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EXBECUTIVE SUMMARY

The Yakima/Klickitat Fisheries Project (YKFP) proposes to
assess the nmerits of "supplementation" as a neans to increase
nat ural production and harvest opportunities for anadronous fish
in the Yakima and Klickitat subbasins. Suppl enentation involves
rearing and release of artificially produced fish, which upon
return as adults, would be managed to forma nmgjor conponent of
the naturally spawning popul ation

In late 1989, studies of species interactions were inplenented
t o address concerns about the possible adverse effects of the
Yaki ma Fisheries Project ((YFP) the Yakima portion of the EKFP) V-
on resident trout populations in the upper Yakima 'River basin.
Resident trout in this area-contribute to a high quality sport-
fishery of special inportance to the State. The initial study
obj ective involved collection of baseline informati on on resident
trout in the upper Yakinma River and its. associated tributaries;
regardi ng spawning and rearing distributions, densities, and -
bi ol ogi cal and genetic profiles of resident fish populations.:
Wrk on a second major objective was initiated in the spring of
1991 to investigate the outconme of specific interactions between
hat chery steel head snolts and resident trout. It should be:
enphasi zed that the hatchery steel head used for this part of our
interactions research may not have been representative-of the
actual products expected fromthe YFP. However, results from
this line of investigation should provide information useful for

devel opnent of assessnent and | ong-term nonitoring nethods, and




shoul d al so contribute toward .an undesstanding of inportant

i nteracti ons under existing conditions. The ultinate goal ®f
this research is to develop a long-termplan to nonitor species.
interactions after inplenentation of the YFP. '

Thi s report  addresses activities conducted fromJuly 1, 1990
t 0 December 31, 1991. Results should be considered preliminary;
subj ect-to change upon completion of: t he stidy. :

Baseline data were collected using a variety of techniques. : -
Electrofishing and snorkeling were the prinmary methods use@,”hook
and |ine andtrappi ng nmet hods were also applied occasionally.:

Biological data (e.g. species, length, wei ght) were collected
for.all sal nonids captured by electrofishing. A.total of 25720
resident trout were:tagged and released in 1991 to investigate -
novement of fish within the- study area and to analyze¢ growth::
rates of individual fish.' A-total of 734 rai nbow trout were
col l ected. from different | ocations-w t hi n the. study: atrea for
geneti c analysis (protein electrophoresis) of population -
structure and ancestry (hatecheryfwild). Scal es fromthese trout
were anal yzed for stock fdentfficatian as wel| asito determine:.

i ndividual fish ages. o

Rai nbow trout spawned from:late February through late Mayrof: "
1991. Spawni ng- general |y oceurred- earlier i n lower alevation i
areas and-| ater in:the upper areas of tributaries and the = =
mainstem Yaki ma River. The greatest densities of | ar Qe spawning-
rai nbow trout ‘occurred i n the lower mainstem Yakima River~and its

| ow el evation tributaries (i.e. Umtanum, Cherry, and Wilson & --
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creeks). Higher elevation tributaries and mainstem areas
contained fewer and snaller trout.. It was in these high

el evation areas that nost of the few anadronous fish (steelhead.
and spring chinook salnon) within the study area are known to
currently spawn. Prelimnary analysis of the data indicated that
very few of the large resident rainbow trout utilized the upper
elevation tributaries and mainstem areas for the purpose of

spawni ng.

Sumrer and fall rearing surveys indicated salmonid densities
and speci es conposition were very different between sites and
between years. Lineal densities of rainbow trout in tributaries
ranged from 11 to 114 fish/100 m For all sections pool ed,
results showed an 8.8% increase in biomass (grans of fish/w?)
from 1990 to 1991. Juvenile spring chinook salmon were abundant
in the |ower portions of several tributaries in 1990 but were
virtually absent in 1991. Physical habitat in tributary sites
changed between years. Pool habitat decreased between 1990 and
1991.

Rai nbow trout popul ation estinmates were conducted in five
mainstem Yaki ma River sections bel ow Easton Dam. Results.

i ndi cated density decreased froma range of 413 to 765 trout/km
in 1990 to 274 to 314 trout/kmin 1991. Possihle factors for
this apparent decrease are discussed.;

Rel ative abundance surveys were initiated in 1991 to docunent
the general distribution and relative densities of all fish

species in ten tributaries of the upper Yakima River. Rainbow

iV




trout generally were nore abundant ¥han cutthroat trout in lower
sections wthin a tributary, while the reverse més true in' the-’
upper elevation areas. Scuplins and dace were 'collected in ‘most
study' sections of all sampled streans.

"Data on novenent of tagged rainbow trout suggested that
seasonal ' or annual novenent was limited within the study area:
However, sone novenent was documented between | ower elevation -
tributaries and the mainstem Yakina River. [Information on
relative' rai nbow trout growth (fromtagged individuals) showed
high growth rates in Wlson Creek and portions of the vakima
Ri ver mainstem and sl ower growth Por fish captured i N upper
elevation tributaries where water' tenperature6 were generally
cooler. ° -

Consi derabl e genetic variation was:deteécted wWithin and among
the trout popul ati ons sampled. ' Three general population clusters
were identified. The | ower mainstem Yakima River and tributaries
bel ow El I ensburg conpri sed one cluster. The second cluster =~
consisted of the md-elevation tributaries (having m ninal
apparent exchange with the mainstein). The mainstem abové Easton
Dam and two tributaries in that area formed the third cluster.-
The i nci dence of hatcheryancestry was nDSt evidént in
populations Fforming the first cluster.

In 1991, interactions between hatchery steelh&ad and: resident
trout wore observed following the experinmental release of
approxi mately 31,500 hatchery steel head smolts into Jungle Creek

(a tributary ofthe North Fork of the Teanaway R ver) in a mannher
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intended to roughly simulate volitional release froma generic
YFP acclimation facility. Qutnmigrating fishes were captured in a
traversing fyke net in the North Fork of the Teanaway River, and
total nunbers emgrating were estimated. Population estimates
were conducted in index sites using el ectrofishing methods before
and after the releases. Simlarly, underwater observations of
fish behavior were perfornmed in index sites throughout the North
Fork of the Teanaway River before and after snolt rel eases.

Resi dual i sm of hatchery steel head was high in the North Fork
of the Teanaway. Hatchery steel head di spersed w dely throughout
the North Fork system both up and downstream Hatchery
steel head snolts were found in bull and cutthroat trout habitat
approximately five nonths after they were released. Behavioral
observations indicated residual hatchery steel head were nore
aggressive and dom nant than wild resident trout when both wild
and hatchery fish were involved. Many nal e residual hatchery
steel head were sexually nature at the tine resident trout
typically spawn. Both residual hatchery steel head and resident
trout in Jungle Creek were observed with fungal infections
(Sap-ol egnia) several weeks after the rel eases. Fungal
i nfections were not observed on fish sanpled or observed outside
the North Fork of the Teanaway watershed. Anglers exploited the
residual hatchery steelhead to a great extent. Hatchery

st eel head snolts and resident trout consuned simlar food itens.
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INTRODUCTION

In its Colunbia Basin Fish and Wldlife Program the
Nor t hwest Power Pl anni ng Council (NPPC) recognized the need and
opportunity to inprove natural runs of anadronous sal nmonids in
the Yakina River basin (NPPC 1987, section 800). A primary
conponent of this restorative effort involves the planning,
design, and inplenmentation of central outplanting facilities
terned the Yakima Fisheries Project (YFP). The intent of
production fromthis facility will be to increase the abundance
of naturally reproducing anadronous sal nonids (supplenentation)
and to provide fish for harvest purposes, while not adversely
i npacting the biological or genetic resources of affected stocks
(Section 703 (f) (3)). The YFP is also expected to provide a
maj or opportunity for evaluation of supplenentation success and
for learning of its effects on coexisting suppl enmented and
unsuppl enent ed st ocks.

The resident trout popul ations inhabiting the upper Yakina
River presently provide. one of the best resident trout stream
fishing opportunities in Washington State. The possibility
exists that these resident trout populations will be adversely
affected by biotic interactions such as conpetition, with
rel eased or natural fish produced fromthe YFP. The uncertainty
and sensitivity of potential inpacts of the YFP on resident fish
in the upper Yakinma River were identified in the Experinenta

Design Plan of the vakima/Klickitat Production Project




Prelimnary Design Report (BPA 1990a). Therefore, to address
this uncertainty an investigation of species interactions was
initiated by the Washington Departnent of Wldlife (WDW in

Sept enber . of 1989, funded by the Bonneville Power Adm nistration
(BPA) .

The overall goal of current species interactions research
is to investigate possible inpacts of YFP activities in the upper
Yakima River on resident salnonids. Species of concern include
rai nbow trout (Oncorhynchus mykiss), steel head trout (anadronous
formof 0. mykiss), and chinook salnon (0. tshawytscha).

Research initiatives are expected to progress in three phases:
basel ine data collection (pre-facility nonitoring), pre-facility
experinentation, and post-facility nonitoring.

Baseline data are collected to docunent the status of
resident trout populations in the upper Yakima basin prior to
suppl ementation. Variables to be nonitored are; when and where
trout spawn, and the distribution, abundance, novenent, and
genetic profiles of resident trout and other fishes in the
mainstem Yakima River and its tributaries. The data collected
during the baseline phase will account for some natural variation
and will be useful for comparisons followng the initiation of
YFP suppl ementation activities.

Pre-facility experinentation will be used to investigate
potential inpacts of supplenentation (in particular, the release
of hatchery-reared snolts into the natural environnent) on

resident trout and other fishes. | nformati on fromthese




activities wll identify areas of concern in terns of what
ecol ogi cal inpacts may be expected. This phase will also produce
insight that may be used to reduce or avoid negative influences

on resident fish due to YFP suppl enentation
CGeneral objectives for each study phase include:

1. Baseline data collection
Conduct baseline studies to ascertain the
di stribution, %opulat|pn status, genetic structure, and
life history characteristics of resident trout, steelhead,
and spring chinook salnon prior to YFP suppl enmentation
activities.
2. Pre-facility experinentation
Desi gn and conduct experinments to investigate
interactions between resident trout and anadronous
sal monids to assess potential inpacts prior to
i npl enentation of YFP supplenentation activities.
3. Post-facility nonitoring
Monitor and assess the status of resident trout,
st eel head, and spring chinook sal non popul ations after
i npl enentation of YFP suppl enentation
This progress report is the second since studies began in
1989, and contains information devel oped fromresearch activities
conducted from July 1990 through Decenber 1991. Because this
report covers work in progress, all results shoul d be considered
prelimnary. Specific objectives for work conducted during this
tine were as follows (objectives denoted as New were initiated
since the last progress report and Cont. were initiated in 1989-

90)




cont.

Cont.

Cont .

New

BASELI NE PHASE
Spawni ng Surveys;

Determne the timng and distribution of resident trout
n

spawni ng activity in the mainstem Yakima River and in
major tributaries.

Col | ect biological data froma representative sanple of
spawni ng resident trout popul ations to determ ne age-
conposition, length-at-age characteristics, sex ratios,
and growth rates.

Rearing Surveys:

| nvestigate the general distribution and abundance of
resident trout and other fishes residing in the mainstem
Yaki ma R ver above Roza Damand in major tributaries to
obtain informati on on species conposition, size and age
class structure, and general spatial and tenporal
distribution patterns.

Movenent and G owt h:

| nvesti gate seasonal distribution and novenent patterns of

.adult salnonids via tag returns and recaptures of tagged

i ndi vi dual s.

CGenetic Stock ldentification/Scale Pattern Analysis:

(ot ai n sanples to performgenetic assessment of
resident trout population structure, ancestry, and
di stinctiveness from Yakima R ver steelhead trout.

EXPERI MENTAL PHASE

Assess potential inpacts of hatchery steel head smolt
rel eases on resident trout by designing experinents to
exam ne interactions between hatchery and wild fish such

as di spl acement, novenent, behavior, interbreeding, and
‘food habits.
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STUDY AREA

The Yakima River originates in the Cascade Muntains
of central Washington above Keechelus Lake (elevation 767 m. As
the river flows southeast to its confluence with the Col unbi a
River, it passes through climatic transitions ranging from cool
and moist in the nountains to arid in the Yakima Valley. Annua
preci pitation at the headwaters ranges from 200 to 350 cm
decreasing to less than 19 cmin the |ower reaches (Fast et al.
1989) .

This study is being conducted on the Yakima R ver 'and its
tributaries in Kittitas County, Washington. The study area is
| ocat ed between Roza Dam at river kilometer (rkm 180 and
Keechelus Dam at rkm 305. It includes all major and many m nor
tributaries within this area (Figure 1). The study is confined
to areas accessible to anadronous sal nonids (i.e. areas bel ow
obstructions that formbarriers to passage of upstream mgrating
sal mon and steel head).

The upper boundary of the study area is at the base of
Keechel us Dam one of four regulated reservoirs (Keechelus,
Kachess, Easton, and Cle Elun) in the upper Yaki ma drainage that
provide irrigation water to the Kittitas and Yaki na vall eys.
These reservoirs greatly affect instream flow within the Yakinma
River. Big and Cabin creeks, and the e ElumRiver are
tributaries in this upper area. Flowin the e E umRiver

fluctuates greatly as water is released for irrigation needs.
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The Yakima River in this upper area is heavily braided and
extensive log jans are conmon.

The internediate zone of the study area is characterized by
warmer and dryer conditions and reduced stream gradient.
| mportant tributaries in this area are the Teanaway River, Swauk
Creek and Taneum Creek. The Teanaway systemis conplex, with
three major forks and a drainage area of.512 square kil oneters
(BPA 1990b). Its mainstem is 18.7 kmlong with the North Fork
extending 30.4 km Mddle Fork - 24 km and West Fork - 24 km
Water tenperatures warmslowy in the spring and spawning is
del ayed as snownelt in the higher elevations keep stream
t enperatures cool .

Farther downstreamthe Yakima River enters the agricultura
land of the Kittitas Valley west of the city of Ellensburg. A
| arge diversion damat rkm 233 (El | ensburg Dan) diverts water
fromthe river for irrigation purposes. Fish passage facilities
were conpleted in 1989 inproving the effectiveness of the fish
| adder and intake screens. Use of the Kittitas Valley is
dom nated by livestock grazing and hay production. Abundant
smal ler tributaries in the valley are used as sources of
irrigation water with many having been artificially channelized
in their |ower reaches. The study tributaries in this area are
Manastash, W/l son, Cherry and Badger creeks. During the
irrigation season (md-April through m d-Cctober) the | ower
sections of these streanms flow high and turbid (fromirrigation

water returns).




‘South of Ellensburg the Yakima R ver enters the Yakim
Canyon, |ocated between the Kittitas and Yakima valleys. Wth a
relatively small, steep drainage area and-reduced precipitation
only a few small streanms enter the Yakima River in this area
The largest, Untanum Creek, is the southernmost tributary in the
studyqaréé.. Amlarge gabion at rkm 7.9 of Untanum Creek bl ocks
upstream mgrations of all fish. A series of beaver dans
begi nning 1.6 km above the mouth of the creek may al so form an
upstream mgration barrier.

Roza Dam forns the |ower boundary of the study area. Before
i nprovements in 1988, fish passage facilities at the dam were
often ineffective and the dam may have acted as a barrier to the
passage of anadronous fish (particularly steelhead). This was
true especially during low flows (J. Hubble, YIN pers. comm.).

A total of seven study sections were selected in the
mainstem Yaki ma River based on physical geographic features and
broad habitat types (Figure 1). The upper reaches of the Yakim
River (sections 7, 6, and 5) are within the forested zone of the
| oner Cascades that is characteristically nontane in nature.
Study section 4 is in the transition zone between the nountains
and the Kittitas Valley. Conifers are gradually replaced by
shrub-steppe vegetation and precipitation levels decline. Here
the river flows through a 'steep basaltic canyon that is the
gateway to the Kittitas Valley. Section 3 is in the Kittitas
Val | ey where the Yakinma River is characterized by extensive

channel braiding. A riparian corridor exists in this section




which is conposed of willow, alder and cottonwood. Sections 2
and 1 are in the Yakima Canyon and are divided by the confluence
Urt anum Creek and the Yakima Rver. In this area the river
broadens as it passes through basalt formations. This part of
the river is heavily used by both recreational boaters and
anglers and is well known for its high-quality rainbow trout
fishery (L. Brown, WOW pers. comm.).

The Yakima Ri ver above Roza Damis presently managed as a
catch-and-rel ease trout fishery, which requires use of single
barbless hooks and artificial lures only. The present
regul ati ons have been in effect since the spring of 1990.
Previous regul ations allowed one trout greater than 15 inches to
be retained, and bait or barbed hooks were legal. The majority
of anglers presently use fly-fishing gear with only a small
portion using lures. Typically, fishing pressure is heavy on
weekends and holidays, and light at other tines. The Yakina
River is popular for guided fishing trips.

Salmonid speci es observed in the study area included
rai nbow trout, cutthroat trout (0. clarki), putative hybrid trout
(cutthroat x rainbow), spring chinook salnon, wld steel head,
brook trout (Salvelinus fontinalis), bull trout '(S. confluentus),
| ake trout (S. namaycush), and nountain whitefish (Prosopium
Wil liansoni). Cyprinid fishes collected include northern
s' gauwfi sh (Ptychocheilus oregonensis), redside shiner
(Richardsonius bal t eatus), speckled dace (Rhyni chthys oscul us),

longnose dace (R cataractae), chiselnouth (Acrocheilus




al utaceus), and common carp (Cyprinus carpio). Catostomnds
observed were bridgelip sucker (Catostonus columbianus) and

| argescal e sucker (C. macrocheilus). Cottids sanpled include
torrent sculpin (Cottus rhotheus), mottled sculpin (C bairdi),
and piute sculpin (C. beldingi). Fishes fromvarious other
famlies were al so observed including: western brook | anprey
(Lanptera richardsoni), burbot (Lota lota), three-spine

stickl eback (Gasterosteus acul eatus), |argenouth bass
(Mcropterus sal noi des), punpkinseed (Lepomis gi bbosus), and

yel l ow perch (Perca fl avescens).

BASELINE PHASE

SPAVWI NG SURVEYS

Met hods

Tributaries

Expl oratory spawni ng surveys in selected tributaries of the
Yakima River began on February 11, 1991. Electrofishing provi ded
the opportunity to sanple individual fish in varied water
conditions and to assess the relative sexual maturity of those
fish (Hindman et al. 1991). However, hook and |ine sanpling was
occasionally used when electrofishing was not effective.

Primary objectives of the spawning surveys were to 1)

docunent when and where rai nbow trout spawn in the upper Yakinma
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River basin, and 2) determine the potential for overlap with
steel head spawning location and timng. To acconplish these

obj ectives spawni ng surveys were conducted on a nonthly basis for
each of the 13 tributaries. Beginning at Urtanum Creek (the
study streamw th.the | owest elevation) and progressing westward
(higher in elevation), each tributary was sanpled from February
t hrough June. In each streaman increase in sexual maturity
shoul d be observable over tine, followed by a subsequent decline
indicating the length and peak of spawning activity during a
single season. However, poor sanpling conditions (e.g. high
flows and/or 'low conductivities) did not facilitate continuous
monitoring in all areas.

Spawni ng surveys were conducted by a three-person sanpling
team Typically, one person used a Smith-Root Mdel 12 backpack
el ectrofisher (battery-powered) and a netter captured stunned
fish while working in an upstream direction. The third crew
nmenber carried the sanpling equi pment and a bucket to hold
captured fish. Sanpled fish were anesthetized with M- 222
(tricaine nethanesul fonate), identified to species, and neasured
to the nearest mllineter (fork length = FL). Al captured trout
were wei ghed to the nearest gram and scales were collected froma
sub-sanple for scale pattern analysis and age determnation
Each fish was exam ned for the presence of hook-scars (e.g. scars

on soft-tissues around mouth, mssing or damaged maxillary or

mandi bl e) and exam ned for sexual maturity (spawning condition).

Al trout greater than 175 nmmwere then tagged with serially
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nunbered Hal |l print T-bar anchor tags and placed in a perforated
hol di ng bucket in the streamfor recovery fromthe anesthetic.
Once the fish recovered fromthe anesthetic they were rel eased
into the stream near where they were collected. Juvenile rainbow
trout (between 120 and 174 nmm) in the Teanaway River system were
tagged with visible inplant (M) tags, inserted in the-left

adi pose eyelid. These individually-coded tags were used to
obtain movenent information. W also neasured water tenperature
(°c) and water conductivity (nmmhos/cn) during spawning surveys.

Sexual maturity was determ ned by gently squeezing the
abdom nal area of each fish and observing for the expul sion of
mlt or eggs. Fish were then recorded as green (typical adult
size range with no excretion of mlt or eggs), mature (excretion
of mlt or eggs), spent (adult size range with hollow cavity with
worn fins), or immature (smaller than the typical adult trout
size range in that area). The snallest mature rai nbow trout
observed in each tributary was used as the lower Iimt to
identify "potential™ adult rainbow trout for each tributary.' The
percentage of fish that were sexually mature fish was then
cal cul ated by dividing "mature" fish by all "potential™ adults in
a given sanple.

A second objective of the spawni ng surveys was to determ ne
the location of rainbow trout spawning areas. To acconplish this
each tributary was divided into three sections representing | ow,
m ddl e, and high elevation areas. In tributaries where the

anadronous zone (areas accessible to salnmon and steel head) was
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short (e.g. cabinand Untanum creeks) the stream wasdivided into
two sections. In streanms with |ong anadronous zones (e.g. Taneum
Creek) four sections were established. On each spawning survey,
sanpl es were taken from each section, thereby representing
portions of the entire length of stream

To identify potentially distinct genetic stocks of rainbow
trout, and to assess population structure within the study area,
sexual |y mature rainbow trout were sacrificed for genetic stock
identification (GSI). The Washington Departnent of Fisheries
(WDF) was subcontracted to perform the analysis
(el ectrophoresis). A total of 100 sanples wastargeted as the
m ni num nunber needed to detect popul ation differences. However
due to potential inpact to the trout resource, nethods to reduce
sanmpling effects were used. Areas with simlar features were
conbined to form nulti-sanple clusters. |n general, sanples from
three streams were used to forma cluster. Target sanple size
for each tributary within a cluster was 33. Tissue sanples
(heart, liver, muscle, and eye) were taken fromfish greater than
150 mMm while fish less than 150 mm were frozen whole for later
di ssection in the laboratory. Sanples (tissues and whole fish)
were frozen on dry ice in the field immediately after data
collection. Scale pattern and age anal ysis of Yaki ma River
resident trout were also perforned via subcontract to WOF. Scal e
sanples fromall fish collected for GSI were placed on gunmed
cards and sanples froman additional 17 fish were collected per

tributary (total N = 50). Scales were renmoved fromthe |eft side
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of each sanpled fish froman area two to three scale rows above
the lateral |ine posterior of the dorsal fin. Not all age data
was available at this witing. Consequently, much of the

i nference regardi ng age cl asses was based on | ength frequency
di stributions.

Fecundity was determ ned by renoving eggs from nature
female trout that were sacrificed for genetic analysis,
preserving the eggs in 10% formalin, and | ater counting the eggs
in the laboratory. \Water displacenent nethods (Piper et al.
1983) were used to estimate the total nunber of eggs per fish

Several tributaries were too large to sanple w th backpack
el ectrofishing equipnment, and too small for drift boat
el ectrofishing. Thus we surveyed these areas using snorkeling
techniques simlar to those described by schill and Giffith
(1984). Three crew nenbers equi pped with dry-suits, masks and
snorkel s positioned thensel ves across the width of the stream and
drifted downstream (usually a 2-5 km section) recording all fish
observed and classifying the trout into two size groups, <150 nm
in length, and »150 mm  The different size groups were sel ected
to differentiate between adult (potential spawner) and sub-adult
segnents of the popul ation based on information obtained during
the previous year (Hindman et al. 1991). However, exact |ength
wei ght, spawning condition, .and génetic sanpl es were not
obt ai nabl e using snorkeling methods. This technique did
however, allow for rapid assessnent of the presence/ absence of

adult salrmonids. Relative abundance of non-sal nonid species was
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al so recorded during snorkel surveys.

Atrap was placed in Urtanum Creek fromApril 16 to April
19, 1991 to test the feasibility of trapping adult rainbow trout,
and to suppl enment baseline biological data regarding resident
trout spawning timng. The trap was constructed so that trout
ascending the streamwould foll ow bl ock nets to a funnel of
hardware cloth and into the lower half of the live box. Fish
m grating downstream were diverted by screened panels into a 10.2
cm PVC pipe that led to another portion of the live box. The
trap was checked tw ce daily and fishes captured were sanpled as
descri bed above prior to being released in the appropriate

di rection.

Mainstem Yaki na _Ri ver

As descri bed by Hindman et al. (1991), the mainstem Yaki ma
River was divided into seven study sections based on general
geogr aphi cal features.The sequence of section nunbers presented
in this report has been reversed fromthat presented by Hindman
et al. (1991) to be consistent with the nunbering schene used on
the tributary sections (lower nunbers associated with iower
el evations). The new sequence is as follows: section 1 (Lower
Canyon) from Roza Dam to Untanum Creek ; Section 2 (Upper Canyon)
from Urtanum Creek to R nger Road access; Section 3 (ElIlensburg)
fromthe R nger Road access to Ellensburg Dam Section 4 (Thorp)

fromEl | ensburg Damto the Teanaway Ri ver confluence; Section S

(e Elum fromthe Teanaway River confluence to the Ce El um
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Ri ver confluence; section 6 (Nelson Siding) fromthe Ce El um
River confluence to Easton Dam; SBection 7 (Crystal Springs) from
Easton Damto Keechel us Dam

Sections 1 to 5 were accessible wth a boat and thus were
sanpled by driftboat electrofishing. Snorkeling techniques
(Schill and Giffith 1984) were used in areas of the Yakim R ver
that were too |arge for backpack el ectrofishing but that were not
accessible with a boat. In a few instances, hook and |ine
sanpling was used to capture fish for the spawning survey and to
obtain sanples for genetic analysis and tagging.

Surveys conducted by Hindman et al. (1991) in 1990 used a
jet boat electrofisher. In 1991, the jet boat was suppl ant ed
wth a driftboat electrofisher. A 7.1 mfiberglass driftboat was
rigged with a 3500 Wgasoline-powered Honda generator and a
Coffelt Mark XXII rectifier. The anode was a 102 cm di aneter
Wsconsin ring nmounted on a stationary boom The cathode was a
25 cmx 4.5 m alum num plate nounted in a recessed keel on the
bottom of the boat.

Typically, the boat operator would maneuver the boat toward
a river bank while the netter was stationed at the bow of the
boat. Al trout were netted and placed in an onboard |ive box
and data collectionwas perfornmed at regular intervals as
di scussed for tributaries. -surveys were perforned on a schedul e
simlar to that described for the tributaries. Each river
section was sanpl ed one day per nonth by drifting a 4-6 km | ong

section. Specific areas electrofished within a section were
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alternated so that effort would be spread out over an entire
section as the season progressed and to mnimze inpacts to the
‘resource associ ated wth sanpling. Trout were nmeasured to the
nearest mllimeter (FL), weighed to the nearest gram and

exam ned for hook scars and sexual maturity. Methods to
determ ne the percentage of sexually mature were the sane as

di scussed for tributaries. To determne the approxinmate tim ng
of spawning activity in the mainstem the percentage of sexually
mature fish was graphed by section over tine.

Ti ssue sanples were collected froma sub-sanple of mature
fish fromeach section (N = 20) for genetic analysis. Scale
sanpl es were al so collected from these fish, and scales froman
additional 20 fish per section were collected fromeach section
to inprove sanple sizes for age determ nation as well as scale

patternanal yses.

Resul ts and Di scussion

Tributaries
UMTANUM CREEK

Spawni ng surveys in Untanum Creek were conducted on
February 11, March 4, March 18, and April 3. The percentage of
sexual ly mature fish observed during spawni ng surveys in Urtanum
Creek peaked in the | ower section on March 18 (57% and declined
by early April (26%9. In both sections conbined, spawning peaked

during March surveys (Figure 2). These results are consi stent
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w th those of 1990 where 88% of the trout sanpled were sexually
mature on March 21 and 22 (Hindman at al. 1991). The nunber of
new redds observed in Untanum Creek peaked on April 8 and
subsequently declined until no new redds were observed after
April 18 (Harper and Divens, cwu, unpub. data). The percentage
of sexually mature fish was simlar in both sections of Unrtanum
Creek indicating some spawni ng does occur throughout the | ower
7.9 kmof this stream However, use by mainstem fish above rkm
1.5 is questionabl e due to nunerous beaver danms which may act as
barriers to upstream m gration.

Nuner ous rai nbow trout spawning pairs were observed in this
smal|l streamon April 3, pronpting use, of a less intrusive nethod
of sanpling to determne spawning timng. Accordingly, a trap
was constructed to capture upstream and downstream m grants from
April 16 to April 19. No fish noving upstream were captured,

i ndicating .the upstream spawni ng nmovenent had previously been
conpleted. In addition no trout were observed in the pool bel ow
the trap, suggesting upstreamfish mgrations were not being
inhibited by the trap. Thirteen em grant rai nbow trout |eaving
the stream (all recorded as spent) were captured during four
successive days of trapping. Mgrant trapping will be refined

and used for the spawning survey in Urtanum Creek in 1992.
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Figure 2. Spawning timng of resident rainbow trout in _
tributaries to the upper Yakina River during spawning surveys in
1991. Dots show estimated peak of s amninﬂ activity, boxes
denote periods when 10% or nore of the fish sanpled were sexually
mature, thick |lines show periods when one to nine percent of the
fish were sexually mature, and thin |lines cover periods when no
fish in spawning condition were sanpled. UMT = Untanum G. BAD =
Badger C., CHR = Cherry ., WL = Wlson C., MAN = Manastash
C., TAN = Taneum Cr., SWK = Swauk C., WFT = W Fork Teanaway,
MFT = M ddl e Fork Teanaway, and NFT = N. Fork Teanaway.

A total of 294 trout were sanpled in Untanum Creek spawni ng
surveys in 1991. Tags were placed in 25 trout >175 mm and five
fish were captured bearing tags fromthe previous year. The
condition factor for rainbow trout sanpled in the | ower section
of Untanum Creek (0.86) was slightly |lower than that of the upper
section (1.00) (Table 1). Fish fromthe |ower section also
exhi bited a higher percentage of hook scars (6% than those
sanpled in the upper section (1%. Simlarly, nore hook-scarred
fish were also observed in the |ower section in 1990, although
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the percentage (34% was substantially higher than in 1991.

Rai nbow trout collected in the |ower section (below the
beaver dans) were slightly larger (nean = 141 nm than fish
collected in the upper section (above the dans)(nmean = 120 m).
The mean length for fish fromthe | ower section was |ower in 1991
than it was the previous year (nmean = 220 mm) which nmay be a
result of capturing nore juvenile fish in 1991 when a broader
period of time was sanpled. The length frequency distribution
for Urtanum Creek shows the presence of ol der age classes in the
| ower section only (Figure 3).

These results suggest that the beaver dans 1.6 km up Untanum
Creek acted as partial or conplete barriers to upstream novenent
by trout fromthe Yakima River. Prelimnary genetic results
detected no difference between upper resident fish and | ower
riverine groups within Urtanum Creek during the spawning season

Eggs from four female rai nbow trout from Untanum Creek were
enumerated. Mean fecundity of these fish was 347 eggs/female
(Table 2). Although only one of the four fish (311 mm FL)
was captured in the |lower section it carried 686 eggs.'

The habitat of Unrtanum Creek has been relatively
undi sturbed by human activities, wth good spawning and rearing
habi tat present. Low sunmer flows (<0.03 m*/s) have been
reported in the lower 1.6 km wth some stretches having
intermttent flow (BPA 1990b). Low sumer flows may be a factor

stinulating trout to
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Table 1. Surrrrarg of rainbow trout captured by stream and
section during 1991 spawning surveys. Sanple size (N), mninmm
(Min), nmaxi num (Max), and nmean fork length (Mean), standard
deviation (SD), average condition factor (CF), percentage of
sexual |y mature fish, and percentage of fish that were hook-
scarred. Stream sections are nunbered in ascending order in an
upstream direction.

Streant Fork Lenath (mm) Avg. percentaae
Secti on N M n Max Mean SD CF Mat ur e Hook- scar
UMT 1 155 49 385 141 86 0. 86 27 6
UMr 2 139 62 219 120 27 1. 00 32 1
POOLED 294 131 0.93 29 4
CHR 1 102 94 355 180 72 0.96 9 4
CHR 2 19 97 332 166 72 1.04 0 5
CHR 3 19 92 352 183 69 0.93 0 5
POOLED 140 178 0.97 7 4
BAD 1 56 79 357 149 50 1.05 4 0
BAD 2 45 121 465 170 66 1.07 24 2
BAD 3 33 90 270 151 38 0.95 13 0
POOLED 134 157 1.03 13 1
WIL 1 18 106 440 316 85 0. 85 31 22
WIL 2 58 147 465 340 71 0. 86 25 5
WIL 3 24 117 342 231 59 0. 85 28 8
POOLED 100 309 0. 86 27 9
MAN 1 61 76 280 165 56 0.95 35 0
MAN 2 17 68 222 143 43 1.09 33 0
MAN3 36 67 214 131 38 0.99 54 0
POOLED 114 151 0.98 41 0
TAN 1 35 71 298 138 59 0.94 19 0
TAN 2 42 85 213 152 33 1.02 27 9
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Table 1. continued
TAN 3 23 53 224 121 42 0. 89 35
TAN 4 3 122 175 144 28 0. 90, 0
POOLED 103 140 0. 96 25
SWK 1 38 65 293 115 48 1.13 38
SWK 2 59 62 275 112 41 1.08 30
SWK 3 91 53 190 113 31 1.14 35
POOLED 188 113 1.12 34
WT 1 26 80 253 143 50 1.01 53
WFT 2 51 67 229 134 49 0. 87 44
VWET 3 13 63 220 104 39 1.04 0
POOLED 90 132 0.94 40
MT 1 52 61 216 128 40 0.90 41
MFT 2 9 61 218 136 52 0. 96 57
MFT 3 15 125 220 170 27 0.84 53
POOLED 76 137 0.90 45
NFT 1 4 79 160 122 36 1.01 50
NFT 2 48 55 257 119 41 0.99 42
NFT 3 35 49 243 145 46 0.94 41
POOLED 87 130 0.97 42
BIG 1 24 63 220 109 43 0.87 50
CAB 1 3 68 73 71 3 NA* 0
* weights not available.

22




50

45 ]
40 B UMTANUM SEC 1 UMTANUM SEC 2
35 N= 155 N= 139

b MIN= 49 MIN= 62

i 30 MAX= 385 MAX= 219

L MEAN= 141 (SD= 86) MEAN= 119 (SD= 27)

x 25

W

g oy

=] 20

z

15

10

90 110° 130 150 170" 190 210 230" 250" 270" 290" 310" 330" 350 370" 390
FORK LENGTH (mm)

50 70

Figure 3. Length frequency histogram of rainbow trout captured
|89tvvo sections of Urtanum Creek spawni ng surveys in the.spring,
1991.

Table 2. Nunber of fish sanpled (N), meanlength, nean weight,
fecundity (eggs/fish), and eggsimmof fish length for egg skeins
collected from mature femal e rainbow trout during spawning
surveys in 1991.

Length Wei aht eqqgs/fish eqqgs /mm
Stream N Mean Range Mean Range  Mean Range Mean Range
Unt anum 4 188 135-311 119 32- 349 347 150- 686 1.7 1.1-2.2
Badger 2 293 211-374 329 114-544 1076 252-1900 3.1 1.2-5.1
W | son 7 386 223-465 800 118-1270 2151 270-3102 5.2 1.2-6.8

Manastash 2 198 165-231 140 53-227 540 240- 840 2.5 1.5-3.6
Taneum 5 182 147-213 80 30-129 342 161-500 1.8 1.1-2. 4
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move downstream to suitable habitat in the river. The clean
substrate and undi sturbed nature of this drai nage may nean't hat
it is also desirable as a spawni ng and/or rearing streamfor
steel head. One spent fenale steel head was captured in Untanum
Creek in 1990 (Hindman et al. 1991).

Unt anum Creek provided the best opportunity for observing
spawni ng behavi or and quantifying redd descriptions. Harper and
Divens (CW unpub. data) recorded detail ed neasurenents from 29
active redds on Untanum Creek from March 28 to April 15, 1991,

Qt her species present in Urtanum Creek included spring

chi nook sal non, speckl ed dace, scul pins, and bridgelip suckers.

BADGER CREEK
Badger Creek was added as a study streamin 1991 although it
was not sanpled during 1990 surveys. A total of 134 rai nbow

trout were sanpled in Badger Creek surveys begi nning on February

13, and ending on April 4. In addition, 173 trout were observed.

wi th phenotypic characteristics which appeared to be internediate
bet ween rai nbow and cutthroat trout, possibly reflecting rainbow-
cutthroat trout hybrids. The percentage of sexually mature

rai nbow trout increased from0%in February to 21%in early

April, at which time six spent trout (four fenales) were recorded
(Figure 2). Irrigation return water dramatically increased the
flowin this streamby early May, decreasing subsequent

el ectrofishing success after that time. Al though no rai nbow

trout captured on surveys in February were mature, one |arge
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cutthroat fermale was sexually mature, indicating that sone
salmonid spawni ng does occur early in Badger Creek. Water

t enperatures recorded during surveys of Badger Creek ranged from
9 °c on February 13 to 11 °c on April 4. Piper et al. (1983)
reports optinmum spawni ng tenperatures for rainbow trout to be 10
to 13 °c. Due to the presence of the spent females in early

April and the warm water tenperatures encountered, spawning in
this tributary probably peaked between |ate March and early

April. Simlar results were found in nearby WIlson Creek (Figure
2).

The length frequency distribution for Badger Creek rainbow
trout (Figure 4A) suggests that the population had a relatively
young age distribution. For exanple, 82% of the rainbow trout
sampled were less than 175 mmin length. Few fish from ol der
year classes were observed. However, sub-adult popul ations were
probably under-represented because many small trout were not
netted in an attenpt to capture the larger fish likely to be of
spawning age. A large trout (465 mm was captured in Badger
Creek that was the sane length as a fish fromWIson Creek
These were the two |largest trout captured during spawni ng surveys
in 1991. The overall nean length of Badger Creek rainbow trout
was 157 mm (Table 1).

Cbservations of stomach contents of these Badger Creek fish

showed | arge nunbers of freshwater shrinp (Anphi poda) present.
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Mean nunber of eggs/fish from Badger Creek was 1,076 (Table
2). The nunber of eggs per mllineter of fish |length was second
only to Wlson Creek.

Tags were placed in 40 rainbow trout >175 nm FL. No
recaptures were recorded. Condition factors were relatively high
in Badger Creek ranging from0.95 in the | ower section to 1.07 in
the mddle section (Table 1). The najority of rainbow trout
spawni ng appears to take place upstream of Emerson Road (3.5 km
from confluence with Cherry Creek).

In addition to wild rainbow and cutthroat trout, we
observed spring chinook salnon, speckled and longnose dace, .
hat chery rai nbow trout, redside shiners, and bridgelip suckers

were observed in Badger Creek

CHERRY CREEK

Spawni ng surveys were conducted in Cherry Creek on February
12, March 5, March 20, and April 2. Spawning surveys' were
di scontinued in this creek after April because high flows due to
irrigation runoff prevented effective electrofishing. O the
total nunber of rainbow trout sampled (N = 156), 45 rai nbow trout
were consi dered potential spawners (>185 nmm) while only three
were recorded as sexual |y mature (two in February). Al though the
sanple size was small, the presence of mature trout in February
indicates the start of spawning occurred early in this stream
The nmean size of rainbow trout captured in Cherry Creek in 1991

(178 mm was snaller than during the previous spring (213 mm
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(Hindman et al. 1991) (Figure 4B). Results fromsurveys in 1990
i ndi cated 15% of the fish were sexually mature in early March
(Hindman et al. 1991). \Wter tenperatures generally warmearly
in this streamas snow nelt on the south slope of the |ower

Col ockum Ri dge (which feeds Cherry Creek) occurs early in the
spring. Tenperatures recorded on surveys ranged from 7 °c on
February 12 to 11°c on March 20, indicating spawning season could
coincide with this early increase in stream tenperatures.

A total of 50 rainbow trout (>175 mm) were tagged in Cherry
Creek during 1991 surveys. A total of four tagged fish were
subsequently recaptured; Al four of these fish were-observed
near the point of original capture. The |ower section of Cherry
Creek contained 9% sexually mature trout, whereas no sexually
mature trout were found in the upper two sections. No fish from
Cherry Creek were sanpled for fecundity.

"Other species observed in Cherry Creek were spring chinook
sal ron, nountain whitefish, longnose dace, | argescal e and

bridgelip suckers, three-spine sticklebacks, and redside shi ners.

W LSON CREEK

Wl son Creek was surveyed on February 15, March 5, March 20,
April 4, April 15, and April 30. This tributary was sanpl ed
relatively frequently in order to increase sanple size throughout
the spawning period. A total of 100 rainbow trout were sanpled
Mean size of trout fromthis creek (309 mm was the |argest of

all tributaries sanpled in 1991 (Table 1, Figure 4c), and was
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| arger than that of the previous year (260 nm) (Hindman et al.
1991). WIlson Creek is oriented to the south and has a
relatively low elevation, causing water tenperatures to warm
relatively early in the year. Streamtenperatures were 8 °C when
the first survey was conducted on February 15, and reached 11 °c
on March 20.

Percent age of sexually mature rainbow trout increased
steadily over time with the highest frequency occurring in Apri
(41%) (Figure 2). Surveys conducted in March, 1990, found a | ow
percentage of sexually mature fish (11% Hindman et al. 1991).

The presence of spent fish indicated that spawni ng was
nearly conplete by the end of April. A total of three and four
spent rainbow trout were observed on April 4, and April 30,
respectively. Hghirrigation flows caused termnation of
spawni ng surveys in Wlson Creek after the April 30 survey.

The percentage of sexually mature rainbow trout was simlar
in all three sections of Wlson Creek, indicating that sone
spawni ng occurred throughout the area surveyed (lower WIson
Creek) (Table 1). A total of 64 rainbow trout >175 nm were
tagged during the spawni ng surveys in this creek. Fourteen trout
that had been tagged during previous surveys were al so captured.

The length frequency distribution reflects a wi de range of
rai nbow trout age classes in Wlson Creek at the tine of our
surveys (Figure 4C. Fish growth (size at age based on | ength
frequency distributions) in the sanpled sections of this creek

appeared to be higher than average for this species in other
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areas, such as Mntana waters (Brown 1971).

Wl son Creek trout had a higher nmean 'nunber of eggs per
fish (2,151) than any other stream sanpled (Table 2). Mean
nunber of eggs per mllimeter of fish length was al so nuch higher
for Wlson Creek rainbow trout than for fish in any ‘of the other
tributaries sanpled.

Movenent information fromtag return data for Wlson Creek
indicated that adult rainbow trout display little nmovenment into
or out of the stream (see Myvenent and Growth, this report).

Species diversity was relatively high in Wlson Creek with
rai nbow and brook trout, spring chinook sal non, nountain
whi tefish, hatchery rainbow, wld steel head, |argescale and
bridgelip suckers, longnose dace, and redside shiners being

observed.

MANASTASH CREEK

Manast ash Creek was surveyed on February 14, March 6, March
25, April 5, June 4 and June 6. On February 14, 18 rainbow trout
were captured in Manastash Creek and none appeared mature enough
to spawn. Water tenperatures ranged from 3 °C on February' 14 to
9 °c on June 6. Surveys indicated spawni ng began in March and
peaked in April (Figure 2).

The three sections of Manastash Creek sanpled had simlar

percentages of rainbow trout spawners, with a slightly higher

31




percentage occurring in the uppernost section (Table 1). The

| ength frequency distribution of rainbow trout sanpled suggests
that there were three age classes present in Manastash Creek
during the spawning survey period (Figure 6A). The snmall est
sexual |y mature rainbow trout captured in Manastash Creek were a

114 mm male and a 165 mm f enal e.

A total of 114 rainbow trout were sanpled during spawni ng
surveys in Manastash Creek. The nean length of 151 nmmfor
rai nbow trout sanpled in Manastash Creek in 1991 was slightly
smal | er than the nean length reported for the spring of 1990 (188
m) by Hindman et al. (1991).

Varipus species were observed in Manastash Creek with
rai nbow, brook, and cutthroat trout, spring chinook sal non,
nmount ai n whitefish, scul pins, and dace present. A total of 20

tags were placed in trout >175 mm

TANEUM CREEK

In 1991, Taneum Creek spamnihé surveys occurred on March 6,
May 22, and June 11. Spring runoff made this streamextrenely
difficult to sanple in April and May; wherein no fish were
collected. The percentage of sexually mature fish was highest in
March (31%), although simlar results were encountered on the
June survey (27% . These data suggest that spawning may occur
over an extended period and may peak during high flows in Apri

and May (Figure 2). During spawning surveys in 1990, three
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sexual ly mature femal es were observed on May 16, indicating that
spawni ng may have occurred in,this streamduring the high water
period when electrofishing was of [imted effectiveness (Hindman
et al. 1991). The percentage of spent fenale trout increased
during later sanples in 1991, with 18 and 22% being recorded for
May and June sanples, respectively.

Tenperatures taken during spawni ng surveys ranged from?2 °c
on March 6 to 10 °c on June 11. Hindman et al. (1991) observed a
| arge spawning run of bridgelip suckers into Umtanum Creek (from
t he mainstem Yakima River) shortly after the conpletion of
rai nbow trout spawni ng t here.

The percentage of sexually mature fish in Taneum Creek
appeared to increase in an upstreamdirection (19%, 27%, and 35%
in sections 1, 2, and 3, respectively;, Table 1). No adult mature
rai nbow trout were sanpled in the uppernost section surveyed,
al t hough the nunber of fish sanpled was low (N = 3).

A total of 103 rainbow trout were captured in Taneum Creek
with a nean size of 140 mm The length frequency di stribution
for Taneum Creek shows a |arge portion of the popul ati on between
110 and 170 mm FL and very few fish over 250 mm FL (Figure 6B).
Tags were placed in 11 trout >175 mm, and no éagggd fish were
recaptured there during spawning surveys in 1991. '

The fecundity of five sexually mature femal es from Taneum

Creek was examned. Mean |length and nunber of -eggs per fenale
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was relatively low and very simlar to data from Urtanum Creek
(Table 2).

O her species present included brook and cutthroat trout,
put ative rai nbow cutthroat trout hybrids, spring chinook sal non,
suckers, nountain whitefish, scul pins, dace, and redside shiners.
Hook-scarred fish were captured in the mddle and upper sections
I ndicating some fishing pressure occurred in those areas.

Low sunmmer flows (0.03-0.06 m*/s) and hi gh tenperatures
(20 °c) have been reported in the lower 5.3 km of Taneum Creek
(BPA 1990b). The seasonal de-watering of the stream bel ow the
Brunton Diversion nmay cause juvenile salnonids rearing in'that
area to nmove downstreamto the Yakima River. Until recently, no

upstream passage was possible at either the Brunton Diversion or

the Taneum Ditch Diversion. Recent inprovenents (fish |adders
and screens) have been installed at both diversions which should
make a substantial anount of good spawning and rearing habitat

avai l abl e to anadronous sal nonids.

SWAUK CREEK

Spawni ng surveys were conducted in Swauk Creek on March 11,
April 1, May 23, and June 11. The percentage of sexually nature
fish peaked in May (54% and declined sharply in June (14%
(Figure 2). Findings for June 1991 were simlar to those of

June, 1990, when 22% of the fish sanpled were observed to be
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sexual |y mature (Hindman et al. 1991).

Water tenperatures neasured on March 11 were 3 °c, 11 °c on
May 23 and 14 °c on June 11, 1991. On the June 11, 1991 survey,
38% (N = 8) of the rainbow trout observed were spent, suggesting
that spawning was nearing conpletion.

The length frequency distribution for Swauk Creek suggests
t hat predom nantly younger age classes of trout were present
(Figure 6C. Mean'trout size anong individual study sections of
Swauk Creek were simlar (Table 1).

Spawni ng appeared to be distributed relatively evenly
t hroughout Swauk Creek with the percentage of sexually mature
fish being 38%, 30%, and 35%in sections 1, 2, and 3,
respectively (Table 1). O all the streans sanpled, Swauk Creek
fish had the highest mean condition factors (Table 1).

Speci es other than rainbow trout that were observed in
Swauk Creek included cutthroat trout, apparent cutthroat x
rai nbow hybrids, dace, sculpin, and suckers.

The lower 4 to 8, kmof Swauk Creek may becone dewatered in

years of |ow precipitation (BPA 1990b).

LOWER TEANAWAY Rl VER
Al t hough consi derabl e natural production potential exists
t hroughout the Teanaway River basin, devel oping feasible spawning

survey nethods in the river below the confluence of the North and
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M ddl e Forks has been problematic. 8pawning surveys in the |ower
Teanaway have been extrenely difficult to conduct due to high
flows and |ow water conductivities. The water volune has
generally been too great for the backpack el ectrofisher to be
effective and drift boat operation has been hanpered by the
presence of rapids and channel obstructions. W attenpted to
sanple this part of the river on March 19, 1991. W rafted the
mainstem Teanaway River and used the backpack el ectrofisher in
backwater and braided areas of the river. Only two sub-adult
rai nbow trout and one spring chinook juvenile were captured. A
snorkel survey was also attempted on March 12 but no fish were
observed.

H gh quality spawning and rearing habitat is present in al
three forks of the Teanaway system -which historically produced
st eel head, chinook, and coho sal non (0. kisutch) (BPA 1990c).
Present constraints to salmonid production include naturally |ow
flows in the summer and fall which are exacerbated by irrigation
diversions in the nmain Teanaway bel ow the confluence of the North
and Mddl e forks. In the sunmer of 1990, flows in the | owernost
Teanaway River ranged fromO0.2 to 2.1 m¥/s.

Low summrer flows in the |ower mainstem of the- Teanaway River
may negatively inpact juvenile salmonid production by increasing
wat er tenperature and increasing exposure to predators. Hgh

wat er tenperatures and low flows may also interfere with or
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I nappropriately induce novenents of anadronous fish into and out
of the system For exanple, adult spring chinook mgrate into
spawni ng streanms from April through July and peak spawni ng occurs
in Septenber (BPA 1990c). This period coincides with the period
of lowest flows in the Teanaway River and nmay inpede the

movenents of spring chinook -into the upper reaches of the basin.

VWEST FORK TEANAWAY
Spawni ng surveys on the West Fork of the Teanaway River were
conducted on March 19, March 21, May 29, May 30, June 13, June 20
and June 21. A portion of the adult trout sanpled in June were
classified as spent (8 of 23). Bridgelip suckers were observed
in full spawning coloration during the June survey. |If, as
Hindman et al. (1991) suggested, bridgelip sucker spawni ng can be
used as an indicator of the conpletion of trout spawning in a
\given area, then we could surmse that the rainbow trout in the
West Fork of the Teanaway River were done spawning by |ate June,
1991. The percentage of sexually mature trout in the Wst Fork
Teanaway peaked in My (57% (Figure 2). There were no sexually
mature rainbow trout sanpled in the uppernost section of the West
Fork al though a spent rainbow nmale and a spent hybrid femal e were
recorded, indicating that spawning does occur in this section
Spawni ng was evenly distributed between the | ower two sections as

53% and 44% of the trout sanpled were sexually mature (Table 1).
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The nmean |l ength of rainbow trout captured in the West Fork
(132 nm was simlar to that of the adjacent Mddle (137 nm and
North Forks (130 mm) (Table 1, Figure 7). The condition factor
however was 0.77, the lowest of any tributary studied.

Adult steel head have been observed in the West Fork during
rai nbow trout spawni ng season by the authors of this report as
well as YIN personnel (J. Hubble, pers. comm.). It is possible
t hat steel head spawners woul d overlap both tenporally and
spatially with resident trout spawners.

Rai nbow trout, cutthroat trout, apparent hybrid trout
(cutthroat x rainbow), spring chinook sal non, longnose and
speckl ed dace, scul pin, bridgelip suckers, northern squawfi sh,
and redside shiners were observed in the West Fork of the

Teanaway River.

M DDLE FORK TEANAWAY

Spawni ng surveys were conducted-in the Mddle Fork of the
Teanaway River on March 7, March 28, May 29, June 21, and June
24,  Hgh water, due to spring runoff in April and My,
restricted sanpling efforts and resulted in limted sanple sizes.
The percentage of sexually mature rainbow trout in this stream
was high in both March (43% and June (55% and probably peaked
during May (Figure 2). Water tenperatures clinbed from®6.5 °C in
March to 10 °c in June. )
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The percentage of sexually mature trout was simlar anong all
three Mddle Fork sections suggesting that spawni ng occurred
t hroughout the length of stream sanpled. Mean |ength increased
w th di stance upstream al t hough nmaxi mum [ ength was very simlar
in all three sections (Table 1).

The nean | ength of rainbow trout in the Mddle Fork was 137
mm, al t hough the hook and |ine nethods used in June coul d have
selected for larger fish. The length frequency distribution for
the Mddle Fork shows peaks in fish nunbers at 90 and 130-150 mm
(Figure 7B). QO her species present included hatchery steel head

(age 1+), scul pins, dace, and suckers.

NORTH FORK TEANAWAY

Spawni ng surveys were conducted in the North Fork of the
Teanaway River on March 8, May 28, May 30, and June 8, 12, 15,
18, 24, 25, and 28. The | arge nunber of surveys (particularly in
June) coincided with the collection of spawning trout sanples for
genetic analyses. \Water tenperatures ranged from 3.5 °c in March
to 9 °c in June. The percentage of sexually mature resident
trout remained high fromMrch to June (simlar to the other
forks of the Teanaway) indicating a w de range of spawning tim ng
(Figure 2).

The overall percentage of sexually mature rainbow trout in

the North Fork was simlar in all three sections sanpled,
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suggesting that spawni ng occurred throughout the length of this
tributary. Mean length of rainbow trout was |argest in the
uppernost section (Table 1). The length frequency for the North
Fork shows two possible size classes at 130 and 170 mm (Fi gure
7C) .

Rai nbow, cutthroat, brook, and bull trout, as well as
hatchery steel head, wld steelhead, spring chinook sal non,
nmountai n whitefish, longnose dace, scul pins, and bridgelip and
| argescal e suckers were observed in the North Fork of the
Teanaway River. A pair of wild steel head were observed spawni ng
in the North Fork Teanaway slightly upstream of the D ckey Creek
Bridge on May 9, 1991.

Bl G CREEK

Big Creek was sanpled on three occasions; March 18, Apri
22, and May 31 with little success on each survey. A total of
only 24 trout were captured of which only one was sexual |y
mature. Only two of the 24 trout were | arge enough to be of
spawning size (Table 1). A length frequency histogram was not
devel oped due to limted sanple size. H gh streamflows, |ow
water conductivities, and possibly |ow popul ation densities were
the nost likely factors accounting for the [ ow nunber of trout
captured. The low nunbers of fish encountered may al so have been
related to the fact that the |l ower areas of this streamwere

dewatered during the fall in 1990.
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Water tenperatures remai ned cool through the end of May.(6-8
°c) suggesting that spawning may occur |ater than in other
tributaries. In 1990, sexually nmature trout were found in Big
Creek as late as June 20 when the water tenperature was 13 °c
(Hindman et al. 1991).

Brook trout, apparent hybrid trout (cutthroat x rainbow,

and scul pins were observed in addition to rainbow trout.

CABI N CREEK

In Novenmber of 1990, a large flood caused massi ve scouring
of the stream bed and deposited a considerabl e anount of nateri al
in the lower 4.8 kmof Cabin Creek. Fromrkm5.0 to 6.1 a series
of cascades and small waterfalls forma conplete barrier to
upstream mgration of anadronous fish. A spawning survey was
conducted on March 18, and only three small rainbow trout were
collected (mean length = 73 nm Table 1). Water tenperature on
March 18 was 5 °c and was 9 °c on May 31. No trout were captured
on May 31 due to high flow conditions. Flows were generally
high, making this stream extrenely difficult to sanple. Al so,
access to the streamwas hanpered by numerous washouts of bridges
and roads. A sexually nature fenale was collected in Cabin Creek
on June 25, 1990, suggesting that spawning occurs late in this

upper elevation tributary (Hindman et al. 1991).
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CLE ELUM Rl VER

A snorkel survey was conducted on March 7 in the lower Ce
Elum River near Bullfrog Bridge. Adult nmountain whitefish (N =
13) were sighted but no trout were observed, The lower 1.5 km of
the e Elum R ver was electrofished with the driftboat on My
20.  Wiitefish and suckers were common but no trout were captured
or observed on this survey either. Failure to detect resident
trout in 1991 was simlar to results of 1990. In 1990, a tota
of only 16 rainbow trout were sighted during two snorkel surveys

(Hindman et al. 1991).

Mainstem Yaki na River
LOAER CANYON (Section 1)

Spawni ng surveys in the Lower Canyon section of the mainstem
were conducted on February 7, February 11, March 11, April 10,

May 13, and May 29. \Water tenperatures recorded during sanpling
ranged from 3.5 ° in February to 11 °c in My.

Time of spawning data suggests that peak spawning activity
occurred in March (21%), and declined in April (13% and My (2%
(Figure 8). The nunbers of rainbow trout classified as spent
were highest during the April and May sanples. This trend is
simlar to that observed in 1990 when none of the 65 trout

captured during May surveys were sexually mature (Hindman et al.
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1991).

A total of 205 rainbow trout were sanpled in this section
Rai nbow trout nmean length '(282 mm was slightly larger than the
pool ed average for all mainstem sections (273 nm Table 3). The
length frequency distribution for the |ower section showed a
hi gh proportion of the fish over 300 nm W th the greatest nunber
of fish in the 350 nmlength class (Figure 9a). Hook-scarred.
fish were common in the |ower Canyon with 27% of all rainbow
trout sanpled exhibiting sone signs of hooking injuries (Table
3)

S L. CY[%J]r — =

E U. CYN} —F0—=
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I 3)

0 THORP} = =
N (4)

CLE EI.Uli[I- — ]
(5) : . . .
FEB MAR APR MAY JUNE
MONTH

Figure 8. Spawning tinme of resident rainbow trout in the upper
Yaki ma River during spawning surveys in 1991. Section nunbers
aﬁpear i n parentheses bel ow the correspondi ng section nane. Dots
show estinmated peak of spawning activity, boxes denote periods
when 10% or more of the fish sanpled were sexually mature, thick
| i nes show periods when one to nine percent of the fish were
sexual ly mature, and thin |lines cover periods when no fish in
spawni ng condition were sanpl ed.

45




Table 3. Summary of rainbow trout captured in 1991 during
spawni ng surveys of the mainstem Yakinma River. Sanple size (N,
m ni mum (M n), maxi mum (Max), and nmean |ength (Mean), standard
deviation (SD), average condition factor (CF), percent sexually
mature (Mature), and percent hook-scarred (Hook-scar) are
present ed.

Fork lenath (nun) Avg. Percent
Section N M n Max Mean SD CF Mat ur e Hook- scar

Yak

1 205 88 460 282 76 0.74 16 27
Yak 2 196 118 450 293 64 0.72 11 27
Yak 3 96 92 440 271 85 0.77 10 16
Yak 4 105 102 475 225 94 0.79 15 8
Yak 5 114 73 448 265 103 0. 82 10 17
Yak 6 20 102 498 299 110 0.80 24 0
Yak 7°
POOLED 736 273 0.76 13 21

* no rainbow trout captured

QG her fishes observed in this section were, in approxinate
order of abundance, nountain whitefish, suckers, northern

squawfi sh, scul pins, chiselnmouth, redside shiners, and dace.

UPPER CANYON ( Section 2)

The Upper Canyon section of the Yakima River was surveyed on
February 5, February 12, March 12, April 12, and May 13. A total

of 196 rainbow trout were collected. The nmean length of these
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fish was 293 nm which was slightly larger than the average for
all mainstem sections pooled (273 mm; Table 3).

Spawni ng activity appeared highest in March (21% sexual |y
mature) followed by declines in April (13% and May (2% (Figure
8). This trend is simlar to that observed in 1990 (Hindman et
al : 1991), when a single spawning femal e was sanpl ed on February
21, and 11% of the sanpled fish were considered to have already
spawned on a subsequent survey in My, 1990. In 1991, three
spent adult rainbow trout were observed in April, while 12 of 23
adult rainbows (52% were spent in May. \Water tenperatures
ranged from4 °c in February to 11 °c in May.

The length frequency distribution of rainbow trout in the
Upper Canyon section shows a wi de range of age classes (Figure
9B) .

It is evident that resident trout do spawn in the mainstem
Yakima River in this section. However, use of periodic
el ectrofishing surveys nmakes it difficult to determne the
specific tenporal and spatial distribution of concentrated
spawning activity in this large river

Qther species observed, in approxinate order of abundance,
were nountain whitefish, suckers, northern squawfish, sculpins

chi sel nrouth, and dace.
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Figure 9. Length frequency histograns of rai nbow trout captured
in Lower Canyon (A), and Upper Canyon (B) sections of the Yakim
R ver during spawning surveys in 1991.

ELLENSBURG (Section 3 )

The Ell ensburg section of the Yakima River was surveyed on
February 13, March 13, April 11, May 15 and June 6. The

percentage of sexually mature rainbow trout was highest in Mrch
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(22%), followed bydeclines in May (0% and June (4% . This
trend was simlar to the results of spawni ng surveys in upstream
sections (Figure 8).

The length frequency distribution for this section reflected
a W de range of age classes and was not distinctly binmodal as in
the case of the e Elum and Thorp sections (Figure 10a).

Mount ai n whitefish, suckers, northern squawfish, scul pins,
and dace were al so observed in this section.

THORP ( SECTI ON 4)

The Thorp section of the mainstem Yakima River was surveyed
on February 14, March 14, April 9, and June 10. Sexual naturity
of sanpled trout increased through April (27% and declined by
June (6% (Figure 8). A large percentage of spent fish (47%
were observed in June, suggesting spawning was nostly conpl et ed.

The length frequency distribution for rainbow trout was
bi rodal (Figure 10B). The nmean length of rainbow trout in the
Thorp section (225 nm was the snallest of any river section
surveyed (Table 3).

| n approxi mate order of abundance, other fishes observed
were mountain whitefish, suckers, northern squawfish, scul pins,

and dace.
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CLE ELUM ( Seotion 5)

The Ce Elumsection of the Yakim River was surveyed on
February 26, March 15, May 20, and May 24. The percent of
sexual |y mature rainbow trout observed was highest in late My
(279% and declined sharply less than a week |ater (6% (Figure
8). A large percentage (31% of the adult fish sanpled in the
Ce Elum section during My surveys were spent.

The length frequency distribution for rainbow trout sanpled
inthe e Elumsection showed a clear binmodal distribution
(Figure 10C). The nean length (265 nun) for fish in this section
was slightly lower than that observed for the average of al
mainstem sections conbi ned- (273 mm; Table 3).

O the other species observed, nountain whitefish were the

nmost plentiful, followed in order by suckers, northern' squawfi sh

and scul pins.

NELSON S| DI NG (8ection 6)

The Nel son Siding section of the mainstem Yaki ma River was
surveyed with the driftboat electrofisher for the first tinme ever:
on February 28, 1991. Ten large rai nbow trout were captured (max
= 498 mm; Table 3), of which four were mature mal es and one was a
mature female. Hook and |ine sanpling on June 28 produced nine
rai nbow trout. O these, none were classified as mature and two
were classified as spent. A large nunber of rainbow trout (N =

245) were observed in this section during snorkeling surveys
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during the spawning period in 1990 (Hindman et al. 1991).
Al t hough sanple size was small (N = 20), the nean | ength of
rainbow trout (299 mm FL) was the |argest of any mainstem section
sanpled in 1991. 1In addition, the largest trout captured during
1991 spawning surveys was in this section (498 mm; Table 3). A
length frequency distribution is not presented due to a very
smal | sanple size. It is difficult to determ ne when spawni ng
peaked with the data collected thus far.

Spawni ng adult steel head were observed on redds in this
section on April 30, 1991. Brook trout, mountain whitefish

suckers, northern squayfish, and scul pins were al so observed in

this section.

CRYSTAL SPRING8 (SECTION 7)

The Crystal Springs reach of the mainstem i s the uppernost
section studied. A spawning survey in this section on May 16,
resulted in capture of only one brook trout. An additiona
survey was conducted on June 12, below the Interstate 90 bridge,
when 14 brook trout were captured along with one cutthroat and
one putative cutthroat x rainbow trout hybrid. Electrofishing
efficiency in this area appeared to be marginal due to high river
fl ows and | ow wat er conductivities (< 100 mmhos/cm).

This stretch of the Yakima River is subjected to extrene
flow fluctuationsfromirrigation rel eases madgs at Keechel us Dam

For exanple, flows in the Yakim R ver bel ow Keechel us Dam
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tripled from10.5 to 30.3 m*/s in a 24 hour period on June 5,
1990 (USBR, unpub. data). Flow fluotuations of simlar nagnitude
occur several tinmes each year and nay be a major contributor to

the | ow abundance of fish observed in this reach.

spawning Survey Sunmary

Tributari

Rai nbow trout spawning activity in |ower elevation
tributaries (Urtanum Badger, Cherry, and WIson creeks) peaked
earlier in the spring than in tributaries at higher elevations.
Earlier spawning at |ow el evation nmay be related to the water
tenperatures warmng earlier in the year in these |ower elevation
areas than in the nore nountainous streans at hi gher elevations
(Figure 2). Hindman et al. (1991) al so observed rainbow trout in
| oner elevation areas spawning earlier than those in areas in 'the
upper portion of the basin.

Large nunbers of mainstem Yakfrma River rainbow trout
mgrated into Untanum Creek to spawn. This creek is the only
perennial tributary in'the Yaki ma Canyon area and appears to be a
very inportant spawning stream for trout

Trout in the lower tributaries were generally |arger than

their counterparts in the upper elevation streans. W]Ison Creek
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trout were, on average, |argest and carried the highest nean
total nunber of eggs and the highest nean nunber of eggs per
mllineter of body length. Fecundity was positively correl ated
with trout body length (N =38, R = 0.786, P = 0.000) and wei ght
(N =35 R=0.949, P = 0.000) for fish collected in tributaries.

Mainstem

Rai nbow trout in the mainstem Yaki ma River spawned earlier
in low elevation sections than in high el evation sections (Figure
8). Water tenperature may again be an inportant environnental
cue related to this difference in spawn tim ng.

Trout in the Nelson Siding reach (section 6) and those
captured in the Yaki ma Canyon sections (1 and 2) were, on
average, larger than fish in the mddle reaches (fromcle Elumto
El lensburg). Condition factors (a length to weight relationship)
were generally higher for the fish sanpled in the upper elevation
areas and' decreased with distance downstream

Fecundity data was collected from19. female rai nbow trout
fromthe Yakima River mainstem with a nmean length of 342 mm. The
mean nunber of eggs per fenale was 982, and the nean nunber of
eggs per millimeter of body length was 2.9. Trout fromtwo
tributaries (WIson and Badger creeks) had higher fecundity than
mainstem fish, while trout fromthree others (Untanum Manastash,

and Taneum creeks) had, on average, fewer eggs.
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During the course of conducting spawni ng surveys for
rai nbow trout in the upper basin from steel head spawners were
observed on April 30 (Nelson Siding; section 6) and on May 9

(North Fork of the Teanaway River). In addition, suspected

st eel head redds were located in two side-channels of the e El um

reach (section 5) by YINin April, 1990 (J. Hubble, pers. comm.).
These observations, although limted, indicate areas of possible

t enporal overlap between steel head and rai nbow trout spawners.

REARING SURVEYS

Popul ati on Esti mates

Popul ation estimates in mainstem and tributary sections
provide quantitative information on the resident trout
popul ations during, the sumer-fall rearing season. These
estimates afford the opportunity to gain detailed-information on
the rearing segnents of the trout populations within index areas
of selected tributaries and mainstem sections. This data is
useful . for naking conpari sons between years within the sanme area
and for contrasting between areas. This baseline information
along with findings fromthe nore qualitative relative abundance
surveys, W ll serve as a standard by which to neasure future
change in the trout resource in the upper Yakinma basin. This

section of the report contains data collected during the summer-
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fall periods of both 1990 and 1991, whereas the relative

abundance section that follows was conducted for the first tine
in 1991.

Methods

Tributaries

To obtain quantitative information on densities of stream
rearing fishes in the upper Yakima R ver basin, tributaries were
identified-in 1990 which generally satisfied two criteria: 1)
streanms nost |likely to contain resident trout popul ations that
could be affected by returns of supplenented fish, and 2) streans
wi th proposed acclimation facilities (which rel ease artificially-
produced fish). This process resulted in the selection of five
study streans: Cabin Creek, Taneum Creek, and the West, Mddle
and North forks of the Teanaway River (Figure 1). An additiona
site (lower Jungle Creek) was selected in 1991 to conplinent
smolt rel ease experinentati on (see sSmolt Rel ease Study, this
report). Wthin these tributaries (wth the exception of Jungle
Creek), nultiple sites were selected that were visually
determned to be of relatively high quality in terns of avail able
habitat, representative of the streamas a whole, and
identifiable so that between-year conparisons could be nade. The
site selection process generally began with establishment of the

| oner elevation site, followed by the upper elevation site, and
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finally the intermediate site (if any) near the mid-point. Study
sites were staked and marked in 1990 for use in that and
subsequent years. In 1991, markers for the upper West Fork
Teanaway site could not be |ocated due to catastrophic changes in
t he stream channel follow ng flood conditions in Novenber of
1990. Therefore, markers were replacedslightly upstream of the
original area prior to surveying in 1991. Study sites were
established to enconpass representative habitat units (e.g.
pools, riffles, runs) but were generally about 100 m | ong.

Fi sh popul ation estimates were conducted in three sites in
Taneum Creek and in each of the three forks of the Teanaway
River. Only two sites were established in Cabin Ceek because of
the uniformty of habitat and the short distance of stream
avail able to anadronous fish

Fi sh popul ation estimates were calculated using nultiple
renoval el ectrofishing nmethods (zippin 1958). Data were anal yzed
using a personal conputer program (Mcrofish 3.0; VanDeventer and
Platts 1985). Block nets of 6.35 nm knotless nyl on nesh were
used to preclude inmmgration and emgration fromthe study
section. Al fish were enunerated during the. first pass with the
el ectrofisher. This allowed direct conparison with relative
abundance nethods that were used on other streans (see Relative
Abundance Surveys, this report). On subsequent passes only

sal noni ds were enuner at ed.
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Al captured fish were identified as to species and count ed.
Al sal nmonids were neasured to the nearest mllineter and wei ghed
to the nearest gram  Trout over 175 mmlong received a serially
nunbered anchor tag on the left side near the posterior margin of
the dorsal fin. During 1990, trout between 120 and. 175 mm (FL)
captured in the Teanaway River systemreceived serially nunbered
dangl er-type fingerling tags inserted near the anterior edge of
the dorsal fin. In 1991, fish of this size received a
nunerically unique VI tag placed subcutaneously in the left
adi pose eyelid. Before enuneration and tagging, Ms- 222 was added
to a bucket of water to anesthetize the fish. Scale sanples were
collected froma cross section of rainbow trout |ength classes (N
= 50) in each tributary. Al trout were exam ned for previously
applied tags and evidence of hooking injuries (hook-scars).
After processing, all fish were transferred into a perforated
bucket for recovery, so they could be redistributed within the
popul ation site.

Physi cal data collected included stream tenperatures (°C)
and water conductivity. Water velocity was al so neasured in
nmet ers/ second using a Marsh- McBi rney Mddel 201D portable current
meter. Measurenents were nornmally taken laterally at 0.5 m
increments along a netric tape stretched between streanbanks.
Vel ocities per unit area were |ater conputed and sunmed to

estimate total discharge in cubic neters per second (m’/s).
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Area of each habitat unit (pools, riffles and runs) within each
site were measured using methods simlar to Bisson et al. (1982).
A netric stadiumwas used to nmeasure. the maxi mum depth of

i ndividual habitat units. Habitat units were further subdivided
as follows; riffles: low gradient, rapid, cascade; pools
bottom scour, l|ateral scour, plunge, dam trough, and back water;

runs. Phot ographs were taken of select study sites for reference

and archive purposes.

Mainstem . Yaki na Ri ver

Popul ation estimtes were conducted in five of the seven
index sections of the Yakina River nmainstem The |ocation and
nonencl at ure fgr t hese sections correspond to the broader areas
in which spawning surveys were conducted. Index sections were
est abl i shed based on the | ocation of suitable access sites and
satisfaction of a 4 km mininmum length criteria. A description of
specific index sites follows: Lower Canyon, section 1, Squaw
Creek to the cenent slab access; Upper Canyon, section 2, Ringer
Road access to Bighorn access; Ellensburg, section 3, KOA RV park
to Irene Reinhart Park; Thorp, section 4, Stuart Anderson's
homestead to Thorp Bridge; Ce Elum section 5, froma site
adj acent to Ce Elumto the Teanaway Departnent of Wldlife
access area (Figure 1). Section 6 (Nelson Siding), from Easton
Damto the nmouth of the Cle Elum R ver, and section 7 (Crystal

Springs), Keechelus Damto Easton Reservoir, were not suited to
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driftboat electrofishing (due to channel obstructions -and/or | ow
flow) and snorkeling techniques were used instead. Snorkeling
techni ques did not allow a strict population estimate to be
generated, but did provide an indication of species occurrence
and relative abundance (Goldstein 1978, schill and Giffith 1984;
Zubik and Fral ey 1988).

Popul ation estimates were conducted after summer irrigation
flows were reduced. Surveys were conducted between Cctober 4 and
Novenber 8 in 1990, and between Septenber 16 and Novenber 14 in
1991. Mark-recapture techni ques (Vincent 1971) were used to
estimate population size. An electrofishing driftboat was used
at night to increase sanple sizes (Loeb 1957). Each popul ation
estimate consisted of making four passes; a run oneach side of
the river on consecutive nights to mark fish (small fin-clip),
and anot her run on each side of the river one week later to
recapture marked fish and collect unmarked fish

The driftboat electrofishing equi pment was nodified slightly
between 1990 and 1991. In 1990, the driftboat was equi pped with
a nobil e anode system This anode was attached by an extension
cord to the power source and tossed into potential trout habitat
and retrieved slowy to the driftboat. This process continued
repeatedly while drifting downstream  Trout exhibited
gal vanotaxis as they were affected by the electrical current and
noved toward the driftboat where a netter collected the fish and

placed themin a live-box in the boat. (Qperation of the nobile
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anode systemrequired three people; a rower, a nettef, and an
anode handler. 'In 1991, the nobile anode was changed to a
stationary anode to inprove capture effectiveness, enable the use
of a lowinjury electrofisher setting (CPS by Coffelt), and
reduce the nunber of people required for sanpling, Use of the
stationary anode systemrequired only two people; a rower and a
netter. The stationary anode consisted of a 15.7 cm di aneter
"Wisconsin ring", which was suspended in the water over the bow
of the'boat by a fiberglass and al umi num boom In both
applications (nmobile and stationary anode) an al um num plate
attached to the hull of the boat served as the cathode.

The crew stopped at regular intervals to record information
fromthe fish that had been collected. The nunber of stops per
section was increased in 1991 (fromtwo or three in 1990 to four
per night in 1991) to allow for better redistribution of fish
followng the marking runs. Efforts were made to release fish in
slow, shallow areas in 1991 to encourage the fish to redistribute
fromthe releases site. Data collection nethods were simlar to
t hose described in the spawning survey section (see Spawning
Surveys, this report). In addition to collection of biological
data, all trout captured during the marking runs were given .a
tenporary fin clip unique to the section being sanpled.. After
handl ing, fish were put in a mesh holding pen in quiet water to
allow themto recover fromthe anesthetic before being rel eased

back into the river. Popul ation estinates were generated using
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the Montana Departnent of Fish, WIdlife and Parks Mark-Recapture
System (version 3.1), a PC based conputer program based on the
Petersen mark-recapture mnethodol ogy.

| n mainstem Sections 6 and 7, numerous channel obstructions
(extensive log jams) prohibited the use of the driftboat
el ectrofishing system so snorkeling techniques were used. Two
snorkel ers, one on each side of the channel (mean wi dth was about
10 meters), floated downstream counting all fish observed.
Cbserved trout were divided into two size groups, >150 mm and
<150 nm based on approxi mate size groupings for adult and

juvenile trout, respectively.

Results and Discussion
1 .

TANEUM CREEK

Trout density (nunber of trout per unit area) was hi ghest
in the | owernost site in Taneum Creek during both 1990 and 1991
(Table 4). Biomass (g/m) in Taneum Creek increased with
di stance upstream and was, on average, higher in 1991 than in
1990. The salmonid communities in the |ower and intermediate
sites were dom nated by rainbow trout. The uppernost section had

t he hi ghest nunber of salmonid species present. Rai nbow trout
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Table 4. Popul ation estimtes (95% confidence intervals), nunber
of fish per square neter (#/m?), bionmass (g/m?), and percent
speci es conposition for 1990 and 1991 fall tributary. rearing
surveys. Average val ues (MEANS?are shown for each tributary,
with the years and sections pooled. Lower nunbered sites are
lower in elevation within a given tributary.

Year Pop. Eet. P ercei
Stream,Section (95% CI) #/m* g/m? RBT HSH CUT EBT HRYB BUL S8PC
1990, TAN 1A 37 (32-47) . . 97 3
1990, TAN 1B 48 (35-73) . ‘ 97 3
1990, TAN 2 60 (53-71) 0. 10 2.23 100
1990, TAN 3 52 (40-73) 0.09 1.89 33 27 13 27
1991, TAN 1* 167 (78-322) 0.28 3.24 100
1991, TAN 2 49 (47-54)  0.09 2.93 94 6
1991, TAN 3 39 (34-49)  0.07 2.12 43 20 17 20

MVEANS 65 0.13 2.48 81 8 5 7
1990, WFT 1 109 (82-142) 0.16 1.54 79 21
1990, WFT 2 38 (33-49) 0. 05 0.82 92 8
1990, WFT 3 15 (15-17) 0.02 0.49 100
1991, WFT 1 107 (82-137) 0.19 0.82 100
1991, WET 2 63 (58-71)  0.09 1.78 98 2
1991, WFT 3 52 (43-68) 0.06 0.53 100

MEANS 64 0.10 1.05 95 <1 5
1990, MFT 1 84 (70-101) 0.15 2.23 60 40
1990, MPT 2 114 (102-128) 0.17 3.43 95 1 ‘ 4
1990, WFT 3 80 (72-92)  0.13 2.37 99 1
1991, MFT 1 121 (98-148) 0.21 1.80 99 1
1991, HFT 2 181 (148-213) 0.30 1.75 99 1
1991, MFT 3 57 (51-67) 0.09 1.85 98 2

MEANS 106 0.18 2.24 92 <1 <1 7
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Tabl e 4. continued

1990, NFT 1 80 (64-104) 0.07 0.54 45 55
1990, NFT 2 75 (55-105) 0.10 1.82 100
1990, NFT 3 57 (50-69) 0.11 4.71 11 73 5 11
1991, NFT 1 79 (59-107) 0.09 1.17 93 5 2
1991, NFT 2 42 (33-60) 0.06 0.86 838 9 3
1991, NFT 3 21 (18-30) 0.04 2.40 22 6 72

MEANS 59 0.08 1.92 60 3 24 2 2 9
1990, CAB 1 11 (11-12)  0.02 0.80 18 55 9 18
1990, CAR 2 24 (24-25) 0.04 1.49 54 21 13 8 4
1991, CAB 1 30 (26-40) 0.05 0.81 86 14
1991, Cas 2 21 (18-30) 0.04 1.49 100

MEANS 22 0. 04 0.83 65 5 21 4 5

* Habitat areas were not neasured in these individual sites in 1990.

® Taneum 1 was created in 1991 by conbining sites 1A and 1B used in 1990.
Abbrevi ations for streans are as follows: CAB = Cabin Cr., TAN. - Taneum Cr.,
WFT = West Fork of the Teanaway River, MPT.= Mddle Fork of the Teanaway
River, NFT = North Fork of the Teanaway River.

were the nost abundant species of salmonid in this upper section
(Table 4). Mean lengths were 110, 130, 166, and 123 nm for

rai nbow, hybrid, cutthroat, and brook trout, respectively
(sections and years pool ed).

Habitat conposition in Taneum Creek study sections varied
little between years (Table 5). Water tenperatures were slightly
cooler, surface area was greater, and flows were higher in 1991
than they were the previous year (Table 5). These conditions may

be partially responsible for the higher bionmass observed in 1991.
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Table 5. Habitat neasurenments (percent pool, riffle, run), water
tenperature (°c) at time of survey,total area (m?), and flow
(m3/s) for tributary popul ati on estimate sites in the upper

Yaki ma River basin duri ng the summer-fall periods of 1990 and
1991. Mean val ues ( ) are shown for each tributary, years
and sections pooled. Lower nunbered sites are lower in elevation
within a given tributary.

Year Percent
Stream Section Pool Riffle Run Tenp Ar ea Fl ow
1990, Taneum 1A & 1B 36 25 39 17 615 0.37
1990, Taneum 2 20 46 34 112 608  0.50
1990, Taneum 3 6 26 68 10 568 0.30
1991, Taneum 1 42 44 14 16 600 0.32
1991, Taneum 2 13 33 54 15 561 0.39
1991, Taneum 3 4 58 38 15 521 0.25
MEANS 20 39 41 14 579  0.36
1990, W Fk. Teanaway 1 5 63 32 13 678 0. 07
1990, W Fk. Teanaway 2 21 20 59 16 781 0.08
1990, W Fk. Teanaway 3 10 57 33 12 631 0.10
1991, W Fk. Teanaway 1 0 40 60 16 552 0. 15
1991, W Fk. Teanaway 2 16 38 46 18 699 0.14
1991, W Fk. Teanaway 3 18 20 62 16 843 0.14
MEANS 12 40 48 15 697  o0.11
1990, M Fk. Teanaway 1 51 19 30 14 566 .
1990, M. Fk. Teanaway 2 12 64 24 13 683 0. 08
1990, M Fk. Teanaway 3 28 37 35 10 627  0.09
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Tabl e 5. continued
1991, M Fk. Teanaway 1 19 42 39 13 576  0.08
1991, M Fk. Teanaway 2 5 36 59 15 598  0.09
1991, M Fk. Teanaway 3 16 33 51 12 655 0.08
MEANS 122 39 39 13 618  0.08
1990, N. Fk. Teanaway 1 15 16 69 5 1164  0.55
1990, N. Fk. Teanaway 2 5 26 69 9 766  0.28
1990, N 'Fk. Teanaway 3 23 44 33 10 519 0.64
1991, N. Fk. Teanaway 1 0 37 63 12 863  0.64
1991, N Fk. Teanaway 2 0 28 72 8 726  0.42
1991, N Fk. Teanaway 3 7 54 39 9 491  0.20
MEANS 8 34 58 9 755  0.46
1990, Cabin 1 21 19 60 10 471  0.12
'1990, Cabin 2 10 59 31 10 679 .
1991, Cabin 1 14 66 20 18 664  0.16
1991, Cabin 2 0 78 22 12 499  0.18
VEANS 11 56 33 13 578 0.15
*'No fTow neasurenment available
In addition to salnonids, all three Taneum Creek sites

cont ai ned an abundance of sculpins (0.05 to 0.12/m?) in 1991

The rel ative density of sculpins increased with distance

upst r eam
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WEST PORK OF THE TEANAWAY RI VER

Popul ation densities (#/m?) were highest in the |owernost
section of the Wst Fork of the Teanaway R ver in 1990 and 1991
(Table 4). Juvenile spring chinook sal mon made up 21% of the
sal noni ds by nunber in this |lower section in 1990 but were not
observed in 1991. Severe floodi ng subsequent to spring chi nook
spawni ng activity in late 1990 (after the 1990 estimates had been
conducted), nmay have increased chinook egg nortality
significantly. Bi omass (g/m?) decreased in the | owernost site of
the West Fork between 1990 and 1991, possibly-due to the total
absence of juvenile spring chinook salnmon (Table 4). There wae
however, no significant change in overall biomass for al
sections pooled between the two years. Mean |engths of rainbow
trout (92 mm and juvenile spring chinook (89 mm were fairly
simlar, while cutthroat trout were much |arger (148 mmj.

Popul ation estimate sites in the West Fork of the Teanaway
River contained. a variety of habitats. The |owernost site was
predomnantly riffle and run, with very little pool habitat (5
and 0% for 1990 and 1991, respectively), whereas the mddle and
upper sites contained relatively nore pool habitat (10 to 21%
Table 5). \Water tenperatures were slightly warmer in 1991, even
t hough fl ows were slightly higher .during the previous year.

Q her fishes observed in the West Fork of the Teanaway

River during 1991 surveys were dace, Scul pin, redside shiners,
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suckers, and northern sguawfish. Suckers and sguawfi sh were
relatively uncommon (0.05 to 0.11/m?) while scul pins, dace, and

shiners were nore abundant (0.14 to 2.23/m?).

M DDLE FORK oF THE TEANAWAY RIVER

Aver age popul ation densities of salnonids were higher in
the Mddle Fork of the Teanaway River than in any of the other
tributaries sanpled. There were an estimated 0.18 sal noni ds per
square nmeter in this tributary (sites and years were pool ed)
(Table 4). Juvenile spring chinook conprised 40% of the
salmonids in the lower site in 1990 but were absent in 1991, as
was seen in the adjacent West Fork of the Teanaway River. Apart
fromthe chinook in the lower two sites in 1990, the Mddle Fork
salmonid community was dom nated by rai nbow trout. Average
l ength of rainbow trout (97 nmm was slightly larger than it was
in the West Fork (92 mm), while the nean |engths of spring
chinook salnon, cutthroat trout, and apparent hybrid trout were
91, 99, and 130 mm respectively, for sites and years pool ed
Nunerical density actually increased in two of the three sites,
but nean length of the fish was considerably smaller in 1991,
resulting in decreases in biomass in all sites from 1990 to 1991
(Table 5). For exanple, mean length of rainbow trout in the
mddl e site -of the Middle Fork of the Teanaway in 1990 was 117

mm while the average rainbow trout captured there in 1991 was




only 73 mmlong. This reduction in mean length may suggest that
the mpgjority of the fish present in 1991 were age 0+, and that
many of the older fish seen in 1990 were no | onger present in
1991.

St ream channel norphol ogy in the Mddle Fork of the
Teanaway Ri ver basin changed drastically between years, due
primarily to the flood in late 1990. For exanple, the percent of
pools in the lower site in 1990 was s1%, while in 1991 it was
only 19% (Table 5). This reduction in pools, as well as nore
direct effects of the flood on fishes (increased nortality and/or
di spl acement downstream), nmy have been responsible for the
decrease in biomass between 1990 and 1991

In 1991, dace and scul pins were collected in all of the
Mddle Fork of the Teanaway River sites. These species were
considered relatively abundant in the lower two sites (0.16 to
0.75/m?), while dace were | ess abundant in the uppernost site

(0.06/m?) .

NOoRTE FORK OF THE TEANAWAY RIVER

Popul ation density of salnonids in the North Fork of the
Teanaway was |ower in 1991 than in 1990 (Table 4).  The species
(origin) conposition changed in all sites in 1991 with the,
i ntroduction of hatchery-reared sunmer steel head snolts for

anot her portion of our project (see Snolt Release Study, this
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report). Juvenile spring chinook sal non abundance was |ower in
1991 than in 1990 in the | ower North Fork site as was seen in the
West and M ddle forks was al so observed in the Iower North Fork
site (Table 4). Hatchery steel head were nuch larger ( mean = 197
my) than rainbow trout (nean = 104 nm), and therefore accounted
for a larger percentage of the total bionass than nunber. Bul
trout constituted 11% of the sal monids present in the uppernost
site in 1990 but were not observed in that site in 1991. This
site was dom nated by cutthroat trout during both years.

I n 1990, the uppernost site in the North Fork of the
Teanaway River had the highest biomass (4.71 g/m?) of any
tributary site surveyed (Table 5). Mean bi onass decreased
bet ween 1990 and 1991 in the upper and m ddl e sections, while
nearly doubling in the |owernost section. The introduction of
hat chery steel head nmay have been responsi ble for the increased
bi omass in the lower site.

Pool habitat in the North Fork of the Teanaway River sites
decreased substantially between 1990 and 1991, resulting in the
conplete elimnation of pool habitat in the |ower and m ddl e
sites (Table 5). As -previously nentioned, flooding in |ate 1990
was responsi ble for nuch of the alteration in channel norphol ogy.

Scul pins were relatively abundant (0.19 to 0.57/m?), during
1991, in the North Fork of the Teanaway River study sites. Dace

were less plentiful (0.04 to o0.08/m?) in this stream,
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CABIN CREEK

The | ower elevation site in Cabin Creek contained an
estimated 11 sal nonids (six brook, two rainbow, one putative
hybrid trout, and two juvenile spring chinook salnon; Table 4) in
1990. salmonid densities (#/m?) in Cabin Creek were sone of the
| onest neasured in any study site, The estimated nunmber of
salmonids in 1991 in the |ower section was nearly three tines
higher than it was the previous year. However, the bionass
remained virtually unchanged (Table 4). This is explained by the
decrease in the nean size of salnonids present in this site
between years. For exanple, in 1990, the nean length of rai nbow
trout in this site was 91 nm whereas the corresponding |ength
for 1991 was only 63 mm The flood inpacted this basin nore than
others due, possibly, to its steepness and |ogging history.

Speci es richness was nuch greater in 1990 than in 1991.
Juvenil e spring chinook were present in both sites in 1990 and
none were detected in 1991. Brook trout dom nated (55% by
nunber) the lower site in 1990 and conprised only 14% of the
popul ation in 1991 (Table 4). The upper site contained rainbow,
cutthroat, brook, and apparent hybrid trout as well as spring
chi nook sal nmon in 1990, whereas it contained only rainbow trout
in 1991,

Bi omass in both Cabin Creek sites remained renarkably

stabl e through the drastic environnental changes that took place
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between 1990 and 1991 (Table 4). Mean bionass (both sections and
years pool ed) was |lowest of all tributaries sanpled (Table 4).

Physical habitat in Cabin Creek was domnated by riffles.
This was especially so in 1991 when 66 and 78% of habitat in the
| ower and upper sites, respectively, were classified as riffles
(Table 5). The percentage of habitat nade up by pools in the
upper site changed from 10 to 0% probably due to the flooding in
late 1990.

QG her species observed in Cabin Creek in 1991 were dace and
scul pi ns. Scul pi ns were abundant (0.66 to 1.04/m?) in both

sites, while dace were present only in the lower site (0.14/m?).

Mainstem Yaki na R ver

Esti mates of resident trout densities 'in the mainstem Yakima
River were considerably lower in 1991 than in 1990 (Table 6).
Densities in 1990 ranged from 413 to 765 trout/kmfor al
sections, and from 27.4 to 314 trout/kmin 1991. Popul ation
density in the Upper Canyon section (section 2) decreased
considerably from 1990 to 1991. Popul ation densities in the
Thorp section (section 4) were nost simlar (but also decreased)
between years. Popul ation densities decreased in all other
sections by nmore than half between 1990 and 1991. The popul ation
estimate for the e Elumsection (section 5) in 1991, was invalid

due to an insufficient nunmber of recaptures. Biomass (kg/km
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al so decreased in all sections (Table 6). The Ellensburg section
showed the greatest decrease in biomass with a 74% decline
between 1990 and 1991.

Al though it was not possible to determ ne the causes of the
apparent decline in population size between years, alternative
expl anations are |isted bel ow

1) Actual changes in popul ation | evels occurred due to

natural processes such as severe flooding or human

i nfl uences.

2) Met hodol ogi cal changes nade between years, wherein the

nobi | e anode systemused in 1990 was replaced with the

stationary boom anode (in 1991) and the nunber of sanple

release sites was increased in 1991.

3) A conbination of 1 and 2.

The occurrence of a massive (recurrence interval: 50 to 100
years) flood in Novenber, 1990, may have substantially increased
nmortality rates of juvenile trout. The |ength frequency
distributions for the Lower and Upper Canyon sections pool ed
shows a decline in the percentage of trout in the 175 to 225 nm
size class (Figure 11). Fish of this size would have been age 0
or age 1 fish during the fall of 1990 when the large fl ood
occurred, suggesting that nortality on this segnent of the
popul ati on may have been substantially increased by the fl ood.

In 1990, this size range accounted for 27% of the trout sanpled,

while in 1991 it was reduced to only 17% This reduction in
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young fish, possibly due to flooding, may account for much of the
change seen in the mainstem Yaki ma River sections between 1990

and 1991. The nean length of trout also decreased in four of the

Table 6. Resident trout population estinmates (with 95%
confidence intervals), biomass (kg/section), nunber per

Kil ometer, kil ogram& per kilometer, and nean fork length in
mllimeters of trout (Length? for five sections of the Yakim

Ri ver mainstem during the fall of 1990 and 1991. Percent change
éﬁ&ﬁggen years) for each section is shown in the rows marked

Year Section (#) Pop. Est. (95% C) Bl omass  #/ km KQ/ Kim Lengtn
1990 Lower Canyon (1) 2998 (2135-3847) 671 666 149 271
1991 Lower Canyon (1) 1414 (1100-1716) 354 314 79 278
CHANGE -53% -47%
1990 Upper Canyon (2) 3442 (1977-5054) 718 765 160 261
1991 Upper Canyon (2) 1232 (753-1660) 237 274 53 257
CHANGE _64%  —-66%
1990 El | ensburg (3) 2676 (940- 4412) 723 669 181 253
1991 Ell ensburg (3) 1167 (721-1912) 191 292 48 247
CHANGE -56% -74%
1990 Thorp (4) 2394 (1240- 4063) 356 413 61 246
1991 Thorp (4) 1774 (607-3654) 305 306 5 3 244
CHANGE -26% -14%
1990 de Elum (5) 2631 (1309-5142) 608 418 97 282
1991 de Elum 237

*lInvalid estimate due to |l ow collection efficiency
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Fi gure 11. Length frequency distributions for mainstem Yaki ma
Ri ver Upper and Lower Canyon sections pooled for fall of 1990 and
1991. Sanples sizes (N) for each are shown.

five sections between 1990 and 1991 (Table 6). It should be
poi nted out, however, that we suspect the equipnent's capture
efficiency on the smaller size classes was greater in 1991 than
in 1990. Overall capture efficiencies, in 1991, with the
stationary boom system were much higher (1990 average = 7.24%

1991 average = 13.78%), resulting in nore precise popul ation
estimat es.
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Natural variation may al so explain the apparent shifts in
density. Changes in recruitnent of juvenile fish to the adult
popul ation, survival of all life stages of trout, emigration, and
reproductive success may all influence the standing crop of fish
at 'a particular time and location. Human influences such as
il1egal angler harvest, fish kills, or habitat destruction may
al so affect fish abundance.

The Nel son Siding index section was snorkeled on June 28,
1990, and on Cctober 23, 1991. The nunbers of rainbow trout over
150 nm were very simlar between years (1990, 90; 1991, 91), but
t he nunbers of trout |ess than 150 mm were considerably different
(1990, 113; 1991, 30). Differences between years may be rel ated
to the seasonal difference in sanpling dates. Many juvenile
spring chinook were seen in 1990 (N = 140) but none were observed
during the 1991 snorkel survey. Suckers were abundant in 1990 (N
= 75) but were rare in 1991 (N = 1), whereas the abundance of
whitefish in 1991 had increased five-fold over the previous year
(1990, N = 150; 1991, N = 738). \Witefish abundance in 1991 may
have been so high because of spawning aggregations.

Subsections of the Crystal Springs index section were
snorkel ed both in Mayand Cctober of 1990 and 1991. Few fish
were observed in any of these surveys. Only one rainbow trout
(<200 mm) and one adult whitefish were seen in May 1990. In
Cctober 1990, 54 age 0+ rainbow trout, 29 rainbow trout > age 1+,

four age O+ brook trout, 54 brook trout > age 1, 97 age 0+ spring




chi nook, one adult spring chinook carcass, 87 age O+ nountain
whitefish, 3 age 1+ and ol der nmountakn whitefish, 12 speckled
dace, and 12 redside shiners were observed. In May 1991, no

rai nbow trout were seen in a two hour snorkel survey through the
section. A total of seven trout, five of which were less than
150 mm were observed in the subsequent Cctober survey.

In addition to trout, nountain whitefish, suckers -
(largescal e and bridgelip), northern squawfi sh, scul pins, dace,
and spring chinook sal mon were observed in sections 1 - 5 (Lower
Canyon to Ce Elum. In 1990, a |largenouth bass and a
punpki nseed were captured in the Lower Canyon section (section
1) . Yellow perch were observed in the Upper Canyon section in
1990. One common carp wascaptured in the e Elumsection in
1990. Juvenil e spring chinook sal non were generally nore
abundant in 1990 than in 1991,

Rel ati ve Abundance Surveys

Rel ati ve abundance surveys were conducted to obtain
information on the fish community structure and distribution of
fishes in tributary sites throughout the study area. Although
popul ation estimates woul d have been preferable, the time
requi red to conduct popul ation estimtes was too great to sanple
a large nunber of sites. The relative abundance surveys (sem -

quantitative (one-pass)) provided informati on on the species
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conposition within each site sanpled. W assuned all fish
species within the sites exhibited simlar susceptibility to
capture by electrofishing. The term'relative' in relative
abundances is used because the density, estimtes produced with
this technique are not actual densities. Wth a simlar |evel of
effort in each site, the density in one 'relative abundance site'
can be conpared to the density in another. Because of

di fferences in nethodol ogy (one pass versus multiple passes), the
density estinates obtained through these surveys should not be
directly conpared to the nmultiple renoval popul ation estinates.
In nmost cases, the densities reported for the relative abundance
surveys woul d be slightly |ower than actual densities because no
expansi on factor was applied to the data (as it was with the

multiple renoval estimtes).

Met hods

Rel ati ve abundance surveys were conducted in five
tributaries of the upper Yakinm River between August 5 and
Cct ober 29, 1991. Rel ati ve abundance surveys were not conducted
in 1990. It was possible to collect reliable information on al
species (including salnonids) in tributaries only. Due to the
| arge nunbers of non-sal nonids (e.g. whitefish and suckers), it
was not possible to obtain accurate rel ative abundance

informati on i n mainstem study sections.
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Two sections were established on Urtanum Creek because of t he
relatively short distance of stream avail able to anadronous fish.
Sanpl e sites were selected representing |ower, mddle, and upper
reaches on each, of three tributaries (Badger, Mnastash, and
Swauk creeks). Only one site was established in Big Creek due to
access limtations. Sanple sites were each approxi mately 200 m
long. Relative popul ati on abundance was estimated from fish
collected during asingle pass electrofishing effort (Strange et
al. 1989). Al fish encountered were netted and placed in
hol di ng buckets. Non-sal nonids (except sone scul pins) were
identified to famly in the field and avoucher collection was
preserved in 10% formalin and later identified to species in the
lab. Trout were identified to species, fork |length was neasured
to the nearest mllineter, weights were obtained to the nearest
gram the presence of hook-scars was assessed, and fish |onger
than 175 mm were anchor-tagged prior to rel ease.

Relative abundance of - each speci es was expressed as nunber
of fish per 100 m?®. The nunber of fish present for each species
were divided by the estimate of stream surface area. The tota
surface area for each section was calculated by nultiplying the
| ength and nean width of each habitat type (e.g. riffle, run,
pool) and then adding values for each habitat type. The tota
nunber of each species present was then divided by surface area

(m?) and nultiplied by 100 to give an estimate of fish per.100 m?.
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The relative densities were then converted to a qualitative
ranking using the following criteria: 0 fish/100 m? = "none"; 0.1
- 1.3 fish/100 m* = *few"; 1.4 - 3.9 fish/100 m* = "common"; 4.0
or nore fish/100 m* = "abundant®. These criteria were sel ected
based on the typical range of densities observed in tributary

I ndex sites throughout the study area.

Results and Discussion

In general, rainbow trout and scul pins were the nbst common
species in the tributary sites sanpled (Table 7). Simlar to the
findings of the nmultiple renoval tributary popul ation estinates,
species conposition tended to shift toward cutthroat and brook
trout in'the upper reaches of sonme streans (e.g. Manastash and
Swauk creeks). Rainbow trout were the only trout species found
in Untanum Creek and were abundant in both sections, although
much hi gher densities were encountered in the |ower section
(17.9/100 m?) than in the section above the beaver dans (5.8/100
m?; Table 8). Rainbowtrout in the |ower section were

predom nately age 0+, wth 77%of all rainbow trout sanpled (N

76) less than 100 nmin length. |In contrast, only 19% (N = 27)

were |less than 100 nm long in the upper section. Al though flow,
tenperature and gradient were simlar' between the two sections of

Unt anum Creek, there were major differences between the
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Table 7. Relative density estimtes (#/100 m?) for all species by
section in five tributaries of the upper Yakima Ri ver during
fall, 1991. Abundant (abun) = > 4,0, cormmon (corn) = 1.4 - 3.9,
few = 0.1 - 1.3, and none = 0 £ish/100 m?.
Stream S
Section RBT CUT EBT HYB SPC DACE SCUL SHIN SUCK LAMP WP SQW
Umr 1 . abun comm abun
(17.9) {1.6) (4.7)
UMI 2 abun abun comm few
(5.8) (29.1) (3.6) (0.2)
BAD 1 comm comm
(2.7) (2.0)
BAD 2 abun few few few few
(10.7) (0.9) (0.7) (0.1) (0.1)
BAD 3 abun abun comm
(5.4) (8.6) (1.4)
MAN 1 abun few few few abun abun comm few
(7.5) (0.1)(0.1)(0.6) (6.8) (6.5) (3.1)(1.1)
MAN 2 few few few few abun
(1.0)(1.1)(0.3)(0.4) (8.5)
MAN3 comm comm comm
(3.5)(3.2) (2.2)
SWK 1 comm abun few few abun few
(3.1) (15.9) (1.2) (0.7)(5.6) (0.2)
SWK 2 abun few comm abun
{11.9)(0.1) §2_7) (5.8)
SWK 3 abun few few ew abun
(13.7)(1.2) (0.6) (0.1) (10.9)
BIG 1 conun abun
(3.4) (4. 0)
UMI = Unt anum Creek, BAD = Badger Creek, MAN = Hanastash Creek, SWK = Swauk
Creek, BIG = Big Creek. Lower section nunbers correspond to | ower elevation i
sections within a tributary. RBT = rai nbow trout, CUT = cutthroat trout, EBT =
brook trout, HYB = hybrid (RBT x CUT) trout, SPC = spring chinook sal non, DACE

= dace species, SCUL = scul pin species, SHI N = redside shi ner
| anprey,

speci es, LAWP
squawfish.

= western brook

SUCK = sucker
WF = nountain whitefish, SQW = northern

conposition of habitat types in the sanpled sections (Table 8).
The | ower section was predomi nately riffles (46% and runs (32%),
and contained nmostly cobbl e and boul der

substrate. The upper
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section had only a fewriffles (13% and was dom nated by pools
(6999 with heavily silted substrate. The |ower nunbers of trout
and | arger nunbers of dace in this upper section could be
related to this difference in habitat structure between sections
I n Untanum Creek.

The greatest species richness in Badger Creek was in the
internediate section (Table 7). The relative density of trout in
Badger Creek increased with distance upstream although the upper
section had a higher percentage of putative hybrid trout than the
other two sections. The habitat in Badger Creek was simlar in
all three study sections, wWith riffles and runs being the
dom nant habitat types. Pool habitat was artificially
i ncreased in Badger Creek during the irrigation season by
| andowners installing boards on diversion dans. Land use around
Badger Creek was predom nately agriculturaf and sections of the
heavily grass covered, providing what appeared to be excell ent
salmonid rearing habitat.

The species richness in Manastash C eek was higher than that
of other tributaries sanpled (Table 7). Species diversity was
highest in the |owest section, and decreased progressively in an
upstream direction. Rainbow trout density decreased wth
di stance upstream and were totally absent in the uppernost
section. I n conmparison, cutthroat trout were absent in the
| onest section and increased in density upstream  Brook trout

were present in all three sections and were in spawning condition
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Table 8. Physical characteristics of habitat in study sites used
for relative abundance surveys in tributaries to the upper Yakinma
River, fall 1991. SanFIe date, percentage riffle, run, pool

habitat, total area, flow, and water tenperature are shown for

each site.

Stream ' Date Per cent Area Flow Tenp.
Sect i on (m/day) Riffle Run Pool {m?) (m*/g) (°c)
UM 1 8/22 46 32 22 425 : 17
UMT 2 8/22 13 18 69 468 0.08 17
BAD 1 10/29 76 14 io 998 1.67 8
BAD 2 10/29 41 59 0 896 0.88 6
BAD 3 10/28 84 15 1 573 0.58 9
MAN 1 10/10 55 23 22 705 0.11 b
MAN 2 10/10 86 3 11 1242 0.26 >
MAN3 10/17 43 21 36 846 0.08 b
SWK 1 9/3 60 31 9 904 0. 07 b
SWK 2 9/3 35 56 9 839 0.10 14
SWK 3 9/11 36 23 41 687 0. 04 14
BIG 1 10/25 40 51 9 900 0.11 5

*Flow too ow to measure.

® Data not recorded.

UMT = Unt anum Creek, BAD = Badger Creek, MAN = Manastash Creek, SWK = Swauk
Ceek, BIG = Big Creek. Lower section nunbers correspond to |ower elevation
sections within atributary.

on Cctober 17. O the 27 brook trout sanpled on that date, 21
were mature-or spent (78%.
Study sections in Swauk Creek enconpassed a w de range of

habi tat conditions over approximately 24 kmof stream The
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| onest section of Swauk Creek contained the nost species and

rai nbow trout were common to abundant in all three sites (Table
7). The upper section contains a series of pools that were
fornmed through habitat nodification. Consequently, the |argest
percentage (41% of pool habitat was found in this section (Table
8).

The fish community in Big Creek was relatively sinple with
only rainbow trout and scul pin observed (Table 7). This creek
had the | owest nunber of species observed of any tributary
surveyed. The habitat in Big Creek consisted primarily of runs

and riffles, with very little pool habitat available (Table 8).

Rearing Survey Sunmary

Tributaries

Salmonid abundance and species conposition in tributary
Index sites were very different between 'streans and years.
Taneum Creek and the Mddle Fork of the Teanaway River had high
mean salmonid densities (Cc.13 and 0. 18 salmonids/m?,
respectively) when the years and sections were pooled. Mean
bi omass (g/m?) i ncreased in Taneum Creek and the West Fork of the
Teanaway Ri ver between 1990 and 1991, while it decreased in the
M ddl e and North forks of the Teanaway River and remai ned
remarkably stable in Cabin Creek. In general, the nean |engths

of trout observed in tributary popul ation estinate index sites
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were smaller in 1991 than they were the previous year. This
decrease in larger fish nmay be due, in part, to the occurrence of
a major flood event that occurred in the study area in Novenber
of 1990. These larger fish (100-200 mm woul d have been age O
fish during the fall of 190when the flood occurred. Juvenile
spring chinook salnmon were totally absent fromall tributary
study sections in 1991 where significant nunbers (up to 55% of
the total) were found in 1990. The flood may have increased pre-
enmergence nortality of eggs which were deposited in the gravels
about two nonths prior to the flooding. Uppernost sites in nost
tributaries contained higher species diversity (wth respect to
salnonids) than did lower sites within a tributary. Daces and
scul pins were the species found nost frequently in sympatry with
rai nbow trout.

Physical habitat in tributary sites changed between -1990
and 1991. The percentage of the total area within nost sites
that was pool habitat decreased between years, while runs and
riffles accounted for nore of the area in 1991. The flood may
have been responsible for sone of this channel restructuring.
Kennedy and Strange (1982) found that densities of ol der trout
highly positively correlated to area of deep water (P <0.001) and
accounted for the majority of trout biomass. Rai nbow trout
biomass in tributaries in 1991 was also strongly correlated with
pool area (N = 14, P < 0.001, R = 0.806) but poorly correlated in
1990 (N = 14, P = 0.393, R = 0.248).
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Mainstem Yaki na River

Resident trout densities in the mainstem Yaki ma River were
much lower in 1991 than in 1990. Nunerical density (#/ km and
bi omass (kg/km) of trout decreased an average of 50% for al
sections pool ed between 1990 and 1991. Changes in popul ation
| evel s due to severe flood and/or natural variation, human
i nfluences, as well as nethodol ogi cal changes in our surveys may
account for the reduction in abundance of trout in the Yakim
River study sections between years. A |lower percentage of the
trout captured during 1991 were age O+ trout during the fal
flood. This reduction suggests that the smaller |ength groups
suffered disproportionately higher nortality rates and supports
the theory that the flood was responsible for sone of the
reduction in abundance in 1991.

Snor kel surveys in the upper two sections of the mainstem
Yaki ma River also revealed fewer snall trout in 1991 than in
1990. Juvenile spring chinook salnon, plentiful in 1991, were
not observed in either of these upper sections in 1990. The
upper nost section of the Yakima River (Crystal Springs) was found
to have very few fish in the fall of 1991, while a survey the
previous fall showed approximtely 200 sal nonids.

Species diversity generally increased with distance

downstream  Spring chinook salnon juveniles were | ess abundant

in the 1991 surveys.
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Rel ati ve Abundance Survevs

Surveys intended to provide sem -quantitative fish
abundance and distribution information were initiated on five
tributaries during the sumer of 1991. Single pass
el ectrofishing in these tributaries was used to capture fish in
lower, mniddle, and upper elevation sites (each approxi mately 200
m | ong) .Fi sh nunbers were divided by the area of each site to
determne the relative density of the various species present in
each site. Criteria for the ranking of abundance across
tributaries was established based on the typical ranges of
densities observed throughout the tributaries in the study area.

Rai nbow trout were classified as common to abundant (2.7 to
17.9/7100 m?) in all sites, with the exception of the mddle site -
in Manastash Creek where they were classified as "few" (1.0/100
m?) and the uppernost Manastash Creek site in which rainbow trout
were not observed. The |owest site in Manastash Creek had the
greatest species diversity (eight species) while | ower Badger

Creek and Big Creek only contained two species.

MOVEMENT AND GROWTH
By exam ning the data collected fromindividually tagged
fish that are recaptured, it is possible to assess the net

di stance noved as well as the net growth of the fish. [Large
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nunbers of tags have been placed in trout within the upper Yakinma
River basin in the past two years (2,721 in 1990; 2,543 in 1991).
Wth a ﬂarge nunber of tags placed in fish during spawni ng and

rearing 'surveys, mmny recaptures are nmade that may be used to

document individual fish novenment and growth

Met hods

Iniornation on novenent and growth of individual tagged
residenq trout was available fromtag nunbers reported by
angl ers, observations at Prosser and Roza dans, and
reobserVations during routine field activities. |n summarizing
data on growth based on tag data, fish |engths reported by
angl ers were not included to ensure only consistent and reliable
net hods lwere used. In addition, unless data was included on
specific location of capture, fish were excluded fromthe fish
movemenqdatabase. Fi sh novenent data was based on repeated
observations fromfield activities of the research team Each
time a Ragged fish was reobserved, |ocations were plotted and the
distancq'moved (since tag insertion or |ast observation) was
estimated using scale planinmetric maps at a scale of 1:100,000 or
1:150,000, and a PECO map measurer. Fish recaptured 'in the sane
section where they were originally tagged were assumed to have
not nnvea. G owth and novenent data were sunmarized for al
recapturéd fish for which accurate |Iength and capture |ocations

|
wer e known.

88




Results and Di scussi on

O the total of 2,721 tags placed in fish in 1990, 135 had
been reobserved by the end of 1991 (51 in 1990; 84 in 1991).
Seventy-eight tagged fish were reobserved during 1991 that were
tagged earlier that year. For 1990 and 1991 conbi ned, anglers
provi ded information on 75 tagged fish (35%of the total nunber
reobserved). Angler participation has steadily improved as the
nunber of tagged fish increases and anglers becone -inforned
t hrough public presentations or signs placed at river access
| ocations. Juvenile passage facilities operated by YIN provided
information on four tagged fish (2% of total), while 134 (63%
were reobserved during routine field activities of the study

team

oV n

Movenent data conpiled fromtag infornation returned by
angl ers, reobservations at dans, and recaptures during routine
field activities indicated a general l|ack of novenment. Mich of
t he novenent observed seenmed to occur between sections within a
gi ven stream or between adj acent mainstem Yaki ma R ver sections
(generally less than 4 kmj. However, limted novenent was
observed fromtributaries in which fish were tagged (Urtanum
Badger, and Cherry creeks) in the springs of 1990 and 1991 to

mainstem sections in which they were reobserved in the fall of
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the sanme year (Table 9). In March of 1990, three rainbow trout
were tagged in Cherry Creek and were recaptured in the mainstem
Yakima River later that fall. In March of 1991, four rai nbow
trout tagged during tributary spawning surveys (one female in
Badger Creek, one male and two other rainbow trout in Urtanum
Creek) were recaptured in the mainstem between May and Novenber.
This limted information suggests that sone trout in the mainstem
noved into the tributaries to spawn and then returnedlto t he

mai nstem  However, individuals have been tagged in the mainstem
during the spawni ng season only to be recaptured in the sane
mainstem study sectionduring rearing surveys in the fall,
suggesting that at |east part of the resident popul ati on spawned
and reared entirely in the mainstem The incidence of tagged

i ndi vi dual s in the same tributary and study section during both
spawni ng and rearing surveys suggests that there may al so have
been fish in tributaries that did not nove far out of a given
area. Admttedly, in sone cases the timng of tagging and
recapture could obscure actual novenents that were not reflected

in the data by the nmethods used in this study.
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Table 9. Summary information on tagged rai nbow trout that were
recaptured in tributaries and mainstem Yaki ma Ri ver study
sections during 1990 and 1991. Stream (or mainstem section),
nunber of fish recaptured (N), percent of fish that noved a

di stance of 0 km (Zero), 0.1 - 4.0 km and more than 4.0 km
percent of fish that noved fromtributaries (Tribs) and mainstem
areas (Muinstem), nean number of days at large in 1990 (Days 90)
and 1991 (Days 91), and nean growth }rmiday) of trout are shown.
Pool ed and nean nunbers are given below the tributaries (Trib
Total)., and mainstem sections (Yak Totals).

St reant Distance Mov ed (%) Percent From
Secti on N Zero 0.1-4 >4.0 Tribs Mainstem Days 90 Days 91 Growm h

Tr1 butari es

Unt anum 6 100 o 6 100 0 135 0.02
Badger 1 0 0 100 100 0 557
Cherry 12 50 42 8 42 58 105 105 0. 07
W | son 28 57 43 0 100 0 236 201 0.16
Taneum 2 100 0 0 100 0 347 0.03
Teanaway® 14 86 14 0 100 0 215 0. 05
Trib Total 63
Means 66 16 18 90 10 197 190 0.10
Mai net em
L. Canyon 68 96 o 4 4 96 9 248 0.13
U. Canyon 32 88 3 9 6 94 139 166 0. 06
Ebur g 7 71 ] 29 29 71 205 191 0.15
Thor p 14 64 0 36 0 100 140 290 0.10
Cle Eum 9 100 0 0 0 100 193 0. 08
Yak Total 130
Means 89 1 10 5 95 53 225 0.11

* Accurate length not available for recaptured fish
* Middle and North forks pooled
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G owt h

G owh data gathered fromindividual tagged fish was pool ed
for tributaries and mainstem Yaki ma R ver sections and neans are
summarized in Table 9. WIson Creek fish exhibited the highest
mean rate of growh (0.16 nid) of any tributary or mainstem
section examned. Gowh rates as high as 0.46 mmid were
recorded for Wlson Creek trout. Trout in other tributaries
general |y displayed lower rates of growh. WIson G eek appeared
to have high densities of freshwater shrinp in and around
submerged macrophytes. The abundance of these anphi pods may hel p
explain the phenomenal growth rates seen in this creek. Trout in
the majority of tributaries grewless than a third as fast as
fish in WIlson Creek. However, one brook trout was recaptured in
Cabin Creek that grew at a rate of 0.48 nmd.

Resident trout in the mainstem Yaki ma River grew an average
of 0.11 mid, which is a slightly higher rate than the nean
growh rate of trout in the tributaries (Table 9). Wthin the
mainstem Yaki ma River, the highest rate of growth was observed in
the Ellensburg section (0.15 nmid). However, the mean |ength of
trout in this section was relatively snmall in conparison to other
sections (Table 6) which may partially explain why trout there
grew faster than trout in 'other areas of the mainstem The

hi ghest growth rate for individual trout in the mainstem was 0.50

mmd froma trout recaptured in the Lower Canyon section.
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Because ' our sampling methods:include the:.use of . .z~
el ectrofishing, cautién-should-be:used:inreferringto these
growmh rates as characteristic of:fish that were not exposed to
electrofishing (uriexposed fish may :grow faster){Gatz et al.
1986'): The data are useful, however; in conparing relative;-: .
growth rates between streams and se& ons of: the mainstem, as the

col |l ecti on net hods were:-similar in nost circunstances.

CGenetic. investigations of-:. resident trout populations above
Roza Dam have multiple objectives.. These are to: (1) determine
population’ genetic structure;: (2) assess the extent: of hatchery
vs. wild ancestry, and (3) assess tools to discrimimate sympatrxic
resident trout from juvenile steelhead -trout..: In addition,
collection of genetic:data:will also’ allow: an assessment:of:the
extent of hybridization between the rainbow/steelhesd complexsand
~cutthroat trout.- Genetic:sampling has: hsazr coniltctad  since the
spring of 1990 (Hindman et ali 1991) .w« Ei:act:rWic and .
statistical analyses of genetic: dawrmm pmidud to: WD wia- a
- subcontract with the WDF:Genetics Unhif;.whoses neporti i3 incinded
in this progress report as Appendix A. :Therdturremt: reporti -covers
sampling and analyses from the spring of: 1990 through the' spring

of 1991. Results from work accomplished after that time will be
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presented in. a future progress: report. - It. is important .to note
that all results shoul d be-considered preliminary, .until final:
genetic anal yses are completed. . NniLe s

As descri bed in Hindman et- al. (1991), for sampling
purposes, tributariee in the study area were divided into pre-
establi shed areas or clusters according to geographic proximity
and simlarities in stream morpholégy, .elevation and gradi ent.
Target sanple sizes in tributaries were approximately 100 fish
per cluster. The mainstem of the Yakinma River was divided into
seven reaches based on criteria similar to those applied to
tributaries. A total of 25 fish were targeted for collection
from each mainstem reach. - Sanple treatnent imthe f iald .and
| aborat ory was as described by Hindman:et:al:.: {1991): and Appendix
A. Sanpl e processi ng, protocolj and statistical:analysis is-also
descri bed im Appendi x A

Results of the.initial anal ysi s suggestaed that: considexable
genetic variation exi sts Wit hi n the:sampiled’ area; (Appendix A).
.Sampled resident trout tended to:be imcluded in one:of: threet- -
general popul ati on clusterst i(1) Yakima: River mainstem {sec¢tions
2-7) and tributaries below. Ellensburg bam,:(2) upper: Yakima -
tributaries and upper mai ns&&n- (section 1) ,zandi {3) tributanies
between Ellensburg Dam andl Cle Elum,;  inoluding the Teanaway River
- conplex. Fish in the latter (group appear to:be:fairly distinct
fromfish in thé mainstem Yakima River. ' There appears t 0 hawve:

been relatively littl e contribution from hatchery rainbow trout
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in sanpl ed populations.: | n general, evidence of hatchery
ancestry was greatest in the cluster conprised of |ower
tributaries and mainstem Al €aS (eluster 1), and:.least in
tributari es between.Ellensburg Dam and Cle Elum (cluster:3).
‘The: results. Of geneti C sampling :and analyses to date
provi de much i nf or mati on useful in:characterizing the biological
attributes and status of resident trout in the upper Yakima -.-
River, and should, contribute towards gdevelopment Of a solid
basel i ne for-long term mdnitoring of geneti c changes: once:the: YFP
is inplemented. Additional sampling was accomplished in the- fall
of 1991 and during 1992. :Incorporation of additiohai. information
shoul d greatly enhance and refine the interpretation:of data.-:
presented herein, especially wittrespect %o the temporal: ..
stability ofprelimnary patterns of genetic: structure- ..
identified. Additional data, .coupled with .consistent.attainment
of sampling target levels will al SO allow the extent:of withdn>

year wvariability tO be evaluated.- :: .. i% ° v | s 0 1o
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- DBASELINE PHASE SUMMARY © .- . Lol ¢
L reinT s o TR RS TS RIS 0

Results from tributary: electrofishing. surveys: indicated' that
a greater nunber of larger and olderiresident trout were-present
in the | ower elevation ftributaries than were present in . the upper
elevation tributaries.- Trout:collected in Cherry, Wilsonm,. and
Badger ereeks ranged in |length from79 to 465 mm. Wilson Creek
contai ned fish of the larxgest mean length (309 mm) of any .
tributary or mainstem section in the study area, as well-as the
highest:individual fish fecundity counts of al| areas sampiled.-
Upper: elevation tri butari es (Taneum;” Swauk, the Teanaway' system,
and Bi g Creek) contained very few trout greater than:-200 mm, with
the mpjority averaging 1lesssthan 150 mm... > - . - 5500

Based on the information colle¢ted from the 1991 spawning:
surveys, we estimted that peak spawning activity in Umtanam.. .
Creek occurred from mid~March t0 the beginning of Appil. Feric
Badger, Cherry, and WIson creeks, the percentage: of. sexually-
mature fish peaked in md-April. For Mnastash and Swauk creeks
the tine of spawning appeared to peak in late April to early My,
and in the Teanaway systemall three forks showed a peak in
spawning activity in June. Too few trout were collected in Big
and Cabin creeks, and the Ce ElumRiver for us to speculate on
the tinme of peak spawning there. As distance upstream i ncreases

through the study area, spawning activity appears to be slightly

del ayed. Col der water tenperatures, later into the spring, are
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most likely responsible: for the delayed spawning:activity..

The percent age of :sexually mature trout in each tributeary:
st udy section indicated whére rainbow trout spawning occurred
Wit hin each tributary. Wwith the éexception of upper Cherry Creek
(poor ‘spawning: habitat availabla), most areaa sampled con& &Vad
sexual | y mature trout.: ‘Other exceptions include. t he uppermost;
section of Taneum :Creek and-the uppernost section of the Weat
Fork'‘of the Teanaway River, both iof which were limited .by small
sanpl e si zes.

" The presénce of £ish W th hooking: injuries -indicated that
fish may spend 'at least part of their life cycle in the mainstem
of the Yakima River where ‘angling pressure is greatest; and use
‘Some tributaries f or spavning purposes.: The highest percentage
of hook-scarred ‘fish (23% in a tributary ocdurred im-the lower

section of Wilson Creek, while sdme.eviderice .gf previgus capture
by anglers wasg also noted i n Umtanum,  Cherry, Badger, and Taneum

"&reeks; No fish with hook-scars were captured: in Manastash; -

* Swauk, the Teanaway :system, or Bi g and 'Cabin.creeks.: - .. .. = .-

¢ Aver ages condition factoras:in the spring:of the:ypar-for
‘upper Yakima River basin rainbow trout appeared to be:low. : Qaly
one tributary (Swauk Creek) reached the: standard:for rainbow::
trout (mean = 1.12) reported by Carlander :(1969). G

Fecundity was determined for all mature femala trout.kept
f or geneti¢analysi&. The nean nunber of eggs.per :£ish-ranged

from 342 ‘(me&n FL = 182 nm Taneum.Creek) to:2,151 '{(mean FL.= 336

97




mm, Wilson Creek). Fish length explained 62% of the wvariatien; in
nunber of eggs while fish wei ght expl ained 90%

- Sexual maturity of fish:in the Lower Canyon section (seckion
1) peaked in February' (26%) while: fish: in the: Upper Canyon ~-.
(section 2) and Ellensburg (section 3) sections: had t he highest
percentage Of sexually mature fish in March. Trout in the Thorp
area (section ‘4) peaked in sexual maturity.-during April surveys
and fish in the Cle Elum section (section 5) appeared to.peak, in
February (17%. However, high water conditions inhibited
ef fective electrofishing success during March and April. This
pattern is similar, to the tributary results (i.e. as.Adistange
upstream increases, spawning activity appeared to peak .later ).

A total of 736 rainbow trout were captured.-during :spawning
surveys On t he mainstem Yakima' Ri ver with 6 mean:length ©f 223 mMm
(range 73-498 mm). Scal e analysis ' has net -yet been completed -on
trout fromthe mainstem of the Yakima:River but the length- ..
frequencies appear t0 i ndicate-that there were three.strong year
cl asses of rainbow trout (age i+, 2+, and.3+).with twa weak  year
cl asses- ¢4+ and 5+). The largest rainbow.trout captured, as wel |
as the largest nean size on mainstem surveys was in the Nelson
Si di ng section (section 6).. I 110 A I

Hook-scarred: fish were evi dent in ail sections, .with the -
exception of 6 and 7, (snull sample sizes), and the highest
incidence was in.sections 1 and 2-(27%). The pereentage of

sexual |y mature trout was-simlar (range 10% - 24% in all,,

98




sections indicating spawning otcurred throughout the mainstem: of
the Yakima R ver. The average condition factor for all sections
pool ed was- low (0.77) -and general | y increased in the :higher
(upstream areas.

The National Marine Fi sheries Service :(NMFS) concurxently
conduct ed radiotelemetry st udi es t o define the spatial and ‘-
temporal di stribution of steelhead spawning throughout.the Yakima
River basin. This research, coupl ed Wi th aurspawhing surveys,
wll he&p identify the tenporal and spatial overlap between
spawni ng steel head and resident trout. Once the spawni ng areas
are identified it will be possible t 0 more .accurately estimate
the probabildty of interactioms..

Population estimates in the tributaries showed a wide range
of densities and speci es distributions betwsen 1990 and 1991.
Abundance of rainbow trout was higher in lower sites (those:-
closer to the nouth) while cutthroat: trout were ®more abundant -in
upstreamareas. A flood i N late 1990;may explain the:.overall:.
absence Of juvenile: spring chinook .in ther fall. 1980%-reatimaten: as
well as- t he decreased numbers of:brook:trout:{anothepr.  fish -that
spawns in thei<fall) in Cabin Creek. = .. iU pi® Do musnsT sioid

Habitat in:tributary Sites WS ‘altered between: 1990 -and:
1991, presumably by the flood, W th the percentage: of ponks:
present being | ess in 1991. The effects of the -flopd:am the -
habitat and fish community Were most evident in..Cabin Creelk,
where the steepness of the terrain: as well asi:the basin’s ltogging
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"history appeared t&provide |ittl e resistance to the impects: of
flooding.

Mainstem Yaki ma River trout. popul ation estinates were: ! -~
considerably lower in the fall of 1991 than they were a year
earlier. A large'flood event, aswel|l as equipment and methods
modif ications® bet ween years, nay have influenced estimated . -
popul ation sizes. similar to the trend observed in: tributaries,
juvenil e spring chinook salmon. were also less abundant- 4in the
Yaki ma River study sections in 1991 than they were the. previous
year.

Rel ati ve "abundance ‘surveys provided semi-guantitative data
of the distribution and relative @ensity:of all ‘species: of fish
present in sections of fiwe tributaries. -Rainbow trout were
found' i n all:but one tributary study 'Site (uppermost: Manastiash.
Creek). The- greatest species diversity was .observed in.the. lower
Manastash Creek ‘site (eight species).  Sculpins were: the mosat: .
UbiQUitbﬁsﬁnbnﬁealnonidsspaciEsffound;fanaﬁocburrad~insa11ﬂw~_

. streams sampléd with the exception:of Badger: Creak. Dace wart.
also ‘common /in most istreams sampled although:they wer: absent. .
from Taneum and Big creeks. Spring chinook salaion:numbers: ..
appear ed much:lower' in 1991 than in:-1990 rearing surveys
(presumably dus: to: the' November 1990 flood) and were present anly
in the lower  study section: in Manastash Creek. O her species
present included redside shi ners , suckers-, lamprey, Whitefish,!

nort hern sguawfish, and hatchery: steel head (in 1981 .only,
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originating from ouy axperimental reluapes in the North Fork of
the Teanaway River drainage).

Data on movemgnt of tagged rainbow trout suggested there
was little seasonal er annual movement wi tﬂhih the study area.
Some novenent, however, was docurTent ed bet ween | ower el evation
tributaries and the mainstem Yakl ma Rr ver. Information on
relative rai nbow trout grovvt h (from tagged | ndr vr dual s) shovved
hi gh grovvth rates in Wlson Creek and portr ons of the Yakrrre

: Tep ii:®

Ri ver mai nstem

P

Consi der abl e genetr c vari ati on exi sts vvltht[n the trout

NP

popul ations sanpl ed. Three general popul ati on, cI usters V\ere

identified in the Yakima basin above Roza Dam
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Y A L (S
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- EXPERIMENTATION PHASE - -

‘ o e o

iidn sl

Introduction

"' Research on sgecieswihteraCtibﬁgsGasblnlfiAted primarily to
i nvestigate the question of what impacts, if any, suppl enentation
with artificially-produced spring chinook sal mon and steelhead
trout woul d héVe“bh pre-exi sting resident trout “in t he ' upper
Yakima River basin. Current research activities are diverse,
i ncl udi ng basel i ne assessﬁenté!of trout’ébawnih&'ahd rearing'
di stribution, abundance, growth, and genetic characteristics (see
Basel i ne Phase, this report). In coordination with these
baseline work efforts, the Washington Departnent of Wldlife
initiated specific experinents to examne potential interactions
bet ween resident trout and supplenented salnonids in 1990. This
information will beuseful in the short term as managenent and
policy-related issues arise in the ongoing decision-making
process, and will lay a foundation for future planning and
monitoring of long-termeffects follow ng inplenentati on of the
proposed Yakima Fisheries Project.

Research planning has identified two discrete stages of

potential investigation of species interactions. The first phase
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includes an ‘assesswent of the diréct effects of .interactious-
bet ween released (hatchery) fish and pre-existing mnaturally: -
produced fish. These ef fects may be manifested by factors such
as direct competition for food .and: space, genatic introgression,
and/ or predation; The second phasieé equires an evaluation of -
I nteracti ons between-naturally produced offspring of returning:
adul t hatchery fish and pre-existiing natutally produced fish..
The first phase c& b8 addressed in ‘the short-term:(i.e. § . years)
by exam ning the effects of test-releases of hatchery smelts.:  In
contrast, evaluation of the :-effects of phase.two:interactions -
will require nore el aborate and:longer term:experimental designs.
| nvestigation of both |levels of interactfons experimentation  is
warrant ed and has: beeh idemtified:in the 1990 YFP PrerPac¢ility
Wrking Plan (PFWP). The studies described in this report are-
primarily related to:the first phase of interactionsi :
I nvestigati on. S G

To examne the effects of hatcheéy steel head snolts on
resident trout we- releaked 33,000 hatchery-reared Steelhead in a
tributary of t he uppér Yakima River. ' The:experimental releases
were designed to be consistent with planned volitional releases
from YFP acclimation facilities as described in the YFP Predesign
Report (PDR- 1990). Selection Of the study stream and sample
sitestherein! utitized available informatign:-on-proposed o::.i>
acclimation sites to maximize the potential, immediate, and

futiire contribution'to YFP planning:'and nonitori ng once YEP: ...
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facilities are operational. Although experimentation currently
focuses ONn ‘interactions between resi dent *trowt and hatchery
steel head trout, ‘it al SO encompasses naturally produced spring..
chinook salnon. "we have emphasized interactions between.resident
trout and steel head because the greatest || kelihood fur
interactions is anticipated to ocour between steaelhead.and
resident trout. Resident rainbow trout and steelhead are nost
likely to interact because they are the sane species and share
many early life history requirenents. Hatchery steelhead smolt
rel eases are designed to be replicated over -a total of four
years, with the final smolt.release occurring in.1994, and final
data collection in 1995:

' The primary objectives ofithe eurrent: experimental design
are to:

1. Determ ne how releases of hat chery steelhead smolts may

i npact resident trout in a treatnment stream

a. Assess the oceurrence of residualism by hatchery:
st eel head and investigate: its ‘influence :on resident

trout.

This report covers only the first year of:a multi~year - .-
study, and the data :presented herein.should be considered .. :. .
prelimnary. |t Shoul d be emphasized that: hatchery £ish produced

by the YFP are expected to be nore simlar to wildfishthan
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traditional hatchery prdducts. . -Yakima Fi sheries Project -fish. -
wi || be produced usi ng innovative breodstock selection, -mating;
and rearing strategies. Obviously, Since pro@uction of these .
fish has not yetbegun, it was necessary to use-a surrogate.:::-
hat chery product for the present investigations (i.e... : ;
traditional |y reared fish frOm the WpW Yakima Hatchery). : These
hatchery fish were assunmed to be of |ower overall guality than:
those to be produced by the YFP facilities. Wth respect to:the
behavi or of individual fish (e.g. expression of competitive : .
tendencies), the extent to which test fish used.in theseistudies
woul d represent eventual YFP production is unknown. However, the
fish used in this study may provide a point of reference upon
whi ch t 0 nake reasonable inferences about t he typé:and extent of
potential interactions after implementation of the YER.isInoiaz
addition, this work provides a val uabl e opportunity to. develop.
and dssess' long-term-monitoring ‘approaches. i . 7. . wou =XGe
Thi s study does not presune that salmonids! inithe study>:o
area are at carrying capacity. Mreover; it i8 unlikelyuthat:x
many (if ang) anadromous salmoriid-stocks:in the: uppér: ¥akdima:~:
Ri ver basin are current&y at or near carrying capacitysnsTHeo

relationship of existing:r

it -populationsitofearrying
capacity | S H1s0 ‘yet uncledr., - Natural f ish populationssat exci
near carrying capacity woul d be“expected to:be the most sensitive
to influences. from -anty type of 'bioticcperturbation®such as-: - °

hatchery releases. However, it is not necessary that popul ations
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exi st at carrying capacity ta investigate species interactions
during-a phase in which anadronous fish populations:are naturally
rebuilding (i.e. due to recently conpl eted passage improvements).
Such a-situation.reflects the current status of anadronous fish
popul ations in the upper Yakima R ver watershed. .-

In an integrated, cooperative relati onsh'i( p ‘vvi t h thisssmdy,
Central Washington University (cwu) exam ned food availability.,
and utilization of resident trout and hatchery steelhead within
t he study ‘area. Prelininary findings from their study will.be:

summarized in this report.

Study Area.

The North Fork of the Teanaway River (NFT)(Figure 1) was':
selected as the primary treatnent streamfor'snolt releases - ..
because acclimation facilities (where hatchery fish will be.
reared for atinme prior to volitional release:as smolts), were.
proposed to be built there, and,it had a popul ation-of naturally
reproduci ng resident trout. Resident trout in the NFT were.
predom nantly rainbow trout, with sone cutthroat and very few: .
brook.and bull trout (in the imediate study area). The
princi pal study location in the treatment area i ncl uded-the,
lowest 2.0 km of -Jungle Creek (a tributary to the NFT) and the
| ower 11.7 km of the NFT.: The North Fork. is: approximately 29.4
kmlong and drains an area of 245.5 km*. The Jungle Creek: - -
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drainage is much snaller (16.0 ¥k and the total length (5.0 km
of the stream is also considerably less thanm .thatifaf the WFD:-T
Streamside vegetation ini the study area was composed of conifers
and ‘deciducus trees and ‘shrubs.. | ‘Sybdtrite compesition imsthe NFT
is dominated by cobbles and areas of exposed bedrock. Substrate
in Jungle Creek is primarily large gravel withigsome areas:of * '
exposed ‘bedrock. A flood ingﬂdvemban*aﬁalianzadtercdwthé Gaes
geomorphology Of the North Fork ‘through gravel 'scouring .and-.’
redeposit&n. Thé physical effects Of theuflood on-Jungle-Creek
were less noticeable. Other fish species present I N the studys
area incl uded mountain whitefish, bridgelip sucker,: ‘largescale -
sucker, lornignose dace, mottledrsculpin, :torrerit -dculpin;: epring
chinook salman (rare); -and sﬁmmer%steelhaaé&éranep. BECE Sl S £

" Most of ‘the field work for this study was’conductadsin:the
North Fork basin, however, datd were collectedithroughout;tha:y
entire Yakima River basin while other reseaxch:agtivities weres
being performed. Biological information was collec¢ted on all
hatchery steelhead encountered. The number:of Hatchery :steekhsad
that’ were emigrating wereéiestimated atithéAmohbhsot$¢MﬁmNWrth
Fork  of ‘the 'Teanaway - {this study) :dnd. at 1PPfogseér Dam . (M. Kehngyp
YIN, pdrsi:domms) . ‘Data on tdst: fish wereialseicolliected-at Boza

‘Dam; but passagecestimates-wdne not calguiated. (M. JohnstonpsYIN,

pers: comm.). Creenn 0 frgler e Y moe oy o gRtpinduo odr
S NS N NP S F NI S SRR S I P
3 TG, ~
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Methods o C o vy

Test fish were offspring from wild summer steelhead adults
trapped _at Prosser Dam during .the |ate fall of 1989 .and .early. ..
Spring of 1990. Broodstock were transported to the WDW Yakima
Hat chery for holding until spawning .in early to late sprimg-of
1990. I ncubation ana early -rearimg occurred at the vakima ..
Hat chery using standard WDW protocol. Approximately.60,000.
presmolts were transported to t he WDW:Nelson Springs raceway:in
early 1991. An attenpt was made to grade, separate and freeze-
brand different size-classes of presmolts fler experinental
parposes, but facility [imtations -prohibited complete isolation
of different experinmental groups withim the raceway, : At the time
of. release, smolts ranged-from 22.9 pexr.kg: {10.0-per 1lb.). to 12.8
per kg (5.8 per |Ib.,):. The majority of the fish released  (83%) -
averaged 12.8 per kg. : A L N B

i

© Acclimation:facilities for the: YFP-ere currently projected
to rear 33,000 fish for .the:final few:veeks prier to veolitienal
‘release @s smolts. - As no acclimation.facility 'existed-at.the v
-time of this experiment, '‘an attempt.was made to:roughly 'simulate
the outmgration pattern that m ght be expected from such a. - .-
facility by releasing three groups of hatchery steel head smolts

over a period of ten days, into a pool in Jungle Creek
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approxi mately. 0.5 km -above the mouth. ‘This ‘site was adjacent to
a proposed acclimtion facility site;; on May 6,. 1991, 15,6022
(12.8/kg) fish were released, followed by 11,020 (12.8/kg) on May
8 and 5,500 (22.0/kg) on Wy 15. Sexual maturity, and_length and
wei ght informati on was collected from a subsample (N = 350) of
each of the three release groups. Condition factor was - .

cal cul ated using the following egquatien (Piper et al. 1983): ,

CF =W X 100,000
L3
Wiere: €F = condition factor
W = weight in grams -~ . It o e A

L=fork Ilength in millimeters

Traversing Fyke Net: * @ .

To gquantify the number of hatchery steelhead and resident:
trout emigrating from: the treatment stream, a traversing fyke.net
was operated daily from April 22 to May:3% at a site 11.0 km- -
bel ow t he nouth of Jungl e Créek: and 0.7 km~above t he corfluence
of the North Fork with the mainstem Teanaway Ri ver. The fyke net
was plated in the river: using hydraul i ¢ winches. ahd positdioning

cables Whi ch spanned the river (Chilcote et al. 1980). The net
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(graduated nesh from 12.7 mm near opening to 6.35 mm at cod engd)
had a 1.8 m x 1.8 m opening suspended by a . frame of 25 nm steel
pi pe, which had a diving plane mounted on its | ower edge (for
nore information on the concept of a traversing fyke system see
Tyler 1979 and Davis et al. 1980): Thenet .was positioned in the
thalweg in an area where the streamw dth was approximately 10 to
12 m The average depth at the position of the net was
approxinmately 1.0 m and the diving plane was in contact with the
substrate at all times. Sanpling occurred from April 22 to 29,
24 h/iday. From April 30 to May 5, sanpling was conducted only
during hours of darkness (18:00 to o8:00 PDT), after it had been
determ ned that the vast mgjority of the emigrants were captured
at night. W do not know if fish nmoved during the daylight but
avoi ded the net because it was visible, or if fish novenent
sinmply occurred primarily at night. From May 6 through May 12,
sanpling occurred 24 h/day, and it was confirmed-that most. fish
continued to be captured during low [ight conditions. For the
remainder of theperiod (May-13 through May:31),: the trap was
oper ated only at night. Enumerating captured fish and cleaning
the trap of debris consunmed about 10:te 30 m nute8 each time the
trap was checked. This cleaning.of the trap accounted for.about
‘2 hours of each sanpling day that was not fished. 4 ,

Mbst fish captured i N the trap: were impinged against the. .

downstream end of the net by the currentand mortality -rates were

high. Attenpts were nmade to mnimze nortality of wild fish by
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checking the net frequently and by pl aci ng captured-fish-:in the
wat er i mredi atel y upon removal-from the net. . ‘All_.of the w | d
steelhead smolts that.did not survive :trapping were placed on.dry
i ce and preserved for genetic stock identification. Salwmenids -
wereidentified by species and hatchery Or wild origin, weighed,
nmeasured,, tagged (fish >120 M), and survivingw |d, -fi sh were

rel eased. Naturally produced steelhead smolts were distinguished
fromwild resident trout based on external physical
characteristics such as overall silvery appearance, lack:af :paxxr
mar ks, dark banding on the posterior margin of the caudal -8in, -

and a sl ender body shape.

Jungle Creek Trap .

W operated a small downstreamm grant. trap-at the mouth: of
Jungl e Creek from May. 29 through June:13-to determine the rate.
and timng of emgration of resident and test fish fxom: the:.. .
rel ease stream Trapping on Jungle:Creek.began two weeaks after
the final rel ease of hatchery steelhead t 0 allow the:majerity of
themto emigrate unimpeded. . The number of fish emigrating .v .
directly after the smolt-release Was t 00 high.-tesenumerate.. The
trap was of similar design to t hat used to trap adult rainbew -
trout in Umtanum Creek (see:-Baseline: Phase, ‘thisizepont). :  This
trap was checked daily and all fish were enumerated, weighed,

nmeasured and tagged (fish >120 mm).
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Roza Dam

A permanent downstream m grant trap at the fish bypass at.
Roza Dam was used to assess novenent timng of hatchery steelhead
rel eased in Jungle creek. Data on fork |length, -weight, and. date
of capture oftest fish were collected daily £xrom May 4 to June
14 (M Johnston, YIN, pers. comm.). Roza Damis .located-12.9 km
downstream from the nouth of Jungl e Ccreek. Estinmates of the
total nunber of test fish emgrating past Roza Pam were not -
avai |l abl e because capture efficiencies for this facility were -

undet er m ned.

Chandl er Canal (Prosser Danj

A permanent downstream m grant trap, operated on a-. -
di versi on canal at Prosser Dam (Chandl er Canal) was used to
i nvestigate novenent and survival of steal head releasedinto
Jungl e creek. The Chandler trap i s located 242.km downstream of
Jungl e creek. With-one exception, the collection of data en test
fish was identical t 0 that -described above for Roza Dam. (M. Kohn,
YIN, pers. comm.). In contrast to th8 data available from -
activities at Roza Dam it was possible to estimate-the total
nunber of test fish emgrating past Prosser Dam, because - .
entrainment rates and associated capture efficiencies had been

determined (M. Kohn, YIN, pers. comm.).
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Fyke Not ‘Calibration Releases:ic = -t -

We détermined  the capture efficiency of.ithe fyke net- by ::
releasing known -numbers -of marked hatchery steelhead upstream of
the net. Releases were made from April 22 through May 1, and .
again on May 20, 1991. FEach often groups of hHatchery steelhead
smolts were differentially marked.and released on the:right -hank
of the North Fork of the Teanaway Rivier, approximately 1.1 ka'
upstream of the ‘trapping:location. Important: assumptiona: o=
associ ated wth determination of trapping efficiencies in this:
case were that: (1) all marked fish migrated .past the trap (e.g.
none rermained in -the rel ease area or were removed by predators):,
(2) all-released f£ish had an equal; chance .of being captured, -and
(3) :trapping protocol . for ;efficiency testa wasithe same - as that
of réutine sampling. To0 assess the:wvalidity of the first
assunption, snorkel surveys .were eonducted .in the.area between:
the site of fish release and the |ocation of the fyke net.
Capture efficiency of a given group was defined-as..the number of
marked £ish: recaptured” divided by the number-of markesd fish
rel eased. ' FI ow data“was not :avatiable: for~this report, but its
- effects on capture efficiency will be exadmined in- future:veports.

Shoen b o Hemees e 0 e mids
Rea rea gSurveys - - L C R W ,

‘Information 6n the abundance" mﬂimution ut*!resiﬂlnﬁ

trout -and rel eased steelhead Was obtairned ‘before and after:=theé:x

outm gration period by:c¢onducting populationrestimates.: ¢l
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Nunerical fish density and biomass were determined:in 100 m i ndex
sections of the North Fork of.the Teanaway River and Jungle

Creek. -Multiple renoval population estinmates (Zippin 1958) were
calculated in two sections-of the North Fork of the Teanaway
River in the fall of 1990 (section 1 on 10/8/90 and section:2 on
10/£2/90) ‘and in the sane sections in the fall of 1991-(9/9/91 and
10/4/91, respectively),. The North Fork sites used in this
portion of the study are the sanme as those referred to in the
Basel i ne Phase of this report. Popul ati on estimates i n t he lower
100 m of Jungle:Creek were conducted em March 8, 1991 and again
on Septenber 5, 1991. Densities of both resident trout.and

hat chery steel head were al so determ ned during underwater
sanpling activities (see next section). Sone hatchery steelhead
were captured in other areas:of the upper Yaki ma basin by, WDW . .
whi | e conducting baseline data collection.

Underwater (bservation&

Snorkel i ng techni ques were used t 0 obtain:information on..
behavioral interactions-in Jungle Creek and-the North Fork of the
‘Teanaway River. 1In .additien to.recording behavioral infarmation,
t he nunber of fish present by species and origin (hatchery or
wild) was visually estimated in pre-established index .sites.
Three: i ndex Sites were.located in Jungl e Creek and nine: index
siteés were in the North Fork of the Teanaway River. | n, Jungle

Creek, sites 1A and 1B were approximately 250 m and 200.m,
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-.respectively, above:rthe Iel ease site, whereas site: 2 iwas located
-about 80 m-below the rel ease site. In the Worth Fork of ‘the
Teanaway sites were |ocated 200 m and 60 m upstrean. from the- ,
nmout h of Jungle creek (sites 3A:and 3B, respectively). The

remai ni ng- seven :sites ‘in the North Fork of the - Teanaway.(sites.
4A, 4B, SA, 5B, .6A, 6B, and 7) were | ocated from 100 ®:t0 99 km
bel ow the nouth of Jungle Creek. ‘We chose index sites based on
| ocation,, habitat -structure and presence of resident fish.- .An:
addi ti onal constraint was that the habitat had:to be accessible
to snorkelers withoutdisturbing fish. Index:sites used for.
underwater: observation-of fish ranged from one t0 five -meters:in
| engt h.

Underwvater observations were: conducted prior to.release of
test fish into Jungle Creek.: The duration 0f these observations
were 38 mnutes in site 4A in the North .Ferk Of the Teanaway. -
River (May" 2) ,::and 41 minutes in-site 1B:(Jungle :Crask) and:3iio
m nutes-in site 2-:{Jungle Creek) .on May 6. -Aitotal of one to::
seven snorkel ers (one per site) spent. five to 45:minutes.~: . .
observi ng fish at-each: index site .6n most: sample -dates.: We.could
-distinguish hatchery’gteelhead from-wiid fish becausasthey had-
clipped adi pese fiqgs' and the fins were eroded:(particularily. o
dorsal and caudal fins). Fish:for which species-and-origin could
not be determined  {resident trout or hatchery steelhsad). were ..
omitted from-data summarization and analyses.: Some: portion of,

the juvenil e widd gish identified. as:resident trout may have been
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juvenile wild steelhead. Natural production of wild steelhead is
known to occur in the North Fork ef the Teanaway River, al t hough
popul ation sizes are not |arge.

We nade behavi oral observations, by snorkeling. index sites:
and recordi ng the nunber and type of behaviors between salmonids.
\\& entered the water several neters downstream of ‘the:lower -
boundary of the index site and slowy noved upstream When.: .

i ndi vidual fish were observed, the total nunber+ species, and
size ‘of each fish were recorded. Snorkelers al so recorded ‘the
time and nunber of mnutes spent observing at each site. .
Behavi ors in predeffned categories were enunerated and
transferred to standard data slates. Behavior categories ‘that
were, recorded included: agoni stic (aggressive) displays and
attacks, physi cal displacement;”hdlding, feeding, and a fright:
response thought to have been incited by the presence of:the:..
observer (Abbott and DIl 1985; Taylor and Larkin 19886).

H erarchi cal (dom nant vs.subordinate) rel ationships were also.
recorded.: 'Notes were reoorded at periodic intervals, which - -
ranged fromone to fifteen mnutes depending on the length of-the
observation period and the nunber and conplexity of the behaviors
observed. Notes were. also taken to describe;, :in general terms,
the relative positions of fish in.‘the water column, and their
associations with features ofthe avail abl e habitat.:: Shorkeling
was conducted during hours of daylight and darkness. \\é.

attenpted to observe fish during periods of darkness using
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underwater |ights fitted -with and W thout red filters...sEt ou:=
appeared that both types of lights interfered W t h the: noxrmal :
behavior ‘of fi sh causing themto exhibit a fright response, :and
thus all further snorkeling was oonductedidmring;dpyiight-hoars.
kel omigoL e PRSI il

Creel Survey -~ . .5 . e R e

77 To collect information on the number:of-hatchery steelhead
smolts and -resident trout t hat were harvested.by anglexrs in the
I mredi ate study area, we ¢onducted-a limited creel survey during
‘the first t W weeks of June, 19%#l. . Trout fishing season began -on
June 1 and--conti nued through ‘October: Sport fishing:-regulations
in the Teanaway system allowed anglers to kill eight trout of rany
size per day, and there were no special restrictions regarding
use of bait. Creel surveyors perfornmed on-site anglex:interviews
and recorded responses on standard formsix -Information:vas
obt ai ned fromeaah angl er on the period of time they had-mpent
angling,. species sought, tackle type used:(bait, flies; ¥ s..-
lures), nunber and origin (hatchery. or.wild):of i@ach spec¢ies- ..
kept, and the nunber and origin of each fish:releaseds . ‘unrs~x

SRR S SR S X0 § -

‘Bood: Utilization - S L T sE TR BESEXO B v B0

R o

S
ﬁ,In conjunction with the overall experimental desigmn €0a -
interactions studies, Central Washington Univergity developed: and

implemented .coordinated research én t he f ood habits :of hatchery

and wildsteel head and resident rali nbow trout.i :Their: -
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experinmental design involved collection:of 30 hatchery-rearé&
steelhead, 30 Wil d steel head smolts, and:30 wild rainbow -trout:
during the spring of' 1991. The food utilization work is ongoi ng
and future reports will include a nore conpl et e treatment of
their results. @it contents of each fish were collected by
stomach |avage (Light et al. 1983). Stonmachs were removed .from
dead fish collecteéd fromthe traversing fyke net in' the North
Fork of the:Teanaway R ver. These stomachs were placed in 70%.
al cohol in the field for | ater identification.  FOOod items were
-classified to order using a dissecting microscope. - Volume of :
prey categories by order was calculated using the fluid

di spl acenent et hod.

Data Analvses

Downstream M grant Emumeration. -

VW believe that the trap in Jungle Creek captured 160% of-
the fishes mgrating downstream during the period it was :-
operational. The daily counts of f£ish passing this |ocation
required no expansion factor. SRFIT

Capture data for the entire period of fyke net calibration
rel eases was averaged and used to estinmate the number of hatocheéry
steelhead t hat emigrated fromthe North Fork of the Teanaway
River before lay 31, 1991. Average oapture efficiency was used
because N0 flow data were available to factor into the

cal cul ations. Adjustnents were made for the period of each .
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sanpl e day when the net was not fishing., as well:as for«the

sanpl e days ‘when.only hours of darkness \er ¢ sampled. Flow data
were not available for inclusion :in :this reépoxt, 'so it was: not-
possi bl e to determ ne what effect, ~if any, flaow had on capture
efficiency. Water temperature wes compared td eaptiure.efficiency
results and no significant relatiomship was:foumd.  :Accordingly,
no adj ustnent ‘in the 'daily expansién was nNade for watex -

t enper at ure. Slightly different eguations were used to calculate
dai ly passage estimates for periods when. the net:was fished 24
hours a day and when the net was gished on&y at night. : These:
figures were added to estimate toOtal passage. [ar periods when
the net 'was fished 24 hours per day, 99.3% of :all.salmonids were

captured during t he hours "of darkness. ‘The equations‘used to
estimate daily passage-at the.traversing fyke net iare:shewn °

below. S TR

R+ S R T £ s SIS RS
For 24 hour sample periods:: N = CAE + ( (O/M)(M))) -.i~. .~

For night.-only sample periods: N:& [C/E~+ ((O/M)(Mz))]}/0.993

BTN TR LD R s T SISV e Gy

"where: N = estimated number of fish passing:per day: s i
) = number of fish captured

= expansion fadtor - (from-odkibration relédsesy -
= number of minutes net was fished '

=/ number of Winutes met: was ot fished:: o . taco
93 = correction for periods of night sampling

'Jl arfd =7

ooz_;{eyo
0 ]
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Wien t he average-expansion factor (2.9%) was used to.
calculate estinmated total outmigration of hatchery steelhead; the
estimated total (34, 615) was greater-than the known nunber of
fish released (31,542). Thi S overestimate, as well as the
violation of the first assumption associated with determining
downstream m grant trapping-efficiencies (that all nasked fish-.
mgrate past the net), caused us to suspect that the actual.:
average capture efficiency was higher than the data would .
indicate- ~ A range of total passage estimates (based on the range
of neasured capture efficiencies from1l.2 to 6.4% were -
calculated. Based on the nunber of non-mgrating fish observed
near the calibration site, we fee& that even the:highest measured
capture efficiency (6.4% may underestimate the actual tuap :.
efficiency. For purposes -ofdiscuseion-only, -an adjusted,..
estimted average capture efficiency of 5.0% was used.

W could not determne the extent of nortality and/ 05
resi dual i smof hatchery st eel head used :in calibration testsuy
Fiel d, observations showed the latter to .be:fairly -widespread in
the area where these fish were released. To devel op downstream
m gration, estimates for .other. salmids, it wgs assumed. that
natural |y produced salmonids exhibi.ted the sane susceptl bility to
capture as the hatchexy steelhead used in »the teshs

In the future, efforts will be made to improve the
~efficiency estimates of mgrant traps in this portion of the

study. Using known migrants, and releasing fish closer to the
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‘trap location.may provide more accurate .estimates of capture ..
efficiency. When more accurate efficiency. estimates .are - :

avail able, we W || recalculate thessmtmber of fish .captured: im::
1991. Accordingly, the passage estimates in this report should

-

be considered prelimnary. cor

'Réar ing Area sSurveys ‘ Lo
Population: estimate data were analyzed-using methods . -.:
identical to these previously Qescribed for tributaries (sea ?

Baseline 'Phase, thisreport). . e
sAept e

Undervater Observations L. e

Data from al | sites were pooled fOr each.sample day-and.
nunbers, species and sizes of fish were summarized.: The: .
frequency and occurrence of various behaviors were expressed as
per fish per unit of observation tine. To:ihvestigate: how
behavi or m ght have changed as a function of:time,’ behavior
frequency was regressed against number of ‘days after ‘releaseg. '
The number of cbservations per minute for each:groupcwas also:.
regressed against date t 0 determine whetMer relative density .
changed ‘in-relation: to .number of:days -after- releasev- :.Fish vere
rel eased in three groups between May 6 and May 2%:and it-was_not
possible to distinguish individuals from the three releases. For
consistency in data analyses, a release date of May 6 was

assigned to all hatchery fish (48% of the fish were rel eased on
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May 6, 35% on May8, and 17% on:May: 15)« Thi s standard may have
af fected data interpretation to sone .degree, but the overall -

i npact was assunmed to have been negligible.

Creel Survey

Creel survey data were sunmarized to provide a m ni num
estimate of the nunber of hatchery steelhead and:residemt:fish
harvested in the i mediate study area during the first. two weeks
of June. staff resources available to conduct-this creel survey
were relatively low and no efforts were made t0 generate an
estimate of total harvest or total angling pressure. The
estimated nunber of fish caught per hour was:- calculated: hy
dividing the total nunber of fish oaptured by the.total number of

hours fi shed.

Food utilization

Food-utilization data were anal yzed by ¢€WU ($..VUrakawa, .
CWU). Analyses to date have consisted of calculating percentages
of each food category by vol une for eaah group of fish for -the:
spring, 1991 sanple. Poded itens were classified. dowyn te:Order.
Availability. of foed was al SO determined, Jbut-will.-not be . .- -

i ncluded in this report.
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Experimental Releases

The hatchery-rearéd steelhead. that’ﬁé?&ﬂﬁileased into ., .-
Jungl e Creek did not appear to have many of the typical external
characteristics of steelhead snolts. Mean Iengt hs of hatchery ’
steel head released into Jungle Creek were 201 nm (N = 50, SD =
16.2) and 174 mm (N = 50; SD = 16.8) on the rel ease dat es of I\/ay
8 and may 15, respectively. The percentage of sexually mature
fish was 4.0 and 2.9 (all nales) for those sane rel ease groups
Mean condition factor for the may8 rel ease group was 0. 980 (SD =
0.059). O the fish for which sex was determned (via mternal

exam nation), 72%were femal es and 28% were males. Sex W s ~

determned for fish fromthe second rel ease éroup only.

e A A

~
Traversing Fvke Net Calijbration Releases

Expansion factors used to generate emgrati Q_Qwegwtima;{:’g;:
with the traversing fyke net ranged from1l.2 to 6.4% and averaged
2. 9% (Table 10).: - As stated previousily: in this report, use of the
2. 9%expansi on factor provided-an emigration:estimate totaling-
nore than the nunber of fish:released:. We felt.that: the:::
i nci dence of residualism and/or -mortality.in-the 1.1 km. betwaen
the efficiency release Site and the fyke net was high.

Snor kel ers observed marked: fish- from sewveral:of the:

efficiency release groups-in-the release area after:the final
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Tabl e 10.

Results of-the traversing fyke net cali bration

aggfases in the North Fork of the Teanaway River during spring,
Dat e Releaseduumhgﬁecaptured Expansion- Factor (%)
April 22 260 7 ) 0.8
April 22 260 17 | 6.4
April 24 254 5 2.0
April 24 250 3 1.2
April 29 250 5 2.0
April 29 249 4 1.6
May 01 250 8 3.2
May 01 250 12 4.8
May 20 250 7 2.8
May 20 250 5 2.0

TOTAL 2523 73

MEAN é

efficiency test group was released.

Only hatchery-reared

st eel head saolts were-used' to neasure capture efficiency, thus it

‘was assumed that other-groups-of fishes mgrating past the trap

had a simlar chance of being captured in the net.

Hat chery steel head were the most numerous salmonid group:

emgrating fromthe NFT (Table 11). The cal cul ated val ue of the

high estimate (using 1.2% aapture--efficiency) of the nunber of.
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hat chery steel head em grating was 83,542. This figure is . .
obviously: an overestimate, because only 31,542 fish were .raleased
('there were no other releases i N the area: that nay have strayed,
past the trap). Because ‘it i S impossible to observe more fish .
than \er e released, ‘the total nunber of f£ish released was used as
the upper linit on the range of estimates for the number -of . .
hatchery steel head passing the fyke site. The figure a.

corresponding to the 5.0% efficiency is, as previously:stated,

presented for purposes of discussion only. " - = . . ... .

Table 11. Estinmated number of salmonids -migrating. past the
traversing fyke net in the North Fork of the Teanaway R ver

bet ween May 6 and May 31, 1991: The range of estimates was hased
on the range of measur ed capture efficiencies. Nunbers
calculated using a S.0%rcapture efficiency are presented. for ;.
pur poses of discussion only.

e

Salmonid G oup : * : =~ ~" Range& - _ . : - 5.0% estimate
© ST A A A A Sy Ty gmid s, WA T
Hat chery St eel head 15,728 - 31,542 T 20,109
Wid Steel head Smol ts 789 “—; 4,190 1009
Trout' and W11d St?elhead Presnplts 648 - 3 441 82?9‘-{1\13
O Includes ralnbovi, cut':ghioat,; put at .| t/Le hybrl d and bul I trout lg
i GRS T

i

wnstream P )
Fars @ S T G
Passage [Esti nat es att he 'I.'ravors:lnq ryko Rot :
TR Y - 1 ce L iEen

The vast rraj 0r|ty (>89%) of the saI rmnl ds em gratl ng from

NFT were hatchery reared steelhead that had been rel eased in
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Jungle Creek. The first fish froma Jungle Creek rel ease to be
captured in the fyke net was captured approximately 7 h after it
was-rel eased. This fish travel ed an average of 1.6 kmfh. Using
a 5.0% efficiency, approximately 20,109 (64% of a total of
31,542 hatchery steel head snolts rel eased into Jungle Creek would
have em grated fromthe North Fork of the Teanaway River before
June 1, 1991 (Table 11).

Wl d steel head snolts conprised over half of the wild
sal nonids captured in the fyke net -(Figure-la). In general., wld
st eel head were | onger than rainbow trout and wild steel head
presmolts, while hatchery, steelhead were', on average Ionger t han
W | d steel head (Figure 13). Cbndltlon factors wer e vary similar
between wild (CF = 1.010.(SD = 0. 09)) and’hatahery (CF = 1.007
(SD = 0.12)) steelhead. The condltlddzfactors of the hatchery
steel head that were captured in the fyke net were initial &
slightly higher (CF = 1.055 (SD = 0.068)) than the subsample

exam ned at tine of release (CF = 0.980 (SD = 0. 059) N@an’

cond|t|on factors of hatchery steelhead captured |n t he fyke net,
however, decreased fronrl 055 (SD, = 9 068) betmeen Apr11 22 and
May 5 to 0.891 (SD = 0.070) between May 24 and May 30. This

i nformati on suggests that the nore robust f|sh n1grated nor e
pronptly than their nore slender counterparts ' It nay also -
suggest that the general health (assunlng condltlon factor is a

nmeasure of health) of the hatchery fish decreased after rel ease.
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Figure 12. Species composition of wild salmonide (.= 3135).. ... 3
captored “in -the traversging -fyke het operated near -the masth of
thie Noth -Fork of the Teanaway River fram April 22 o May 31, -
1991. BUL = bull trout,..CT = cutthrgat: trout; HYE =~ putative .
rainbow x cutthroat hybrid, RBT = rainbow trout, SH= steelhead,
SPC = spring chinook sal mon.

I P S . . P : B
PRAIE FNE S S -3 SR B | S P T A A O ST Sl ¢ o ingias P T

* 7.Using’the efficiency of 5.0%,.approximatedy 64% of the -
hatchery ‘steelhead smdalts f‘réleased iinbesdJungle Creek: enigrated. as
far as the nmowth of:the-Nerth Fork before June:l. . Of she. . 3
36% of sthe hatchery steelhead that.did not. emigrate from the .NFT
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Figure 13. Length frequency distribution of wild rainbow trout,
Wi [d steelhead snolts, and hatchery steelhead smolts -capkared in
a traversing fyke net operated near ‘themouth of the Nowth ?M
of the Teanaway ‘River from April 22 to May 31, 19:91. = .
= (etyta Il

before June 1, it was not possible to determ ne what portions
wer e réemoved by predators and angl ers, died, residualized.or a
conbi nati on of the aforementioned-in Jurigle Creek or the North .
Fork of the Teanaway Ri ver. Snorkel surveys, as well as creal:

surveys, suggested that residualism was very widespread.:and
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accountéd for the: *najority of the Mh‘ehety stslhaml ‘that did:mot

i

emigrate prior {0 June T. B ,~ ' e
Non-sal nonid fish species captured iﬁhthe fyié h:f i ncl uded

longnose dace, scul pins, and suckers. " However, fhiese species

were not enunmerated. Plans for 1992 sanpling will include: the: :

enumer ation of all speci es.

Diel Movements
During the periods when the fyke net was operated 24 h/day,
P

99. 3% of all sal nonids were captured during hours of darkness

(18: 00 to 08:00 PDT) (Tabl e 12) Simlar diel patterns have been

Loy b
3t 3

- g

found by other researchers working with Yakinm ba5|n saimonids
(Busack et al. 1991) and el sewhere (Ledgerwood et ad.”1991).

Trapping in the lower Yakimia ‘River irndicated ‘thati-93% of - “ia
downstream movement by juvenile salmonids occurred during hours

of darkness :(Busack et--al.:1891). orsad saodd F1 woids YL YLETES

Downstream Passage Timing BogalsY 6isw

' Downstream passage.of hatchery :ste¢Yhead-in Jungies Creek.
was ‘greatest! during the -£irat twd wesksi-£ollawing the releases.:
However, the: Jungle Creek trap was not operated -furding:the -psak.
of hatchery steelliead oitmigration i Wedid notidnbend &a ccapbure
all salmonids passing during:peak emigratiown, -but instemd weyrs

interested in examning the novenent timng and bi ol ogi cal
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Tabl e 12. Nunber and percentage ¢f salmonids captured during daK

(08:01 to 17:59 PDT) and n|%ht (18:00 to 08:00 PDT) in the Nort

For k Teanaway traveri;qﬂify e net between April 22.and:Aprid 29
an y

and between May 6 12, 1991.
Dav T Night
Speci es/ G oup N . . Percent -N--. .. Percent
Hat chery Steel head 4 0.5 814 9.5
WIld Steel head Smolts 1 3.2 30 96. 8
Rai nbow Tr out 0 0.0 10 100.0
Cutthroat Trout 0 0.0 | 1 100. 0
Hybrid Trout' 1 100. 0 0 0.0
Spring Chinook o 0.0 1 100. 0
aro g
TOTAL 6 S 0.7 856 2 99.3

* Putatil ve cutthroat: x rainbow:trout hybrid ...

I ¥
characteristics of those hatchery steelhead that: did not mgrate
out of the creek within the first two to three weeks after they
were rel eased. factmE o e as nd L e

A total of 53 hatchery steelhead:and 12 resident: trout (8
rai nbow and 4 cutthroat) were captured .in:the:trap operated at
the nouth of Jungl e. Creek from May 29 {0 June 13. Ft is-not .-
clear whether these fish were emigrating as smolts or:if they- .-
were sinply moving out of the creek as flows decreased:and water

t enper at ures increased. Qhservations of :the physical appearance
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‘of the fish captured suggested the latter scenaric was mowe .
likely. =Over 26% of -the hatchery steslhead and three of the: '-
eight':(38%) rainbow :trout weére sexually mature maless. Half of
the cutthroat trout captured wers also in spawning -comdition ¢one
female amd: cne male). The mean length of ths hatmmry steslhead
captured was 200 mm (SD = 25.1), ‘while the mean lengths of the
rainbow and cutthroat were 143 mm (8D = 58.0): &nd .185 wmm (8D =
26.9), respectively. Relatively higli percentages of Jjrecocious
male hatchery steelhead and sexually mature resident trout ‘were
in the stream at the saine time. . Moreover;,  the lemgth of theb
hat chery- st eel head was larger :than:the resident trout, pod#sibly
‘conferring an advantage to the former in terms: of ‘wmateMseleation.
These factors suggest that the potential “for gemetiio intereistiion
between ‘resident trout and i‘esiduﬁl'shatduﬁy%;ésteem a8 vt o
substanﬁial» in 1991 (Fleming and Gross 1992). = 9 woitsiplme
vie o o tasuneib
Rate of outmigration of hatchery steslhead: pesked: bstween
May -7 fand’ May 12 -(corresponding to the :fixst tvb relesse ddaten),
while ‘wild stedlhead swmdlt cutmigration appeared relativdlpy . -
‘constant ‘and resident trout :(rainBow, atedlivesd preswolted ) oo’
cutthroat, -hybrid, ‘and bull .trout:combiméd) showed & Lok Maubr:i
stieady rate of émigration (Figure14). . Work with ispring ohineck
salmon :suggests that large numbers ‘'of emigrdtimg hatcliery fish




may i nduce-a 'pied-piper' effect in coexisting wild fish, causing
t he latter t 0 outmigrate prematurely (Hillman and Mullan 1989).
No.evidence of this behavior was observed in the present study-in

1991. | nstead, the outmigration rate of hatchery smolts was ... -
relatively rapid,: whereas that :of wild- steel head was moxre - .
prol onged, havi ng begun well ‘-before the first |arge releases of
hatchery fi sh. Similarly,' em gration of .resident trout. waa very
protracted, with few well-defined surges in activity-, none of -
which corresponded to pulses in hatchery steel head movement (see
Underwater (bservations, this report).

.Downstream passage of hatchery steel head smolts 'was | owest
between May 25 and May 31, suggesting that the majority ‘of those
hat chery steelhead that did emigrate left wthin 10 days aftex::
bei ng .released. Estinated numbers of hatchery staelhead smolts
em grating per day (cal cul ated using &:5.0% efficiency fox :-. .

di scussion purposes only) are presented in Figure 15 .

Roza dam provided: an opportumity to col | ect some -
infaormation on the em gration timing-ef; hatchery steelhead ‘smolts
as well as biol ogi cal information on emigrating fish. The .| :. ,
juveni | e ;passage facility at Roza Dam was operated from May 4 %0
June 14 -by the Yakima Indian Nation. 'Data were collected oni:.
hat chery steelhead that were released into the North Pork of the

Teanaway River and Jungle Creek. The first hatchery steelhead -
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Figure 14. ‘Cumulative daily emigration of:iresidentitrout, =:upi?
hatchery stesthead smolts, antd wiltsteelthéad smoits in: the HNorth
Fork of the Teanaway River, from April 2% to May 31/ 499K, ' «qgA
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Figure 15. Estimated daily passage of hatchery*Bteelhead'smolﬁs
- emigrating fxrom thé: Horth.rozk of ‘the weunawayykxmnr bhetween, + -
April 22° and May 31, 1991. i vl mes Coant v L

observed fromany of the North Fork releases arrived at Roza Dam
arrived 3 days after it was released, mgrating approximtely 1.8
kmih. A total of 286 hatchery steelhead were observed. Expanded
estimates of total nunbers passing Roza Dam were not avail abl e
because trap efficiencies at Roza Dam were not calculated. Data

was obtained on the size of the hatchery steel head captured at
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Roza:: liah ‘tver tide. Reeuite dti correlltlun amkyie- indic

et S5 2aRCE NN 1ol e S R RtICa o 2 ;

that the’ lenqttﬂofy ‘the' £ish Encrekbedi (N =281) & = om:i;mé.
10.000) while condition factors decreased over time (N = 223, R =

I

-0.18%, P =0.017) (Tab¥e 13). o I s

Ajuvenile passage facili;y at Prosser Dan1éesi;pi;a;;dvﬁy
the YIN. 'rhe YI'N obtained dat a fon eni grat i on tfninﬁjﬂ n?xibbex; ‘O?N
hage%ery Steelhead passinq Prosser Dam and bioiegiéﬁa o [
information on hat chery steeiheﬁd released I nt oét hseHNJor‘th Porl:&ot

£ 2ol Toanul
t he Teanavvay Rlver and Jungle Creek Atot al of 225 hatchery

steelhead were captured bet ween April 22 (t he first day of

M BH L r"[-‘r -U*f‘
calibration releases) and July 10. Estimates oft he total nunber
of steel head snolts fromreleases in the North Fork and Jungle

Creek that pesded;Prdliﬂr Dan totaled: 1(1Bi’filh:§§2-th&ﬁ same T

e spdr oyredLoes o ddpas T 6w L TUE) oo “me 3*:
pericd. T aqe cénpoeitm et ans mmm&e
VYl LM e st h) *e“

the dam reflected a mixture ot age 1, 2, and 3 fish (Table 14).

~In 1991, .approxinately 34,065 hatchery steelheed smolts

were released into ‘the North Fork'ofi<the Tean&ay River amg:

Jungle ‘Creek (31, 542 into Jungl e Creek between May 6 and 15 and
‘b.-‘ﬁf Z‘PF

2,523 intothe I\Iort h Pork for calihration rel eases between April
22 and May 20). In addition, 5, 113 fish were released above Roza

( W b

Dam . between April 10 and May 24 b_y other researcggre in an

attenpt to det ermne trapping efficiencies at ]:kxe dam

' O N T ; CEE ey : NS -8 §-TOR i IR R
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Table: 13.. . Capture periods,. sampla: sizes. (N), mean fork Jlengths;
(m), and nmean condition factors (CF) of hatchery steel head
collected at Roza Dam during:the spring ans early, sunmern,of 1991.

R S T R TR P s T doigte gk

Dat es N Length : D). - =, -2 CF , (

May 4 to May 10 22 178.8 (15.5) 0.977 (0.16)
May 11 to May 17 7 "184 1 '(ié 0y R v ?o 16)
May 13 to May zsﬂf} a3 187 1ﬁ<(14 z)ﬁﬂﬁ w{o 925 (0. 18)
May 24 to May 30' e 184. z'f(14 2) Y 0less '(o 07)
May 31 to June 6 82 "“19i?3‘&}17 i}ibr éf% 886 (o 15)
s o e wd e e e ‘ o .

| June 7 to June 14 61 197. 3 (17 0) "o, 898 (0.15)

et : coLn 8 R A S GO I SRS FOREE YL et ads
TOTAL 286
oeow g e T B L SR E S AL S ST C A B daileer Loyt

MEANS "189.0 (17.0)  0.929 (o '28)

R SO SR

I . L A L Y B - . vy tm v U . T w e T -y o
o LAY . [ AV S SCE B I - SE R sl rensifeale 10

Table 14. . Age composition; mean fork length (mm). and standard -
deviation (SD) of mean length of hatchery steelhead smolts
captured at Prasser Dam- during the spring and-eaxly summer. of.
1991 (data_from M. ohn, YIN, pers. conn )

3 - - T, ng o o ¥ e . . : PR
FER I R { o i TR S DY AN A T

__I&nﬂh_(.ml__._
Age o vesN st srPerecent o v JMeams.cr harc s oo BB uow

1 r W 48 B Y 56 .,4 S P B - 174 1 * R et I éju. 9 -
PR N Loemrem IO LR HETGT  E T s o an oot LS
2 81 61.4 220. 7 : 33.8

ST Tt S S AR SECL I o ST SRy A Go e Bag

’ 3 2.2 260.7 " 35,0
. e R i L M e Raere G s oA G ord RS

Unfortunaﬁély, it was not xpossibie "yto”det‘“;n;ihe ‘whgf proportion

136




of age 1 Fish cggtnred at Prosser Dam Were released in’the
Teanaway systen1versu?wnoza Dam. Assum ng all of the'age 1
snolts captured at Prosser originated fromthe Teanawéy releases
and the percentage of that? age group observed reflectedg;he
actual age conposition of a1l m grating hatchery steéihéhd
snmolts, then a total of 648 §polts (36.4%of 1,781) fromthe
Teanaway rel eases passed Prosser'Bﬁukbetween the time.of their
rel ease and July 10. Estimated daily passage at Prosaer varied
w dely but appeared highest during the segond week of June
(Figure 16). tm%a%w%_
Survival ofthe smolts t 0 Prosser Dam would'hgye been
slightly less than 2.0%. Unknown port|ons of the remaining 98%
of those fish presumably died or residualized in the 241 km
between Jungle Creek and Prosser Dam  The survival rate of
'hatchery smolts hetween tha Naches . and !ak&najgiwnns and

L£0 Raoxd Taog o fsaplas é?icu;
Dam was estimated to he 3. 0% in. 1990thquesti§gﬁ s low. . .

survival and/or high "holdover" or residualism rates may have
been relatively common in the Yakima bgg&ndgnéthgpgchggwppgggga
Cummins, :WDW, unpubdished dataj)s .. .. - }gsﬁznwfw.gmvﬁsysn .

' The age:2 hatehery: fish captured at; Pxpsser Rap: iaammm
would have been the result qﬁffiah;aekeasedJagﬁaqgw;ﬁgighgdﬁriag 
the 'spring of - 1990 into.the Naghes River:{from:-the Nelspn SREiRgs
‘Raceway, N =.180,000) ox from a:emall release Qﬁﬂsg-m%thww‘
1984) released from the.Yakima Hatghery .into _Wide:Hollow Ereek on
‘November 30, <1989. . . i .« o, batoevic  epd 03 fuore iea
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Figure 16. Cumulativeé estiwmated passage of hatchery steethead.’'
smolts em qgrating past Prosser Dam per day between May 6 and July
10, 1991: (Data: from M. Kohn, YIN, pers. Commi. )« i - ¢ 75w 5. &

26 PR o I B B A R

Hat chery steel head accounted' for the majority ofthe i ..
salmonid& captured i n the travérsing fyks net in the North Fork
~of the: Teanaway River. Using AN expansion factor ‘of 5.0%,: :
- approximately '64% of ‘the hatchery steélhead emfgrated from-the:
North Fotk beforé June 1. About 1,000 wild steelliead: smolts: and
over -800 residehnt salmonids: Porjuvenile wild steelhead) were

estimated to have mgrated out of the North Fork of the.Teanaway

138




River ‘between ‘April 22 and May 31. Hatchery steelhead captuged
in the fyke net awéraged 182 mm in kﬁgﬂx, while wild stmelhead
smolts ahd resident trout {and stdelhead presmoits):ayveraged 148
and ‘103 ma, ‘réspectivély. Most (99.3%) -of -the z.sahogid.manﬂ&ed
in ‘the’ fyke net weére ‘passing the net during t:hcnow of .darkness
(18:00 to O08:00:°PDTy. - =7 ¢ e S YT
The potential for interbreeding:bétween residual presocial

hat chery steel head and resident: trout was -high: Between May 29
and June 13, 53 hatchery steel head, eight rainbow trout and four
t he I\brth Fork of the Teanaway River. Most ofithe:hatchexy

st eel head di d not possess’ charavteristics typical:of: smelts and
the ineidénce of precécial males wagzhigh ¢26%).: Resident .-
rainbow trout and cutthroat: trout were.alseiin spawhing condition
during this-period! “This ' fdnding:'suggests: that:interbreeding: -
betweén:these groups-eould occura: ' .. - o2 0 otloms svsanied

Emigration” rate of:hatthery :steelhead at: the=mouth. of: the

North Fork of the Tesnawdy: River was greatest during(the-perded
of latgeé hdtechery releases: into Jungle.Creek:(May: 6:46:35) .z Most
“of’ the hatchery’ steelhead end fration took: place! mithin-one week
of ‘FelehBel Eﬁigr&ii&) of:wild steslhead smblis and tyoMmt: in:
“otouited at’ s moré steady pace between: April: 22 anlle Mays 3ds oo

1 <A ‘total of: zssmcnefy steelhead from:this Btudyi Mere is:
captured at the juvenile passage vf.iciuty; at: Roza Dami: . The. first
fish to6' reach Roza Dam'from Jungle Creek-did so at:a.rate:of 1.8
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km/h. Lengths of hatchery fish captured at Raeza:increased with
ti me, while condition factors of those fish decreased. R
An estimated 648<(<2%) of the hatchery steslhead released
i nto-the upper Yakima basin emigrated past Prosser Dam before
~.July 10.. The majority (61%) of the hatchery steelhead passing.
Prosser were age 2. This indicated that residualism or
"holdover" of hat chery steelhead nay have been common in the

Yakima basin in the'past several years.-

P trnates - oy
Jungl e creek :- G
.- Popul ati on estimates: in the lower 100 m. of Jungle Creek .
showed::dif ferent size and speci es compesition of salmonids; -
. between epring and fall estinmates in:199&:+ ..The population ., ..
esti mate conducted i n Jungle Creek-prior to the release of . .
hatchery snolts indicated a numerical density:of 0.024 rainbow-
trout per square meter. These trout averaged -121. mm -in length
(sD = 70.4) (Table 15). Another estimate was conducted in that
same section in the fall, after the emergence of raimbow trout,
fry. Accordingly, the trout population estimate was much higher
and their average length was:much! less; (55 mm, SD = 9.9),: The.
esti mat ed- rainbow trout biomass: was lower in the: spring than the
fall (Table 15). Hatchery steelhead .comprised only .&.8%.0f the
total nunber of fish in the fall.estimate but accounted for 64.8%

of the biomass. The total bi omass im Jungl e Creek was muchs. .
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higher after the introdiction of hatchery-steelhead-angd.the:, .
concurrent efiergefice of rainbow trout £ry: than- it vas before the

rel eases- No juvenile spring chinook sal non were observed;in.- ;
Jungle Creek during either 'spring or fall sawpling. . : ...

' ' ” 12 0T DRy oy
Table 15. Estimated population density, and biomass of fish
sampled ih Jungle Creek anhd the North Fork of the: Tepapaway. River
before and after the release of hatchery steelhead snolts in
1991. 0 v o : ¢ oma ot

Stream/ -
Site Date
v IR - T SRS o

Jungle 1 3/8/91 0.024 0 0 0.918 0 0 121 - -

Jungle 1 9/5/91 0.555 0.040 ~ 0  1.198 2.206 0 '° 58 177 2
NPT 1 10/8/90 .0.030 O 0.036 0.373 O " 0.287 96" =" .91

NFT 1. 9/9/91- 0.088 0.003: -0 .-,1.092 0.363 0 .. 89, 226 .z

NFT 2 10/2/90.:0.098. . 0 O  2.478 O O 124.  ~-.. -~

NFT 2 10/4/91 0.058 0.004 qdp o 964 0. 172 0 102 168 -

e s L S R ET SIS B RIS W CONEE Pt S [

" RBT = rainbow trout, HSH - hatchory stoelhoad, and B?é -‘%pﬁ.‘rﬁd%é\ﬁmﬁﬁ* A
salmon. . . b

SRS v A PR S BN P AT NS £ S
aE Lot g s ey besfiiseds yyadnded
North rork of tho Toanaway Rivor L

1o BOL LN oY badonnna
It was. necessary to conduct initial pre-rslease population

ZonZ S S S S T in T
estimates in the North Fogk of the Teanaway River in the tall of
AR I Tt sﬁ‘ 193‘5‘1‘7
1990 to obtain resident trout density estimates prior to the
Pt S i donn gl

releases of hatchery steelhead. In contrast todJunglo Creok% ve
‘%\:Jj.. nOLIANELER P

could not conduct population estimates immediately prior to the

I o

smolt releases in the spring of 1991 because of high flows.
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Popul ati on estimates were conducted in-the sane gites as. those
used for the rearing surveys of the baseline phase of this. ..
proj ect.

Popul ati on estimates t hat were, conducted in  two study
sections of the North Fork of the Teanaway Ri ver showed different
speci es composition and bi omass- present bei&égngﬂﬁii of'19§6;§hd
fall of 1991. Rainbow trout and chi nook sal mon %ere pfééénﬁyin
section 1 in 1990. Each species contributed simlarly to the
total bionass, -with rai nbow trout acqonnfipq‘£6§T0.373%g/m"~
(56.5% of the total) and juvenile spring chi nook 0.278 g/w?
(43.5% of the total). Approximately one year I at‘er (abgut 4
mont hs after hatchery rel eases were-completed 1n1;§§1)'£ﬁé‘nupggr
of rainbow trout in this section was reassessed. A total of 76.
(0.088 fish/nr) rainbow trout and three (0.003 £ish/w?) hatchery
steel head were present. No ;spring chi no& sal non were observed.
Average length of rainbow trout was slightly less in 1991 than in
1990, possibly due to an earlier date of sanple in 1991.

Hat chery steel head made up only 3.8% of the numerical density but
accounted for 24.9% of the bionass érasén%ff Total bidmass was

hi gher in 1991 than in the previous year, possibly due to the
presence of the larger hatchery 'steeihead in 1991.

In section ‘2 in the fall of 1990, rainbow trout were the
only salmonid observed. The trout in this séétion were -~ '

relatively large (Table 15). A year later (about 5 months after
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releases of/hatchery»steelhdaaﬁinolts;w.rescompiehndfinvlssxﬁﬁflz
(0.058 . fish/m?) trout werse estimatdd to be in the sectionii Mean
| ength was ‘102 mm (SD'= 34.2) and total biomdss was :0.964 g/m’.:
The ‘daverage length of t he three ‘hatchery steélhead observed: uas
168 mm (SD = 16.7). These hat chery st eel head accournted for 6.7%
of the total salmonid density and 15.2% of the total salmonia
biomass. Total biomass in this section was medh:lower im-199%:
than in 19904 In'tont¥ast to section: 1, no sprihg chinoek were
observed in section 2 in either 1990 or:-1991.i. ni~ “ -. zvu
"’One hatehery' stéelhead wasigaptured:im a populatdom oo -
estimate Sectiouﬂ(seetfaﬂ'S)finEMBQHNorthfFotkﬁthatqﬁ!%1:.2gknf
‘'dpstresm of the mouth of Jungle ‘Qreek: > 'This ddction corntained:
six bull trout “in thd fall, "1990 . populatiornidptihate .and:nonetin
1991 (see rearing surveys in Baseline Phase, this report).

groivs o eviduorasaT

EICOT T e Dng yrfistinatt sdd Dios omsre oW
oawde Lo raAZ e dDane i
et o dRTEsdr P R0 Fareld 5 ooaitub duont Joon ast

Hatchery- steelhea®” were! present. in alll thtee: didek: sectiohs
four to-five months afteér theéy werd released. -Hatelerystedlhdad
comprisedca small percentageof the ‘numdr ical ipopulatibn-dénsity,
but due té their large sizd accounted.for i somewliat avger isri
percentage-of ‘the total biomass.' “Juvenile-spring chindokcsdalmon

‘wére présént “in 'the 1lower sgé¢tion of the North’Bopk of theiord

AR . N R R S E RN E a0 se L obe Al Te Gasow  anvyodt
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Teanaway R ver in the fall of 1990 .but were absent in 1991.

Hat chery steelhead moved up the North Fork of-the Teanaway
River a distance of over 11 km: from the mouth of Jungle Creek.:
This area contained bul | trout in 1990, but none were ohserved:
‘there 1| n 1991.
Underwater Obgervations

Sampling intensity. was greatest in Mayc (11 sample days, 39
hours and 29 minutes total observation tine) .and decreased.as the
summer progressed (June; 3 samplesdays, 6:hourg-and;47 minutes,
July; 2 sample days,. 4 hours.and:51 minutes, August; .l sample. ..
day, 1 hour and 51 minutes; September; 2 -sample days,: 3.hougse and
20 minutes, and October;. 2 . sample days, .2 hours and.39 minputes).

e ooap e sl g gt asay =

I B S

| nteractive Behaviors

W exam ned the frequency and outcone of agonistic
interactions within and between groups-ef:hatchery-steelhead and
resident trout during a total of 56 observation periods from My
-2 to September 19, 1991. . Observation pexdods.in.which one or no
fish were observed were-excluded from the:analyses. . Hatghery i
- steelhead and residentfbnoutéuereaéhgavvadzduriasm375pggiQQQmas
hatchery steelhead alone .were: present: during  26-perijods, -and-. -
rainbow .trout a&one-wer e. .observed .during three periods. - .5-waq

Agoni sti c endounters. were relatively. freguent. in: the first two to

three weeks after rel ease of hatchery steel head and appeared to
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decrease slightly theroatter (Tabie 16) . stevexd the decrea;gﬂ
1{ %)
were not statistically siguiticant (Phﬂpﬁs = Agonistic throats
G hire By k
or attacks were obserea‘in 50woﬁ)thne§6 (ast) peripds, ;w._f:'

Dlsplacement wvas noted 1n zs'of the 56 (&5&) cases., 0vert
agonistic encounters, involving one or more threats, chases, or
nips were recorded in 31 of the 53 (58%) obseyvation periods in-

mhlch only hatchery steelhead were observed. Hatchery steel head
were considered to be dontnant (usual ly |d|tnated t he attack and
were successful in d|splap|ng t he opponent) over re5|dent trout
in 10 of 19 (53% contests in which bot h groups wer e present,‘
while resident trout were domnant in niﬁe’oontests (47%) .

$t

Agoni stic dlsplays (ritualized behaV|0r ) were performed by

bot h hatchery steel head and resi dent trout. Prior to naklng an

actual attack, hatchery steel head appeared to arch aofsSJ'

ventral ly, erect the1r frqs and Iomer the|r “head while o

‘a

performng an exaggerated frigxdu edde to s;ﬁe "wingag! movenent
(Tayl or and Larkin 1986). It dld.not appear that.this w1g-wag

threat nas |ssued mrthout a followup attack Thi s nay imply
St L g
that the hatchery steelhead were not responsive to bluffs or'”‘
e i b
threats ReS|dent trout assuned a S|n1Iar head Iomer& post &e

L I RS ‘, gy 8l

mrth very erect f|ns in sympatric and allopatric conditions.
L i Y e, - s o ¥y
Resldent trout in allopatry appeared ‘more responsive to biuffs

and threats (| ) not a11 threats ‘were followed by an attack)
<k H s

than di d the steelhead |n either allopatry or sympatry.’ Res?dent

trout were initially nuch less tolerant of ‘increased fish

3.45




Tabl e' | 6. Conparisons-of hatchery. steelhead and. resident trout
behavi oral interactions. Behavioral interactions, defined as
aggressive agonistic encounters-{threats, chases, nips) eor

di spl acenents (a fish being forced out of a preferred area), per
fi sh per minute ‘are compared.tc' mumber af days after release.,
Data were from underwater observations in Jungle Creek and the’
North Fork of the Teanaway River, way2.fo Septenber-~ 19, 1991.

Behavi or ©~ Dominant:Subordinate*:.. N R P
Agoni sti ¢ HSH:HSH a1 -0.154 0408
Agoni stic | HSH: RBT 10 -0. 048 0. 895
Agonistic RBT: RBT oy _0.585  0.415
Agoni sti ¢ RBT:HSH 9 -0. 427 0. 252
Di spl acenent HSH: HSH’ | - 10 -0. 285 0.425
Di spl acenent HSH:; RBTV 10 0.668 0.035 °®
Di spl acenent RBT: RBT 2 E ‘

Di spl acement RBT: HSH 1 | ¢ g

* HSH = hat chery steel head, RBI = al nhbow thro'ut
* | ndi cates a significant z‘elatwnship (P < 0.05).
¢ Smal | sanple size, correlation not val i d.

densities than were hatchery st eeI head. As a result ' resi»dent! |
trout were often displaced vvrthout ‘act uaIIy ber ng attacked o
The majority of all attacks appeared to be targeted at the

| ateral surface of the opponent in the area het*vveen the pect oraI
and pelvic fins. Fewer attacks vvere oriented at the dorsal £in
' DL

and caudal areas. Abbott and Di II (1985) found siml ar attack

pl acenent by juvenile hatchery st eeI head. Sorre agonr str c'
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encounters invol ved reciprocal} exchanges wherein.two fish chased
and' ni pped the tail of the other fish resulting ‘in-a very tight
circul ar motion. - Hatchery steelhead residuals in later surveys
(July to October) appeared.toc be less aggressive, f ed more, and
used habitat features in ways similar t 0 resident trout. It-is
uncl ear whether this tendency was related to improved survival of
fish exhibiting certain behavior or to changes: in: £ish behavi or
over time (learning or adaptation). ‘More aggressive.attacks
(nunmber of agonistic encounters/fish/mnute)- were observed: when
hi gh densities of fi sh were present (\\Ay = July) than.when. . .
densities were | ow (August - October). .:These fi ndi ngs are .: =
contrary to Jenkins (1971;) and Li and. Brocksen: (1977} who Bi d not
find aggression in sal nonids to be density deéependent. . - . . .}
As stream temperatures increased:and f| ow decreased:in
Jungle Creek, an increased incidence of saprolegnia infection was
documented in hatchery steelhead and resident tryout: in:the creek
(S. Roberts, WOW :‘pers. comm.}:: The incidence: of Saprolegnia: in
hatchery st eel head emigrating f r om Jungle..Creek: betwedn May 29
and June 13 was 13.2% (N = 53). No . resident trout showéd signs
of infection during this period. /A sample of fish collected: by
electrofishing ' i n Jungl e creek ‘on June.25 showed an infeotienr=z
rate of 32.1% for- hatchery steelhead (N = 28) ‘and-16.7% for
resi dent trout (N = 6). . .Infected areas on .fish-were primarilyo
t he lateral surface belew the dorsal fin. The area infectedr *

corresponded t 0 t he ar €a where most fish were attacked: during~:
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"agonistic exchanges. Laboratory stream channel experinments using

W | d brook trout and hatch-y-reared brown trout (Salmo trutta)
showed that 33% of the brook trout contracted Saprolegnia and -
died in the -presence ofthe brown trout (beWwald and Wilzbach
1992). Brown trout did not contract the infections nor daid:brook
trout in- single species trials.

Di spl acenent of resident trout and hatchery steel head al so
decreased with tine after rel ease, but these decreases were not
statistically significant (P>0.05). The only behavior that was
significantly co-elated with tine was the displacenent of
resident trout by hatchery steelhead (Table 16). The nunber of
resident trout that were displaced by hatchery steel head per-
total nunber of salmonids observed per m nute of observation:.time
increased significantly after the hatchery steel head- snolt

r el eases.

Natural |y produced fry (resident trout/steelhead) were

first observed on July 26. Correspondingly;, the.mean Size of

resident trout decreased. The snaller average size of resident
trout after |ate Juty nay have influenced the outcone

(di spl acenent) of agonistic encounters in favor of hatchery:
steel head. @ Though mean | engt h of hatchery steelhead exceeded'
that of resident trout for the entire study period, the size
differential increased follow ng-the energence of :age 0 trout. .
Many researchers studyi ng salmonid competition-in streams have

noted ‘that |arge fish usually dom nate small fish (Newman 1956;
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Griffith 1972, 1988; Allee 1981; Abbott et al.. 1985; Heggeneaa». .

o LA e s Fumcrzay b oearibe
1988 Huntingford et ai, 990)‘; XrE t;mpnss%nmenmmw&aﬁqy R
R LA RIS ¥ L T T kmle e

exceptions to this qenerality occurned, rin thch snal&irgrsaidnnt
trout dominated larger hatdhery steelhead (Table 17) Wf[n
allopatric intraspecific. contests involving hatchery  steelhead,:

| arger fish dom nated 75%of 'the tine., and larger resident ‘trout

SIS o - ails g

domi nated 66% .of their aIIopatrlc bouts T
Fausch (1984) and Huntingford et al. (1990) have suggest ed
that fish size nay be a consequence, not a cause of soci al
hierarchy. W were unable to support or refute th|s hypot hesi s
because we rel eased hatchery steelhead into the system at a
| arger size than pre-existing resideat txout. ' Therefone, .. : :
hat chery steel head di d not attain their larger size by dom nating
social interactions after they:were released:{thomgh | arger

i ndi vidual s could have attained a | arger S|ze by belng dontnant

f ”‘9’:‘? E S TN hz
during their hatchery rearlng experlence) Cbndltlon factors ‘for
oar sp aly T
hat chery st eel head decreased as time progressed crahle 13),

A TRHA - e
suggesting t hat these larger fish may not have been profiting

energetically from their size<-reld®ed. dobihationy ~ - 7
The potential for conpetitive interactions to occur between

resi dent trout and hatchery steel head may be greatest after

7 jéj’m«‘l‘ »f s.i’l.&"" (i (‘?"'“*’n. : R
hatchery steelhead reproduce in the Mﬁld Characterlstlcs of
S Brosifsade BRts Yoot toebise
spaunlng ar eas and tlntng for re3|dent trout and naturally-
imie o Blrloy 0 rE mseY.te iy ters
produced steelhead are belng |dent|f|ed by ong0|ng spauhlng
2 -—z"r i Ewg L CI £ T A

surveys (see Baseline Phase, th|s report). Thi s |nfornat|on W | |
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Tabl e 17. Size-related dominance relationships between hatchery
steel head and resident trout in Jungle Creek and North Fork of
the Teanaway Ri ver from May' 2: through Septenber: 19, 19931.

Nunber of agonistic occurrences observed (N) and t he per cent age
of contests resulting i n the corresponding dominant:subordinate
relationship for each conbLnatl on grouping are shown.

4 FE : s 50 s

G oup Donm nant (size):Subordinate (size)* N Per cent

Synpatric hat chery' st e;el heéd.wand resi dent trout

HSH (large): RBT (small) 9 50. 0

HSH (srrall) RBT (large) 1 5.6

RBT (large): HSH (small) 3 16. 3

RBT (small): HSH ,(large) 5 27.7
Al | opatri c hatchery steelhead

HSH (large): HSH (snall) 6 75.0

HSH (small): HSH (large) -. 2 s 25.0
Al |l opatric resident trout

RBT (1arge): RBT (srrall) 2 " 66.7

RBT (small): RBT (large) 1 33.3

* HSH = hatchery steelhead, RBT = resident trout .

be val uabl e i n pr edl cti ng emergence timing of the progeny Of
resi dent trout and steelhead. " It has been shown that groups of
sympatric ' stream salmom.ds that emerge earlier than their

conpetitors have a size advant age that confers a competitive
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advantage iri obtaining resources (e.g. food and/or habitat) that
may ‘Ifmit production :(Griffith 1972,:1988; Chandler and.Bjoran:
1988) . Preliminary: spawn timing data for resident trout.and- «
gstealhead in the upper Yakima bdsin suggests:that substantialc:
overlap:occars.
Underwater’ observers were not able to identify resources -
(e.g. food or space): that: hatchery fish may:have bBeen competing
for. |t appeared that hatchery fish were aggreséive and:expended
a great deal of energy, resulting-in no apparent-gain-in terms-of

better access to food or habitat. The broenergetrc costs
> sy s R M
associated with thrs behavi or are great These behaviors can-

L AL

“¥ig i

have a genetic: domponent and may alsa ba |nfluenced by rearing

-i Gy '«A'

experl ence. N Y!“'l’"}

Fi sh abundance Rel ati onshi p& over Ti ne SH IR

Under wat er observations of hatchery steelhead and resident
trout in index areas provided |nfornat|on on pepulation?ab;;daéce
trends over trne\ The nunmber of hatchery steelheadﬁobse;;:éeher
kmlnute decreased after trne of release mhereas :ﬁe hdnh%rrof L‘
SN ) R % tende seFeaoibal

ralnbow/trout increased slightly (Table 18 Figure 17). The

increase in resident trout observations was prinarily due to the
“v’f“u)‘"’ f _{ o £
occurrence of age 0 (those estrnated to be Iess than 100 nnrlong)

tzenid

. AEE

rarnbomrtrout begrn&g on July 26. |t |s unclear whether the
Ll B Al YAE T LT
nunber of trout observed nay also have |ncreased due to
TV NEES: S RN
i mm gration of resrdent trout frontoutsrde the st udy area
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follow ng the overall decrease i n .abundange.of -hatchery .

steel head. Mst hatchery steelhead (64% emigrated :from:the .
North Fork systemduring the:typical snolt outmigratien peried,
However, |arge concentrations of hatchery steel head were:-obsexrved
in the river into late sumrer (e.g. 19 hatchery steelhead were
observed in one site on July 26). This decrease in relative
abundance of hatchery.steelhead may be accounted fot by several
factors, including: nortality, harvest by :anglers, emgration to
areas downstream or a conbination of the aforenentioned.

Table 18. Correl ations between fish observation rate
(nunmber/ m nute) and nunber of days .after hatchery steel head

rel ease for hatchery steel head and resident trout in the North
Fork of the Teanaway system.from: May -through October, 1991.

Nunmber of sanple periods (N), correlation coefficients (R), and
probability values (P) are shown. -

G oup N - v R = 5 P

Hat chery St eel head I8 -0.617 0. 005'

Resident Trout (all sizes) *20 0.662 0.001°
: ; : 5 U N

Resi dent trout (> 100 nm 20 ) 0.259 0. 257

* Indicates statistically significant correlation (P < 0. 009).

Creel Survev

Results fromthe limted creel survey conducted in the

study area showed hatchery steel head were ﬁ;fbésted at highl‘

rates. Seventy-five anglers were contacted between June 1
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Figure 17. Nunber of fish observed pef minuteby
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snorkelers | N

Jungle Creek and the North Fork of the Teanaway River between -May

2 and Cctober

(opening day) and June 13.

18, 1991.

Angl ers surveyed spemt & total @f.-158

hours f ishing and ianded 268 hatchery stselhead :and: swosresident

trout.  The méan catch rate during this pexiod was 4.08 fishth.

Anglérs were obsérved selectiwvely ,retainiﬁs the laxgexhatchexry

steelhead and Yeleaging.smaller .hatdhery:steelhead (51 patchery

' steelhead '(19%) of<the 268 caughtrwere released), Many anglers

reportéd catching their. limit of-eight. fish in less-than.one -
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hour. Fromthe limted angling data we collected it appears that
the initial inpact on wld fish in the study area was relatively
mnor (2 fish of 270 captured).

Angling pressure was relatively low during the first
weekend of the season and appeared to increase after about a
week. It is likely that spreading know edge of the 'good
fishing' opportunity in the area influenced fishing pressure over
the first nonth of the season. Creel survey activities were
termnated after June 13 but nunerous anglers were in the study
area throughout the summer. It is probable that anglers renoved
| arge nunbers of hatchery steel head fromJungle Creek and the
North Fork of the Teanaway after creel survey activities ended.
The potential for anglers to harvest hatchery steel head snolts as
"trout" IS great in the Teanaway system and ot her areas where
rel eases are proposed per the YFP if emgration rates and
residualismtendencies were simlar to those observed in this

st udy.

Eood Utilization

‘Hatcheéry steel head snolts, ‘wild steel head smolts and .
resident trout ate similar food items duri ng the spring of 1991
(S. Urakawa and P. James, CWJ, pers. comm.). The primary -food
itemingested by all salmonids in the spring of 1991 were. ' .
earthworns (Figures 18, 19, and:20). WId and hatchery steelhead

i ngested nore types of food itens than did resident trout.. The
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| argest difference between the hatchery and wld steelhead is

t hat hatchery steel head ingested nmore debris (nonnutritious
material such as, pine needles, sticks, and burned wood) and nore
earthworms than wild steelhead or resident trout. Snorkelers

were able to observe wld fjﬂ.gt;.p and hatchery fish feeding on many

occasi ons throughout the g " ch. Sone hatchery fish

appeared to ingest drift ‘f (‘ hours fol | ow ng rel ease.
2 gigtchery fish to ingest

drift itens of all ki nds whexéas‘wﬁ‘&ftiqb appeared to be nore

Snorkel ers noted a srem;er t

selective. WId fish: would move to im:ercept many pi eces of
S

debris only to turn away from them pri‘.or to actual ingestion.

Hat chery fish rarely rej ect ed driftltems during the first few
weeks after release. This behavior was | ess noticeable later in
t he summer when residualized hatchery steel head seened to feed

more like wild trout.
These food utilization data are prelimnary and inconplete.

other aspects of their work 1nc1udes determlnation of food

AL U R B3ty (1 ,‘ -
availability and these actiwlties shoma.d: cmmeﬁ@mm 1%

SARGEE S R A ST I o = 8
Data wlll be analyzed more: funy by ng«m Jumgné nm;:;

report of findmgs will be produeed

L
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MISC (10.0%)

DEB (5.0%)
WORM (30.0%)
EPH (5.0%)
:
: ///t::i ; :5:' TRI (20.0%)
HOM,/HEM (5.0%) / s
coL (15.0%)—~ - HYM (10.0%)

Figure 18. Percent by volunme of various food itenms consuned by
resident trout captured in.the North Fork of the: Teanaway . River
during the spring o£1991. MSC = unidentified items, DEB =
debris, EPH = Epheneroptera (mayflies), PLE = Plecoptera
stoneflies), TRl = Tricoptera (caddisflies), HYM = Hynenoptera
ants and bees), COL = Coleoptera (beetles), HEM/HOM =:Hemiptera
true bugs) /Homoptera (| eaf hoppers), WORM = (i gochaetes
earthwornms). (data fromS. Urakawa, CWJ, pers. comm.).
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----- MISC (14.5%)

........

P )

WORM (34.2% \ DEB (2.6%)

EPH (7.7%)

Figure 19. Percent by volume of various food items:consumed By
wild &teelhead captured in the North Fork.of the “Teanaway River
during the spring of 1991. MISC ‘= unidentified-items, DEB =. .
debris, EPH = Hphemeroptera  (mayflies), PLE =:RBlecopterd: ...,
(stoneflies), TRI = TPricdptera.{caddisfiies), HYM = Hymeneptera
(ants and bées), COL = Coleoptera (beetles), DIP .= Dipterans -,
(midges) , WORM = Oligochaetes: {earthworms). (Ppata:-from- B«
Urakawa, CWU, pers. comm.). .- L iana CRmadiogend i w

o Hasora
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QIR LIER
5

Fi gure 20. Percent by vol une of various food items consumed by
hat chery steelhead captured in the North Fork of the Teanaway
River during the spring of 1991. :MISC = unidentified items, DEB
= debris, EPH = Epheneroptera :(mayflies), .PLE = Rlecoptera .
Est oneflies), TR = Tricoptera  (caddisflies), HYM = Hymenoptera
ants and bees), COL = Coleoptera (beetles), HEM/HOM = Hemiptera
§true bugs) /Homoptera (|eaf hoppers), DI P = Dipterans (midges),
= Ad1gochaetes (earthwornms). (bata from S,.Urakawa, -CWU, -
pers. comm.).
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2 1 BEPERIMENTATION PEASBE BUMMARRY .. = -
A:great decal was | ear ned about the potential mechanisms
involved in conpetitive interaction8 and, under: existing -
conditions of the study, it appeared that competition was
occurring. However, after only one: year of this multi-year
effort it is not possible to daraw any firm .conclusions. |t
remai ns uncl ear what the outcone of these interactions were on
variabl es such as growh and survival of resident trout.
Sone of the results of these studies. that suggest hatchery
st eel head coul d negatively influence:the resjident trout. .
popul ati ons in the North Fork of the Teanaway were:
: V‘:;.
o Large numbers of hatchery steelhead did not . SRR
migrate out of the North '!'orh-«prio?’ toJune 1.l
N RS 0 < 15
. © Residual hatchery steelhead physically displaced juvenile
‘resident trout through late summer. ./ -~ *il - of Ao
SE - IR REPNCE S T S ST R S SRR £ 3% A SeFt s v et
o Many residual hatchery steslhead males: were found tic bi:
- sexually mature, inhabiting :stream areas corsurrently with

smaller resident rainbow and cutthroat -trout 'spawvners:b::
Fgldrey 0L RS AT S SN

o Aggressive behavior exhibited iby the hatchéry steslhsfd
may have led to the increased incidence ‘of dissase g e

hatchery and wild fish in the release stream.::. i/ .. "
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o There appeared to be a relatively high degree of overlap
-in food itens ingested by hatchery and wi|ld steelhead

smolts i n t he North: . Fork.

o

0 The residual hatchery steelhead di spersed throughout the

North Fork drai nage well upstreaminto known cutthroat:and

bull trout habitat.

One of the reasons for releasing hatchery fish as snolts
(as opposed to fry) ‘is to minimize the potential for negative
i npacts on pre-existing fi Sh populations;.under the assumption
that the snolts will mgrate out ofthe area rapidly and wll
negligi bly influence | ocal fishes. Ecological probl ens may
ari se, however, when the smolts that are released do not al
rapidly emgrate from the system Currently proposed YFP rearing
and rel ease strategi es involve transport of pre-smolts from
hatchery facilities to acclinmation ponds for a period of weeks or
nmonths, prior to exiting these ponds of their own volition when
physi ol ogi cal readiness dictates, It iS. unkndwn-atthis tinme to
what extent YFP rearing and rel ease strategies will produce fish
ready to outmgrate.

Plans for continuation of this research include the
addition of the adjacent Mddle Fork of the Teanaway River as an
unsuppl enented control stream Popul ation estinmates, outmigrant

trappi ng, and underwat er behavi oral observations will be
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conducted in both streanms. These:®wtudies W || inprove know edge

available to nonitor and assess the |rrpacts of rel eases of
SN 5 TR
hat cher; steelhead oOn residcnt trout abw;danm, sizu, growth, and
. b {

o N

behavi or . T R R Ot e

2oLl S Test iy L e P Tide

We received assistance from many people during the study -
period. The numerous. anglers and angling groups who suppbrted us
with volunteer field help and! information on tagged fish they
captured via hook and line are greatly appreciatef: . Jim: Cummins,
Eric Anderson, Jim Lee, Tim Buwe, Pat Hulett;  and:Chris Wagemann,
along with many other people: of WDI:provided: valuable: as¥istance.
Thanks to Joel Hubble, Mark Johmnston,: Mike:Kohw;- Bill Sharp, Tom
Scribner, and Dave Fast of the Yakima Indian Nation Fisheries
program who furnished information, data, personnel: Kuppért, and
eguipment. Lowell Stushrenbery; Gebrge Swan, and: Erie:"
Hockersmith: (NMFS) helped with the cbllection o ka
Paul James, Scott Urakawa, Terry DeVietti, Jim Thomisoh;iahd the
staff of the Biological Sciences Department at Central Washington
University contributéd time and empertisé.  Todd Pedrsonsvandc:
John Monahan provided comm:s am wqqemm ming mrt
preparation. - S
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Appendix. A

Patterns of Genetic Diversity in Yakima River Rainbow: Trout:
Initial analysis of 1990 and spring 1991 col |l ections

by Stevan R Phel ps _ _
Washi ngt on Department of Fisheries

| NTRODUCTI ON

The el ectrophoretic anal ysis of rainbow trout, oncorhynchus
nvkiss, collected fromthe mainstem Yakinma River and tributaries
above Roza Dam'is part of the baseline phase of the vakima Ri ver
species interactions studies. The-purpose of this work was
provi de a baseline genetic Erofile of w | d-spawned rai nbow trout
popul ations, to determne the patterns of genetic diversity and
stock structure amobng these popul ations, and identify differences

bet ween these popul ations and steel head and hatchery rai nbow
trout strains.

Past work on"Yakima River rainbow trout by Campton and Johnson
(1985) indicated that the fish were'an adm xture of hatchery and
wi | d rainbow trout gene pools. The authors concluded that the
popul ati on was unlike, hatchery steelhead. In this study, we
exam ned sone of the same:locations as Campton and Johnson
5198& . After we examine the yearly, and spring and fall sanple
iversity within a collection location;, we W || compare our data
to the past electropharetic work in the Yakima Ri ver.

METHODS

Rai nbow trout were collected from seven mainstem | ocations in the
Yaki ma River and nine tributaries-above-.Roza Dam during the
spring and fall of 1990, and the spring of 1991 (Table 1 and
Hindman et al. 1991).: The coll ected fish were either dissected
inthe field (nmobst adult collections) or frozen whole.at ultra-

| ow tenperatures (-80°c) and transported to the Washi ngton
Departnent of Fisheries (WDF) Cenetic Stock Identification:i-:i:"
Laboratory. ‘Musclée, heart, eye and liver: were. dissected- from
each juvenile and placed into 12 X 75-mm" test tubes: Total _

l ength, weight, and 12 scales fromthe preferred area were taken.
The snolts were photographed and refrozen for storage. Cutthroat
trout and obvious hatchery rainbow trout were excluded fromthe
collections. W conbined spring 1990 and 1991 collections from
each | ocation because of the small nunber of sanples collected in
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Spring 19%0.

El ectrophoresis followed the nethods of Aebersold et al. (1987)
The el ectrophoretic protocel,. en;%mas screened, . and alleles :
observed during this study (and other studies on ralnbowtrout
and steel head by WDF) are listed in' Busack et al. (199L)« Genetic
nonencl at ur e follows. the conventions of Shaklee et gﬂ‘,{(lssog
BroSYS-1 ( Swof f or d and’ selsnder. 1981) was used mm -
statistical analysis of the electrophoretic data.

RESULTS and DISCUSSION | s

This anal ysis was based on: the products of 43 loci. 'I'hree loa;i
wer e mononor phi c, mAH=2*, mAH-4*, TPI-2* (other monomorphic loei
wer e excl uded from the anal ysis). Allele frequencies for all
| oci are available from wDW upon request.: The average.. = - . .
heterozyqosity and ‘percentagée of polymorphig | oci are &liqht;lx
higher than past studi es due ta the exclusion of monomrph lqci
from this analysis. However, the val ues are useful for
rrﬂarlsons among the popul ations in this study (Tabl e 2) e
hi ghest percentage of pol ynorphi c loci -decurs -in the, ‘
spring 91, Swauk fall 90; and i n the:lower Yakima Rivw@&inaw
col l ections. The WDW hatchery rainbow trout strains had the ..
lowest val ues. | n contrast; the -average hqtarozgqmitiea m&y
simlar between the wild and hatchery collections. - ;.

B ‘ PV

. st resab Come s ox

'Dhe nonduplmatod lo¢i were- testeﬂ for o Hapdy-
WeinBery squilibrium expectations- (duislimeed im}lm m m
tested because we cannot tell how the genetic: skon 4@ (o 1o
partitioned anong the two loci) (Table 3). The most common type
of deviation wase a deficit of :heterozygotes at.sevenal loci.(ADA-
1%, sAH*, mIDHP-2*, and sSOD-1*). These loci are some of thec:

| oci that have Iarge allele frequency differences among Yakima
rainbow:trout, Yakima steelhead, -and hatchery rainbow todut. ox
O her causes f Or deviations were rard genotypes. e ﬁlmsm
investigate these fish further to determine fiat«,w.m A ;
rainbow trout or hybridized with. dutthrm tmut and mu o - *
i ncl uded | n the sanple inadvertmtlﬁ. To Ve T Tt BGHE i3

SIS £ E T "4 ey iﬁ s"s‘fbf?
W had endugn samples frm Untanun: Ci:eek to mbmriﬂq 1990 [v8.
1991 and bet ween two stream sections :in:the-fall} 19290 Q@km&m
No significant differences.were found (!pﬁing 90 8¢ 9V Pm0:58;
fall Section 1 vs. secticn.-2, P=0.16). ' In addition, na loci were
out of Hardy-Wei nberg expectations (TabI e 3) SO we combined the
spring sanples into one collection and conbined the two areas
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fromthe fall 1990 sanpling into one collection for genetic
anal ysi s.

dij c collections

We cal cul ated two neasures of %enetic distance and performed
cluster anal ysis using unwei ghted pair group method. The - . .
coefficients used were the nodified Rogers di stance (Wight 1978)
and cavalli-sforza & Edwards (1967) chord distance.:

W identified three major groups of rainbow trout in the Yakim
Ri ver above Roza (Figure 1). he first group consists of Yakim
mainstem col |l ections | -5 and t he tributaries below Ellensburg
Dam  The Manastash Creek collections fromthis area, however,
group nore closely with other tributaries. The Badger Creek
collection i s an outlier.

The second group consists of collectiens fromthe uppernost ..
tributaries and mainstem section of the Yakima River. The Big. ¢
Creek collection- is in this group even though it flows: into the
Yaki na mainstem section 6.

The third group is mainly the tributary collections between .

El | ensburg Dam and e Elum. These populations -are distinct from
nearby mainstem areas and it appears that- there is not nuch:'
genet1 c exchange between the mainstem and these tributaries .
Yaki e mainstem collections | -5.

None of the groups are very simlar to WDW-hatchery strains. . One
possi bl e exception to this is the Badger Creek collection. Using
anot her neasure of genetic rel ati onshi ps (Figure 2), .the Badger
Creek collection is associated-with the Spokane and South TPacoma
Hat chery coll ections. ; R

| ocation

We perforned contingency+chi-square tests of allelic.counts - .
bet ween er|ng and fall ¢ollections at a location {0 test for ..
seasonal heterogeneity. Five of nine tests were significant at
the 0.05 level. W have identified several possible-causes for
this number of significant differences. First, rainbow.treut:
from hatchery plants may not be distinguished readily during the
fallcollectionsg because of Size. .Second, mainstem. spawners ..
‘coll ected from t he tributaries in t he spring way cause allele:
frequencg shifts: Third, steel head or.cutthroat trout hybrids :
may not be as recogni zable in fall collections.
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For exanple, the WIlson Creek fall 90 collection is moreisimilar
to WOW hat chery rai nbow trout at ADA-1*, sAH*, &AT*, RIDHP-2%*,

SMDH-B1,2%*, and sxar-i*. - Lhe spring collection .is more ‘similan
to the Yakima mainstem collections: : v;

Anot her exanple is the spring and fall:eollections from the forks
of the Teanaway River. At SSQD-1*, the three fall collections
contai n a hi gher frequency Of the *38 allele, an allelé that is
found at noderate freguencies (0.03 t0 0416} in.Yakima: steelhead
coll ections. Perhaps SONE juvenile steélhead were cdllected | N
the fall sanples. S

SSOD-1*38 allele frequencies between falf and spring Teanaway River callections.

Location Frequency
Fall Soring
Middle Fork 0.030 0.000
North Fork- " 0.040 0. 000
West Fork 0.080 P 0.030 &

Native vs nonnative gene pools at locations

Nunerous all el e frequency differences exist betweén the WDW

hat chery rai nbow trout strains and Yakimé River collections
(Table 4). In general, the collections that conprise the first
dendrogram gr oup, Yaki ma mainstem and lower tributi¥ies appear‘to
have the greatest proportion of hatchery rainbow:trout. genes.
The Manastash, Swauk, Taneum and Teanaway tributaries.appear to
have been | east affected by past hatchery stocking. There nust
not be nmuch gene-flow fromthe' adjacent mainstem tributary.
sections or recruitment into the mainstem:from these four:
tributaries. A conparisonof the genetic-distances owver:all | oc
al so indicates greater simlarity of mainstem and | ower
trjgutapies to the WDW -Hatchery straing than the uppeér * ' v
tributaries. : ce g

CONCLUSI ONS

- v E R S0 51
Significant- genetic diversity exists in rainbow trout:in.the
Yaki ma River above Rozh Dam Thi s diversity appears: to: e due to
natural stock structure and the result of Interbreeding with
stocked hatchery rainbow trout. Analysis of fall 1991 and spring
1992 col | ections should help further define Yakim rai nbow trout
stock structure.
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Table 1.  Location and nunmber of rainbow trout collected for
electrophoretic and scal e pattern analysis fromthe
Yakima River in 1990 and spring, 1991.° )
Spring Fal | Spring
Stream 1990 1990 1991
1.  Umtanum  CEK. 32 50 33
2. Cherry 24 50 6 )
"Wilson 19 17 k& - ‘
Badger 0 0 32
3, Manastash 2 50 33 :
Taneum 13 50 33
Swauk 5 50 33
4, NF Teanaw y 2 50 33
MF Teanaway 0 50 33 ,
WP Teanaway 0 50 33 Ao
5. Cle Elum Ri ver 0 0
Cabi n 9 25 0
Bf g v 50 1 -
6. Yakima R.  (Bec 7) 0 13 o+
. [
7. Yaki a R (8e¢ 6) o 0 10
Yaki ma R (s@¢ 5) 0 14 20 e LEEE
8. Yakima R (sec 4) 1 14 20
Yaklma R (seq 3) 2 14 20 o
9. Yaki ma R (sec 2) 5 14 21
Yakima R (sea 1) 9 14 327 au
WDW Nachee Hatch. v
rainbow 53 ° - -
UFISH catch-out ‘ B o
pond - 38 - > W3 WA ‘
TOTAL 169 613 426 nORARL A
AT 1
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Table 2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

based on 43 | oci

Col | ection

BADGER 91

Bl G 90&91

CABI N 90F

CHERRY 90F

CHERRY 90&91S

MANASH 90F

MANASH 90&91s

SWAUK 90F

SWAUK 90&91s

TANEUM 90F

TANEUM 90&91S

TNAW MF 90F

TNAW MF 918

TNAW NF SOF

TNAW NF 90&91S

TNAW WF 90F

TNAW WF 918

UMTAN 90F

Mean sample Mecan no.

size per
| ocus

Average het erozygoeity and percentage of

| oci polynmorphic in each collection
(Standard errors in parentheeee).
Mean Heterozygosity
Percentage .
of alleles of | oci Direct-.. Hdywbg
per locus pol ynor phi c* count expect ed**

1.4 32.6 0.099 0.094
(0.1) (0.028) (0.026)
1.8 51.2 0.091 0. 099
(0.2) (0.022) (0.024)
1.5 34.9 0. 084 0. 044
(0.1) (0.025) (0.026)
1.7 55.8 0. 089 0. 095
(0.1) (0.022) (0.024)
1.6 39.5 0. 098 0.091
(0.1) (0.029) (0.025)
1.7 51.2 0. 087 0.090
(0.1) (0.023) (0.023)
1.6 37.2 0.078 ©  0.081
(0.1) (0.024) (0.024)
1.8 60.5 0.084 0.088
(0.1) (0.024) (0.024)
1.7 48.8 0.078 0. 087
(0.1) (0.024) (0.025)
1.5 39.5 0. 082 0.077
(0.1) (0.026) (0.023)
1.6 46.5 - 0.083 0.081
(0.1) (0.025) (0.023)
1.7 46.5 0.078 0.080
(0.1) (0.023) (0.024)

: 1.6 44.2 0. 080 0.078
(0.1) (0.026) (0.024)
i.6 48.8 0.076 0. 082
(0.1) (0.023) (0.023)
1.7 51.2 0. 091 0. 092
(0.1) (0.024) (0.024)
1.7 51.2 0. 082 0.078
(0.1) (0.027) (0.024)
1.8 48. 8 0.074 0.079
(0.2) (0.023) (0.024)
1.8 48.8 0.106 0.104
{0.2) (0.029) (0.027)
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Tabl e 2. continyed

19. UMTAN 908918 60.0 1.8 . 62.8 . Q114.. 0.113
(0.7) (0.1) (0.029) (o 028)
20. WLSON 90F 17.0 1.5 34.9 “0.083 ‘ggggfnk
{ 0.0) (0.1) (0. 024)‘ (0.028y *
21. W LSON 90&91S 47.4 1.8 55.8 0.093 0.100:0" <
(0.8) (0.1) (0.023)  (0:024) :
22. YAKINA 7 9OF 17.2 1.5 39.6° % 0.081 0.081
( 0.2) (0.1) (0.022) (0.025)
23. YAKIMA 6 918 9.8 1.6 41.9 - 0.107 " '0.112 =it
( 0.2) (0.1) I (0.025)  (0.027)
24. YAKIMA 5 90&91 32.9 ‘1.8 '58.1 o.oqg{‘ Voffbé: .
. (-0.1) (0.1) (0.02¢)  (0.025)
25. YAKI MA 4 90691 33.5 “1.7 48.8 0.104 0.104
(0%3) (0.2) * 7 (0.027) (0. 027)
26. YAKI MA 3 90&91 34.8 1.8 55.8 0.106 0.106
( 0.2) (0.1) (0.024) . (0. ozdi
27. YAKIMA 2 90&91 43.7 1.9 55.8 0.099 _0.103
( 0.2) {0.2) _ {0.023) (6.023%: . -
28. YAKIMA 1 90&91 . 46 .7 1.8 §3.5 . 0.104 0.107 ...
( 0.2) (0.2) ) (0.023) (0.023)
29. GOLDENDALE 90 99. 1 1.4 32.6- 0.085 0.089
( 07 (0.1) (0.025) (0.0269. 7
30. NACH HAT 90 49'. 8 1.4 27.9 0.077 0.080. .,
( 1.1) (0.1) (0.026) (0. dﬁs; ‘;1
31. SPOKANE HAT 90 98.3 1.5 37.2 0.091 '~ 0.084 -
( 1.6) (0.1) i (0.027)  (®. ez4y~a
32. S TACOVA HAT 90  97.0 1.3 30.2  0.088 . . 0.088
( 1.6) (0.1) (0.026) " (0.0285)
33. TOKUL HAT 90 991 1.3 233 0.075 96,0787
{0.5) (0.1) “ (0.025): w...m's :
34. UFI'SH 90 37,4 5t 1.5 . 0.081 . eaag e
( 0.5),. . (0.1) (0.025) (8.027) "
g RN ST - 05« W Tr

A locus is considered polynorphic
eetimate (see Nei,

** Unbi aaed

o

Conr

1978)

if more than“or‘:'e al |l el e was detected
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Table 3.

Signi ficant deviations of genotype counts from Hardy- Wi nberg equlibrium
expectations within Yakim River

and hatchery rainbow trout ¢collections.

Collection Loci Reason
Yakima rainbow trout

Badger Cr. 91 none

Big Cr. QOF GPi-A* deficit of heterozygotes
IDDH-2’ excess of rare heterozygotes

Cabin Cr. 90F none

Cherry Cr. 90F none

Cherry Cr. 91 S ADA-1* excess of heterozygotes
PEPD-1* deficit of heterozygotes

Manashtash Cr. 9QF PGM-@* deficit of heterozygotes

Manashtash Cr.91 8 none

Swauk Cr. 90F PEPA* deficit of heterozygotes

Swauk Cr. 918 ALAT*® excess of rare heterozygotes
LDH-B2* deficit of heterozygotes

Taneum Cr. 90F none

Taneum Cr. 91 S none

Teanaway R. MFQOF none

Teanaway R. MF91S none

Teanaway R. NFOOF SAH . excess of heterozygotes
miDHP-2* deficit of heterozygotes

Teanaway R. NF91S ADA-1* deficit of heterozygotes
l -2* excess of rare heterozygotes

Teanaway R. WF9OF ADA-1* deficit of heterotygotes h
$S0OD-1 deficit of heterotygotes

Teanaway R. WF91S none

Umtanum Cr. 90F none

Umtanum Cr. 918 none

Wilson Cr. 80F none

Wilson Cr. 91 S miDHP-2* deficit of heterotygotes

Yakima R. Sec. 7 none

Yakima R. Sec. 6 none

Yakima R. Sec. 5 PEPA* deficit of heterozygotes .

Yakima B. Sec. 4 | -2° deficit of heterozygotes

Yakima R. Sec. 3 none

Yakima R. Sec. 2 ALAT* deficit of heterozygotes
sSOD-1. ‘deficit of heterozygotes

Yakima R. Sec. 1 sAH* deficit of heterorygotes
PEPB-1* deficit of heterozygotes

Hatchery rainbow trout

Goldendale 90 none

Spokane 90 ADA-1* excess of heterozygotes

South Tacoma SO ADA-1* deficit of heterozygotes

Tokul Cr. 90 mAH-3* deficit of heterozygotes

Naches 90 IDDH-1* deficit of heterozygotes

U-fish 91 none
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Figure 1. Cluster snalysis using unweighted peir group methad. Coefficient used: modified Rogers distance (Wright 1978}
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Figure 2. Cluster anslysis using unweighted pasir group method. Coafficient used: Cavelii-Sforze & Edwards (1967) chord distance.
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