance of 7.3 km (2) a mddle reach of
3.1 kmextending fromthe first concrete bridge to the confluence wth
Wash Creek; (3) upper Fish Creek fromthe confluence of Wash Creek,
1.6 kmto a |O+ meter bedrock falls, which marks the end of the
anadronous fish utilization in Fish Creek; and (4) Wash Creek fromits
mouth for 4.7 kmto a 5+ meter waterfall which ends the anadromous fish
section of Wash Creek. The total length of stream surveyed is 16.7
km  The basin was divided to determne if nore pieces of large wood in
smal | er size dinensions persisted in those sections of streans with
| ess discharge. The mddle reach is predom nately a bedrock,
boul der-veneered, canyon stream that night have larger than average
pi eces of wood persisting there.

Large wood debris in Fish Creek is defined as being > 5 min length
and > 0.3 min dianeter. These dinmensions are greater than the
literature values of > 3 min length and 0.1 min dianeter. The main
reasons for increasing the size class for large wood was the |arge size
and high gradient nature of Fish Creek and the amount of time required
to neasure debris. Unless a piece of woody debris was at least 5 m

long, it was that it was not playing a key role in the stream system as
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stream wi dths are greater than 10 m The larger diameter was needed
in addition to the length, to withstand the high-stream power in Fish
Creek.  The dinensions sel ected represented a conpronm se between the
| onest end of the key-piece range and the investigators ability to
accurately tally and record the significant wood debris in Fish Creek
in a timely manner. Each piece of large wood was not neasured
directly. Its length and dianmeter was estimated and recorded. In
calibration checks, the visual estimates were within 10 percent of
measured values. Wod clunps were defined as two to five pieces of
|l arge wood that the stream had aggregated. A debris jamis defined as
an aggregation of five or nore pieces of |arge wood, often formed on
the outside of bends in the stream or at debris torrent deposits.

There are differences in tabulating wood data for single pieces and
clumps between 1984 and 1986. In 1984, the nmethod of tabulating wood
data called for recording each piece of large wood > 5 mlength and
0.3 m dianeter. The volume of a clunp was estimated by mental ly
reducing the wood in the clunmp to a solid cube and recording the
di mensions necessary to calculate volume. For clunps that contained
| arge pieces of debris one or nore key pieces were tallied for Iength
and dianeter. In 1986, all pieces of wood found in a clunp that were
> 5mlong and 0.3 mdiameter were recorded. Then the renminder of the
clump was estimated by visually reducing the clunp to a solid cube and
recording the dinensions.

The net hods used between 1984 and 1986 are not radically different,

but they do introduce sone bias which needs to be accounted for in
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interpreting differences between years, particularly estimtes of the
average |ength of woody debris in the basin. For pieces of wood
occurring singly there is no difference. The nethod for clunps in 1986
is essentially a two-step version of the 1984 nethod. The 1984 nethod
woul d have recorded fewer total pieces of wood for conputing
| engt h-frequency relationships than the 1986 mnethod because it
underestimated pieces in the clumps and jans. The 1984 net hod was
biased toward large key pieces in clunps, so the estimted average
| engt hs of wood was |onger than that cal culated using the 1986 method.
For reaches with few clunmps the nmethods woul d yield simlar results.
However, as the frequency of clunps increases (especially large jams)
the 1984 nmethod of focusing only on key pieces causes overestinates of
the average length of pieces.

Data from 1984 was al so recal cul ated and 500 nd representing the
amount of wood jammed on an island in the |ower section of Fish Creek
was added to the total. A few other jans on high banks in 1984 were
al so added. By doing this, a conplete and consistent accounting of al
of the large wood within the active channel and banks can be
mai ntai ned.  These additions significantly increased the |arge wood in
the active channels of Fish Creek in 1984 beyond what was reported in

the 1985 report (Everest et al. 1985).
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Conpari son of Total Wod in Fish Creek 1984-1987

The total volune of large wood in Fish Creek has increased 1.5
times from 1984 to 1987 (Table 20) from 4, 352 m to over 6, 590 m3
From 1983 to 1987, there has been a 3-fold increase in the total anount
of large wood in the basin. A major ice and wind stormin Decenber
1983, brought in over 50 percent of the total |arge wood neasured in
the floodabl e channel in 1984--a dramatic change? In fact, 3 ngjor
events account for 80 percent of the total volunme found in Fish O eek.
The ice-wind storm of 1983 accounts for 2,176 m3. the 1986
enhancenment tree felling added 681 m, and the 1987 tree felli ng
added 2, 466 m3. The nunber of pi eces of large wood in Fish Creek

Table 20. Vol ume (m3) of downed wood in Fish Creek in 1984, 1986,
and 1987.

Single Pieces C unps Tot al

1984 1986 1987 1984 1986 1987 1984 1986 1987
Lower
Fi sh Creek 1702 1987 1734 297 1516 3046 1999 2314 4780
M ddl e 1
Fi sh Creek 609 307 NM—/ 0 547 NM 609 854 NM
Upper
Fi sh Creek 243 128 NM 152 11 NM 395 139 NM
Wash Creek 481 342 HM 868 473 NM 1349 815 nNwm
Total Basin 3035 1575 NM 1317 2547 M 4352 4122 65902/

1/ NM - Wood was not neasur ed.

2/ Total volunme estimate was derived from actual neasurenents of
Lower Fish Creek and 1986 estimates for remaining stream sections.
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more than doubled from 1984 to 1987 (Table 21). The total nunber of
pi eces increased 36 percent from 1986 to 1987 due to tree felling.

The volunme of wood in clunps in the basin shifted dramatically
because of a major flood in February 1986, and because of 1987
enhancement efforts. In 1984, single pieces of |arge wood accounted
for 70 percent of the total volune as conpared to aggregates or clunps
of 2 or nore pieces (Table 20). The February 1986 flood clunped the
wood brought in during the Christmas 1983 ice storm  For both 1986 and

Table 21. Nunber of pieces of large wood in single pieces and clunps
in Fish Creek in 1984, 1986, and 1987.

Singl e pieces C unps Total s
1984 1986 1987 1984 1986 1987 1984 1986 1987

Lower 1/ 2/

Fish Cr. 349~ 219 426 NM= 4o7 708 NM 626 1134
Middle 1/

Fish Cr. 2u7= 124 NM NM 209 NM NM 333 NM
Upper 1/ 3/ 3/

Fish Cr. 104= 102 NM NM 8 NM NM 110 NM
wash cr. 177Y 120 NM NM 241 M NM 361 M
Total 4/
Basin 877 565 NM NM 865 NM NM 1430 1938-

1) nel udes single pieces and |-2 Key pieces per clunp.
2/ NM . wod was not neasured

3/ Only wood in large jams was recorded as clunp data. Pieces in snall
clunmps recorded as single pieces

4/Total vol ume estimate was derived from actual measurenments of Lower Fish

Creek and 1986 estimates for remaining stream sections
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1987, the total basin volune in single pieces dropped to 38 percent of
total wood. Wbod volume in clunmps rose from30 percent in 1984 to 62
percent in 1986 and 1987. Enhancenent efforts in 1987 did not change
the proportion of wood in clunps. Twenty-two clunps of wood account
for 34 percent of all of the wood volume in Fish Creek and 54 percent
of the wood volune in clumps in the basin. |n 1987, there are 15
clumps with vol unes between 50-100 rn% 6 clunps with vol umes between
100- 150 m?, and one jamthat is over 480 m in vol une.

The proportion of total basin wood volume in |ower Fish Creek has
increased from 46 to about 73 percent (Table 20). The |ower section of
Fish Creek has 40 percent of the pieces of |arge wood found in the
basin in 1984, conpared to 61 percent in 1987 (Table 21). Both nunbers
and volume reflect enhancement tree felling as well as some wood that
floated into the |Iower section fromthe mddle reach during the
February 1986 flood.

In 1984, clunmps and jans accounted for only 15 percent of the tota
volume in the lower Fish Creek section. After the February 1986 fl ood
and the 1987 enhancenent tree felling, clunmps accounted for 66 and 64
percent, respectively. In 1986, 5 jans were greater than 50 m in
vol une and accounted for 52 percent of the clunped wood volume (3 = 50

100 ?n 1 =100 - 150 nB, and 1 = 480 m3). After enhancenent
efforts in 1987, over 61 percent of clunped wood was contained in 17
jams greater than 50 m’ (10 jams = 50 - 100 m3, 6 jams = 100 - 150
™) and 1 j am = 480 n%) The 17 jans account for 28 percent of the

total basin wood.
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The mddle section of Fish Creek gained both volunme and pieces of
wood between 1984 and 1986. Wod was not remeasured in 1987 because
there had been no significant flood between 1986 and 1987. The
proportion of the total basin wood in the mddle section increased from
14 percent of the wood volune in 1984 to 21 percent of the wood vol une
in 1986 (Table 20). The increase was a result of enhancenent efforts.
In 1984, there were no clunps in the mddle section; all of the wood
volunme was in single pieces. |n 1986, clunps accounted for 64 percent
of the wood volume. Al clunps between 50-100 m in size totaled
221 8 and accounted for 40 percent of the clunp volunme and 26
percent of the total wood volume for the section. The enhancenent
effort accounted for 53 percent of the total wood volunes in mddle
Fish Creek. Between 1984 and 1986, Upper Fish Creek |ost 65 percent of
the wood volune in its channel, yet the total nunber of pieces
essentially remained the same. Wod in the upper basin represented 9
percent of the volume in 1984 and declined to 3 percent in 1986
G unps represented 39 percent of the wood volume in 1984 and only 8
percent of the volune in 1986. O unps of wood represented 38 percent
of the wood volume in 1984 and only 8 percent in 1986. The decline was
due to the February 1986 flood that scattered the clunps and washed
significant amounts downstream

The anount of wood in Wash Creek declined 40 percent between 1984
and 1986. Large wood in Wash Creek represented 31 percent of the tota
basin volume in 1984 and 20 percent in 1986. Wod volume in Wash Creek

was not increased by enhancenent activities in the interval between
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1984 and 1986. The February 1986 flood renoved significant anounts of
wood from Wash Creek, prinarily froma large jam below the first
bridge.

The enhancenment of wood in the |ower section of Fish Creek is
dramatically shown in Fig. 38. In 1986, enhancenent was confined to
the lower 0.7 kmof Fish Creek and accounted for 85 percent of the wood
inthis reach. In 1987, it extended from1.8 kmto the |ower bridge at
7.3 km  The largest proportional input fromthis enhancenent effort
occurred between 2.8 and 4.0 km where 90 percent of the wood found was
due to enhancenent efforts. In 1986, 10 percent of the |arge wood
found in lower Fish Creek was a result of enhancement efforts. Large
wood from the 1987 enhancement efforts accounted for 52 percent of the
wood found in the section. Enhancenent efforts to date account for 56
percent of the large wood in |ower Fish Creek.

The 1986 enhancement efforts in the mddle Fish Creek section were
concentrated in a one kiloneter reach between 7.3-8.3 km (Fig. 39).
The volume of large wood from felling was 454 m and represented 53
percent of the total volume found in the section.

In sunmary, 17 percent of the total basin wood in 1986 resulted
from enhancement efforts. In 1987, 37 percent of the volune of wood
was felled. As of 1987, 48 percent of the large wood in the system has
been a result of enhancement efforts. Mt of the clunps of wood in

the lower section from0.0-0.7 km 1.8-5.0 km 5.6-7.0 kmare a result

of enhancenent.
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Middle Fish Creek Wood Volume, 1986
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The issue of how nmany pieces of |arge wood are necessary per length
of streamto provide good fish habitat is conplex. The literature has
shown data indicating that 20 or nore pieces of |arge wood per 100 m of
streamis what one would find in an undisturbed ol d-growth forested
stream In 1984, we found between 4-5 pieces of wood per 100 m of
streamin Fish Creek excluding clunps. The difficulty in making
conpari sons between the years, on the basis of wood pieces per |ength
of stream is apparent fromthe fact that in 1986 and 1987 al nost 2/3

of the wood was in clunps or jams. The reaches of stream di scussed

Table 22.  Volume m of downed wood per Kilometer on Fish Creek,
1984, 1986, and 1987.

Single Pieces G unps Tot al

1984 1986 1987 1984 1986 1987 1984 1986 1987
Lower
Fish Creek 233 109 237 41 208 417 274 317 655
M ddl e 1/
Fish Creek 195 99 NM= 0 176 N™m 196 275 NM
Upper
Fish Creek 152 80 NM 95 7 NV 247 87 NM
Wash Creek 107 76 N 193 105 NM 300 181 NM
Total Basin 182 94 NM 79 153 NM 261 247 395—2-/

1/ NM - Wod was not neasured.

2l Total volume estimate was derived from actual measurements of
Lower Fish Creek and 1986 estimates for remaining stream sections.
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previously have been nornalized in Tables 22 and 23 to al |l ow conparison
of quantities of wood per kiloneter of streamand by 100 mlength of
stream if the reader divides the nunbers in these tables by 10

Wiat is interesting about the total volunes per kmin Table 22 is
that all sections had very simlar |oads of wood, between 200-300 ng
per kilometer. In Wash Creek and | ower Fish Creek, |arge volumes of
wood were |ocated in one jam on each stream In 1986, after enhance-
ment activities and the February 1986 flood, wood on upper Fish Creek
was flushed downstream along with a big jamon Wash Creek. Deposition
of this wood resulted in a net gain in large organic debris in the
mddl e and |ower sections of Fish Creek. The mddle section gained
over 40 percent--all of it in clunps. The |ower section doubled again
in 1987 due to enhancenment efforts. From 1984-1987, total wood in the
stream increased 50 percent even though the distribution in the
sections, and clunps, has changed dramatically. Number of pieces per
kilometer was difficult to determ ne becasue clunped pieces were not
nmeasured in 1984, and only the |ower section was neasured in 1987
(Tabl e 23). However, there has probably been a near doubling of the

nunber of pieces per Kkiloneter in Fish Creek.

Length and Frequency of Large Wod Wthin the Basin

The length and dianeter frequency of individual pieces of wood was
highly variable throughout the Fish Creek basin (Fig. 40). There were
significant differences between nmean lengths and dianeters of large

woody debris in the four different sections of the basin.
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Tabl e 23.  Number of pieces of |arge wood in single pieces and clunps per
kilometer in Fish Creek in 1984, 1986, and 1987.

Single Pieces C unps Tot al

1984 1986 1987 1984 1986 1987 1984 1986 1987
Lower 1/
Fi sh Creek 48 30 58 NM= 56 97 NM 86 155
M ddl e
Fish Creek 80 40 NM NM 67 NM NM 107 NM
Upper
Fi sh Creek 65 63 NM  NM 5 NM NM 68 NM
Wash Creek 38 26 NM NM 51 NM NM 77 NM
Total basin 53 34 NM NM 52 NM NM 86 11621

1/ NM - Wod was not neasur ed.

2l Total volume estimate was derived from actual neasurements of
Lower Fish Creek and 1986 estimates for remaining stream sections.

In 1984, Wash Creek had the | argest nean dianeter of pieces at
0.59 m(standard deviation (SD) = 0.24) and these pieces had an average
length of 8.1 m(SD = 5.23). The average length was the smallest in
the Fish Creek basin and probably reflects both the snaller drainage
area and steep side slopes which result in severe breakage when a tree
falls. Smaller stream discharges in Wash Creek allow snaller pieces to
remain in place longer, or need a larger stormto nove them

A large stormdid occur in February 1986 and rearranged |arge jams
near the nouth of Wash Creek. Rearrangenent of the jans resulted in

more single pieces in Wash Creek and an average length of 9.1 m



96

7.2 km

B 1984

Lower Fish Creek
o -

4 1986

120

sadald Jo JequinN

54 >54

Frequency of |arge wood

lengths (3 mincrements) in different
sections of Fish Creek measured in

1984 and 1986.

Fi gure 40.

Middle Fish Creek
7.2-10.3km

1984
21986

1986

pper Fish Creek
10.3-11.9km
M 1084

U

a3

30
Wash Creek

27

0-

...................................................................... SN R S AR % SRR

RN

4.5km
1084
£ 1986

804

$8081d JO l8quinN

s8081d JO JequinN

1004

s908ld JO JaquinN

Length Class

(3 meter increments)



97

(SD =5.8) in the 1986 survey. Smaller pieces got washed out or into
jams and the average length increased one nmeter. The large increase in
numbers of pieces was a result of the rearrangenent of jams and a nore
inclusive neasuring of all pieces (> 5 nm, both single and cl unped.
Overall, Wash Creek |ost significant volune between 1984 and 1986.

I ndi vi dual wood pieces in upper Fish Creek in 1984 averaged 0.52 m
(SD = .23) in diameter and 8.9 (SD = 4.6) in length. The average
diameter for both 1984 and 1986 is statistically the smallest in the
basin yet, in absolute terns it is not nuch different than the mddle
and lower parts of the basin. The 1986 survey determined that the
1985- 1986 storm washed out 65 percent of the wood in this reach. Both
average dianeter and |ength decreased significantly to 0.42 m and
7.7 m respectively. That the smaller pieces stayed and the |arger
pieces noved out went counter to our expectations. There is no
explanation for this observation at present.

In 1984, the mddle reach of Fish Creek had no clunps or jans
present. This changed conpletely after the February 1986 storm and the
addition of 454 nB of old-growh trees into the section in 1986. The
mean | ength of a piece of large wood went from8.7 m(SD = 5.3) in 1984
to 13.1 m(SD = 7.1) in 1986 (Fig. 40). This was a result of both the
stormwashing the smaller pieces out of the reach and the felling of 37
trees that averaged 14.4 min length (SD = 8.7).

The average dianeter decreased 10 cmfrom0.54 min 1984 to .44 m
in 1986. This was partly due to flushing of large dianeter short

pi eces and the input of felled trees in which the large end of the bole
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was up on the bank and the upper end of the tree was used in the
enhancement structure. The number of |ong pieces (>12 n) increased 2.5
times due to enhancenent felling of trees. Large wood greater than
21 min length increased nmore than 3-fold.

The wood in |lower Fish Creek was greatly increased by the Christnas
1983 ice and wind storm  The nmean length of 1984 wood in this reach
was 15.1 m (SD = 9.5) and the mean dianeter was 0.56 m (SD = 0.3). The
diameters were in the same range as other reaches surveyed in the basin
al though the nean was statistically greater than the upper and m ddle
Fish Creek reaches in 1984. The mean length of individual pieces was
about twice that of any other reaches in the basin. This is related to
(1) a wider floodplain in the lower basin and trees that topple
Wi thout splintering against the opposite side wall as in Wash Creek,
and (2) the discharge is highest at the bottom of the basin and tends
to float smaller pieces to the edges or downstreamto the C ackanas
River

The February 1986 storm broke up many of the large pieces |eft
after the 1983 ice storm The |ower reach also captured many smaller
pieces of wood (Fig. 40). In 1986, 57 large pieces of wood were felled
into the lower portion of Fish Creek with an average length of 14.4 m
(SD =8.6). The average length of a piece of wood in |ower Fish Creek
decreased about 2 mto 13.1 m(SD = 7.5). The nunber of large pieces
of wood between 12-24 min length increased over 2.2 tines from 106 to
234 pieces. The nunber of even |onger pieces (>24 n) decreased from 61

to 54 pieces or an 11 percent reduction in 1986.
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In 1987, 530 |large pieces of wood, averaging 16 min |ength,
entered the lower section by felling. This raised the average length
for the lower reach to 14.4 m(SD = 7.7). a significant increase. The
number of pieces in the 12-24 mrange doubled to 491 pieces in 1987.
Pi eces >24 mincreased 44 percent (54 pieces in 1986, 78 pieces in
1987) (Fig. 41).

The average length of wood in large streans (20-50 m bankful
width) will probably not exceed 17 min length, based on our studies of
pristine basins in the North Fork Brietenbush R ver (O egon Cascades)
and Curmins Creek (Oregon Coast Range) where the average |ength was 16
mand 14.5 m respectively. A fallen tree breaks into |onger pieces
when the gradient is not steep and the valley floor is w de. [f it
hits a steep, opposite-side slope or falls over a side slope, the
breakage is greater and the pieces are shorter. This upper limt is
directly related to breakage when a falling tree hits the ground.

The proportional nunber and volume of stunps and root wads in the
Fish Creek basin is another inportant aspect of wood in the basin.
Over 55 percent of the basin has been harvested in the last 25 years.
Mich of the area harvested is |ocated above the anadronous fish zones
on upper Wash Creek and upper Fish Creek. The 1986 volume of stunps in
Fish Creek (Table 24) represents only 4 percent of the total wood
volunme of the basin, as shown in Table 21, and 9 percent of the total
pieces of large wood in the basin. The frequency of occurrence was |ow
(<I stunmp/ 100 m and the average volume of a stunp was low (1.4 nB).

Stunps in lower Fish Creek represented 4 percent of the pieces found
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Table 24. Habitat units that were influenced by wood.

Fish Creek, September 1987

---------- Without wood--======= —cceccceceae-With wood----====—--

M2 Percent M3 Percent M2 Percent M3 Percent

Area Area Area Area Area Area Volume Volume
Pools 18425 62 9178 58 11232 38 6601 42
Glides 14392 60 3241 56 9589 Lo 2581 4y
Riffles 41901 53 6723 iTs) 37798 47 7025 51
Side Chan 682 73 62 63 257 27 36 37
Totals 75400 56 19204 54 58875 by 16244 L6

and 2 percent of the volume. The average volume of a stump was 60
percent greater in this section of Fish Creek over the basin mean,
reflecting the greater stream power in the lower part of the basin.
The proportion of stumps in the middle Fish Creek section was also low
and represented 3 percent of the pieces and 1.5 percent of the volume.
The frequency of stumps in the smaller tributaries, such as Wash Creek
and upper Fish Creek, reflects the lower stream power and greater
timber harvest activity. Stumps in upper Fish Creek accounted for 23
percent of both pieces and volume in this section. Stumps in Wash
Creek represented 18 percent of the pieces and 11 percent of the
section wood volumes.

In general, stumps do not play a significant role in the mainstem
of Fish Creek. In the smaller forks, 1/5 to 1/4 of the wood pieces are
stumps and play a major role in the potential habitat available in the

basin.
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Stunps tend to be less stable in high gradient streams. Thus, it
is hoped that the ratio of stumps to total wood in the basin (nunmbers
and volunme) will not increase. Stunps do afford a sinplified way of
eval uating the effectiveness of hillslope and streamside nanagement

practices in a basin.

\Wod- Rel at ed Fi sh Habi t at

The dramatic input of wood into the Fish Creek basin has
substantially increased the amount of habitat created or maintained by
wood within the basin, particularly the | ower section of Fish O eek.
Table 25 illustrates that 44 percent of the total habitat area is
i nfl uenced by the presence of |arge pieces of wood from downed trees
and 46 percent of the total volume of Fish Creek habitat is influenced
by wood. There is no data from other years to quantitatively conpare
to 1987. However, total volume of wood has increased over 150 percent

and the total nunber of pieces of large wood in the basin has increased

Table 25. 1986 Summary of nunbers and vol unes of root wads and stunps
in Fish Creek.

X vgl uem Tot al
(m’)

Nunber Nunber / km vol une
Lower Fish Creek 24 3.3 2.1 50
M ddl e Fish Ceek 11 3.5 1.2 13
Upper Fish O eek 25 15.6 1.3 32
Wash Creek 66 14.0 1.3 87
Total basin 126 7.5 1.4 182
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over 200 percent since 1984 The nost dramatic increase in
wood-rel ated habitat is reflected in the increase of clunps and small
debris jans along the stream The increase in |lower Fish Creek went
from0.3 clunps/100 min 1984 to 0.7/100 min 1986 and doubl ed again in
1987 to 1.6/100 m  More clunping should result fromnajor storns in
1987-1988 and yield further increases in edge conplexity. The high
percentage of riffles with clunped wood reflects the recent entry of
wood to |ower Fish Creek through enhancenent activity. W expect nuch
of the wood in riffles will beconme associated with pools, if it stays
in place followng 1987-88 floods, or else will be noved to the edges
at bends in the stream and be associated with clunps of wood at those

sites.
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SUMVARY AND CONCLUSI ONS

1) Evaluation of enhancement efforts in 1987 enphasized estimates of
summer habitat availability, summer standing crops of juvenile
anadr onmous sal noni ds, quantification of outnigrant steelhead trout
and coho salnmon smolts, and changes in |arge woody debris

abundance in Fish Creek caused by enhancement activities.

2) Availability of sunmer habitat varies directly with the water
year; surface area of summer habitat can vary by 50 percent
annual ly.  Drought conditions in the sumer of 1987 resulted in
the | owest estimates of available habitat since the study began in

1982.

3) Summer popul ations of 0+ and |+ steel head trout, and coho and
chi nook sal non were estimated at 53,400, 15,970, 37,880, and
6,290, respectively. These are the | owest estimated nunbers of
steel head and highest numbers of salnon since the study began in

1982.

4) Low steel head trout numbers in the summer of 1987 are believed due
to habitat |osses caused by drought, |ow streanflow, and heavy
fishing pressure, and not related to habitat manipulations in the

basi n.



10)

105

H gh nunbers of juvenile coho salnon in the basin in 1987 are
bel i eved due to increased escapenment in the upper O ackamas River,
adults returning from increased production at the off-channel

pond, and intensive habitat work along the edges of Fish Creek.

Steel head trout snolt production in 1987 was estimated at 7,600
fish and overwinter survival of presnolts was estinmated at 92
percent. Hgh winter survival was attributed directly to a very

mldwnter in 1986-87.

Coho sal non snolt production fromthe nainstem of Fish Creek in
1987 was estinmated at 2,600 fish and overw nter survival was
estimated at 73 percent, also attributable to the mld winter of

1986- 87.

The of f-channel pond contributed over 1,230 coho salmon smolts to

Fish Creek production, a 49 percent addition.

Habi tat work on the mainstem of Fish Creek has not yet made any
significant changes in populations of juvenile steel head trout
rearing in the system Additional tine is needed to eval uate

steel head response to 1986 and 1987 habitat inprovements.

Benefit/cost anal yses indicate that the off-channel pond is a
cost-effective project at a production |evel of 1,200+ coho sal non

sholts per year.
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Habitat work in the summers of 1986 and 1987 have nore than
doubl ed the volune of |arge woody debris in the channel of Fish
Cr eek. Most of the wood is in clunps at the edges where it
provi des excellent summer and wi nter habitat for juvenile coho

salnon and age 0+ steel head trout.

Project work in 1987 included designs with a higher risk of
failure than in previous years, but only nine of the 244 wood
structures (3.6 percent) failed to neet physical design objectives

after weathering a 10 year flow event in Decenber 1987
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Appendix 1. Recalculated areas of rearing habitats in Fish Ceek and associated salnonid
densities and bionass.

FISH CREEK, SEPTEMBER 1982

ESTI MATED ESTI MATED
> NUMBER BI OVASS (g)

AREA (n”) OF FISH OF FISH > 5

SPECI ES HABI TAT IN SYSTEM BY HABI TAT BY HABI TAT #/m g/m
COHO Al cove 1,080 140 870 0.13 0.80
Riffle 70 , 666 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
Tot al 81,330 1,910 9.550 0.02 0.12
CHI NOOK Al cove 1,080 10 70 0.01 0.06

Riffle 70,350 0 0 T -

Si de channel 1,600 0 0 T -
Pool 8,110 110 510 0.01 0.06

Beaver pond 190 0 0 T -
Tot al 81,330 120 580 0.001 0.01
O+STRD Al cove 2,270 2,200 5,010 0.97 2.21
R! ffle 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 - =
Tot al 159 , 310 87,710 253,490 0.55 1.59
| +STHD Al cove 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 .- =
Tot al 159, 310 21,680 412,780 0.14 2.59
ALL Al cove 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 5.03
Pool 18,450 9,410 102,240 0.51 5.54
Beaver pond 190 260 1,200 1.37 6.31
Grand Total 159,310 111,420 676,500 0.70 h.24
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Appendix 1. (continued) Recalculated areas of rearing habitats in Fish Creek and
associated ‘salnonid densities and biomass.
FI SH CREEK, SEPTEMBER 1983
ESTI JED
2 NUMBER Bl OVASS (g)
AREAgm) CF FISH OF FISH 5 2
SPECI ES HABI TAT IN SYSTEM BY HABI TAT BY HABI TAT #/m g/m
60,0 Al cove 1,170 220 1,080 0.19 0.92
Rffle 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 9 75
Beaver pond 300 240 670 0.80 24
Tot al 117,680 7, 430 38,710 0.76 0.33
CH NOXK Al cove 1,170 10 30 0.01 0.03
Riffle 104, 820 490 1,960 0.01 0.02
Side channel 2,230 - o T o
Pool 9,160 640 2,950 0.07 0.32
Beaver pond 300 - - - -
Tot al 117,680 1, 140 4,940 0.01 0.04
0+STHD Al cove 2,450 610 1,710 0.25 0.70
Riffle 219, 360 53,870 150, 840 0.25 0.69
Si de 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
Tot al 249, 169 60, 030 T70, 660 0.24 0.68
| +STHD Al cove 2,450 90 2, 378 0.04 0.97
Riffle 219 360 23,760 427,14 0.11 1.95
Side channel 6, 200 340 5,780 0.05 0.93
Pool 20, 850 280 53, 968 0.13 2.59
Beaver pond 300 0 - >
Tot al 249, 160 26,990 489, 250 0.11 1.96
ALL Al cove 2,450 930 5,190 0. 38 2.12
SALMONI DS Riffle 219, 360 83,460 609, 620 0. 38 2.18
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
Gand Total 249, 160 95,590 703,560 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 1284
ESTIMATED ESTIMATED
> NUMBER BIOMASS (g)
ARFA (p°) OF FISH OF FISH 2 2
SPECIES HABITAT IN SYSTEM BY HABITAT BY HABITAT #/m g/m
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 o] - -- -
Riffle 81,610 0 -- - -
Side channel 2,000 (o] -- -- --
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 0.28 0.53
Beaver pond 270 0 0 - --
Total 188,750 88,060 214,860 0.47 1.14
1+STHD Alcove 2,280 110 3,360 0.05 1.47
Riffle 161,420 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 1,507 7,380 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 L. 1}
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Appendix 1. (continued) Area of rearing habitats in Fish Creek and associated sal monid
densities "and biomass.
FI SH CREEK, SEPTEMBER 1985
EILSJ%II\E%TED ESTTVETED
AREA §.’-) CF FISH 5 (@
SPECI ES HABI TAT | NSYSTEM BY HABI TAT BY HABI TAT # g/ n2
00,4 dide 13, 450 5,720 34,320 0.43 2.
Rffle 55,810 3.850 15,550 0.07 0. %%
Side channel 2,308 600 2.420 0. 26 1.05
Pool 11,84 1,550 9,300 0.13 0.79
Beaver pond 190 260 1,570 1.37 8.28
Tot al 83,590 11, 980 63, 160 0.14 0.76
CH NOCK dide 13, 450 1,490 7,750 0.11 0.58
Rffle 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 - -
Tot al 83,590 4, 350 20,970 0.05 0.25
0+sTHD Gide 21,030 20,270 46, 620 0.96 2.21
Rffle 93,770 72,960 174,370 0.78 1.86
Side channel 2.380 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
Tot al 143,950 115,770 271,920 0. 80 1.89
| +STHD Qide 21,030 1,800 36, 680 0.09 174
Rffle 93,770 12, 880 262, 490 0.14 2.80
Side channel 2,580 230 4,310 8 99 1.67
Pool 26, 380 3,610 96, 420 .14 3.66
Beaver pond 190 0 0 - -
Tot al 143, 950 18,520 399, 900 0.13 2.78
| 21. 030 29, 280 125, 370 1.39 5.96
Shvon o ﬁWFe 93,770 ’ 459, . 4.90
Side channel 2,580 9%8%8 ﬁ 21%8 9% 4.26
Pool 26: 380 26, 580 158,580 1.01 6.01
Beaver pond 190 360 1,820 1.89 9.58
Gand Total 143, 950 150, 620 755,950 1.05 5.25
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Appendix 1. (continued) Area of rearing habitats in Fish Creek and associated salmonid
densities and biomass.

FISH CREEK, SEPTEMBER 1986

ESTIMATED ESTIMATED
> NUMBER BIOMASS (g)
AREA (m") OF FISH OF FISH 2
SPECIES HABITAT IN SYSTEM BY HABITAT BY HABITAT #/m g/m
COHO Glide 13,750 2,170 9,100 0.16 0.66
Riffle 1/ 62,940 40 160 0.001 0.003
Side channel= 0 0 0 . 0.0 0.0
Pool 2/ 7,170 1,350 7.130 0.18 0.99
Beaver pond= 190 - - - --
Total 84,050 3,560 16,390 0.04 0.20
CHINOOK Glige 13,750 100 420 0.01 0.03
Riffle 1/ 62,940 0 0 0.00 0.00
Side channel= 0 0 0 - --
Pool 2/ 7.170 100 940 0.01 -
Beaver pond~ 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 1/ 114 400 94,410 244,870 0.83 2.14
Side channel= ] 0 - 0.00 0.0
Pool 2/ 24,480 13,970 42,050 0.51 1.72
Beaver pond= 190 - - - -
Total 166,550 117,870 310,270 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 channel= 0 -- - 0.00 0.0
Pool / 24,480 6,620 120,550 0.24 4.92
Beaver pond= 190 - - - --
Total 166.550 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 3.74
Side channel= 0 0 0 0.00 0.0
Pool 2/ 24,480 22,040 170,670 0.90 6.97
Beaver pond= 190 - - - --
Grand Total 166,450 123,300 684,250 0.74 411
%j All side channels were dry in 1986.

Beaver pond was not sampled for fish in 1986.
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Appendix 1. (continued) Area of rearing habitats in Fish Creek and associated sal nonid
densities and hiomass.
FISH CREEK, SEPTEMBER 1987
ESTI MATED ESTI MATED
2 NUVBER Bl OVASS (g)
AREA (m®) CF FISH OF FISH 5
SPECI ES HABI TAT IN SYSTEM BY HABI TAT BY HABI TAT #/m g/
COHO dide 20,370 8,520 25,670 0.34 1.26
Rfflec 1/ 58,940 6,160 22,400 0.05 0.38
Si de channel= 940 - -- - -
Pool 20, 260 22,750 79,010 11 3.9
Beaver pond 190 450 1,150 2.4 6.1
Tot al 100,700 37,880 1287, 230 0.38 1.27
CHI NOOK Gide 20,370 1,450 7.740 0.07 0.38
Rfflec 1/ 58,940 1,640 11, 200 0.03 0.19
Si de channel= 940 - - - -
Pool 20, 260 3,200 18, 440 0.16 0.91
Beaver pond 190 0 0 0.00 0.00
Tot al 100, 700 6,290 37,380 0.06 0.37
OtSTHD Gide 23,980 15,230 43,400 0.64 1.81
Rfflec 1/ 79:700 21,010 69,340 0.26 0.87
Si de channel= 940 - - - -
Pool 29,660 17,150 52,500 0.58 1.77
Beaver pond 190 10 30 0.04 0.15
Tot al 134,570 53,400 165,270 0.40 .23
| +STHD Gide 23,980 3,360 59,950 0.13 2.50
Rifflec 1 79.700 6,760 119,550 0.07 1.50
Si de channel= 940 - -- - -
Pool 29, 660 5.8502/ 114, 70@2/ 0.20 3.87
Beaver pond 190 0= 0= . .
Tot al 134,570 15,970 294, 280 0.12 2.20
ALL Gide 23,586 28,560 136,760 1.18 5. 68
SALMONI DS Riffle 1/ "9l0 35.570 222,490 0.45 2.79
Side channel= o T T --
Pool 2/ 29,660 48,950 264.730 1.65 8.93
Beaver pond® 190 460 1,180 2.42 6.21
Gand Total 134,470 113,540 625,160 0.84 4,65

1/ Al side channels were nearly dry in 1987 and were not sanpled for fish.

2/ e I+ steel head trout captured 1n beaver pond.



