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EXECUTIVE SUMMARY

The Yakima Species Interactions Study (YSIS) was initiated in
Septenber of 1989 by the Washington Departnent of Wldlife (VWDW
to investigate species interactions anong fish in response to
roposed supplenmentation of salnon and steelhead in the Yakina
asin. The research has three main goals which are to resolve
critical wuncertainties about species interactions, develop an
Interactions nonitoring plan, and provide information that could
be used to increase the probability of success of increasing
natural production of anadronous salnonids. Critical
uncertainties associated with the Yakima Fisheries Project (YFP)
i nclude how suppl ementation will affect the resident rainbow
trout population in the upper Yakima River. Experinents are
continuing and a baseline nonitoring approach begun to
investigate the potential for (before supplenmentation), and
detection of (during supplementation) interactions between
rainbow trout and other species. \Wrk to date has enphasized
potential interactions between rainbow and steelhead trout. This
report summarizes prelimnary results of interactions research
and nonitoring through 1992.

Baseline nonitoring of rainbow trout spawn timng and _
distribution, population size, age and siie structure, species
associations, and genetic structure continued in the mainstem
Yakima River and tributaries during 1992.  Spawn tinin?_peaked
earlier in 1992 than in 1991, but was consistently earlier in |ow
el evation areas than high elevation areas. Rainbow trout
general Iy spawned between February and June. SexumIQ/ mat ur e
rainbow trout were collected throughout the upper Yakima Basin
except for very high elevation tributaries. The pattern of trout
abundance anong five pre-established mainstem index sections
differed between the fall, 1991 and fall, 1992, but the tota
estimated nunber of trout and bionass of trout in the 25.1 km of

i ndex sections surveyed was fairly simlar. At least 18 species
of fish were observed during population estimates in the mainstem
Yaki ma River. Mountain whitefish were judged to be the nost
abundant species in four of the five mainstem Sections sanpl ed,
and northern squawtish vwere present in all mainstem i ndex
sections. Mean fork |lengths of trout were very simlar between
years in each of the index sections. Gowh of trout i n mainstem
sections ranged from an average of 0.08 to 0.12 nmday. Trout in
the mainstem were rarely captured outside the index sections from
which they were originally sanpled except during the spring when
sone trout nmade spawning mgrations into tributary streans.

In tributaries, rainbow trout accounted for the greatest
proportion of salmonid densit% and biomass in index sections
(generally eo-100%) and were broadly distributed throughout the
basin. Rainbow trout densities were positively correlated wth
longnose dace and shorthead scul pin densities.  Average




popul ation and biomass estinmates of rainbow trout in tributary
streans were different anong tributaries and simlar wthin
tributaries between 1991 and 1992.' salmonid density was- strongly
correlated with pool area and an index of habitat conplexity.
Spring chinook densities were strongly correlated with torrent
scul prn and redside shiner densities.

CGenetic data collected to date suggests rainbow trout in the
upper Yakima basin are structured into five population units.

ny of the rainbow trout populations in the upper Yakima are a
genetic adm xture of wld and hatchery rainbow trout. Hatcher
steel head have contributed little if any genetic material to the
rai nbow trout Populatlon. The occurrence of genetic nmaterial
from hatchery trout is greatest in |ow elevation tributaries and
the mainstem Yakima River. Trout in high elevation tributaries
and mainstem Sections have |ittle if any genetic evidence of past
hatchery stocking. Steelhead and rainbow trout in the upper
Yaki ma ‘basin can be differentiated electrophoretically by alleles
common to the hatchery trout.

Prelimnary research results with steel head and rainbow trout to
date suggest that the potential for gene flow is high, the
potential for competition i S unclear, and the potential for
redation on trout by hatchery steelhead juveniles is low  Gene
low is predicted because rainbow trout and steel head spawners
overlap in space and time, cases of |nterbreed|n? are' suspect ed,
anF high nunmbers of precocial nales were documented from hatchery
rel eases.

Experimental releases of hatchery steelhead snmolts in the
Teanaway drainage were initiated during My, 1991 to develop
nethods for monitoring interactions,, and to provide insight into
the potential for interactions between fish produced by * '
conventional hatchery procedures and other fish upon,

i mpl ementation of the YFP. Results from experinental. releases of
hat chery steel head snmolts during 1991 and 1992 suggested ,that
conpetition between hatchery steel head and rainbow trout m ght
have occurred, although if "conpetition occurred the inpacts to
trout were unclear. onistic behavior between rainbow trout and
hatchery steelhead snolts was observed during 1991 and 1992, but
I npacts on q{omxh or-popul ation densities were not detectable
wth the nethods used. Hatchery steeihead doninated nost of the.
behavioral interactions with rainbow trout, 'presumably because..
hatcher?fsteelhead were larger than the rainbow trout. Agonistic
I nteractions between hatchery steel head and rai nbow trout merg Co
69% of the total interactions observed before June 1, 1992, but
only 21% of the total interactions observed after June 1, 1992
Rates of interactions (interactions/fish/mnute) were higher in
control streams than in paired treatnent streams prior to June 1,
1992, but lower in one control stream and higher in another after
June 1, 1992.  Small scale displacements were observed in,
concordance wth agonistic behavior but large scale displacenments




were not observed. In addition, rainwéw trout, wild steel head
presnolts, and wild steelhead snolts did not emgrate at
accelerated rates from the North Fork Teanaway R ver during the
peak of hatchery steelhead snolt emgration

The inpact of predation by the hatchery steelhead, used in these
experinents, on rainbow trout appeared to be very small. No
successful predatory attacks were observed during over 180 hours
of snorkeling. A total of 55 residual hatchery steel head were
collected from habitats having coexisting young-of-the-year
trout. Stomach sanples from these steel head contained no fish

| dentification of biological variables to be measured, techniques
to neasure those variables, and design of the monitoring plan are
in various stages of development. Aftenpts have been made to
identify and evaluate techniques that mnimze stress on fish
popul ations as well as produce reliable information. For
exampl e, the adverse effects of electrofishing can be overcome b
using weirs to provide information on sPamnlng_characterlstlcs 0
trout in tributary streams. A npsaic of experinental designs
(e.g. Before-After-Control-Inpact-Pairs, Before-After, Snall
scale within treatnent experinents) can be used to monitor the
rainbow trout and evaluate causes of observed outcones.
Acclimation pond |ocations and the type of biological variables
to be neasured are two inportant factors that can be used to
determne which types of experinental designs should be used.




Basel i ne Phase

TABLE OF CONTENTS

Executive Summary . ... ... I
Table of Contents ... ... ... ... . . . . ..

| ntroduction . . . . . *

ojective |: Determne Spawning Characteristics

Sub-Qbj. 1.A: Characterize'resident trout
sBawnln activity in Yakima Rver tributaries
above Roza Dam ........ ... ... ... ... ...

Sub-Qbj. 1.B: Characterize resident trout
spawning activity in the mainstem Yaki na
R ver above Roza Dam ..........................

Sub-oj. 1.c: Develop a biological profile
of resident trout spawning populations i n
tributaries and mainstem areas above Roza Dam..

Sub-Cbj. 1.p: Estimate the current and

future probability of spatial and/or

tenporal overlap between resident trout

and steelhead spawners . . . . . . ...

ojective |l: Determne Rearing Characteristics

Sub-Qoj. 1I.A: Characterize the distribution
and abundance of resident trout rearing in
tributaries above Roza Dam ................. ...

Sub- ijb. II.B: Determ ne the general

distribution and abundance of resident

trout rearing in the mainstem Yakima River

above Roza Dam ..... ... . ... ... .. .. .. . . 00

Sub-Obj. 1I.C: Develop a biological profile of
resident trout rearing in tributaries and
mainstem areas above Roza Dam. . . . . .. ... ... .. ...

Sub-Qoj. 1I.pD: Estimate the current and future
probability of spatial and temporal overlap in
rearing areas utilized by resident trout and
steel head above Roza Dam ................... ...

I|4

10

12

20
22




Experinentation Phase ........... .. ... .. .. ... ... .. 42

Objective IIl. Assess inpacts of hatchery
steel head smolt releases on resident trout . . .. . . . . . . 44

Sub-Qbj. 1II.A: Determ ne whether hatchery
steel head (HSH) snolt releases inpact trout
inthe treatment stream. . . . . .. ... ... ... ... .. ... 44

Sub-Qoj. 11r.B: Evaluate the incidence of
residualism by HSH and determne inpacts to
rearing resident trout . . . . ... ... 52

Sub- Obj III.cC: Facilitate, coordinate, and
assist efforts to collect adult steel head
broodstock for the research steel head

production project ......... ... .. ... .. .. . . . ..., 61
DI SCUSSI 0N et tieieiititittneeneenenconsoaoacnsacansnannns 62
Literature Gted ... .. ... . ... . ... . . ... 68
Acknow edgenments . ... ... 70

Appendi x A: Patterns of Genetic Diversity in Yakima River
Rai nbow Trout ....... ... ... . . ... ... . ... ... .. 71

Appendi X B: Mainstem Yaki ma River Rai nbow Trout Length-at-
Age ConpariSons . ............ ... ... 90

Vi




INTRODUCTION

The Yakima Species Interactions Study (YSIS) was begun in _
Septenber of 1989 to |nvest|[qate species interactions among fish
In response to proposed supplenentation of salnon and steel head
in the Yakima Basin. Supplenentation is defined as "the use of
artificial propagation in the attenpt to maintain or increase
natural production while maintaining the | ong termfitness of the
target Popul ation, and keepi nﬂ_ the ecol ogi cal’ and genetic inpacts
on non-target populations within specified biological limts'
(BPA summary rePprt series, 1992). Target populations are-the
popul ations "of tish that wll be supplenented and non-target
popul ations are all other ROPW ations of fish, One of the goals
of the proposed Yakinma Fisheries Project (YFP) is to test the
stra_teﬁy of supplenentation in the Yakima Basin. In a review of
published literature and unpublished projects about _

suppl enentation, MIller et al. (1990) concluded "Adverse inpacts
to wld stocks have been shown or postulated for about every type
of hatchery fish introduction where the intent was to rebui
runs®. |In Steward and Bjornn’s (1990) review of the published
literature, they stated that "Genetic and ecol ogical effects, and
changes in productivity of the native stocks that can result from
supplementation remain |argely unmeasured." Uncertainties about
the effects supplenentation in the upper Yakinma basin may have on
wtlg_flsh was the inpetus for the initiation of the present

st udi es.

The YSIS has three main goals which are to: evaluate risks of
ecological interactions to target and non-target populations
(resolve critical uncertai .ntles?, contribute to the devel opnent
of an interactions monitoring plan, and provide information that
may be used to increase the probablllt%/ hat natural production
of anadronous sal moni ds mag be successful I\}/ I ncreased.
Information obtained will be used as the YFP planning process
proceeds (adaptive managenment). A monitoring plan is being
devel oped which wll incorporate data collected both before and
after inplementation of the YFP. Mbnitoring enables managers to
I dentify undesirable inpacts, use new know edge to adjust

suppl ementation protocols, and gauge the extent to which

suppl ementation is nmeeting performance objectives.
Wrk to date has focused on predicting the potential for species
i nteractions and on collecting baseline data to enable nonitoring
of the effects of interactions between anadromous steel head and
resi dent rai nbow trout %OnCO_rhynchus mykiss). Steel head and
rainbow trout received the highest priority for three reasons:

1) an inportant fishery for rainbow trout exists in the upper
akima basin, (2) the ecological requirements of the early life
history stages of both fornms are simlar, sug?estlng a high
potential for interactions, and (3) the potential for gene flow
and the acconpanying effects, such as increased or decreased
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tendencies to nigrate, is high-because they are the sane species.
Present and future work wll increasingly address interactions
among target species (e.g. steelhead x spring.chinook

[ Oncor hynchus tshawytscha], steelhead X Steel head) and between
target and non-target species (e.g. spring chinook x rainbow
trout, steelhead x bull trout (salvelinus confluentus]).

Interactions between fish produced as part of the YFP and
resident trout may be classified based on the rearing treatnents
in the hatchery, and whether fish were first generation or
progeny of first generation hatchery fish. A" least two types of
treatnment fish will be produced by the YFP (PSR 1992). One type,
termed the optinmal convention& treatment (OCT) will_ be produced
using the "best" conventional hatchery practices. The other
type, or new innovative treatnment (NIT), will be produced using’
innovative approaches in the rearing environnent such as
provldln?.cover and using natural substrate in raceways, and
feeding Tish live foods. =~ The goal of the new innovative .
treatment is to mmc the behaviors and appearances of-wld fish
so that survival of hatchery fish is increased, and perhaPs ,
approaches that of wild fish (PSR 1992). The purpose of the two
treatnments is to test the hypothesis that survival and other
related variables of fish produced using the two treatpents is",
different, and to afford an extension of research results from
the YFP to other currently operated conventional hatcheries;
Experlnental rel eases of Steelhead produced at the Yakima
Hatchery were used in the current studies as surrogates to
predict potential interactions between steelhead treated in the.
OCT fashion versus other fish. Hatchery steelhead produced by
t he Yaki ma Hat chery were probably not exactly [ike the fish that
W || be produced as part of the YFP soO interpretation of .the -
results should be tenpered with this caveat.

Interactions between steel head produced as part of the YFP and
rai nbow trout can al so be characterized as: (1) interactions
bet ween first generation hatchery fi sh., and raigbgw,trggth(;ypéf”
1), and (2) interactions between natural |y produced progeny of .-
hatchery fish and rainbow trout (tyEe 2). For ipstance, =~ .
i nt eracti ons bet ween hatchery .steelhead outmigrants, residuals,
and returning adults; and wild® rainbow trout are characterized as
type 1 interactions. Type 2 interactions occur between all life
history stages of naturally produced offsBFJng of hatchery ..
roduced adults and wild rainbow trout. itical differences '
etween the tmo_types of interactions are that progeny oOf
hatchery fish w Il presumably behave nore |ike wld fish than ,
their hatchery produced parents, and type 2 interactions include.
| nt eractions betmeenTyoun stéelhead that rear i n t he stream and
w [d rainbow trout. o dafe, YSIS has focused the nost attention
on assessing the potential for type 1 interactions.

The format of this report is substantially different than
previous ones (Hindman et al. 1991; McMichael et al. 1992). The
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organi zation of this report follows the outline of objectives
listed in the contractual agreement bhetween the Washington
Department of WIldlife (WOW and BPA for interactions research
activities. The report is divided to reflect two study phases
(baseline and experlnentalz: Study phases are further divided
into objectives, sub-objectives, and tasks. Acconplishments
short-falls, findings, and reconmendations, are described for
each task. This report is intended to satisfy two concurrent
needs: (1) provide a contract deliverable from WWto BPA wth
enphasis on identification of salient results of value in ongoing
YFP planning, and (2) sunmarize results of research for
Interested parties.

This annual report sunmarizes data for the period between January
1, and Decenber 31, 1992. Data collected during 1992 was
conpared to findings from previous years to identify general
trends and nmake prelimnary conparisons. For the purpose of this
report, statistical analysés were not enphasized. Except where
otherw se noted, the nethods and general site descriptions were
the sane as described in previous reports (Hindman et al. 1991
McMichael et al. 1992). t is inportant to note that this report
describes work in progress. Readers are cautioned that any
prelimnary conclusions are subject to future revision as nore
data and anal yses are avail able.




BASELINE PHASE

Activities related to the collection of baseline infornmation on
resident fish above Roza Dam were very successful in 1992
Spawni ng surveys included the addition of mgrant traps and
rearing survey efforts were intensified to include all fish
species in the study area. Information collected in 1992
provided the third year of baseline data on salmonid abundance
and distribution in five sections of the mainstem Yakima River as
well as in 14 index sections of tributaries. Sone objectives in
the statenent of work were not fully achieved but in nost cases
modi fications to equipment and/or operating procedure wll
rectify these problens. Al fish iengths 1n this report were
measured as fork lengths (FL).

ojective |: Determne Spawning Characteristics

Sub-Cbj. z.Aa: Characterize resident trout spawning activity
in Yakima River tributaries above Roza Dam

Task | . A l: Determ ne the tenporal and spatial _
distribution of resident trout spawning In Yakima R ver
tributaries above roza Dam

Acconpl i shnents: Using a backpack electrofisher, sgamning surveys
were conducted from February 10 through June 30, 1992, wth
methods simlar to those used in 1991 (MM chael et al. 1992).
Surveys in pre-established index areas were conducted twce a
month on 12 tributaries (Untanum Badger, Cherry, WIson

Manast ash, Taneum Swauk, West Fork Teanaway, Mddle Fork
Teanaway, North Fork Teanaway, Big, and Cabin). Trout were
classified as green, mature, or spent depending upon their
reproductive condition (MM chael et al. 1992). Mgrant traps
(upstream and downstreanm) were installed in three tributaries to
monitor juvenile and adult trout movenent during the spawning
season as well as emgration of snolts. A total of 283 trout
(targeted nunber was 337) were sacrificed for genetic stock

I dentification (G&ga and scale pattern analysis (SPA) from
tributary areas. mpl es were delivered for analysis to the
Washi ngton Departnent of Fisheries (WDF) on July 10, 1992

Short-falls: Spawning surveys conducted with the electrofisher
rovided useful results but some problenms existed with the
echnique. Sexual maturity of trout was determned for nost

sanpl es, however, nost of the mature fish were nmales (due to

their extended duration of sexual maturity). Limted nunbers of
adult size trout were collected from Big and Cabin creeks so
concl usi ons about %eak spawn timng were not made. Effects of
el ectrofishing on health (injury) and viability of fish and
deposited ova was also a concern, particularly during the
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spawni ng season. Trapping on Cherry and WIson creeks provided
limted information. Hgh debris l[oading, high flows, bea-
scouring and small mesh size on the Cherry and WIson creek traps
contributed to the Probl ems that were experienced. Planned
'[I’apti()l n% was not attenpted on Mnastash, Badger, and Taneum
creeks Dbecause of the problens associated with the traps in
Cherry and WIlson creeks.

Fi ndings:  Spawning occurred earlier énFebruary and March) in

| ower tributaries %Urrt anum Badger, erry and WIson creeks) and
|ater in mddle and upper el evati on streans (Manastash, Taneum,
Swauk, the Teanaway drainage)(Figure 1). This pattern was
simlar to that observed during 1991 (McMichael et al. 1992).
Simlar to 1990 and 1991, resident rainbow trout magrating from
the mainstem of the Yakima River spawned in Untanum Creek. The
mgrant trap near the mouth of Urtanum Creek worked very well in
capturing fish of all sizes mgrating both upstream and
downstream A total of 190 adult ralnbow trout noved into
Untanum Creek to sPawn bet ween February 10 and April 30 (Figure
2). Trout were defined as adults when they were |onger than the
mninmum length of mature fish captured in fhe same creek. Pul ses
In nunmbers of mgrating fish appeared to be related to increases
in water tenperature. There a{Jﬁeared to be two size groups of
trout in Unanum Creek during-the spawning season (Fldgure 3).
Large resident trout from the mainstem Yakina River d mgrate
into the Cherry/Badger creek conplex and, to a |esser extent,
into Wlson Creek. " Unfortunately it was not possible to

determne the total number and peak timng of spawning 'due to
trapF| ng inadequacies (Figures 4, 5 6, and 7). Three adult
steel head were captured during tributary spawning surveys
(Untanum Taneum and Swauk creeks), while two nbDre wereée observed
by snorklers in the North Fork of the Teanaway River.

Recommendations: To avoi d probl ems associ ated with eleqtrbf;gﬁi;ﬁg
we recommend increased use of traps to determne the timing and-..
magni t udeof mainstem rai nbow trout. spawning in tributaries. .

Pi cket weirs with 25 mm spaces and 20 mm tubing shoul d bé used to
avoi d the problems experienced with the trap desi gn_tested in.
1992.  This construction should al | ow operation in swift ~ . |
tributaries with noderate debris |oading and be considerably more
effective with | ess effort than the wood and hardware cloth (6
n'_rq 'w’ style weirs used in 1992. The increased use of traps
will allow electrofishing effort to be mnimzed, thus reduycing
negattlve effects of sanpling on spawning fish and their deposited
ganet es. ,
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Figure 2. Nunber of adult (>93 mm) rai nbow trout (# Fl SH) _
mgrating upstream and captured in Urtanum Creek trap and daily
maxi num and m ni num water tenperatures between February 10 and
April 30, 1992. Total fish sanple size was 190

30

N
(4]
i

N
(=]
i

10 1 = ga EhBuEeg
M o sfejolrfege]e

NUMBER OF RAINBOW TROUT
I

w
1

o RARERNARNRRN RN leil_...{ll
0 50 100 150 200 250 300 350 400 450
FORK LENGTH (mm)
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rainbow trout captured in the Urtanum Creek trap between %—ebruary
10 and April 30, 1992.
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Figure 4. Nunber of adult (>134 nm) rainbow trout (# FlSH
mgrating upstream and captured in the Cherry CGeek trap and
darly maxi mum and minimum water tenperatures and average flow for
February 10 to March 25, 1992. Total fish sanple size was 48.
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Sub-oj. z.B: Characterize resident trout spawning activity
in the mainstem Yakima River above Roza Dam

Task 1.B.1: Determne the general tenporal and spatial
distribution of resident trout spawning in the mainstem
Yaki ma River above Rosa Dam

Acconplishnments: As in 1991, spawning time of resjdent trout in
| arge reaches of the Yakinma R ver was determned b _

el ectrofishing pre-established index sections with the driftboat
2sect!ons 1 - 5), and backpack electrofishing and angling
sections 6 and '7(; (McMichael et al. 1992). ~ Sanple Sizes were
general [y about 30 to 50 fish per section per month. Two adult
steel head were collected in the Ellensburg section. A total of
157 rai nbow trout (tar%et was 175) were taken from mainstem
sections for GSI and SPA anal yses.

Short-falls: Periodic electrofishing in mainstem Sections appears
to be inadequate for determning exactly where rainbow trou
spawn. In addition, short-falls associated with backpack
electrofishing in tributaries (identified under Sub-Cbj. I.A)
apply to the use of driftboat electrofishing.

Fi ndings: Sexually mature rainbow trout were found'throughout the
entire length of the Yakima River between Roza and Keechel us
dams. Simlar to findings in 1991, spawning occurred slightly
earlier in lower elevation reaches and later in the upper "areas
(Figure 8). No concentrations of spawning trout were detected in
the mainstem

Recommendati ons: Because the techniques currently being used are
I nadequate for determning exaatly where and when rainbow trout
are spawning in the mainstem Yakima River, initiation of a radio
telenetry study on spawni n% rainbow trout in the Canyon area of
the Yakima River (between Ellensburg and Roza Danm) is
reconmended.  Thi s work woul d address inportant guestions
including the major task activity goal (tenporaland spatial
spawning in the mainsten), habitat utilization, and novenent
patterns of adult trout wthin the mainstem prior to and after
spawni ng.
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sub-ob j. T.c: Develop a biological profile of resident trout
;pamnbgg popul ations in tributaries and mainstem areas above
0za Dam

Task r.c.1: Deternmne age conposition, |ength-at-age
relationships, age-fecundity relationships, sex ratio,
and growth rates of adult resident trout.

Acconmpl i shnents: Data were collected during electrofishing and
trapping efforts to generate length frequency, age structure,
condition factor (length/weight relationship), sex ratio,
fecundity, and novement information. Trout ages are being
determ ned by WDF via subcontract.

Short-falls: Analysis of scales taken during sprlng sanpling is
not yet conplete and thus discussion of trout age data was not
included in this report. Sex was difficult to determ ne based. on
external characteristics except when adult trout were in spawning
condition. In addition, female trout exuded gametes during a
much smaller wndow of time than male trout. “Thus, sex ratios
were usually based on smaller sanple sizes than the total nunber
of fish collected.

Findings: Mean lengths of mature rainbow trout captured in the
spring durln%.eIectroflshlng_surveys were greater in nost
mainstem Sections than in tributaries. Mean |lengths of trout
were greater than 300 mmin the |owest four mainstem Sections
éFlgure 9). Upstream of the Thorp section, mean |engths of trout
ecreased but were still greater than 200 nm Mean lengths of
trout in trlbuta[% streans were generally under 200 nmm except for
low elevation tributaries such as Cherry and WIson creeks
(Figure 10). Due to the unavailability of age data,
relatlogshlps between size and age or growh remain to be
assessed.

Sex ratios were generally domnated by males. Due to the
increased duration of sexual maturity in males, it is very likely
that our sanpling methods were biased towards males. |n sanples
where a large proportion of the fish were in spawning condition
(e.g. fish captured in the Untanum Creek trap), the sex ratio was
mor e evenl¥ distributed between nales and females (1.5 males:1.0
female). TFecundity of rainbow trout ranged from 76 eggs/fenale

159 nmm) in Untanum Creek to 3102 eggs/female (455 mm) in WIson

eek. Fecundity increased with fis qu?th according to the
fol | owi ng rel ationshi ps: mainstem (Fecundity = 500 + 1.4 (fork
length), P=0.03, df=24), and tributaries (Fecundity = -1292 +
8.6(fork | ength), P=0 0000, daf=24).

Recomrmendations: In order to reduce sex ratio bhias,

el ectrofishing methods should be replaced with trapping nethods
in the tributaries. In addition, efforts to increase the
tinmeliness of obtaining age information should be intensified.

12




440
420
400
380 -

’E‘ 360 | ]
E 340 -

A

T 320

(=

S 300 |
W 280-
¥ 260 -
O 240
t%zzo-
Y 200 -
180
160
140 1
120

LCYN  UCYN EBURG THORP CELUM  NELSN  EASTN
MAINSTEM SECTION

Figure 9. Mean fork length (nm of rainbow trout that spawned in
the mainstem Yakina River during 1,992 (reproductive condition
classified as green, mature, or spent). Vertical lines represent
+ 1 standard deviation.

400
380-
360 -
340- [ ]

~320-

Esoo-

T 280 1

-

2 260

Y 240+

gzzo-

2 2001 1 —+
Z 1801 . -

[M] T .
£ 160 ‘ : :

140 -
UMT CHR BAD WIL MAN TAN SWK WFT FT NFT BIG CAB

100 -
80

1201
TRIBUTARY

Figure 10. Mean fork length (nmm of rainbow trout that spawned.
in tributaries to the mainstem Yakima River during 1992
(reproductive condition classified as green, mature, or spent).
Vertical lines represent + 1 standard deviation.

13




TaskI.c.2s (btain trout samples and genetically assess
popul ati on structure and lineage.

Acconmpl i shnent s: Inthis report, this task and Task II.C.2 were
treated together because of the simlarity of data obtained. The

nunber of target fish collected for GSl and SPA was very close to
target levels for spring spawning and fall rearing samples (Table
1), Sanples collected during the spring Wwere delivered to WDF on
July 10, 1992, and sanples collected during the fall were
deltvered on Novenber 12, 1992. \\DF processed the samples and
reported on the methods associated with the electrophoresis

(Appendi x A).

Short-falls: The abundance of rainbow trout in Cherry Creek
aggears to have declined since CSI sanpl|n? was initiated in
1990. Therefore, fish were not collected from Cherry Ceek

during the spring and fall to reduce potential inpact on the
Cherry Creek popul ation.

Because it was difficult to collect large sanple sizes of rainbow
trout in spawning condition, 25% of the spring sample contained
rainbow trout that were of adult size but weré not sexually
mature. Mch variation in scale patterns exist for rainbow trout
collected fromthe upper basin (Curt Knudsen pers. comm.) but:no
formal analysis has been conducted to date.

14




Table 1. Target and actual numbers of sanples collected for
genetic stock identification and scal e-age analysis from trout

col lected during the spring and fall of 1992 in”the upper Yakim
River and its tributaries.

. Target’

Stream or section T & p -Fall

Tributaries
Unt anum 40 39 35
Badger 33 28 33
Cherry 33 0 0
W son 33 23 25
Manast ash 33 33 33
Taneum 33 33 33
Swauk 33 33 32
North Fork Teanaway 33 33 33
M ddl e Fork Teanaway 33 33 33
Vést Fork Teanaway 33 33 33
Wlson cutthroat trout 10, v
Taneum cutthroat trout 10 -

Yaki A Mainstem®
Lower Canyon (1 25 25 25
Upper Canyon (2 25 25 25
El | ensburg (3) 25 20 25
Thorp (4) 25 15 25
Ce Elum(5) 25 22 22
Nel son (6% 25 25 19
Crystal (7) 25 25 24
Tot al 512 465 455

* Nunber of fish targeted tor spring and tall, each.
® Nunber in parentheses indicates mainstem section nunber.

Findings: The followng findings are abstracted from results
reported in Appendix A ~ The popul ation structure of rainbow
trout in the upper Yakima basin aﬂoeared to be comprised of five
enetic clusters (Figure 11). Fall (rearing) and sprln?

Spawni ntg) sanpl es taken within a tributary were generall
simlar to each other than to sanples taken from differen
tributaries. Athough the clustering algorithm places the nost
simlar populations n the sane cluster, nost of the popul ations
formng clusters were genetically distinct (Appendix A). Mst of
the ralnbow trout populations in the u%per akima are a genetic
adm xture of native rainbow trout and hatchery rainbow trout.
Avai l abl e data indicate that the influence of hatchery trout has
been greatest in low elevation tributaries and the mainstem

nore
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Yakima River (Figure 12). Trout in high elevation tributaries

such as the three forks of the Teanaway River and BI% and Cabin

creeks, had the |owest occurrence of genes from hatchery trout

and, because of the |ow precision of caIcuIatlng hat chery
e

influence (Appendi x A), hatchery influence nay close to zero
In these streans.

Hybridi zation between cutthroat trout and rainbow trout was
suspected in the upPer.Yaklwa River basin because a |arge nunber
of trout had characteristics of both rainbow and cutthroat trout.
None of the putative hybrids sanpled from Badger Creek had
alleles that were diagnostic for cutthroat, but putative hybrids
sanpled from other parts of the basin nay have had | ow | evels of
these cutthroat alleles. This suggests that the majority of
putative hybrids collected were genetically rainbow trout wth
coloration patterns (hyoid slashes) typical of cutthroat. Al of
the cutthroat trout collected were westslope cutthroat trout
(Oncorhynchus clarki lewisi).

Steel head popul ations could be distinguished from sone of the
rai nbow trou poPuIatlons primarily by the presence of alleles in
adm xed rainbow trout. For exanple, nost steelhead were

di stingui shable from resident rainbow trout in the heavily

adm xed mainstem Yakinma, but not from resident rainbow trout in
tributaries where the genetic influence of hatchery rainbow trout
has been small or nonexistent such as in the forks of the
Teanaway River

Recommendations:  The nunber of sanples taken during the spring
shoul d be reduced to those tributaries where differences have
been shown to exist between fall (rearing) and spring (sSpawni ng)
samples (e.g. North, Mddle, and Wst forks of the Teanaway
River) from past genetic sanpling. This sanpling design wll
reduce the inpact to the trout population and enable continued
col lection of appropriate infornation.
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Ssub-0Obj. I.D: EStimate the current and future probability of
spatial and/or tenporal overlap between resident trout and
steel head spawners.

Task 1.D.1: synthesige i Nnf ornati on obtai ned £rem wor k
on resident trout spawners (Sub-objectives I.A,I.B,
and x.c) wWith that available from NMMPS radiotelemetry
studies and vIN studi'es of"steel head. ~

Acconmpl i shments: Available data from the present study and those
of the National Marine Fisheries Service (NWS), and the Yakina
I ndi an Nation gYI N) have been conpiled. Tenporal and spati al
spawni ng data for trout and steelhead have been conpared. .
Prelimnary projections, based on current utilization and habitat
characteristics, have been nade to determne the potential for
?vergap and hybridization between spawning steel head and resident
rout.

Short-falls: Due to the low number of returning steel head during
the study period and the low level of effort expended toward
determning the timng and |ocation of upper Yakima R ver

steel head spawning, estimates of the extent of spawning overlap
bet ween rai nbow trout and steel head were based on limted data.
Most of the steel head data were not based on observations of fish
actually spawning, but were instead sinply observations of fish
during the broader spawning season.

Findings: Prelimnary information indicate that the spatial and
tenporal overlap of spamn|n% resi dent rainbow trout and steel head
and the potential for interbreeding is high assumng no
assortative mating in synpatry éF[gure 13).  In 1992, a sexually
mature female steelhead mgrated into Untanum Creek and exited
the stream spent. This occurred during the peak of rainbow trout

sPamn|ng activity in the creek. It is suspected that the female
steel head spawned with a resident rainbow trout because no nale
steel head entered the stream through the trap that year. In

addition, a spent female steelhead was collected adjacent to her
redd, in association with mature nmale rainbow treut in Unrtanum
Creek during 1990. No ot her steel head was collected in Untanum
Creek during 1990. Furthernore, during 1992, a steel head redd
and many rainbow trout redds were found within 200 m of each
other in Big Creek during electrofishing surveys. The present
spatial overlap illustrated in Figure 13 mght represent mninuns
due to |ow steel head abundance in the upper river. |f, under
future conditions, the abundance of St eel head were to increase
due to supplementation or natural recolonization, the extent of
spatial overlap would probably increase.
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bjective 11: Determne Rearina Characteristics

Sub-Gb j . xX.As: Characterize the distribution and abundance
of resident trout rearing in tributaries above Roza Dam

Task Il1.A1: Conduct sem-quantitative population
estimates in tributaries of the upper vYakimaRi ver
above Roza Dam

Acconplishnments: Relative abundance of all species was conducted
in the same sites as the trout population estimates. Results and
methods for this task were conbined with those of Task II.A 2 for
the purposes of this report.

Task rx.a.2: Conduat quantitative populationesti nmate.
surveys of trout rearing in tributaries above Rosa Dam

Accon}l)lishrrents: Using nethods described by Hindman et al.
(1991) and McMichael et al. (1992), Sizes of salmonid popul ations
were estimated once a year in index sites of 10 tributaries of
the Yakima R ver above Roza Dam during the summer and fall of
1992.  Some index sites were sanpled during the sunmer and _
resanpled during the fall to determne if variation in popul ation
size occurred between these two seasons. In addition, the
feasibility of increasing the precision of population estinates
was exam ned by performng enough electrofishing passes to ﬂet
90% depl etion of the nunber of salnonids collected during the
Brew ous pass as opposed to 50% depletion used in Erew_ous years.
Popul ation size in index sites was estimated for the first tine
in four tributaries (Big, Swauk, Mnastash, and Untanum creeks),
for the second tinme in one tributary (Jungle Creek), and for the
third consecutive year in five tributaries (Cabin and Taneum
creeks, and the Mddle, North, and Wst forks of the Teanaway
River). . In addition to |popul ation estimtes, neasures of

rel ative< abundance of all species present,, habitat area, stream
di scharge, water tenperature, |ongitudinal streanmbed profile
I&thal weg depth), and gradient were recorded in the index sites.

el ative abundance estimates for each speci es were calculated: by
addi n? the total nunber of individuals collected during the first
two electrofishing passes and dividing by the habitat area. The.
standard deviation of thalweg depths was used as an index of
habitat conplexity (Kaufmann 1987). Sem-quantitative population
estimates (Strange et al. 1989; McMichael et al. 1992) were
conducted in three index sites of Badger Creek. Finally, all
trout captured during electrofishing efforts were individually
marked with anchor tags if they were greater than 175 _mn,lqrhg,
and trout captured in the Teanaway River system were individually
mar ked with visible implant (VI) tags if they were between 120
and 175 nm | ong.
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Short-falls: Population size was only_estinated for sal nonids
| onger than 79 mm because capture efficiency of small fish was
low, and there appeared to be differential capture-efficiencies
bet ween sal monids greater than 79 nm and those less than 80 mm
long. Most fish less than 80 mm were age 0+ (see task I1.C1).

Hgh flow conditions in Badger Creek prevented estimation of
poRuIatlon size using the nultiple removal techniques applied in
other streams. However, when discharge in Badger Creek decreased
in Decenmber, relative abundance of all species was estimated+
u5|n? a single-pass electrofishing census (Strange et al. 1989).
Population estimates for the |owest elevation section of Swauk
Creek (swki) were nade using snorkeling rather than

el ectrofishing methods because the stream was dry except for two
ools. Consequently, estimates were made in the two pools

ecause they were the only available habitat (surface area of the
two pools combined was 69 m?).

Fi ndi ngs: Awer%?e density and biomass of all sal monids greater
than 79 nm was different ‘among tributaries in 1992, and simlar
within tributaries between 1991 and 1992 $F| ures 14 and 15).
During 1992, Taneum and Swauk creek had the highest salmonid
den5|t¥ and biomass anong the tributaries and Cabin Creek and the
North Fork of the Teanaway River the lowest. Densities and

bi omasses of salnmonids within individual index sites were nore
vari abl e between years than averages for three index sites within
a tributary between years. A strong positive correlation between
popul ation density and biomass occurred during all three years
sanpled (1990, r=0.62, P=0.017; 1991, r=0.99, P<0.000; 1992,
r=0.98, P<0.000). Mean length of rainbow trout sampled-in Yaki na
River tributaries appeared to be relatively Sim/lar between years
and among tributaries (Figure 16), although the |ength-at-age of
these fish may have been quite d|fferent_%see task II.c.1).. :
Furthernore, the condition factor of tributary-rearing rainbow

trout appeared to be simlar within tributaries between years:'
(Figure 17).

Seasonal variation of salmonid density in tributaries of the
Yakima River was investigated by re-sampling several tributary{
index sites during the summer and fall. Popul ation density-
estimates did not appear to differ significantly between seasons
based on index site re-sanPllng. I ndividual |y marked fish were
infrequently recaptured between seasons and years, suggesting
they may have noved from index sites between sanpllng efforts,
died, or that there was high tag loss in tagged fish
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Efforts were made to increase the precision of population
estimates by multiple renmoval electrofishing nethods (zZippin 1958)
based on a 90% depl etion curve as opposed to a 50% depl etion
curve. However, the precision gained using this nethod was
considered insufficient to justify the tinme spent on additiona

el ectrofishing passes. Furthernore, the increased |ikelihood of
el ectrofishing-induced nortality during additional passes, and the
variability in electrofishing capture efficiency associated wth
changes in water tenperature between passes (Reynolds 1983) may
nullI'fy the increase in efficiency contributed by this nore
preci se technique.

Salmonid density was positively correlated to pool area and an

I ndex of habitat conplexity (standard deviation of thalweg

depths). There was a significant relationship between pool area
and popul ation density for 1991 (r-0.77, p=0.001) and 1992
(r=0.58, P=0.004) but not for 19 0_ﬁr=0.28, P-0.33). Pools were
generally less than 30% of the available habitat (Figure 18). A
strong positive correlation between population size and habitat
conplexity existed in 1992 (r=0.85, P=0.0001). Habitat conplexity
was not neasured prior to 1992.

In general, rainbow trout accounted for the greatest proportion of
salmonid density and biomass' in tributaries of the Yakim River
during 1992 (generally 60 to 100%), and were broadly distributed

t hroughout the basin,” while other salmonid species (e.g.
cutthroat, bull, and brook trout (6. fontfnalis); mountain

whi tefish (Prosopium williansoni), sPrlng chi nook sal non) were
observed less frequently (0 to 40% of salmonid density) and wthin
a more limted distribution (Table 2). Rainbow trout were
captured in all 10 tributaries sanpled, and were observed in 26 of
27 index sites. This species appeared to inhabit a diversity of
physical habitat types, and was found in association wth many
salmonid and non-sal nonid species. 1Inparticular, there were
strong positive correlations between rainbow trout and longnose
dace (Rhinichthys cat aractae) densities (r-0.50, p=0.02), and

bet ween rai nbow trout and shorthead scul pin (Cottus confusus)
densities (r=0.64, and P=0.002). Cutthroat trout, eastern brook
trout, and bull trout were t%?lcall observed in high elevation
tributary sections (sections and 3 of tributaries). Cutthroat
trout and eastern brook trout densities were positively correlated
(r=0.96, P<0.0000). Although brook trout densities were strongl&
correlated with scul pin (unknown spp.? speci es den3|t¥ (r=0.53,
0.01), this was not true for cutthroat trout or bull ftrout.
Conversely, spring chinook salmon were typically observed in |ow
elevation index sites of tributaries, in close association with
ot her non-sal nonid species, but not other salmonid speci es,

Spring chinook were strongly correlated with torrent sculpin (C
rhotheus) (r=0.58, P=0.005) and W t h redside Sshi ners
(Richardsonius balteatus) (r=0.76, P<0.0000), but were nost
abundant where there were only |low nunbers of rainbow trout (see
sectionswkl). Although these analyses are prelimnary, they
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Table 2. Relative density estinates (#/100 m?*) for all species by section in eleven tributaries of the
Yakima Ri ver sanpled during sunmer/fall 1992.  Individual fish were sorted by species, and summed across
two electrofishing passes within each 100 m study section.

Species' RBT CUT EBI  HYB  BULL SPC . HSH SPD IND TOS SHS UNS MWF LSS  BLS RSS SQW STB  LMP

!

CABI 127 0 0.3 0 0 0.5 0 0.6 02 13 138 0 0 0 0 0 ) )

CAB2 33 1 0 0 0 0.4 0 0 0 0 1 0.2 0 0 0 0 0 0 0
BIG 127 05 0 0 0 0 0 08 0 23 135 24 0 0 0 0 0 0 0
JUN 989 05 0 0 0 0 6.3 05 3.1 6.3 6.3 0 0 0 0 0 0 0 0
MFT1 97 0 0 0 0 0.2 0 0.2 3.1 6.6 ns o 0 0 0 0 0 0 0
MFT2 4.8 0 0 0 0 0 o 0 192 37 0 136 0 0 0 0 0 0 0
MFT3 9.5 02 0 02 0 0 0 0 0.5 6.2 0 10 0 0 0 0 0 0 0
NFT1 7.9 0 0 0 0 0 0.1 0 13 25 6.5 0 0 0 0.2 0 0 0 0
NFT2 19 0 0 0 0 0 0.2 0 1.3 10 8.1 0 03 0 0 0 0 0 0
NFT3 21 21 0 0 0.4 0 0 0 0 0 9 0 0 0 0 0 0 0 0
WFT1 9.6 0 0 0.7 0 0 0 0.9 203 47 22 0 0 0.5 0 0 0 0 0
WET2 78 0 0 0 0 02 0 3.4 104 89 0 9.4 0 0 0 0 0 0 0
WFT3 a2 0 0 0 0 0 0 03 23 a2 0.8 5 0 0 0 0 0 0 0
SWKI' 101 0 0 0 0 72 0 28099 0 0 0 14 0 0 1739 59.4 14 0 0
SWK2 585 O 0 0 0 0.5 0 0.5 406 106 633 0 0 0 0 0 0 0 0
SWK3 284 I8 0 0 0 0 0 0 8.5 10 328 203 0 0 0 0 0 0 0
TAN] 2§ 0.3 0.2 0 0 0 0 0 0 | 9.7 0 0 0 0 0 0 0 0
TAN2 107 O 0.7 0 0 0 0 0 0 12 0 455 0 0 0 0 0 0 0
TAN3 5.2 1.4 2.1 0 0 0 0 0 0 16 4 26 0 0 0 0 0 0 0
MAN1 7.7 0 0 0 0 ! 0 12 147 217 41 66 0 0 03 06 0 0 0
MAN2 3.9 11 25 0 0 0 0 0 6.1 25 864 0 0 0 0 0 0 0
MAN3 0 9.5 71 0 0 0 0 0 0 0 03 %1 0 0 0 0 0 0 0
BADI* 32 0 0 0 0 0 0 0 0 0 0 0 2.5 0 0.4 0 6.6 04 0.4
BAD2® 438 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BAD3* 347 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
UMT1 52 0 0 0 0 0 0 2.9 0 0 0 154 0 0 0 0 0 0 0
UMT2 16 0 0 0 0 0 0 312 0 0 0 9.9 0 0 0 0. 0 0 0

! Specics abbreviations as follows: RBT = niinbow trout, CUT = cutthrost trout, EBT = castern brook trout, HYB= putative hybrid, BULL = bull trout, SPC= spriug chinook sximon,
m-mym,sm-sped:um.m-mm.m-mmm-ﬁmmm-umnq.dmm-mmLss=

largescale sucker, BLS= bridgelip sucker, RSS= redside shiner, SQW= sqawfish, STB= stickicbeck, and LMP= brook lamprey.

* Tributary names bave been abbrevisted as follows: CAB = Cabin Creck, BIG = Big Crock, JUN= Jungle Crock, MFT = Middle Fork of the Teanaway River, NFT = Nonth Ferk of the

Tesnaway River, WFT = West Fork of the Teanaway River, SWK = Swauk Créek, TAN = Taneum Creek, MAN = Manastash Creck, BAD = Badger Creek, and UMT = Umtaoum Creek. Sections arc
oumbered by increasing elevation within each tributary.

3 Alternate relative abundance estimaie techniques (morkeling snd single pass clectrofishing) were used in these sections duc to adverse flow conditions.



rovide an initial assessment of species association patterns.

or exanmple, cutthroat trout and brook trout were found in close
associ ation during 1991 (r=0.93, P<0.0000) and 1992. Simlar to
1992, the relative abundance of spring chinook salnon was
strongly correlated with relative abundance of redside shiners
(r=0.97, P<0.0000) duri ng 1991.

Recommendations:  Popul ation densities should continue to be
estimated in the five tributaries that have been sanpled during
the past three years to continue description of natural variation
of salmonid denSities through time. Furthernore, the _
continuation of saqg&;ng in two tributaries sanpled for the first
time during 1992 (Swauk and Untanum creeks), should facilitate
understanding of variability in trout abundance as_a function of
el evation in the basin. Thus, a longitudinal gradient within the
basin would be fornmed between Cabin Creek at the highest
elevation and Untanum Creek at the |owest elevation. By
including a mxture of index sites that would be sanpled through

time and space both spatial and tenporal variation in population
densities could be nonitored.

Because a large anount of annual variability within index sites
in tributary rearing survey estimtes has been observed, another
popul ation estimate procediure may be needed which may mnimze
effects of fish novenment and changes in |ocal habitat conditions.
A feasibility study in the North Fork of the Teanaway River
shoul d be conducted to determine a preferred method of sanpling
popul ation densities. Methods such as those outlined byHankin
and Reeves (1988% which sample a larger proportion of the habitat
than current methods should be eval uated.
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Sub-Cbj. zxx.B: Determne the general distribution and
abundance of resident trout rearing in the mainstem Yakinma
River above Roza Dam

Task I1.B.l: Conduct poeylation estimates in the
mainstem Of the Yakinma R ver above Rosa Dam

Acconpl i shnents:  Popul ation estinmates were conpleted during
Septenber and Cctober for five pre-established sections of the
Yakima River (MMchael et al. 1992). sing a driftboat

el ectrofisher, trout were captured, nmarked during two successive
nights, and then recaptured one week later during two successive
nights. For the first time since the studies began, abundances
of all other fish species observed were visually estinated.

Short-falls: The precision of estimating fish species densities
other than trout is low,, because of the difficulties associated
with visual estinmation while electrofishing and netting (only
trout are netted).

Findings: Densities of trout anmong mainstem index sections
a%peared to be distributed differently between 1991 and 1992
(Figure 19). In 1991, trout were distributed evenly annn? the
four sections where estimates were calculated. In 1992, trout
densities decreased in an upstream direction, wth the exception
of the e Elumsection. A'though the distribution of trout
abundance appeared to be different between 1991 and 1992, the
total estimated nunber and biomass of trout in the 25.1 km of
river sanpled were fairly simlar. Total trout population and

bi omass estinmates were 5,587 trout weighing 1088.1 kg in 1991
and 5,078 trout weighing 1018.7 kg in 1992. Conpari sons between
estimates from 1990. and those in 1991 and 1992 were not included:
because the techni ques and equi pment differed between the two.
time periods gwbwlchael et al. 1992). Over 98%of: all the trout
captured in 1992 were rainbow trout. Cutthroat trout were--

capt ured |nfrequentlylln 1991 and 1992, but were captured in al
of the mainstem Secfions except the Elensburg section in 1992,
and in the e Elumand Thorp sections in 199I. Eastern brook
Eg&yt and a bull trout were captured in the cle Elum section in

At least 18 species (sculpins were identified only t0 genis and
therefore represent a single "species® for the purposes of this
part of the report) of fish were observed during:population
estimate activities. Muntain whitefish were judge& to be 'the
most abundant fish species present in four of the five mainstem
sections sanpled. uckers (largescale (Catostomus macrocheilus)
and bridgelip (c. columbianus)) were the npst abundant species in
the | ower canyon section but were also ameng the most abundant
species in other sections. Rank abundance of spring chinook was
anong the top five in all of the sections. Northern squawfish
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Figure 19. Popul ation estimates of trout in five sections Of the
Yakima River during the fall of 1991 and 1992. <LCYN = lower '@ -
canyon, UCYN = uEper cacyont EBURG = El | ensburg, THORP = Thorp,
gnd_cFLUM = Oe Eum ertical lines represent + 1 standard

evi ation.

(Ptychocheilus oregonensis) were collected in all five sections
of the Yakima River. Three exotic species (punpkinseed (Lepomis
gi bbosus), yel |l ow perch (Perca flavescens), and carp (Cyprinus
carpi o)) were observed in the upper canyon section although wvery
few individual s were observed. Since 1992 marked the first time:
in which the relative abundances of these species was quantified,
no conparisons from previous years were possible.

Recommendation:  In order to better determine the abundance of
non-trout species and their ecological relationship to sal nonids,

more effort should be applied to quantifying the distribution and
abundance of these fish.
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Sub- Cbj. xx.c: Develop a biological profile of resident

Erout rearing in tributaries and mainstem areas above Roza
am

Task 1T.c.1: Determine age conposition, |ength-at-age
relationships, growh rates, and novement patterns of
rearing populations of resident trout. (Fer additiona
I nformation about biological groflles of trout rearing
in tributaries see Task I1.A 2).

Acconpl i shnents:  Various methods were used to clarify novenent
patterns and generate information about fish growh. ~These

I ncluded electrofishing in the mainstem Yakima River and its
tributaries (McMichael et al. 1992), trapping in WIlson, Cherry,
and Urtanum creeks in the spring, and analysis of angler tag
reports. Trapping was attenpted for the first tinme during 1992
in Wlson and Cherry creeks, and for the whole spawning season
for the first time 1n Unanum Creek. Age data is available only
for fish collected in the fall of 1990 and 1991. Over 7,500 trout
have been tagged and released since early 1990. Electrofishing
efforts and angler tag reports have gle!ded a total of 109 tagged
fish recaptures in trrbutaries and 422 in the mainstem

Shortfalls: Qurrent methods of detecting fish novement were not
designed to determne continuous movenent of fish so precise
estimates of novenent were not F033|b[e. Traps in WIlson and
Cherry creeks were insufficiently designed to function
effectively during nunerous periods of high debris |oadings, thus

data obtained were of limted value. Analysis of scale sanples
I's behind schedul e.

Findings: Mvenent data fromthe past three years of

el ectrofishing and angling tag recoveries shows that nost (89%
of the 109 trout recaptured in tributaries were tagged in
tributaries, although fish tagged in the mainstem were found' in
Cherry and Wlson creeks, as well as the Oe Elum River (Table
3&. st of the 422 tagged trout (97%) that were recaptured in
the mainstem had been tagged in the mainstem The other 3% were
tagged in the following tributaries during electrofishing

survEys: Untanum Badger, Cherry, Manastash, Swauk, and Big'
creeks.

Trapping efforts in Untanum and Cherry creeks showed that
movenenf{ between the mainstem and these two tributaries did occur
(for nore information see Task |.Al). O the 22 tagged fish
nlgratln%)|nto Untanum CGreek during the spawning season in 1992,
82% had been tagged in the Yakinma R ver mainstem and the ot her
18% had received tags durlqg el ectrofishing spawning surveys in
Untanum Creek in 1990 and 1991 (were rePeat spawners in 1992).

In 1992, a total of 333 untagged trout less than 217 nm | ong
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Table 3. CQumulative (cum) and annual (1992) information on
movenent and cunul ative information on growth rates of tagged
rainbow trout that were recaptured in tributary and mainstem
Yakima R ver study sections from 1990 to 1992 el ectrofi shing
surveys and angler tag returns.

Stream No. Recaptured wm Gowh rate'
or Section 11992  Cum. 1992 Cum. 1992 Cum. (mm/day)
Tributaries
Unt anum 0 6 0 100 0 0 0.02 (5)
Badger 2 3 100 100 0 0 0.03 (2
Cherry 0 12 0 42 0 50 0.13 (2
Wilson 18 46 83 93 17 7 0.12 (24)
Manast ash 6 6 100 100 0 0 0.19 (4)
Swauk 3 3 100 100 0 0 0.01 (3)
Taneum 4 6 100 100 0 0 0.03 (4
Teanaway® 8 21 100 100 0 0 0.06 (12)
e Elum 2 2 0 0 100 100 c
Bi g 1 1 100 100 0 0 0.09 (1)
Cabi n ‘1 2 100 100 0 0 C
Trib. Total 45 109 (57)
Mean 88 89 12 11 0.09
Mainstem
L. Canyon 206 274 1 2 99 98 0.12 (125)
U. Canyon 37 69 0 3 100 97 0.08 (30
El l enshurg 23 30 4 10 9% 90 0.12 (25
Thor p 9 23 11 4 89 96 0.12 (13
Ce Elum 13 22 5 92 95 0.11 (18)
Nel son 1 1 0 100 100 c
Crystal 3 3 0 100 100 (o
Mainstem T(K/tb gln 292 422 s 3 08 o 011 (214,)

TNUNDers 1 n par ent NESES are sample sizes Uced for growin rate estimates.
* North and Mddle forke of the Teanaway R ver conbi ned.
* Length data not available forrecaptured fish.
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emgrated from Untanum Creek while the trap was bsing operated,
|nd|cat|n?.that some trout produced in Untanum Creek spend part
of their Tife in the mainstem Yakima River. In addition, 14 fish
that had been tagged at the trap during 1991 and 1992 were
recaptured during mainstem el ectrofishing surveys in the summer-
fall, 1992. Three adult trout that were tagged moving upstream
through the Cherry Qreek trap in March were recaptured during
mainstem eIectroflshlnqwsurveys in the sumer-fall, 1992, It
appeared that nost of the adult trout that noved fromthe
mainstem t0 the tributaries did so during the spamnln% season
It is likely that most of the trout noved back into the mainstem
during this tinme as well. Thus, inmgration and emgration to
?nd from spawning areas appeared to occur over a relatively short
i me span.

Mean trout growth rates (calcul ated usin% data from individually
tagged and recaptured fish from 1990 to 1992) varied w dely anong
tributaries, ranging from0.01L nmday in Swauk Creek to 0.19

mm day in Manastash Creek (Table 3).  Variation in growh rates
may be from sampling artifacts (young fish generally grow faster
than ol d ones), genétic differenCes, or environnenta

differences. ~ Trout growh rates in mainstem areas were nore
consistent, ranging from 0.08 nmday in the upper canyon section
to 0.12 mmday 1n the Thorp section (Table 3). The mean growth
rate of trout in all tributaries conbined was 0.09 miday, which
was slightly lower than the mainstem nean of 0.11 mmi day.

Length-at-age of trout collected in the fall of 1990 was snaller
intributaries than i n mainstem sections, except for Cherry and
Wlson creeks (Table 4, Appendix B). Trout that were collected
for scale analysis represented the size range of the fish

sanpl ed, but may not have represented the true proportional
abundance of each age class. For this reason, no analysis of
percent conposition of trout by age class was conducted. For
this report, tributaries and mainstem sections were grouped
because of snall sanple sizes (Table 4). Tributary and mainstem
grouplngs (n=4 and 2 respectively) were made according to

presuned simlarities in fish growing conditions which were based
primarily on geogx%phy and water temperature. Mean size of fish
within the Cherry/WIlson group and the mainstem (sections 1-5)
were simlar to one another, as were fish within the .
Manastash/Taneum/Swauk and Teanaway groups. Age 0+ fish in
Cherry/Wlson and the mainstem for exanple, had mean |engths of
132 mm and 174 mm respectively. In contrast, age O+ fish in
Manastash/Taneum/Swauk, all forks of the Teanaway River, and

Urt anum Creek had nean |engths of 67, 65, and 60 mm respedtively.
Trout length data collected during population estinmates in the
mainstem during the summer-fall of "1990, 1991, and 1992 are
summarized in Figure 20. Only trout sanpled in the |ower canyon
section tended to exhibit an apparent consistent increase in mean
| ength between years, from27i mnmin 1990, to 278 mmin 1991, to
281 mmin 1992. " The nean length of trout in the upper canyon,
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Table 4. Length-at-age of rainbow trout collected for SPA during
1990 in the mainstem Yakima River and tributaries, and during
1991 in the mainstem Only. A cross-section of trout size classes
was collected. Trout collected from areas that had presumed
simlar growng conditions, based on geography and water
temperature, were grouped to increase sanple Sizes.

Age
G oup o+ 1+ 2+ 3+ 4+ 5+
UMr N 6 39 2
Mean 60 105 152

Range  (49-75) (69-138) (140-185)

CHR N 20 24 10 4
WIL Mean 132 260 312 376
Range (98-190) (175-370) (225-366) (336-397)

MAN N 21 99 21
TAN Mean 67 132 160
SWK Range (55-85) (96-187) (134-215)

NFT N 40 62 39 2
NFT Mean 65 124 152 196
VET Range (48-85)  (90-104)  (123-191)  (185-206)

MAI N. N 1 22 20 2 2 1
-5 Mean 174 253 273 334 386 385
1990 Range (147-260)  (170-356)  (327-340) (356-416) -
MAI N. N 2 88 52 19 5

-5 Mean 126 201 279 332 352

1991 Range (92-160) (143-271) (203-342) (261-405) (323-390)

MAI N. N 6 4

6-7 Mean 171 214

1990  Range (1X-230) (156-305)

NAI N N 3 30 7 1
6-7 Mean 104 168 222 235
1991 Range (100-108) (124-252) (172-302) -
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El'l ensburg, and Thorp sections all appeared to decrease over the
| ast two years; whereas the Ce Elum section, after a dramatic
apparent decrease between 1990 ﬁ282 m) and 1991 ﬁ237 :
appeared to increase (239 mm slightly in 1992, n 1990, trout
in the Ae Elum section appeared to have the greatest nean length
of all the mainstem sections, but for each of the past two years
trout in the [ower canyon were apparently the |ongest.
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Figure 20. Mean fork length (mm of fish captured during fall
opulation estimates in five Yakina R ver mainstem sections.
ertical lines represent + 1 standard deviation. LCYN = |ower

canyon, UCYN = uEper canyon, EBURG = El|ensburg, THORP = Thorp,
and" CELUM = C e Elum

Recommendations: A technique used to nmonitor the continuous
movenent of trout, such as radio telenetry, should be adopted so
that novenents that are critically inportant to trout (e.g.
spawning migrations) can be understood. In addition, the
magni tude of trout noving into and out of tributary streans and
the associated biological characteristics of those fish should be
studied using a trap design suitable for the streanms to be

trapped. Scale sanples taken from fish during 1992 and before
shoul d be aged and anal yzed.
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Task | | . C. 2. Genetically assess popul ati on structure
(resident vS. anadromous) Of trout populations rearing
above Roaa Dam

Accomplishments and Fi ndi ngs: See description under Task I.C. 2.
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Sub-b j. rx.p: Estimate the current and future probability of
spatial and tenporal overlap in rearing areas utilized by
resident trout and steel head above Roza Dam

Task II.D.1: Synthesize information generated from
work on resident trout (sub-objectives II.A, II.B, and
IT.c) wWith that available from other workers on

st eel head.

Accomplishments: Typically, rainbow trout and steel head
juveniles are not distinguishable from one another in the field
except during the spring when steelhead snoltify. Therefore

steel head rearing distributions were inferred from data collected
during the spring. Data from 1991 and 1992 spawning surveys and
trapping efforts (Task I.Al and |.B. 1) were utilized to identify
the spatial overlap of resident trout and juvenile steelhead.
smolts.  Fish noverment information from Roza, Prosser and McNary
dams was obtained fromthe YIN and WDF.

Short-falls: The occurrence of overlap at Iar?e spatial scales
(ek?. streamreach and tributaries) as denonstrated by these
studies does not preclude partitioning at, smaller spatial scales.
Anal ysi s of overlaﬂ at the channel wunit and mcrohabitat spatia
scale was beyond the scope of the data collected. Because
overlap at these snaller spatial scales has not-been examined,
the full extent of spatial overlap cannot be addressed.
Discrimnation of juvenile steelhead and resident trout is _
difficult in the field. This is so even during the spring period
of snoltification and emgration when it maght be expected that
discrimnation would be easiest. In addition, resident trout can
display coloration that is characteristic of smolts during the
spring and fish which resenble the coloration of resident trout
may actually be steelhead pre-snolts. The- occurrence of <fish
that were classified as either smlts or rainbow trout when

t agged and were then | ater recaptured above Roza Dam Or at Roza,
Prosser, and Mchrg dams suggests that during the spring, sone
steel head and rainbow trout may have been incorrectly identified
(Table 5). Msidentification of f£ish that were tagged as rainbow
trout was |ow (1%), but if sizes of rainbow trout tagged. (nost
rainbow trout that were tagged were larger than 175 mm) were nore
representative of the sizes in the populatien t hen
msidentification may have been higher. The percent oOf _
recaptured fish tagged as snolts that were recaptured as rainbows
was 33%, al t hough the sanple size was quite small. |n addition,
the location at which a smoltified fish is captured may not
reliably indicate where it had reared, since snolts may have

al ready” begun seaward mgrations.

38




Table 5. Nunber of steelhead snmolts (N=52) and resident rainbow
trout (N=5,894) tagged and recaptured by above Roza Dam
including tagged fish reported in mgrant sanpling at Roza,
Prosser and McNary dans. Snolts were identified by silvery color,
absence of parr marks, dark pignentation of fins and the

streanml ining of overall form

Taaaed smolts Taaaed rai nbows
RECAPTURED As Snolts As Rai nbows As Snolts As Rai nbows
ADOVE Roza 0 T T 553
At Roza* 2 0 0 1
Al Prosser? 0 0 3 0
At M Nary® 0 0 1 0
TOTAL 2 1 5 554

"Data Trom Yakima Indran Nation . .
®pata from Washington Departnent of Fisheries

Findings: The potential for spatial overlap between steel head and
resident trout during the rearing period would be expected to be
high if steelhead abundance increases in the upper Yakima R ver
Even though steel head abundance in the upper Yakima River is |ow,
spatial overlap is high. Al of the spring electrafishing
surveys in the tributaries and mainstem vakima Ri ver in which
steel head snolts were captured also had rainbow trout or

steel head pre-smolts' (Figure 21). In addition, other resident
trout (brook and cutthroat trout) were also present in sone of
the surveys (Figure 21). Spatial overlap between resident trout
and juvenile steel head occurred in the entire mainstem Yakina
River and the |ower elevation portions of nost tributaries
(Figure 22). Instances of tenporal overlap within the sane
habitat unit was also documented, but observations were few due
to the way data was coll ected.

Recommendations: In order to better define spatial overlaps
between, and densities of, juvenile steelhead and rainbow trout,
techni ques should be developed to facilitate identification of

juvenil'e steelhead and rainbow trout during non-mgratory
periods.
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Figure 21. Percent of spring electrofishing surveys from 1990 to
1992 in which steelhead snolts were present and that also had
resident trout included in the sanple. * Rainbow in spawning
condition refers to sexuallﬁ_nature or recently spent trout and
represents a resident life history. The total nunmber of spring
el ectrofishing surveys in which smolts were observed and the
nunber of snmolts obServed were: Mainstem - 17/44; tributaries -
9/18.
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EXPERIMENTATION PHASE

Efforts related to this aspect of the.proiect consi sted of
coordinating, performng, and evaluating the second season (of
four years total} of experinental hatchery steel head snolt

rel eases in the Teanaway basin. Evaluation included nonitoring
the novement and interactive behavior of sal nonids observed,

anal yzing data from 1992 sanpling, and preparing an annual report
for FY 1991. Steel head broodstock for the production of
experimental fish for the 1993 and 1994 releases.were CcoOl | ect ed
at Prosser Dam

The general experinental design for this phase of the project
centered on the use of two treatment streans (supplemented,
hat chery steel head introduced) and two reference or contro
stream “(unsuppl emented, no hatchery steel head |ntroduced?.
Hat chery-reared steel head snolts were released into Jungle Ceek
a tributary to the North Fork of, the Teanaway River (Figure 23).
Thus Jungle Creek (referred to hereafter as T;to represent a
smal | trrbutary treatment strean) was used as one treatnent
stream  The North Fork of the Teanaway Ri ver (referred to
hereafter as M; to represent a large treatnent stream) was
considered the other treatnent stream because the hatchery fish
moved into the North Fork as they exited Jungle Creek. Jack
Creek (referred to hereafter as T. to represent a small tributary
control stream) was used as one control., stream The other
control stream was the Mddle Fork of the Teanaway River
(referred to hereafter as MT to represent a larger tributary
control stream). Both Jungle (Ty) and Jack (T¢) creeks flow into
the North Fork of the Teanaway R ver (M;). Hatchery steel head
were prevented frominmgrating into Jack Creek from the North
Fork of the Teanaway. derwater behavioral observations were
conducted at fixed index sites in treatnent and control streans
In an attenpt to assess the extent and outcome of agonistic
Interactions anong hatchery steelhead, resident trout, and
natural | y-produced juvenile spring chinook salmon. The hatchery-
reared steelhead used in this study were progeny of hatcherxland
wild adult steelhead collected at Prosser Dam on the |ower Yakina
River. The juvenile steelhead were reared at the Yakima Hatchery
and at the Nelson SQ{IH%S Raceway. It is ﬁ055|b[e that steel head
smolts produced by YFP tacilities would behave differently than
those used in this study. The results fromthis study, however
do provide valuable information on interactions between hatchery-
reared steelhead snolts and resident trout. The general study
met hods were simlar to those reported in the FY 1991 annua
report (McMichael et al. 1992).
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Figure 23. Mp of the study_area for the snolt release study of
the experinentation phase. ~The upper Teanaway River basin is
shown with the treatment and control streanms labled.
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ojective II11. Assess-acts of hatchery steel head smolt
rel eases on resident trout.

Sub- Qbj. 1rI.A. Determ ne whether hatchery steel head (HSH)
smolt releases inmpact trout in the treatment stream

Underwat er observations (snorkeling) were performed in T, and T
fromMy 1 to Cctober 7 and in My and M. from May 13 to Cctober

7. For the period between May 1 and 28 [considered to be the HsH
smolt outmagration period (Wagner et al. 1963)], the nunbers of
each species of fish observed, as well as the nunber and rate of
behavi oral interactions are summarized in the upper portion of
Table 6. The lower half of Table 6 shows correspondln? data for
June 3 through Cctober 7, 1992 (which relates to task T11.B.2).

Task zxr.A.2. Determ ne whet her HSH smolt releases
di spl ace resi dent trout/steelhead.

Accompl i shnents:  Underwat er behavioral observations were useful
for examning small scaIeH§MAth|n a 1 m* area) physica

di spl acenent of trout by HSH  Sone such small scale

di spl acenents were observed. Md-scale displacenents gout of a
small tributary) were nmonitored with downstream mgrant traps in
T, and T,. Screw trap data provided useful information on
| arger-scale (out of a drainage) displacenents (M; and Mg).

Short-falls: Poor water visibility caused by high turbidity
during spring run-off del ayed sanpling in-two (M; and M) of four
study streans for the -first 10 days’ of “the observation period.’
However, turbidity was low enough .in T; and" T. creeks t hat they
were sanpled for the entire period.
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Table 6. Data from underwater observations of fish in contro
T, and Mc) and treatnent streams (T; and M;) in the Teanaway

I ver basin between May 1 and May 28, and between June 3 and
Cct ober 7, 1992.

(bs.
Time  ___Number of fish observed —___ _________ Interactiong
Stream  (min) RBT cur EST SPC msh91 HSHOZ2 fTRT/m HSH/m No. Int/f/m

Mav 1 to Mhv 28

Tr 1559 113 11 O 0 19 3215 0.08 221 136 18.3
My 419 20 0O O 0 0 217 0.05 0.45 20 30.8
Tc 520 207 19 6 0 0 0 0.42 0.00 29 27.6
Mc 467 67 1 O 0 0 0 0.16 0.00 21 35.3
June 3 to October 7
Tr 288 91 0O O 0 0 116 0.31 0.39 50 161.9
My 951 347 0 0 6 0 363 0.36 0.46 68 37.4
Tc 219 112 11 18 0 0 0 0.63 0.00 15 79.4
Mc 1053 721 5 0 41 0 1 0.74 0.00 123 61.6

* RBT = rainbow trout or wld steel head presmolt, CUT = cutthroat trout, EBT =
br ook trout, SBC = spring Chi NOOK salmon, HSH91 = hatchery steelhead released
in 1991, HSH92 = hatchery ateel head rel eased in 1992. TRT/m = total . nunber of
trout observed per mnute, HSH/m = total NUNDEr Of HSH observed per M Nut e.

b Int/f/m = Number of interactions observed per fish (al| salmonids conbi ned)
per mnute (x 10%).

Findings: During the first two weeks follow ng rel eases of HSH
resident trout were displaced in the treatment streams (T; and
M) . A displacenent was defined to have occurred when a fish
moved away from a relatively fixed location due to another fish's
actions. " Physical contact was not a requirenent for a _

di spl acenent “classification (some fish were "crowded out® w thout
physical contact taking place). The incidence of displacenent
decreased over tine as emgration progressed and severa

displaced trout were observed returning to apparent preferred
locations. Displacement was not detectable at a large or mid-
scale, but was apparent within a small scale ée.%. wthin a
pool). Displacement was |ess apparent in 1992 than it was in
1991, possibly due to the higher rate of HSH snolt emgration in
1992. Hatchery steel head enl?rated qui ckly after they were

rel eased (80% of the fish captured emgrating from M; were
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captured within four days following the first release). The rate
of wild steelhead and trout emgration did not increase follow ng
HSH rel eases, suggesting that wld sal monids were not being

di splaced over |arge spatial scales ﬁFlgure 24).  The nunber of
interactions per fish per mnute (all salnmonids conmbined) was, in
nmost cases, higher in the control streans than it was in the
treatnment streams (Table 6).

The traps at the nmouths of T, and T. provided information on the
mgration of trout out of these smal || streans during the period
of HSH releases and through md-sumer. The T, trap was not
installed until the third release of hatchery steelhead. Ver
few trout emgrated from T while nmany nore exited T, (Table 7).
Flow in Te was intermttent by July 29 and it was dry by Au%ust
12, which nmay account for the |arger number of resident fis

| eaving. Two HSH apparently passea the weir panels in T, and
were subsequently recaptured noving downstream through the trap
Flow in T was slightly higher during this period which may
indicate that, for the latter part of the sunmer, T, may not be
an adequate control for T,.

Table 7. Data for salnmonids trapped noving downstream past the
mouths of T, and T. creeks between May 5 and August 12, 1992

Tr_(Junale Creek) T._(Jack Creek)
Speci es Lenath Lenath
G oup' No. FL(mm)® SD No. FL(mm)® SD
RBT 7 78 34.6 104 98 31.8
WSH 1 151 0 -
HSH 407 179 23.4 2 204 36.1

T"RBT = rainbow frout and steelhead presnolts, VWH = wid steelhead snmolts,
HSH = hat chery st eel head.
®* Mean fork |ength.

Recommendations: Nbnitor displacenent rates out' of the release
stream (T;) when HSH are released to enumerate outmgration' of
resident trout that may be displaced by hatchery steel head
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Figure 24. Cumul ative passage of wld steelhead (WSH), resident
trout and steel head presnolts (TROUT), and hatchery steel head
{HSH) at the screw trap near the nmouth of the North Fork of the
eanaway R ver (Mp) from April 4 through My 31, 1992. The first
rel ease of hatchery steelhead took place on May 3. The second
and final releases were on My 5 and 10, respectively.

Task rrr.a.2. Assess the extent andoutcome of
agoni stic I nteracti onsS between HSH smolts and resident
trout.

Accomplishments: Over 200 agoni stic encounters were observed bﬁ’
direct underwater observations (snorkeling) between-My 1 and Z28.
Dom na{lce-subordl nance relationships were observed during these
encount ers.

Short-falls: Hgh densities of HsH near the release site made it
difficult for sanplers to differentiate between some hatchery and
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wld fish. The quality of fin marks applied to _hat_cherty
steel head released in 1992 was poor, naking it difficulf to
positi v_el(}/ i dentify some hatchery fish. Fish that were not
|de|nt|f|e as to hatchery or wild origin were not included in the
anal yses.

Findings: Size influenced on the outcone of agonistic

Interactions. Larae fish domnated snmaller fish in all of the

encounters observed in 1992. In 1991, large fish dom nated

smaller fish in 69% of the cases. |n bothyears hatchery..

st eel head were on average | arger than w | d steelhead, which in

t(lIJ:rn vverSS)I arger than resident trout or wild steelhead presnolts
igure :
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Figure 25. Length frequency histogram of rainbow trout (and wild
steel head presnolts) (RBT), wld steelhead snolts (WsH), and

hat chery steel head snolts’ (HSH captured at the screw trap
operated near the mouth of the North Fork of the Teanaway River
(M) between April 4 and Way 31, 1992,
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In control streans (T, and M) nost interactions were among
rainbow trout, and between cutthroat and rai nbow trout. The
majority of interactions observed between May 1 and 28 in the
treatnent streans (T, and M;) were between hatchery steel head and
resident trout (Figure 26). Interactions observed consisted of
aggressive displ atys, threats, chases, nips, and butts. sixty-
nine percent of the interactions observed during My involve&
hatchery steelhead and resident trout. Hatchery steel head
dom nated resident trout in 99% of those interactions. During
1991, HSH also domnated resident trout in nost contests however,
more reversals (where resident trout dom nated hatchery

steel head) were observed during 1991 (45% than in 1992 (4%:

Recommendations: Underwater observations should be continued as
they have been done in the past. Mre enphasis should be placed

on determ ni nﬁ the inpacts these encounters have on variables
such as grow h.
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Figure 26. Dominance-subordinance relationships between resi dent
trout (TRT) and hatchery steelhead (HSH) expressed as: percentages
of total aggresm ve encounters in T and combined) j-between
My 1 and 28, 1992. The group preceding the > synbol denotes the
dom nant group (e.g. HSH>TRT = hatchery steelhead were deminant
(1)%/3er resident trout).: Total nunber of agonestic encounters was:

Task 111.A.3. Det erm ne whet her precoci ous HSH smolts
interbreed with resident trout.

Accomplishnents: The occurrence of interbreeding was explored
during snorkeling survey activities. The proportion of HSH that
were precocial males was quantified by examination of two of the
three release groups sanpled (each N= 50) at the tine of their
release into T,. Precocity was determned using nethods
described in McMichael et al. (1992).
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Short-falls: No observations of attenpted nmating between
precocial HSH and other fish were made. However, our nethods
were primarily targeted at examning other behavioral
Interactions. Incidence of precocialismwas not determned for
the fish released on My 5.

Findings: Precocial male HSH accounted for 2% and 0% of the fish
sub-sanpled on the May 3 and May 13 rel ease dates, respectively.
No precocial males were observed attenpting to interbreed with
resident trout in any stream 'This. was sinilar to 1991, when a
total of 4% of the HSH released were precocial males. DJrin:c[J t he
latter part of the 1991 outmigration period (Miy 29 to June I4)
however, over 26% of the HSE captured while exiting Ty were
sexual ly mature males. This coincided with the spawning time of
rai nbow and cutthroat trout in that creek. No sexually nmature
resident trout were observed in 1992 and the incidence’ of
residual precoci al male HSH was much | ower than the previous
year, therefore the 1ikelihcod of gene f| ow bet ween HSH and
resident trout in T, was probably lower i n"1992 than in 1991. A
femal e HSH fromthe 1991 release group (HSH91) was observed on an
active redd on My 5, 1992, however,. the presuned mate was not
identified. It i's unclear whether the other fish was another HSH
or a resident trout.

Recommendations: Al three release groups should be sanpled to
determne the percentage of precocial male steelhead released in
1993. Investigate relations between the incidence of
precocialism and residualism rates.

bits bet ween HSH smolts:

Task I11.A 4. Conpare fo a
he steel herd outmigration

od
and resident trout during
peri od.

h
t

Accomplishments: Staff and students at Central Washington-. ‘
University (CWJ) performed this task and task 11I.B.3 througha
direct contract with BPA and results will be reported separately:
by CWJ. WDW staff provided coordination and |ogistical support.
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sub-ob| . III.B. Evaluate the incidence of residualism by
HSH and determne inpacts to rearing resident trout.

Task 111.B.l. Determne the distribution and relative
abundance of hatchery steelhead residuals in the
Teanaway drai nage.

Acconpl i shnents: Distribution of residual HSH was determ ned by
snorkeling and/or electrofishing at various |ocations, and

rel ative abundance was determned by trapping, underwater
observations, and population estimtes. he “popul ation estimates
used for this phase of the study, with the exception of Jungle
Creek (T;), were the same as those reported in the Baseline
Section of this report.

Short-falls: The relative abundance of residual hatchery
steelhead was difficult to gauge prinarily because the caﬂfure
efficiencies of the traps at the mouths of the North and 'Mddle
forks of the Teanawa ver were difficult to calculate.

Trapping efficiency fests were of limted value due to small

sanpl e sizes and use of sone fish that residualized between the
rel ease sites and the traps.

Fi ndings: Hatchery steelhead snolts released in the Teanaway
drainage in 1992 emgrated at a faster rate than:HSH releaséd in
1991. " In addition, the emgrationrate of the first two release
roups was nuch higher than that for the final group in 1992
%Flgure 27). The coefficient of variation for mgration rate of
the 1991 release group was |ower' (147) than that tor the 1992
group (232). This indicates that in 1991 fish migrated out of
fhe system nore gradually than the fish released in 1992. Very
rough  and prelimnary estimates of residualism based on
outmagration trapping suggest that approxinmately 35% of the
hat chery steel head released in 1992 did not emgrate fromthe NFT
before June 1. Simlarly, the estimate for the sane period in
1991 was 38%

Based on fish observation ratesduring snorkeling (Figure 28),
popul ation estinmates conducted in index sites by electrofishing -
(Table 8), and the rate of HSH ocutmigration as determined by -
nunbers of fish captured at the screM/tr%Ps In the Teanaway .
basin, the incidence of residualism appeared to be fairly simlar
bet ween 1992 and 1991. However, the distribution of residuals
aﬁpeared to be restricted to a snmaller area in 1992 than it was
the year before. For exanple, no hatchery steelhead were
captured in the NET 17 km upstream of the mouth of Jungle Creek
(popul ation index site nunber 3) in 1992, although they were,
?resent there in 1991 (Table 8). Anglers fishing for trout in

he area during both years corroborated this conclusion

Resi dual hatchery steel head were reportedly caught in tw of the
M; tributaries upstream of the point where they entered My from Ty
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(Jungle Creek) in 1991 while no such reports were received in

1992." The densities of HSH in the treatnent streans, as inferred

Qkpnlsnoggfl observation rates, decreased through the summer
igure :
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FIRST RELEASE ON DAY 0; N = 15, 000
SECOND RELEASE ON DAY 2; N =11, 000
THIRD RELEASE ON DAY 9; N = 5, 500 (1991), N =9, 000 (1992)

Figure 27. Number of hatchery steel head snolts captured at the
mouth of M; (the North Fork of the Teanaway River) 'versus the
number - of days after the first release in 1991 and 1992. Fish

¥ere pap&gggd in a traversing fyke net in 1991 and a rotary screw
rap in :
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Figure 28. (bservations of residual hatchery steelhead durin
snorkeling activities in the sumer and early falli of 1991 an
1992. Data represent T; (Jungle Creek) and My (North Fork of the
Teanaway River) combined. The nunber of mnutes of observation
I's shown above each bar.

Popul ation estimate data from 1991 and 1992 are presented for the
one site in T, and three sites each in the M; and M, forks of the
Teanaway River (Table 8).
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Table 8. salmonid bionmass, density, and percent (of total
nunber) conposition data for index sections in the Mddle (M)
and North (M;) forks of the Teanaway River for 1990, 1991, and
1992, and for one site in Jungle Creek (Ty) in 1991 and 1992.
Data were collected in the fall of each year. No estimate was
conducted in Jungle Creek in 1990.

Stream and Bi onass Density Percent* of density

Section (g/m?) (#/m?) RBT CuUT BUL CS HSH

1990
Mc 1 2.4 0.13 55 0 0 45 0
Mo 2 3.4 0.11 92 1 0 7 0
M; 3 2.5 0.08 98 2 0 0 0
M 1 0.6 0.05 32 0 0 68 0
M, 2 2.0 0.07 100 0 0 0 0
M; 3 5.3 0.11 12 77 11 0 0

1991
M: 1 1.4 0. 06 100 0 0 0 0
Mc 2 1.2 0.05 96 4 0 0 0
Mc 3 2.2 0. 06 100 0 0 0 0
M; 1 1.2 0.04 90 0 0 0 10
M, 2 0.9 0.03 89 0 0 0 11
M; 3 2.6 0.04 17 78 0 0 6
Ty 2.4 0. 06 40 0 0 0 60

1992
Mc 1 1.1 0.05 96 0 0 4 0
M 2 1.4 0.05 100 0 0 0 0
M. 3 2.5 0.08 97 3 0 0 0
M 1 0.8 0.03 96 0 0 0 4
M; 2 0.3 0.01 67 0 0 0 33
M 3 1.8 0.04 30 60 10 0 0
Tr 2.6 0.08 13 6 0 0 81

*RBT = rainbow trout, CUl = cutthroat trout, BUL = bull trout,
= chinook salnon, HSH = hatchery steelhead residuals.
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Hat chery steel head conprised a |large proportion of the .
bi omass” of salnonids in the p%gulatlon index sites in My and in
Tr in the fall of 1992 (Table 8). Hatchery steelhead were nore
numer ous than trout in. the latter stream duri ngth8 fail
ﬁ% ulation estimates in both 1991 and 1992. 1n 1991 and 1992,
conprised 60 and 8isg, nespectlvehy, of the total nunber of
salmonids in the oy index site. No HSH were captured in
ﬂgﬁulaplon I ndex sites-in the Mc in 1991 or 1992 (Table 8). Some
residuals fromthe 3991 releases emgrated in 1992 as smolts.
A tagged HSH that was released into T, in 1991 was captured
en1grat|nq fromM; on Aapril 16, 1992 and was captured a%aln In
the Juvenile PaSSﬁge Facility at Roza Dam on Nh% 2, 199
Anot her residual HSH was captured in the Ellensburg section of
the mainstem Yakima River on Septenber 24, 1991 during
electroflshln? mar k-recapture population estimate sanpling, and
was subsequently captured by the Yakima Indian Nation at Roza Dam
on April 28, 1992. Both of these HSH were classified as snolts
based on external characteristics) when observed at Roza Dam
i X residual HSH from the 1991 releases were captured durin
mainstem Yakinma R ver population. estimates in the fall of 1991
and three residuals fromthe 1992 releases Were captured during
simlar activities in the fall of 1992. These data were
initially collected to address Task I1.B.1. in the Baseline
Section of this report.

The hat cherP/ steelhead released i N 1992 had been reared at

approxi mately 33%of the density of the 1991 rel ease groups. The
fish for the first two releases in 1992 wer8 reared at the Nel son
Springs Raceway and reached a Size of 6.0 fish/Ib; (nmean wei ght =
76 g%’ whereas the final release group was reared - at the Yakima
Hat chery and were rel eased at.8 size of 8.5 f ish/1b. (mean wei ght
= 53 g).” The 1991 release groups were the progeny of W | d Yaki na
steel head collected at Prosser Dam while the 1992 rel ease group
were fromw | d and hatchery origin- (first generation of f spring of
wi | d Yaki ma steelhead) parents collected at Prosser 'Dam ‘|t IS
uncl ear what factors, other than rearing density, may have
accounted for the apparently superior performance (wth regard to
outmgration rate in particular):eof the 1992 rel ease grQuE. The
HSH rel eased in the first two groups in 1992 appeared $|I% tly
smal | er than those released: in 1991 (mean fork length in 1991 =
201 mm 1992 = 196 . The nmean size of fish in the fina

rel ease group was smaller in 1991 (10.0 fish/Ib., 45 g nean
melght? than in 1992 (8.5 fish/Ib., 53 g mean weight). The
overal|l average size of the fish released appeared larger in 1991
(6.2 fish/Ib., 73 g mean weight) than in 1992 (6.6 fish/lb., 69 g
mean weight).

Recommendations: Trapping efficiency shoul d be nore accurately
assessed so that outmgration estimates will be nore useful as a
means of determning the percentage of hatchery steelhead that do
not emgrate fromM; in 1993.
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Task 111.B.2. Assess the extent and outcome of
agoni sti c interactions between HsK residual s and
resident fish.

Accompl i shnents:  Underwat er observations were successful for
determning the extent and outcone of agonistic interactions
between HSH and resident fish during the period studied. A tota
of 256 agonistic interactions were observed during 21.2 hours of
direct observation between June 3 and Cctober 7. ~Hatcher

steel head present after June 1 were defined to be re5|duaYs for
this analysis.

Short-falls: It is not known to what extent agonistic ,
Interactions may have affected trout growth or popul ation size.

Fi ndings: The observed nunbers of interactions per fish per
mnute were higher in all study streans after June 1 than between
May 1 and 28 (Table 7). Warm water tenperatures as well as
decreased available l1ving space during |low flow conditions may
have been related to nuch of the increased aggression. Resident
trout were observed conpeting for cold water seeps in the M. when
stream tenperatures exceeded 24 °c. Seep areas were identified
using a hand-held thernometer while snorkeling. Nearly 80% of
the interactions observed were within allopatric groupings of HSH
or rainbow trout. The percentage of the interactions that
occurred between hatchery steelhead and resident trout was

consi derably | ower éZl@@ after June 1 (Figure 29) than it was
between May 1 and 28 (69%) (Figure 26). The outconme of the
synpatric agonistic contests observed, however, still favored the
|arger HSH during both periods. Mean fork length of HSH appeared
to be 50 to 75 mm larger than resident trout during the study
period (Figure 30). In M, juvenile spring chinook salnmon
domnated rainbow trout in over 85% of thelr synpatric contests.
The chinook salnon were, on average, larger than the age 0
resident trout they were domnating. No three-way contests were
observed due to the spatial segregation of HSH, resident trout,

and juvenile spring chinook (i.e. all three groups were not
observed in the sane location at the sane tifme).
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Fi gure 29.. Dom nance-s&or di nance relationships bet ween resident
trout (TRT) and hatchery steel head {HSH) expressed s percentages
of total-aggressive encounters in Ty (Jungl e creek) and »; (the’
North Fork of the Teanaway R ves) combined, between Jume 3 and °
Qctober 7, 19.92. The Qroup preceding the > symbél deénotes the -
dom nant group (e.g. HSH>TRT = hatchery steel head were dowinant
over resident trout). Total nunber of agonistic interactions

bet ween sal moni ds was 113.

Recommendati ons: | n addition te cdntinuing origoing underwater
observations, experiments to neasure the effects of conpetition
bet ween HSH, rainbow trout, and spring chinock salmon oh'- -
perfornmance and survival-related traits (e.g. growth) should be
desi gned and implemented. ThiS ii, necessary to:more directiy
assess the inpacts of conpetiti on .on population fitness -
paraneters.
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Figure 30. Mean fork lengths f(rm) of resident trout and hatchery
steelhead in My (the North Fork of the Teanaway River) betweeh
m d- May and mid-September, 1992. Sample sizes for each periocd
were between 10 and 30 fish per group. (data from Scott Urakawa
gnd. Pta.ul James, CWJ). Vertical lines represent + istandard

evi ati on.

Task I11.B.3. Assess overlap in food habits between
resi dual steel head and resident trout.

Acconplishnents: Staff and students at Central Wshington -

Uni versity performed this aspect of the work (and task IITI.A.4)
through a direct contract with BPA and results wll be reported.
separately by QM. 1In coordination wth cwu, t he occurrence ‘of
mdation on newly emergent resident trout by HSH was examined by
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On July 6, 1992, sanples of HSH residuals were collected in Mg
(N = 26) and in 'J.‘T (N =29) to determine Whet her HSH were preying
upon neva%/ ener ged sympatric trout fry. At the time of sampling
energent frout fr were about 40 - 60 mm in length. Gastric
| avage was used to extract stomach contents from HSH for
exam nation. No fish were observed in the stomach &ontents Of

any HSH sanpl ed. Researchers at cWU alsc found an ‘absence Of
young trout in the diet of HSH on ot her surveys.
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Sub-Qoj. zxrr.c. Facilitate, coordinate, and assist efforts
to collect adult steelhead broodstock for the research
st eel head production project.

Task 111.C. 1. Coordinate with wow, YIN, NMP8 and
ot hers as necessary to ensure that sufficient numbers-

of broodstock t0 create research fish for interactions
studies are collected.

Accompl i shnments:  Coordination neetings and conference calls were
wel | -attended by all parties and cooperation was very %ggd. A
priori, an agreenment was reached between WDW YIN, and
concerning the operation of the trap at Prosser Dam for
collection of steelhead broodstock

Short-falls: 1In 1991, even though exceptional nunbers of

steel head returned (in conparison to the 10 year nean), so few
fish used the denile and right bank |adders at Prosser Dam that
the target nunber of hatchery broodstock was not reached.
Through Decenber 1992, the nunber of fish returning appeared
lower than in 1991. To bol ster nunbers of broodstock available
smal |l nunbers of wld steelhead were collected follown

c?n?PItation with YIN, YFP genetics specialists, and otﬁer V\DW
staff.

Fi ndi ngs: Steel head broodstock were collected at Prosser Dam
bet ween m d- Septenber and December 31, 1991. A total of 22
hat chery-origin steel head were collected at the right-bank fish
trap. 1t appears that the nunber of eggs collected should be
nearly sufficient to produce the necessary number of snolts for
species interactions research in the Teanaway drainage in 1993.
In 1992, the Prosser Dam adult trap was operated from Septenber
14 through Decenber 15. The adult collection goal for the 1992
cycle was 24 fish (12 females:12 males). An attenpt was made to
use scale patterns of adult wild steel'head to reduce the nunber
of non-target satus Creek steelhead that were inadvertently
retained for broodstock. The National Mrine Fisheries Service
with assistance from the Yakima Indian Nation, used radio .
telenetry to |locate the spawning areas of over 100 steelhead in
1991-92. © By u5|ng the scales collected fromthe fish in their
study we attenpted to find distinguishing scale patterns that
mght enable us to distinguish between fish that spawned in satus
Creek and those that spawned in the Yakima or Naches rivers.
Many hours of scale readln? and conparison with data from fish
bound for. known |ocations failed to provide a screening tool we
were confident in. Additional nethods may be enployed in early
1993 if sufficient numbers of broodstock are not obtained at
Prosser Dam

Reconmendations: This portion of the study is conplete.
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DISCUSSION

Predicting potential interactions

Prelimnary research results with steelhead and rai nbow trout to
date suggest that the potential for gene ffowi's high, the '
potential for conpetition is unclear, and the potential for
predation on trout by hatchery steel head juvenilesislow. These
predictions are based on interactions (type 1 and type 2) that™
m ght occur between conmbi ned YFP_steel head treatments (both OCT
and NIT) versus rainbow trout. The potential for different"

i npacts fromboth OCT and NIT treatnment groups on the rai nbow
trout are not discussed in this report.' Whére appropriate, a

di stinction was made between t he potential for interactions

tbet v%/een t he t wo steelhead treatment gr oup* and'resident rai nbow
rout.

The distribution of spawning rainbow trout and steelhead in space
and tinme was simlar, suggesting that the potential for gene flow
exi st ed. Al t hough overlap increases the potenti al for dene flow
It does not denonstrate that it occurs. Assortative nating
mechani sns are not unconmon anong spawners in sympatry’ ( Turner
1986). Incidental information was available however, suggesting
that gene flow probably occurred. In 1990 and 1992, fenale

steel head presumably spawned with one or more mala rainbow trout
in Untanum Creek. “In addition, many precocial nmal e steelhead:
fromexperimental releases in the Teanawav basin in 1992 were '
observed at release tine and | ater, and a'residualized ‘steelhead
fromthe 1991 rel ease was observed on a ‘redd during 1592 in
Jungle Creek (Tr). Although the potential for gene flow appesdred
to be high the effects of this interbreeding on steelhead and
rai nbow trout” are unknown.  The effect of interbreeding on both
forms of o. mykiss mi ght include shifts in migration tendencies, °
growth, and other fitness related characters. - o

Cenetic risks exist to both steel head and rainbow trout as-a ~
result of past stocking with hatchery rainbow trout and presumed
future stocking of hatchery steelhead (Busack 1990; Busack et al.
19_912). Risks of hatchery introgression bétween 'steelhead and” '
rainbow trout nmay be highest for steelhead spawning ¥In mainstem
sections 1-6 and | ow elevation tributaried, and highest for =
rai nbow trout i n hi gh elevation tributaries. Genetic dsta '
indicate that the influence of past trout stocking is highest in”
rai nbow trout in' mainstem sections 1-6 and in low elevatiod 7"
tributaries such as Cherry, wilson and Badger creeks. 1In*

additi on, steelhead mag/ interact genetically with rainbow trout
i n mainstemsSections 1-6 and | ow el evati on tributaries because

spatial and tenporal overlap currently is greatest. The géenetic
structure of rainbow trout 1n high elevation tributaries 'appeared

62




to have been least influenced by past stockin? of hatchery trout
a?d P%ghé thus be nost affected by gene flow from hatchery
st eel head.

The potential for conpetition to occur between steelhead and

rai nbow trout was suggested by a high degree of spatial and
tenporal overlap during the juvenile rearing period. [Incubation
and emergence of rainbow trout and steel head probably overlapped
in space and tine because wld steel head and rainbow trout adults
spawned at simlar tines and in simlar areas. WId steelhead
snolts were captured in areas that contained various age classes
of rainbow trout during the spring. A high incidence of
residual i zed hatchery steelhead were observed in the North Fork
Teanaway R ver (M;) and residualized hatchery steelhead were also
captured in the mainstem Yakima Ri ver as far down as the Canyon
section. Adult fish nmay conpete for spawning habitat during the
spring because of the tenporal and spatial overlap. Al though,
overlap occurs at nmany rainbow trout and steelhead life history
stages, actual conpetition, which is "when a nunber of animals
(of the same or of different species) utilize conmmon resources
the supply of which is short; or if the resources are not in
short supply, conpetition occurs when the animals seeking that
resource nevertheless harm one or other in the process" (Birch
1957) can not be denonstrated w thout controlled field
experinents.

Results from experinments in the Teanaway basin suggest that
conpetition for food and/or space a&geared to occur between
hatchery steelhead released in the North Fork Teanaway drai nage,
whi ch na¥-n1n|c OCT fish, and wild rainbow trout, but the actual
effects Trom these interactions were unclear. Agonistic

behavi oral interactions between rainbow trout and hatchery

steel head were observed in 1991 and 1992.  Hatchery steelhead
dom nated nost of the interactions with rainbow trout, presumably
because hatchery steel head were |arger than the rainbow trout.
small scale or |ocal physical'displacements were observed in
concordance with agonistic behavior but large scale displacenents
were not observed.

In general, the effects of agonistic interactions and snall scale
di spl acenents on performance characteristics are unclear because
the magnitude of the effect was very difficult to detect given,
hi gh natural variability of densities and size structure and the
smal | nunber of replicate observations thus far. Rainbow trout
densities in index sections of the North Fork Teanaway R ver (M;)
have declined every year since 1990. Rainbow trout densities in
the Mddle Fork Teanaway River (Mc) also declined between 1990
and 1991, but increased slightly between 1991 and 1992. 1In both
streans, declines in densities between 1990 and 1991 nay have
been the result of a flood that occurred in the fall of 1990.

The ratio of Mddle Fork to North Fork rainbow trout densities
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was greatest in 1992 suggesting the potential for cunulative

| npacts of hatcheyg_releases to the trout population. Man fork

| engt hs and conditi on factors of rainbow trout in the North and -
M ddl e forks of the Teanaway River di d not show clear trends that
could be definitely attributed to conpetition

Predati on by the hatchery steelhead used in these experiments and
by wild rainbow trout on rainbow trout was negligible. The

I hci dence of $|SC|vory by hatchery steel head and wi | d rainbow
trout in the Teanaway basi n t 0 date has been extremely low (Scott
Urakawa, CWJ, pers. comm.). Very few of the hatchery steelhead
and rainbow trout collected in t%e Teanaway basin contained fish

I n their stomachs and none have contained salmonids ‘(Scott
Urakawa, CWJ, pers. comm.). Stomach samples of 55 residual

hat chery steel head col |l ected fromhabitats with coexi Sti ng young-
of -the-year trout contained no fish. No successful predatory
attacks were observed during over 180 hours of snorkeling.

Al t hough Bredat|on by hatchery steelhead and rainbow trout in the
Teanaway basin na% not be frequent, predation in other parts. of
the upper Yakima basin may be nore probable. Rainbow trout in
the mainstem Yakinma R ver and |ow elevation tributaries are nuch
| arger than rainbow trout and hatchery steelhead in the Teanaway
basin and thus may be nore likely to prey on fish

In general, the susceptibility of rai nbow trout to disease may
increase with the addition of "hatchery fish. 1In 1991,
residual i zed hatchery steelhead in Jungle Creek (Tp) displayed a
hi gh incidence of saprolegnia, a fungal i nfection (McMichael et
al. 1992). wild fish in the treatment streamal so had fungal
infections but wild fish in the control streans did not. Eish in
the treatnent stream may have been infected because hatchery fish
were released into the System saprolegniais commpnly present
in natural streans, and was probably not introduced into the
Jungle Creek by the hatchery fish. ~On the release date, no
infections were apparent from observations of experinmental fish
rel eased into Jungle Creek (r;). |t may be that increased -
densities in the creek (Ty) from the addition of hatchery

steel head contributed to increased stress levels and higher
susceptibilities of rai nbow trout to saprolegnia. In contrast to
results found in 1991, no hatchery fish or wld fish were
observed with Saprolegnia in 1992,

(oserved fish species other than rainbow trout that m ght
interact with target species |n_the_uRper Yaki ma River include
northern squawfish, mountain whitefish, redside shiner, longnose
dace, torrent scul pin, and shorthead sculpin. Northern squawfish
are 'known predators on sal non and steel head' and were found i n
mainstem sections | -5 and in some low elevation sections Of
tributary streanms. Muntain whitefish inhabit slightly different
habitats in the mainstem Yakima River than target species, but
their density and biomass were deemend to be so high that they
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could have influenced the amount of available food for target
species. In tributaries to the Yakinma R ver, sprln%. chi nook
densities were positively correlated wth redside shiner and
shorthead sculpin densities. Redside shiners may outconpete
chinook sal non and steel head in warmwater (Hiliman 1989a, Reeves
et al. 1987) and torrent sculpin are potentially voracious
predators on young sal non. oncorhynchus mykiss densities were
positively correlated with shorthead scul pin and longnose dace
densities.” Longnose dace may interact with steel head in ways
simlar to those of speckled daace (Li et al. 1992), and short head
scul pins have been shown to be voracious predators on young
chinook salnon and steel head (Hillman 1989b). Agonistic

I nteractions between chinook salmon and rainbow trout, and
cutthroat trout and rainbow trout, were observed during

underwat er surveys in the Teanaway drai nage.

Monitoring Plan - Current status

Variable identification, experinental design, and methods for

i npl ementation of a rainbow trout nonitoring plan are in various
stages of developnent. Identification of variables that may be
affected by interactions with supplemented species and that
reflect the status of the rainbow trout poPu ation is being
conducted. These variables mght include trout density, size-at-
age, growth, distribution (spawning and rearing), sSpawn tim ng,
and novement. In addition, biotic and abiotic variables are
being selected that may help _explain the natural fluctuations in
vari abl es described above. These variables mght include
northern squawfish density, sculpin density, tenperature,
discharge’, and stream m)rphol 0gy.

Many designs can be identified for use to monitor and eval uate
I nteractions between target species and rainbow trout depending
upon the spatial position of releases within a basin. For
streams on whi ch acclimation ponds are proposed, a Before-After-
Control -1 npact - Pai rs desi gn (BACI P) (Stewart-oaten et al. 1986;
1_9922 with small scale wthin-treatment expe_rlment_s (SSWT; €.J0.
Li et al. 1992) can be inplemented. Only tributaries that are
planned to be supplenmented and that have adequate control streans
avai lable could be selected for this de3|8n. Five streans in the
upper Yakinma basin (Jungle, Jack, Stafford, and Taneum creeks,
and North Fork Teanaway Rlverg could potentially serve as
treatment streans (YFP DEIS 1992). treans that are potential
aired treatment\controls for this design are North Fork Teanaway
ver\M ddl e Fork Teanaway River, and Taneum Creek\ Swauk Creek.
| f possible, treatments in the North Fork Teanaway River and
Taneum Creek should be conducted in two different yearstoadd
partial "time-treatment" controls (Walters et al. 1988). In
areas where no large scale control and treatnent areas are
possible a Before/Arter YBA) with sswr design mght be applied.
Sections adjacent to acclinmation ponds along the mainstem Yakina
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River are candidates for this design. Selected areas not

menti oned int he above designs coul d be monitored with a BA
design. Broad scale trends in nonitoring variables will be
detected using the BA design. Possible Causes for the trends
could be evaluated using an analysis of the correlation among
variables on rainbow trout versus other physical and biologica
variables (e.g. target species densities, abundance of non-target

species, water tenperature, water flow) and examnation of SS
and BACIP results.

Attenpts are being nade to identify and evaluate interactions
sanpllng techniques that mnimze Stress on fish popul ations as
wel [ as produce reliable information. For exanple, where
ossible, electrofishing should be replaced by other methods
ecause of the harm that electrofishing can have on fish
popul ati ons (McMichael I n press). Mreover, other nethods may
allow less subjective interpretation of results. The use of
weirs may be nore favorable than electrofishing for determning
certain spawning characteristics of rainbow trout in tributaries
because the risk of injury to fish is smaller and the
interpretation of results is less subjective. Electrofishing
activities involving spawning fish poses risks of injury to
spawning adults as well as newy deposited gametes, whereas risks
to fish that are PaSS|ver trapped are reduced. Spawn timng,
sex ratio, size structure, age structure, and number of mgrating
spawners can be evaluated nore objectively using weirs than with
el ectrofishing nmethods. Some of the disadvantages of using weirs
include; sanpling is restricted to mgratory populations o
trout, sanpllng does not identify the areas wthin a tributary
where trout spawn, weirs thenselves may hinder or delay fish
movenment, and they can be vulnerable to failure from adverse
stream condi tions or inproper des%Pn. Al though weirs may be
preferable to electrofishing for determning certain aspects of
rainbow trout spawning in tributaries, the type of weir design
that is used may influence the degree of success achieved
relative to sanpling objectives.

Different degrees of success were experienced using three _
different weir designs in 1992. \Wirs placed in a "w* fornation
and having both upstream and downstream mgrant collection
capabilities were unsuccessful in trapping high proportions of
fish in Cherry and WIson creeks because of high discharges, high
debris loadings, and erodible substrate. Traps in a "v* .
formation, also having upstream and downstream mgrant collection
capabilities were very successful in capturing high proportions
of migrating fish in Untanum Creek. The greater success in
Urtanum Creek was probably attributable to the |ow discharge and
debris loading, and large substrate encountered there
Downstream "v* traps used in Jungle and Jack creeks were also
successful for reasons simlar to those encountered in Ut anum
Creek. Screw traps used in the North and Mddle forks of the
Teanaway River successfully captured sone outmgrants but
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problens with tra ef_ficiencty_ calibration limted the application
of the results. w information on traf:)I design and operation

¥viltl be pursued to facilitate better collection of data in the
uture.
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| NTRODUCTI ON

The el ectrophoretic anal ysis of rainbowtrout, oncorhvnchus
nvki ss, collected from the mainstem Yakima River and tributaries
above Roza Damis part of the baseline phase of the Yakima River
species interactions studies. The purpose of this work was to
provide a baseline genetic Rroh | e of wild-spawned rainbow trout
popul ations, to determne the patterns of genetic diversity and
stock structure among these dpopul ations, and identify differences

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

In addition, | wanted to determne if rainbow trout X cutthroat
trout hybrids were present in any of the collections.

H?/bl‘ldl zation was suspected in some fish because of the presence
of red-orange hyoid slashes, a characteristic of cutthroat trout.
Vst sl ope cutthroat trout, 0. clarki lewisi nmay be native to'the
Yaki ma and Yel | owst one cutthroat trout, Q. ¢. bouvieri, have been
stocked into the Yakima River (Crawford 1979).

METHODS

Rai nbow trout were collected from seven mainstem |ocations in the
Yakima River and nine tributaries above Roza Dam during the
spring and fall of 1990, 1991, and the spring of 1992 ?Table 1).
The collected fish were either dissected in the field (nost adult
speci mens) or frozen whole at ultra-low tenperatures (-80% and
transported to the Washington Departnent of Fisher&es (WF)
Genetic Stock ldentification Laboratory. Miscle, '"heart,- eye and
liver were dissected fromeach juvenile and placed into 12 X 75
mm test tubes. Total length, welight, and 12 scales from the
preferred area were taken. The Tish were photographed and
refrozen for storage. Cutthroat trout and obvious hatchery

rai nbow trout were excluded fromthe collections: | combined all
spring and fall collections from eaah location because of-the
smal | nunber of sanples collected in each year.

To assess whether sone stream collections inadvertently contained
cutthroat trout, or whether sone rai nbow trout were inadvertently
excluded from sone collections, ten cutthroat trout were
collected from both Taneum and WIson creeks. |n aadition,
fourteen putative hybrids were collected from Badger O eek.

El ectrophoresis followed the methods of Aebersold et al. (1987).
The el ectrophoretic protocol, enzymes screened, and alleles
observed during this study (and other studies on rainbow trout
and steelhead b¥V\DF) are listed in-Table 2. Genetic
nonenclature follows the conventions of Shaklee et al. (1990).
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BIOSYS-1 (Swofford and Selander 1981) was used for the

statistical analysis of the electrophoretic data. The Gtest
program that was used to test for significant differences in
allelic counts anong selected collectron pairs was witten by R
Wapl es and revised by C. Busack. | tested the hypothesis that
the pair of collections being tested differed no nmore than two
random sanpl es taken from the same randomy mating popul ation.
Included in the analysis were sone steelhead collections from the
Yakima River that served as reference sanples

To estimate the %Frcentage of hatchery origin genes in the wld
collections, C Busack wote a program that calculated the
ercentage of two parental stocks in a third collection. | chose
welve alleles at eleven loci that appeared to have the |argest
allelic differences between the Goldendale hatchery strain and a
hypot hetical native Yakima Rainbow trout collection. For
exanpl e, none of the WDW hatchery rainbow trout strains have an
LDH-B2*76 al | el es.  \hereas, a native Yakima River rainbow trou
woul d bein the inland group of rainbow trout and have a high
frequency of this allele ﬁ: chose 0.4). This nmethod was just a
first cut at estimating the hatchery influence at various
collection |ocations.

RESULTS and DI SCUSSI ON

| based this analysis on the products of 43 loci. Three |oci
were mononor phic, " mAH-2*, PGDH*, TPL-2* (ot her nononor phic_ | oci
were excluded from the analysis). The avera%e het er ozygosity and
percentage of polynorphic loci are slightly higher than past
studies due to the exclusion of nononorphic loci fromthis
analysis. However, the values are useful for conparlsons_annng
the popul ations (sanpling locations and tinmes are listed in Table
3? in this s;udY (Table 4). In general, the highest percentage

of polynorphic loci and average heterozygosity occurs in the

Unt anum and in the | ower Yakim River mainstem col | ections. The
WDW hat chery rainbow trout strains had the |owest polynorphic

loci values. In contrast, the average heterozygosities were
simlar between the wild and hatchery collections.

Genetic differences within streams

| had enough samples from Urtanum Greek to test for allelic
differences between two stream sections in both the fall and
spring collections. Significant differences were found (pP<0.01)
between sections in both fall and spring collections. | also
tested for significant allelic differences between fall and'
spring collections within stream |ocations. Seven of eighteen
conparisons were significantly different (Table 5).
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Cenetic differences among collections

| cal culated the unbi ased genetic distance (Nei 1978) and
performed cl uster analysis using unweighted pair group method. I
| dentified £ive major groups of rainbow trout in the Yakima River
above Roza Dam (Figure 1). The first group consists of Yakima ¢
mainstem collections in sections 1-6 (except spring section 6)
and Wlson and Cherry creeks. The Umtanum spring-and falk - -
collections formthe second group and two Badger Creek
collections formthe third group. The fourth group consists of
Yakima River tributaries between e Elum and Ellensburg as wel
as selected steelhead fromthe Yakima River. The fifth group
contained the collections from Cabin and Big creeks as well as
the spring collections from Yaki na mainstem section 6. None of
the groups are very simlar to WDW hatchery strains

Native vs nonnative gene pools at | ocations

Nurrerous al lele frequency differences exist between the WW

hat chery rainbow trout strains and Yakima River collections
(Phel ps” 1992). The allele frequencies at the eleven loci used to
estimate the percentage of hatchery influence is presented in
Table 6. In general, the collections that comprise the first
dendrogram group, Yaki ma mainstem and | ower tributaries appear to
have the greatest proportion of hatchery rainbow trout genes.

The Manastash, Swauk, Taneum and Teanaway tributari es appear to
have been |east affected by past hatchery” stocking.

Cutthroat trout in collections of rainbow trout

The twenty cutthroat trout standards were identified as westslope
cutthroat trout based on characteristic allel es (Leary et al.
1987). Al of the fourteen putative hybrids fromBadger Creek
were pure rainbow trout. None of the fish had any evidence of
cutthroat trout at any of the six diagnostic |loci expressed in
muscle and heart tissues. Alelic variation characteristic of

rai nbow trout was al so observed at many | oci

| checked the spring 1992 collections for alleles characteristic
of westslope cutthroat trout and found sone indication of past
hybri di zati on and backcrosses t 0 rainbow trout. Another
potential explanation would be rare allelic variation in rainbow
trout that is electrophoretically indistinguishable from alleles
typical of westslope cutthroat tfout. | will examine the
Rgggence of westslope cutthroat trout alleles further during
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CONCLUSI ONS

Significant genetic diversity exists in rainbow trout in the

Yaki ma River above Roza Dam~ This diversity appears to be due to
natural stock structure and the result of interbreeding with

hat chery rainbow trout, The red-orange hyoid slashes are a

pol ymorphi sm within rainbow trout in Badger Creek. Unintentional
Inclusion of cutthroat trout in the collections is not a problem
currently, but exclusion of some rainbow trout in past sanples
may have occurred.
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Table 1. Location and nunber of rainbow trout collected for
el ectrophoretic and scale pattern anal ¥3|s from the
Yakima River (Spring 1990 - Spring 1992).

Total Fish For Electrophoretic Anal vsis
Spring Fal | Spring Fal | Spring
Stream 1990 1990 1991 1991 = _1992
T AE Untanum . Ky 50 33 33 39
2. AG Cherry 24 50 6 33 0
AF W1 son 19 17 33 33 23
AH Badger 0 0 32 33 28
3. Al Manastash 2 58 33 a3 33
AL Taneum 13 ) 33 33 33
AK Swauk 5 50 33 33 33
4. AP NF Teanaway 2 50 33 33 33
ao MF Teanaway 0 50 33 33 33
AN W Teanaway 0 50 33 33 33
5. Ce ElumRiver 0 o 0 Q Q
Cabi n 0 25 0 0 0
Big 2 50 1 0 0
6. AZ Yakima R (sec 7) 0 13 0 20 25
7. AY Yakima R (sec 6 8 0 10 20 25
AK Yakima R (sec 5 14 20 20 22
8. AWYakima R (sec 4 1 14 20 20 15
AV Yakima R (sec 3 2 14 20 20 : 20
9. AU Yakima R (sec 2 5 14 21 20 25
AT Yakima R (sec 1 9 14 32 20 25
" WDWNaches Hat ch.
rai nbow 53 - -
* UFI SH cat ch-out
pond 38 -
* \Westslope cutthroat 20
TOTAL 169 613 426 470 465

Ref erences: Hindman nmenp to Phel 85 & Knudsen 26 April 1991 (1990 col | ections),
A son menmo to Phel ps & Knudsen 10 Dec. 1991 (Fall "91 collections). The
Yaki ma River mainstem Section nunbers are reversed from previ ous reports.
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Table 2. Al l el e mobilities of rainbew trdut and St eel head genetic variation
observed at each locus on different tissue and buffer comnbinations
(WDF 7 September 1992). [] = NMFS al | el e not identified in
popul ations wor has studied. Ns= not scorable on thi s tissue/buffer
conbi nation. () = suspect: variation NOt used -in analysis. 8% = NO
allele for this nunber/letter code. (* = scorable i N muscle tissue
biopsy, ? = only sonme sanpl es scorable) . .

Rl NbOW TTOUT Telative ® 11640 mobiiities

A B ¢ D B F G H I
Lecus Buffer 1 2 3 4 S5 6 1 . 8 9
sAAT1,2 M [r1s-gdy 100 112 90 88

* M RW 100 109 92 101 88

M CAMB. 1 100 125 NS 113
ﬂ“ cgﬁgzs.a 100 %25 85 103
SAAT-3 E lI:'ri s-Ay }88 %6 [108] 88
L CAME6.8 100
L RW 100
SAAT-4 L g\wss.e 100 0
. oar-s L Blkme.s -0 185 110
M caM6.1 -100 -110
M Tris-Gy -100 -119
MAAT-2 MH caMe6.8 -100 (-90)
M CAM6.1  -100 (-90)
MAAT-3 M CAW.1 -100
MH caME6.8 -100
ACR H EBT 100
M Tris-dy 100
* ADA-| M caMe6.8 100 85 81 104 105 113.
\ E camMe6.8 100 93 (#2) N JFos 113
M Tris-Ay 100
¥ ABA-2 M Tris-dy 100 106 90 110
M CAuB6.8° 100 NS 105
ADH L CAW.1 -100 -78
L CAMB6.8 -100 -78 -50 -128
[ Ts-ay -100 a1 190
ris- - - -17
sAH [ CAns.8 100 # w72 T
L caMe.1 100 s8s : -
L Tris-Ay 100 8s

* mAH-1 HM caME6.8 100 55

* mAH-2 HME CAMEG6.8 100 (186)

* mAH-3 HM CAME6.8 100 122 (114)

* mAH-4 HM . cAME6.8 100 115

* AK M caMe6.8 100

* AKl M CAHENG6.8 null 100 (cat hodal zone below AK)

, ALAT M came6.8 100 105 88

M Tris-Ay 100 106 111 91

* CK-A M RW 100 67 75

\ M CAME6.8 100 50

¥ Rw y 100 67 75
¥ CK- A2 M caMe6.8 [0 (108)
M

* M Tris-Gy 100
CK-B E Trls-Glg 100 97)

CK-d E Tris-Gy 100 105 (985
M caME6.8 100 105
CK-C2 E Tris-Ay 100
M caME6.8 100
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Table 2.

GAPDH- 1

GAPDH- 3
GAPDH- 4
GAPDH- 5

bGLUA

¥ % ¥ %

GPl-B
GPI-B2
GPl-A

R

G3PDH-1

G3PDH-2

G3PDH-3
G3PDH-4

| DDH-1

| DDH- 2
mIDHP-1
mIDHP-2
sIDHP-1
sIDHP-1,2

LDH A

(cont.)

ba

ZZZml_l_gﬁEI_I_SIlﬁZ!ZZZEl:lil:l:SZZSSZI_I_I_I_ITII'I'I§==:!|_'_'_$I_SZFI'IMI—KEN

Rainbow trout relative allele mobilities
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A B c DE F H | J K L
2 3 4 5 6 7 8 9 10 11 12
100 109 (128)
100 102
100
100 110 (105)
100
100
100 (84) (75)
100
100
100 80
100
100
100
100
100 33 120
100
100
100 -39 -11 93
100 -39 -11 93
100 77 85 93
100 2 10 93
100 142 (130} 15 ([25s)
100 148 15
100 60 150
100 60 150
89 [107)
100 105 93
100 (115)
100
100
-100 80
-100 -7
100 120
-100 150
-100
100 64
100 124
100 124
100 200 15 400
100 143 5
100
100 144 162 67
100 122 71 116
100 4 129 50 {?) 118 121
100 42 121 72 123 40 116 58 74 27 80
100 42 121 72 123 40 116 58 74 27 80
100 420
100
-100




Table 2. (cont.) .
Rainbow trout reiative allele wobilities
A B c D E  F G H
L OCUS -I_ Buffer 1 2 _3 4 S _6 7. __8
¥ LDHA2 M RW 100
M Trie-Ay 100
M caM6.1  -100
LDH Bl E CAM6.8 100
: M RW 100
EM Trie-Ay 100
¥ LDH-B2 EM Trie-GAy 100 76 113 [97)
LM RW 100 76 113
LDH-C E Trie-G@y 100 95
E caM6.8 100 97
aMAN L Tris-G@y 100 115 83
L TG4 100
* sMDH-Al,2 LHM CAMBG. 8 100 155 37 120 49
LM CAMG. 1 100 210 -15
* gsMDH-B1,2 HM CAMB6.8 100 78 116 83 92 120 104 125
M CAMb. 1 100 75 115 81 119
M Trie-Gy 100 64 130 (#2) (#3)
* mMDH-1 HM CAME6.8 -100
* mMDH-2 HM CAME6.8 100
M CAMB. 1 100
* mMDH-3 HM caME6.8 100 185 50
M caMe6.8 100
M CAMB. 1 100
* ME HM caME6.8N 100 110
M caMes6.8 100 110 .
* mMEP-1 M CAME6.8 100 90 36 118
mMEP-1,2 H CAIiB6.8 100 90 36 115
* gMEP-1 MH CAMB6.8 100 83 98 102
SMEP-2 L caMeE6.8 100 83 115
L TG4 100 83
MPI H EBT 100 95 104 90
* ELMTris-cly 100 95 104
E CAM6.8 100 96 104
* NTP M RW 100 135 161 76
* PEPA M caME6.8 100 122 79
* HM EBT 100 111 93 s 119
M CAMb. 1 100 138 75
* ME Trimdy 100 111 92
M RW 100 111 92
* PEPB-1H MH EBT 100 134
* MTrie-Gy 100 131 110
* M RW 100 118 7%) 69
PEPB-1L L TG4 -100 (#s) (110) ss -50
L CAMb.8 -100 -75
PEPD- 1 M CAMB6.8 100 94 110
? HM EBT 100 93 105
M Tris-dy 100 93 111
PEP- LT M CAMB6.8 100 125
? M EBT 100 125
* PGDH M caMe6.8 100
e CAMS. 8 100
* PGK-1 M caMe6.8 -100
P&K- 2 H caM6.8 100 115 144 136 I1GB 90
* ME caMe6.8 100 115 144 136 110:B 90
¥ PGW1 MB CAMB6.8 -100 null -85 -140
M TrimQdy 100 null
PGV I r L CAME6.8 null 100
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Table 2. (cont.)

Rainbow trout relative 811010 mobilities
A B C D E F G H

Locus _T_ fe 1 2 3 4 S 6 7 8
PGV 2 %8 =100 -120 200 150

M
* ME CAMB6.8 -100 -120 200 150
M EBT 100 84
\ M RW 100 85 120
M Tris-dy 100 81 115 100
PNP E caMé6.8 100 107
E Tris-Gy 100 102
PNP1-1 CAM6.8 100 82
PNP1-2 I CAM6.8 100
, ©soD-1 L caM6.1 100 226 16
LM RwW 100 152 38
\ L Tris-Gy 100 154 42
HM EBT 100 152 38
H came6.8 100 226 16
* gSOD-2 HM EBT 100
H caME6.8 100
, MSOD H EBT 100 148
HM CAME6.8 100 124
* TPI-1 MH EBT -100 -153
ME Tris-Gy -100 -153
* TPI-2 MH EBT -100 500
ME Tris-Gy -100 500
* TPI-3 MH EBT 100 94 102 97
ME Trie-Gy 100 96 102 98
x TPI-4 MH EBT 100 (101) 90
ME Trie-Gy 100 (101) 90
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Table 3. Location and time of sampling information for all collections used in electrophoretic analyses.

Report Code

Collection notes

1. WILSON/NS91
2. LITNACHS91

3. LOGYS91

4. ROZASS1

6. WAPATOXS9 1
6. TEANSTS91

7. TEANNFSTSS 1
8. TOPPENS91

3. BADGERF91

10. BADGERS92
11. BIG 90F

12. CABIN 90F

13: CHERRY 901 F
14. CHERRY 91 S
15. MANASH 901 F
16. MANASH912S
17: SWAUK 901 F
18. SWAUKS92
19. TANEUM 901F
20. TANEUNS921
21. TNAWMF 901 F
22. TEANMFS$921
23. TNAWNF 901F
24. TEANNFS92 1
25. TNAWWF 901F

26. TEANWFS921

Wilson and Naneum creeks steelhead smolts, spring 1991
Little Naches River steelhead smoits, spring 133 1

Logy Creek (Satus Creek trib.) steelhead smolts, spring 1991
Roza Dam steelhead smolts, spring 1991

Wapatox Canal steelhead smolts, spring 1991

Teanaway River steelhead smolts, spring 133 1

North Fork Teanaway River steelhead smolts, spring 1991
Toppenish Creek steelhead smoits, spring 1991

Badger Creek rainbow trout, fall 1991

Badger Creek rainbow trout, spring 1991, 1392

Big Creek rainbow trout, spring & fall 1930 and spring 1991
Cabin Creek rainbow trout, fall 1990

Cherry Creek rainbow trout, fail 1990 & 1931

Cherry Creek rainbow trout, spring 1989 and 1991
Manastash Creek rainbow trout, fall 1990 & 1891

Manastash Creek rainbow trout, spring 1996 - 1392

Swauk Creek rainbow trout, fall 1990 & 1991

Swauk Creek rainbow’ st'fout,“'s‘prin'g 1990 - 1992

Taneum Creek rainbow trout,. fall 1-960 & 1991

Taneum Creek rainbow trout, spring 1989™ 1932

Middle Fork Teanaway River rainbow trout, fall 1990 & 1991
Middle Fork Teanaway River rainbow trout, spring 1991 & 1332
North Fork Teanaway River rainbow trout, fall 1990 & 1991
North Fork Teanaway River rainbow trout, spring 1990 - 1992
West Fork Teanaway River rainbow trout, fall 1990 & 1991

West Fork Teanaway River rainbow trout, spring 199 1 & 1992
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

33.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

UMTAN#1F
UMTANF#2
UNTANS#1
UMTAN#2S
WILSON 901F
WILSONS921
YAKIMA7 9091 F
YAKIMA7S92
YAKIMAGF91
YAKIMAG6S9192
YAKIMASF9091
YAKIMA5S9192
YAKIMA4F9091
YAKIMA4S9291
YAKIMA3F9091
YAKIMA3S991
YAKIMA2F9091
YAKIMA2S539291
YAKIMA1F9091
YAKIMA1 59291
GOLDENDALE 90
NACH HAT 90

SPOKANE HAT 90

S TACOMA HAT 90

TOKUL HAT 90

UFISH 90

Umtanum Creek section 1, rainbow trout, fall 1990 & 1991

Umtanum Creek section 2, rainbow trout, fall 1990 & 1991

Umtanum Creek section 1, rainbow trout, spring 1989, 1991, 1992

Umtanum Creek section 1, rainbow trout, spring 1383, 1991, 1332

Wilson Creek rainbow trout, fall 1990 & 199 1

Wilson Creek rainbow trout, spring 1989, 1991, 1992

Yakima River mainstem section 7 (Crystal) rainbow trout, fail 1990 & 1991
Yakima River mainstem section 7 (Crystal) rainbow trout, spring 1992

Yakima River mainstem section 6 (Nelson) rainbow trout, fall 1991

Yakima River mainstem section 6 (Nelson) rainbow trout, spring 1991 & 1992
Yakima River mainstem section 5 (Cle Elum) rainbow trout, fall 1990 & 1991
Yakima River mainstem section 5 {Cle Elum) rainbow trout, spring 1992
Yakima River mainstem section 4 {Thorp} rainbow trout, fall 1990 & 1991
Yakima River mainstem section 4 {Thorp) rainbow trout, spring 1989, 1991, 1992
Yakima River mainstem section 3 (Ellensburg) rainbow trout, fall 1990 & 1991
Yakima River mainstem section 3 (Ellensburg) rainbow trout, spring 1990, 1991, 1992
Yakima River mainstem section 2 (U. Canyon) rainbow trout, fall 1990 & 1991
Yakima River mainstem section 2 (U. Canyon) rainbow trout, spring 1989-1992
Yakima River mainstem section 1 {L. Canyon) rainbow trout, fall 1990 & 133 1
Yakima River mainstem section 1 (L. Canyon) rainbow trout, spring 1989-1992
Washington Department of Wildlife rainbow trout hatchery, Goldendale strain
Washington Department of Wildlife rainbow trout hatchery, Goldendale strain
Washington Department of Wildlife rainbow trout hatchery, Spokane strain
Washington Department of Wildlife rainbow trout hatchery, S. Tacoma strain
Washington Department of Wildlife rainbow trout hatchery, Tokul River strain

U-fish trout business
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Table 4. Genetic variability at 43 loci in atl populations (standard errors in parentheses).

-------------------------------------------------------------------------------

MEAN SAMPLE MEAN YO. PERCENTAGE ~ ====<ceeveececccens
SIZE PER OF ALLELES OF LOCI DIRECT- HOYWBG
POPULATION Locus PER LOCUS  POLYMORPHIC* COUNT  EXPECTED**

1. WILSON/NS91 19.9 1.6 37.2 0.088 0.089

¢ 0.0) 0.1 (0.026) (0.025)

2. LITNACHS91 43.8 1.6 37.2 0.069 0.071

¢ 1.0) (0.2 (0.024)  (0.024)

3. LOGYS91 107.7 1.7 442 0.076 0.078

€ 0.2) €0.2) €0.023) (0.024)

4. ROZAS91 81.6 1.8 55.8 0.085 0.089

( 0.2) 0.1) (0.024) €0.024)

5. WAPATOXS91 103.3 1.9 58.1 0.074 0.076

( 1.61 (0.2) €0.023) (0.024)

6. TEANSTS91 24.6 1.6 39.5 0.079 0.082

€ 0.7) 0.1) (0.024) €0.025)

7. TEANNFSTS91 24 .4 1.5 41.9 0.077 0.081

¢ 0.2) €0.1) (0.022)  (0.024)

8. TOPPENS91 61.2 1.5 37.2 0.067 0.070

¢ 0.2) 0.1 (0.021)  €0.021)

9. BADGERF91 32.5 1.4 37.2 0.096 0.096

(0.3 €0.1) €0.025) (0.025)

10. BADGERS92 59.1 1.6 41.9 0.094 0.091

( 0.5) 0.1 (0.026) (0.025)

11. BIG 9OF 50'?1 1.8 51.2 0.091 o.ggz

1.2 0.2 0. 0.024)

( ) 0.2) (0.022) gm

12. CABIN 9OF 24.5 1.5 34.9 0.08¢ €0,026)
( 0.4) (0.1) €0.025)

13. CHERRY 901F 82.3 2.0 65.1 0.091 0.097

(€ 0.3) 0.2) €0.021)  (0.023)

14. CHERRY 91§ 22.8 1.6 39.5 0.098 0.091

¢ 0.6) 0.1 €0.029) (0.025)

15. MANASH 901F 79.3 1.8 58.1 0.086 0.089

¢ 1.1) (0.2) (0.023) (0.023)

16. MANASH912S 67.3 1.8 55.8 0.085 0.090

( 0.4) €0.2) €0.024) (0.024)

17. SWAUK 901F 80.7 2.1 67.4 0.086 0.088

( 0.7) €0.2) €0.024) (0.023)

18. SWAUKS92 69.9 1.9 55.8 0.073 0.031

( 0.4 (0.2) (0.023)  (0.024)

19. TANEUM 901F 80.1 1.8 53.5 0.087 0.086

«1.7) 0.2) €0.024) (0.024)

20. TANEUNS921 77.5 1.8 53.5 0.080 0.080

€ 0.4) (0.2) 0.023) (0.023)

21. TNAW MF 901F 80.8 1.9 60.5 0.080 0.079

( 0.6) €0.2) (0.024) (0.024)
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

TEANMFS921

TNAW NF 901F

TEANNFS921

TNAW WF S01F

TEANWFS921

UMTAN#1F

UMTANF#2

UNTANS#1

UMTAN#2S

WILSON 901F

WILSONS921

YAKIMA 1 9091F

YAKIMA1S92

YAKIMAZ2F91

YAKIMA289192

YAKIMA 3F9091

YAKIMA3S9192

YAKIMA 4F9091

YAKIMA4S9291

YAKIMA 5F9091

YAKIMA5$991

YAKIMA 6F9091

YAKIMA6S9291

YAKINA TF9091

51.

53.

55.

51.

65.

51.

34.

60.

46.

51.

62.

41.

30.

44.

44.

60.

58.

51.

51.

58.

51.

53.

53.

55.

2

8
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0.084
€0.026)

0.081
(0.024)

0.086
€0.025)

0.080
(0.025)

0.081
¢0.023)

0.108
(0.0281

0.105
(0.029)

0.114
(0.029)

0.107
(0.028)

0.097
(0.025)

0.090
(0.022)

0.076
(0.021)

0.074
(0.026)

0.102
(0.026)

0.088
€0.023)

0.108
(0.026)

0.098
(0.026)

0.089
€0.023)

0.103
(0.026)

0.106
(0.024)

0.096
(0.026)

0.112
€0.028)

0.094
(0.022)

0.086
(0.021)

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.

080
024)

084
024)

086
024)

078
023)

083
024)

113

(0.027)

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

0.
(0.

.113
.024)

101
027)

112
027)

11
028)

102
025)

095
023)

086
0264)

1743
024)

101
024)

096
026)

110
026)

100
025)

095
025)

104
026)

.094
.024)

.105
.025)

.102
.023)

.097
(0.

021)




46. YAKIMA7S9291. 65.6 2.0 62.8 . 0,104 0.105 -

(0.2 0.2 1€0.023)  ¢0.028)
47. GOLDENDALE 90 99.1 1.4 32.6 0.085 0.089
(0.7 .1 (0.025) ¢0.026)
48. NACH HAT 90 49.8 1.4 27.9 0.077 0.080
(1.1 0.1 T ¢0.026)  (€0.025)
49. SPOKANE HAT 90 98.3 1.5 37.2 0.091 0.084
( 1.6) 0.1 €0.027)  (0.024)
50.§ TACOMA HAT 90  97.0 1.3 30.2 .0.088 0.088
¢ 1.6) (0.1) €0.026)  (0.025)
51. TOKUL HAT 90 99.1 1.3 23.3 0.078 0.075
(0.5 0.1 (0.025)  (0.025)
52. UFISH 90 37.4 1.5 34.9 0.081 0.087
¢ 0.5) 0.1 €0.625)  (0.027)

........................................................... eerEssbsensenccconae

* A locus is considered polymorphic if more than one atlele was detected
** Unbiased estimate (see Mei, 1978)
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Table 5. Heterogeneity chi-square between fall and spring c¢ollections
within a sanmpling location

Chi-sauare d f Probability
Badger Creek 51.099 27 0.00339 =
Cherry Creek 30. 424 42 0.90784
Manastash Creek 64. 531 42 0.01427 =*
Swauk Creek 54.270 50 0. 31503
Taneum C eek 66.461 43 0.01235 =
Unt anum Creek #1 57. 283 42 0. 05814
Unt anum Creek #2 63. 501 36 0.00313 =
Wlson Creek 55.811 42 0.07513
MF Teanaway River 40. 907 43 0. 55969
NF Teanaway R ver 61.634 40 0.01557 =
W Teanaway River 74. 481 45 0.00372 =
Yaki ma River #7 27. 053 26 0. 40654
Yakima River #6 46. 821 33 0. 05608
Yakima River #s 40. 059 44 0.64121
Yaki ma River #4 30.924 36 0. 70857
Yaki ma River #3 56. 421 46 0. 13959
Yaki ma River #2 68. 530 45 0.00344 =
Yakima R ver #1 59. 300 49 0. 14877

* P<0.05

Table 6. Alele frequencies at selected loci used to estinmate the
ercentage of hatchery origin genes in Yakinma R ver rainbow
rout collections.

AlTele Frequenpy
Locus/Allele Hat chery Wlid
ADA-T*85 0. 800 0. 000
CK- Al *67 0. 060 0. 000
IDDH-2*143 0. 240 0.000
mIDHP-2%144 0. 370 0. 000
sIDHP-1,2%42 0.130 0.220
sIDHP-1,2*72 0.025 0.100
LDHB- 2* 76 0. 000 0.400
LDH-C*95 0.100 0.000
sMDHB-1,2*83 (. 280 0. 000
MPI*95 0. 000 0. 050
PGM-2*85 0. 040 0.000
SSOD-1%152 0. 360 0. 050
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Figure 1.
pair group method and Nei (1978)
coded by place and tine of capture.
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** 'WILSON/NS91+

CHERRY 9091F
CHERRY 91s
YAKIMA6F91
YAKIMASF9091

YAKIMA459192

o YAKIMA2F9091

YAKIMA5S9192
YAKIMA4F9091
W LSON5921
YAKIMA3F9091
YAKIMA3S991
YAKIMA2S9291
YAKIMA1F9091
YAKIMA189291
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TNAWWFP 901F

G uster analysis of rainbow troutand steel head all el es usi ng unweighted
unbi ased genetic distance.

isS

Steel head sanples end with a =+».
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Fig. 1 continued
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| NTRCDUCTI ON

The length-at-age of fish reflects the biotic and abiotic
factors which are nolding the popul ation's denographics,
productivity and population dynamcs. An individual fish's
growh is constrained by factors such as habitat availability and
quality, genetics, fishing pressure and regul ations, intra- and
inter-species interactions, prey availability and natural
mortality rates. Significant differences between two popul ations
in nean length-at-age is a strong indicator that there are
significantly different selection pressures being inposed on the
two popul ations (Hlborn and Walters 1992).

METHODS

~ In order to estimate the length-at-age of Yakim R ver
rainbow trout | analyzed scales collected by personnel from both
t he Vﬁshln?ton departnents of VV!dIlfe_(VIMy and Fisheries (VDF)
Sanpling of fish was done selectively in order to fill a series
of increnentally larger length cells. Thus, within a given
length range the intent was to have a representative sanple.
However, since fish were selectively sanpled the data can not be
used to estimate the age conposition of the general population.
Fish were collected from seven sites within tine mainstem Yaki ma
River in the fall of 1991.

Scales were nmounted on gumred cards in the field or in the
| ab and acetate inpressions subsequently made (Koo 1962).
| npressions were viewed with a mcro-fiche reader using 24X and
48X | enses. Ages were then assigned based on the nunber of
conpl ete annuli observed. An annulus was defined as a group of
closely spaced relatively narrow circuli which form during the
period of slowest growth (Koo 1962). The convention that "a
fish's growh year be?lns on Janua&g 1 and ends on Decenber 31
was fol Fowed. ~Many of the Yakima River fish had an inconplete
annulus at the outer nar%J1(ﬁ the scale at the tine of
col l ection #Flgure 1). ince this annulus was often not
conpletely formed and occurred at the scale's outer edge it was
interpreted as representing the end of the current year's growh
whi ch woul d not be conpleted until Decenber 31. Thérefore such
annuli were not counted as reﬁresentlng a full year's growh
Had the scal es fron1a?e 1 fish shown in Figure 1 been collected
on January 1 they would have been aged as 2 year-olds because the
second annulus woul d have denarcated the end of the previous
(second) year's growth. In a few cases fish could not be aged
because scales were nounted upside down, were mssing or the
scal es were regenerated.
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RESULTS

A total of 207 rainbowtrout collected in the fall of 1991
wer e assi gned an age and‘ages -ranged fromo~- to 4~years. For
exanple, an age 0 fish is in its first year of growth (young-of-
the-year) and an age 4 fish has conpletéd 4 years (4 .complete
annuli fornmed) and is into its sth.year of ‘growth. Oncet he
sampl es were aged, the mean length-at-age for each mainstem
sanpllng site was calculated (Table 1). Alse included in Table 1
is the sanple size, standard deviation, and range; It is clear
from Table 1 that there were differences in |ength-at-age' between
sanpling sites with size generally decreasing Wi th increasing
site numper. In order to statistically test this hypothesis a 2-
way ANOVA testing for Site, Age and sitefAge. interaction effects
was performed (Zar 1984). There were not sufficient: numbers of
sanples in each age/site cell to analyze all age classes so the
anal ysis was confined to age 1 and 2 fish only which were :
compared across the 7 sanpling sites. However,.due t0O low :sample
size, it was necessary to pool site 6 and 7 sanpl es. T-tests
conparing |length-at-age by age class between sites 6 and::? showed
the two sanples were not significantly different (p>0.05). The
results of the 2-way ANOVA are given in Table 2. The assumption
of honD%Fnelﬂy of variances was not rejected ¢(p20.1r2, Table 3)
for either of the tw mainstem sections-or i nteract &n effects:
using a Levene’s test (Levene 1960). There were significant-

di fferences (P<0.001) i n length-at-age due to age effects, as
woul d be expected.: That is, age 2 fish were in fact =
significantly | arger than age :1 fish. . There was no si gnificant
Age/Site:interaction ef f eot (P>0.08). There was; however; a
significant Site effect (P<0.001) with mean lengtheat-=age. -
increasing as the sanpling-site moved down river. w

A St udent - Newman- Keul s (SNK) ‘multiple range..test was used to
det erm ne whieh groups wer e significantly different: (Table 4).
Age 1 fish-fromsites 4 to 7 were~the smallest and geouped
together while sites 1 through 3 made up-.a sécond group of -larger
age 1 fish. For age 2 fish the-pool ed site .6+7 sample was '
significantly snmaller than sites 1 to'5 which:were not : =~
Si 8n| ficant& different from.each other.: Despite being-a year ' .
ol der the pool ed Site 6+7 age:2 ‘group was ‘smaller thdn the Site 1
age 1 group, although not significantly 'smaller. ' . : :
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DI SCUSSI ON

_ Results from the 2-way ANova show that fish from [ower river
sites are larger within the |- and |-year old age classes.  This
could be due to lower river fish growing faster than upper river
fish or to different nortality/selection pressures inposed on the
upper and |ower populations. “Selection factors could differ
between popul ations and either be selectively renoving |arger
fish fromthe upper areas or smaller fish fromthe |ower areas
thus shifting the length distributions. However, based on a
subjective visual analysis of the scales (see Figure 1 which is
generally representative of scales from upper and |ower river
sites) it would appear that the difference in length-at-age is
due to factors controlling growth rates. In general, the spacing
and thickness of circuli are greater in lower river fish than
upper river fish, annuli are nmore wdely spaced in lower river
fish, and nore circuli are involved within annuli in upper river
scales. Wde circulus thickness and spacing is indicative of
faster growing fish and wide nulti-circulus annuli tend to form
on slower growing fish. These qualitative inpressions should be
confirmed and tested by meking inter-circulus and/or inter-
annulus neasurenents on age 2 fish from each site and conparing
the populations via a nulti-variate technique such as |inear
di scrimnant analysis.

The results in Table 1 indicate that if an age/length key
were to be constructed for aging purposes it should be to sone
degree site specific. | would recommend that the SNK results in
Table 4 be used as an initial first cut at a definition of site
grouping. Thus, one age/length key should be constructed for
Sites 4 to 7 conbined while a second key is constructed for sites
1to 3 combined. Utimtely, as nore sanples are anal yzed,
additional age classes are nmore fully represented and the
precision of aging needs defined, there nay_be nmore t han two keys
necessary for the nost accurate site specific age determnation.

~ To date no known a?e sanpl es have been used to verify the
periodicity of annulus formation and confirm the interpretation
of annuli. Annulus fornmation on fish scales is well documented,
al though in very cold environs trout have been known to net. form
year|y annuli %_entsch and Giffith 1987). Wen possible it is

rudent to confirmaging results with known age samples. In the
uture, scale sanples from the WDW Species Interactions Studies
will be available fron1ta?ged fish which were sanpled at the tine
of capture and subsequently recaptured. The nunber of annuli
which formed during the period between release and recapture can
be conpared to the actual nunber of years in order to verify
annulus formation and confirmscal e interpretation
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Incomplete second annulus

End of first annulus

Incomplete second annulus

End of first annulus

Figure 1. Scale mcrographs illustrating age 1 fish sanpled in the
fall frommainstem sites 1 and 6. Note the conpletely formed f”ﬁt
annulus and' i nconpl et e second annulus on both fish. Aso, note the
difference in scale size reflecting the quantitative difference in
| enat h- at - aae between the two mainstem sites.
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Table 1. Mean, standard deviation (sd) and range of length-at-
age (mm for fall 1991 mainstem Yaki ma River ralnbow trout
JIsarrpl es.

Age Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7

mean

sd

range

mean

sd

range

mean

sd

range

mean

sd

range

mean

sd

range
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Table 2.  Two-way ANovA results- fromfall analysis of 1991 Yakina
River mainstem rainbow trout |ength-at-age data testing for Site
and Age main effects and Site/Age interactions.

Effects Tall

source  Sum of sguares DF Mean Square F Value Probability

Site 56829. 9175 5 11365. 9835 16. 29 0. 0000

Age 192357. 6212 1 192357.6212  275.64 0. 0000

Interact. 7414.5890 5 1482.9178 2.12 0. 0649
Error 115147 5177 165 697, 8637

Table 3. The results of Levene’s testing for honogeneity of
variances in length-at-age data used in the 2-way ANOVA.

Sour ce DE F Value Probability

Site 5 165 1.57 0.1710

Age _ 1, 165 0.78 0. 3789
|nteraction 5. 165 1.09 0.3701
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Table 4. Results from the Student-Newran-Keuls multiple range
test conparing |length-at-age data from the 2-way ANOVA in Table
¥ a vertical
erent from each other.

. @G oups which are spanned b
side are not significantly dif

line on the right hand

SAMPLE

S| TE/ AGE MEAN S| ZE
POOLED6+7 167.80 30
AGE1

MAI N4 184. 43 21
AGE1

MAI N5 185.89 19
AGE1

MAI N3 205. 11 18
AGE1

MAI N2 216. 50 20
AGE1

POOLED6+7 221.57 7
AGE?2

MAI N1 222.90 10
AGE1l

MAI N5 268. 63 8
AGE2

MAI N4 271. 14 14
AGE2

MAI N1 274. 44 9
AGE2

MAI N2 290. 40 10
AGE2

MAI N3 290. 73 11 |
AGE2 !
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