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INTRODUCTION

The Northwest Power Pl anning Council Master Plan for the
Yaki ma/ Kl i ckitat Fisheries Project was devel oped in 1987 to test
the assunptions that artificial production can be used to 1)

i ncrease harvest opportunities, 2) enhance the natural production
of depleted stocks in the Yakima and Klickitat Basins, and 3)

mai ntai n genetic resources (Clune and Dauble 1991). In addition,

t he plan proposed the devel opnent and inplenentati on of a program
to monitor the status and productivity of salnmon and steel head in
the Yakima and Klickitat Basins.

As part of the presuppl enentati on planning, baseline data on
the productivity of spring chinook sal non (Oncorhynchus
tshawytscha) in the Yakima R ver have been collected (Fast et al
1991). However, for adult salnonids, data on habitat use, delays
in passage at irrigation diversions, mgration rates, and
substock separation have not been coll ected.

In 1991, the National Mrine Fisheries Service (NWFS) began
a 2-year radio-telenmetry study of adult spring chinook salnmon in
the Yakima River Basin.

Specific objectives of the study were to:

1) Determ ne spawni ng popul ations' run timng, passage
patterns at irrigation diversion danms, and norphonetric
characteristics.to determ ne where and when subst ocks
become separ at ed.

2) Evaluate fish passage at Yakinma River Basin
di version dams including Prosser, Sunnyside, Wpato,

Roza, Town Diversion, Easton, Cow che, and Wapat ox Dans.




3)

4)

5)

6)

2

Det erm ne spring chinook salmon mgration rates between
Yaki ma Ri ver Basin dans, prespawning behavior, tenporal
distribution, and habitat utilization.

| dentify spawning distribution and timng of spring

chi nook sal non.

Determ ne the amount and cause of prespawning nortality
of spring chinook sal non.

Eval uate adult fish-handling procedures for the right-

bank, adult-trapping facility at Prosser Dam
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MATERIALS AND METHODS

Study Area

The Yakima River flows 349 km sout heast fromits headwaters
in the Cascade Range (elevation 746 nm) to its confluence with the
Col unbia River (elevation 91 m) near Richland, Washington,
draining an area of 15,941 km? (Fig. 1). Its major tributaries,
with the exception of satus and Toppenish Creeks, join the river
upstream from Yaki ma, Washington. The largest tributary to the
Yakima R ver is the Naches River, which drains an area of
2,865 km? and enters the Yakima River 0.5 km upstream fromthe
city of Yakinma. Major tributaries to the Naches River include
the Little Naches, Bunping, and Anerican Rivers, which formits
headwat ers, and the Tieton R ver and Rattl esnake Creek. Maj or
tributaries to the upper Yakinma River include the Teanaway and
Ce Elum Rivers.

Ni ne maj or diversion danms control water flow in the basin
and provide irrigation to over 200,000 cultivated hectares. On
the Yakima River these dans are Horn Rapids (River Kiloneter
(RKm) 29), Prosser (RKm 75.8), Sunnyside (RKm 167.1), WApat 0 (RKm
171.6), Roza (RKm 205.9), Town D version (RKm 258.6), and Easton
(RKm 326) Dans. The mmj or diversion danms on the Naches River are
Cowi che (RKm 5.8) and Wapatox (RKm 27.5) Dans. Al of these dans
have adult fish-passage facilities.

In addition to the irrigation diversion dans, reservoirs on
t he Yaki ma and Naches Rivers regulate flows and store water

during the winter to supplenent irrigation from March through
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Cctober.  These reservoirs include Keechelus and Kachess on the
Yakima River, Ce Elumon the de ElumRiver, and Rimrock and
Bunpi ng Reservoirs in the Naches River Basin. None of the dans
associated with the reservoir system have adult fish-passage
facilities. Johnson (1964) and Fast et al. (1991) provide

additional descriptions of the Yakima River Basin.

Trapping and Tagging

Spring chinook sal non were collected and tagged at Prosser
Dam by NMFS and Yakama Indian Nation personnel. Taggi ng
procedures were devel oped and nodified throughout the study.

Fish were tagged and rel eased in proportion to tenporal abundance
based on passage information from McNary and Prosser Dans. W
col l ected spring chinook sal non by bl ocki ng upstream novenent
wth a lead gate in the right-bank fish |adder at Prosser Dam

W inserted a steep-pass denil into the pool below the | ead gate.
Fi sh ascended the denil to a flume that then diverted theminto
an anest hesia tank containing a solution of tricaine

met hanesul fonate (M5-222).

After exam nation for marks, tags, or injuries, fish were
wei ghed, neasured, and had scale sanples taken. Each fish was
then placed in a tagging cradle, and a radio transmtter was
inserted through its mouth and into its stomach (Mellas and
Haynes 1985). To minimze tag regurgitation, we radio-tagged
only fish larger than 60-cm fork length. Tagged fish were also
marked with two external anchor tags for later identification in

the tribal subsistence harvest. The entire tagging procedure
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took 2-5 minutes per fish. Follow ng tagging, fish were allowed
to recover for up to 4 hours in a transport truck with
circulating river water. During the recovery period, a receiver
was used to nonitor transmtters for frequency drift. After
recovery, tagged fish were released 0.5 km downstream from
Prosser Dam  Nontarget species and target species in poor
condition or of insufficient size were released into the fish
| adder upstreamfromthe |ead gate after recovering from
anest hesi a.

Age determ nation from scale sanples was conducted by

Col unbia River Inter-Tribal Fish Conm ssion personnel.

Radio Tags

Radi o tags were purchased from Advanced Tel enetry Systens',
Inc.! Each tag was powered by one 3.7-V lithiumbattery and had
a life span of at l|east 7 nonths.

The transmtter and battery were sealed in a 6.0-cmlength X
1.6—-cm di ameter epoxy capsule and weighed 26 g in air. Each
transmtter had a 12.0-cm flexible external whip antenna attached
to one end. The tags transmtted on one of nine frequencies
spaced 10 kxHz apart (30.17 MHz to 30.25 MHz). The bandw dth of
each pul se provided individual identification codes for each tag.
Each tag al so contained a notion sensor which added extra pul ses

to the base rate when activated by novenent.

~ '"Reference to trade nanmes does not inply endorsenent by
Nat i onal Marine Fisheries Service.
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Surveillance Equipment and Procedures

Two types of telenetry receivers were used for |ocating
tagged fish during the study. Both types operated on 12-V DC and
consisted of a radio receiver, data processor, internal clock
and data logger. Data loggers recorded nonth, day, hour, minute
tag code, and receiving antenna nunber. The first type of
recei ver (Mddel SRx-400) was purchased from Lotek Engineering
Inc., Newmarket, Ontario, Canada. These units were used in
vehicles, boats, and as fixed-site general |ocation nonitors.
The second type of receiver was devel oped and manufactured by
NVFS el ectroni cs shop personnel and had a hi gher scanning rate
than Lotek receivers (1.5 vs. 13.5 seconds). These units were
used in vehicles, boats, airplanes, and as fixed-site genera
| ocation and fish-ladder passage nonitors.

Sel f-contained fixed-site nmonitors were installed to record
the presence and activities of radio-tagged fish in specific
areas. Fixed-site nonitors (Fig. 1) collected run-tining
information at potential broodstock renoval sites and passage
information at irrigation diversion dans. A fixed-site nonitor
consi sted of a receiver system power supply, antenna sw tching
box, and either a single antenna or series of antennae. Fixed-
site surveillance data were downl oaded and processed at | east
once per week.

Two types of antennae were used. Underwater antennae
consi sted of coaxial cable suspended in fish |adders, with 10 cm

of shielding stripped fromthe distal end. Tuned-1oop antennae
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were used to nmonitor fish in a general area or to nonitor fish-
passage by the conbination of two antennae (one upstream and one
downstrean). Locations and antennae configuration for fixed-site
telemetry nonitors are summarized in Table 1.

In 1991, only the entrances to the right-bank fish |adder at
Prosser dam were monitored. Problens with electronic equi pnent
resulted inlimted data to evaluate the rejection of or
w thdrawal from the fish |adders. In 1992, nonitoring of al
fish-1adder entrances and exits at Prosser Dam and i nprovenents
to electronic equi pment provided data to.eval uate avoi dance of
the denil fishway or withdrawal fromfish | adders.

Aerial surveillance of the Yakima R ver and its major
tributaries was conducted once per week, weather permtting.
Locations of radio-tagged individuals were determned from
| atitude and | ongi tude coordinates provided by a gl obal
positioning system

Mobile telemetry receivers were used once per week, and nore
frequently when personnel were available, to collect nore-precise
information on fish locations. This information was used to
devel op data on habitat utilization and fish behavior. Activity
in the radio-tag notion swtch and upstream novenent were used as
indicators of live fish, In addition, attenpts were nmade to
recover carcasses of, stationary individuals.

In 1992, tests were conducted conparing "v" and fl ash-board
type weirs in the right-bank fish | adder at Prosser Dam for the

entrance into a proposed off-ladder holding pool. Fish novenents
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Tabl e 1.--Locations and antennae configuration for fixed-site
telenetry nmonitors.

Moni t or Moni t or Moni t or Ri ver River Antenna Antenna
nunber | ocation type Km nunber | ocati on
72 Horn Rapi ds Dam Lot ek Yaki ma 28.8 1 Downst ream
72 Horn Rapi ds Dpam Lot ek Yaki ma 28.8 2 Upstream
1 Chandl er Juvenile Facility NVFS Yaki ma 74.1 1 Across
2 Prosser Dam Ri ght - Bank NVFS Yaki ma 15. 4 1 Deni | pool
2 Prosser Dam Ri ght - Bank NMFS Yaki ma 15.4 2 Ladder exit
70 Prosser Dam Ri ght - Bank NVFS Yaki ma 75.4 1 Ladder entrance
3 Prosser Dam Center NVFS Yaki ma 75.4 1 Ladder entrance
3 Prosser Dam Center NVFS Yaki ma 15.4 2 Ladder exit
4 Prosser Dam Left - Bank NVFS Yaki ma 15.4 1 Ladder entrance
4 Prosser Dam Left - Bank NVFS Yaki ma 75.4 2 Ladder exit
71 Prosser Dam Left - Bank Lot ek Yaki ma 75.4 1 Downst ream
5 Sunnysi de Dam Ri ght - Bank NVFS Yaki ma 166. 1 1 Ladder exit
6 Sunnysi de Dam Center NVFS Yaki ma 166. 1 1 Ladder exit
7 Sunnysi de Dam Left - Bank NVFS Yaki ma 166. 1 1 Ladder exit
7 Sunnysi de Dam Left - Bank NVFS Yaki ma 166. 1 2 Downst r eam
8 Wapat o Dam Left - Bank NVFS Yaki nma 170.6 1 Ladder exit
9 Wapat o Dam Cent er NVFS Yaki ma 170. 6 1 Ladder exit
9 Wapat o Dam Cent er NVFS Yaki ma 170.6 2 Downst r eam
10 \Wapat o Dam Ri ght - Bank NVFS Yaki ma 170. 6 1 Ladder exit
10 Wapat o Dam Ri ght - Bank NVFS Yaki nma 170. 6 2 Downst r eam
11 Rosa Dam Left - Bank NVFS Yaki nma 204.6 1 Ladder exit
11 Roza Dam Left - Bank NMFS Yaki nma 204.6 2 Downst r eam
12 Roza Dam Ri ght - Bank NVFS Yaki ma 204.6 1 Gallery inside
12 Roza Dam Ri ght - Bank NVFS Yaki ma 204.6 2 Gallery outside
13 Town Diversion Dam Lot ek Yaki ma 257.0 1 Downst ream
13 Town Di version Dam Lot ek Yaki nma 257.0 2 Upstream
14 Easton Dam Lot ek Yaki nma 324.0 1 Ladder exit
14 Easton Dam Lot ek Yaki ma 324.0 2 Downst r eam
40 Cowi che Dam Left - Bank NVFS Naches 5.8 1 Ladder entrance
40 Cowi che Dam Left - Bank NVFS Naches 5.8 2 Ladder exit
43 Cowi che Dam Left - Bank Lot ek Naches 5.8 1 Downst r eam
41 \Wapat ox Dam Left - Bank Lot ek Naches 27.4 1 Downst r eam
41 Wapat ox Dam Left - Bank Lot ek Naches 21.4 2 Upstream
42 Ratt| esnake Creek NVFS Rattl esnake 0.8 1 Acr oss
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in the right-bank fish | adder were vi deotaped, to conpare the

numbers of fish that passed vs. those that rejected the entrance.
RESULTS

Spawning Population Segregation

In 1991 and 1992, respectively, 63 and 92 spring chinook
sal non were radi o tagged at Prosser Dam and tracked through
spawni ng. Spring chinook salnon mgrated into the Yakinma R ver
fromearly April through June (Fig. 2). Returning adult spring
chi nook sal mon exhi bited three behavioral phases simlar to those
described for Atlantic sal non (Salmo salar) by Bagliniere et al.
(1991). These phases consisted of a mgratory phase, a
prespawni ng hol di ng phase, and a spawni ng phase. The follow ng
subst ocks or spawni ng popul ations of spring chinook sal non were
identified in the Yakima R ver Basin: Anerican River; Bunping
River; Little Naches River; Naches River; Rattlesnake Creek; the
upper Yakima River above El |l ensburg, Washington; Ce ElumRiver
and Roza Dam tailrace.

Anal ysis of 1991 and 1992 passage data indicated that al
subst ocks were m xed and coul d not be segregated based on tine of
passage at Pros‘ser, Sunnyside, and Wapato Dans (Figs. 3-5). In
addi tion, spawning popul ations could not be segregated on the
basis of fish-ladder selection at Yakinma River diversion dans
with.multiple fish | adders (Prosser, Sunnyside, and \Wapato Dans)
(Figs. 6-8). Segregation of substocks did not occur until fish

reached the confl uence of the Naches and Yaki nra Ri vers.
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Figure 2. --Spring chinook sal non mgration past Prosser Dam and
nunber radi o tagged, 1991-92.
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Figure 4. --Passage dates of radio-tagged spring chinook sal non
subst ocks at Sunnysi de Dam 1991-92.
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Figure 6. --Fish-ladder selection by radio-tagged spring chinook
sal mon substocks at Prosser Dam 1991-92.
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sal non substocks at Wapato Dam 1991-92.
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At that point, spring chinook sal non that spawned in the
mainstem Yakinma R ver or e Elum River continued up the Yakinma
River, and those that spawned in the Naches River Basin mgrated
up the Naches River. Only two radio-tagged spring chinook sal non
deviated' from this behavior, both in 1991. These two individuals
eventual |y spawned in the mainstem Naches River after straying
past the Naches River to the base of Roza Dam Neither fish
exited the fish ladder at Roza Dam one remained in the tailrace
at Roza Dam for 1.8 days, Wwhile the other remained for 36.9 days
bef ore novi ng back downstream and mgrating up the Naches R ver.
Only upper Yakima River and (e Elum R ver spawners exited the
fish ladder at Roza Dam during both years. No Naches R ver
substocks strayed to Roza Dam in 1992.

Naches Ri ver Basin spawni ng popul ati ons were m xed during
passage at Cowi che Dam on the Naches River (Fig. 9). These
popul ati ons did not becone segregated until conpleting their
mgration phase and settling into the prespawning hol ding phase.'’

Strayi ng of upper Yakinma R ver spawners into the Naches
Ri ver bel ow Cowi che Dam coul d not be assessed, since the area was
not nonitored by fixed-site equipment. Simlarly, straying of
Naches R ver Basin spawning popul ations into the Yakima River
above the Naches R ver confluence and downstream from Roza Dam
coul d not be assessed since this area also was not nonitored by
fixed-site equiprment. In addition, since the entrance of the
Roza Dam fish | adder was not nonitored, entrance into the fish

| adder by the two Naches River fish that strayed to the base of
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Figure 9. --Passage dates of radio-tagged Naches R ver spring
chinook sal non substocks at Cowi che Dam 1991-92.
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Roza Damin 1991, or by the Roza Dam tailrace spawners during
both years, could not be assessed.

Length and age characteristics of radio-tagged spring
chi nook sal non were analyzed to determne if substocks could be
separated based on those characteristics. Length, age, and |ast
observations of individual radio-tagged fish are indicated in
Appendi x Tables A1 and A 2. Spawning popul ations were
predomnantly 4-year-old in both years, but in 1991, there was a
hi gher proportion of 5-year-old fish in the Naches R ver drainage
(Table 2).

Lengths of fish fromindividual substocks overl apped
considerably (Figs. 10-11). The largest radio-tagged fish were
part of the Anerican River population. Large fish (fork length
>90 cm al so spawned in the Bunping R ver, Rattlesnake Creek, and

Naches River. Fish fromthe Yakima River were generally smaller.

Passage Evaluation
| ndi vi dual radi o-tagged spring chinook sal non passage tines
and | adder use at Yakima River irrigation diversion dans are

i ndicated in Appendix Tables B.l and B.2.

Prosser Dam

Passage tines at Prosser Damin 1991 ranged fromO0.1 to
9.8 days for 57 fish (nedian 1.0 day) and in 1992 ranged fromO.1
to 6.0 days for 94 fish (nmedian 0.5 days) (Fig. 12). Mgration
delay at Prosser Damwas less in |owflow conditions (1992) than

normal -fl ow condi tions (1991) (Figs. 12-13).
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Table 2. --Age conposition of radio-tagged spring chinook sal non
subst ocks, 1991-92.

1991 1992

Substock 4-year ol d 5-year old 4-year old 5-year old

b
1
2
12

Arerican River

Bunpi ng Ri ver

Littl e Naches River
Naches River

Ratt | esnake Creek
Roza Dam tailrace
C e Elum River
Upper Yakinma R ver 22
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Figure 10. --Fork lengths (cm of 4-year—old radio-tagged spring
chi nook sal non by substock, 1991-92
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Fi sh-1adder selection by radio-tagged fish was conpared with
overal | | adder distribution from videotape nonitoring to
determine if |adder selection may have been biased by collecting
all fish fromthe right-bank fish |adder (Fig. 14). In 1991, the
portion of radio-tagged fish using the right-bank fish | adder was
greater than, and the portion using the left-bank and center fish
| adders was less than, in the total run. However, in 1992, the
radi o-tagged portion using the right-bank and center fish |adders
was | ess than, and the portion using the left-bank fish | adder
greater than, in the total run.

No conclusions regarding fish-ladder selection in relation
to flow were possible due to variability in discharge bel ow the
dam | adder operations, environmental conditions, and
fluctuations in run conposition

During 1991, 51%of the radio-tagged fish passing Prosser
dam were nonitored for fish-ladder selection. Four fish wthdrew
fromthe right-bank fish ladder: tw while the denil was
operating and two while the denil was not operating (Table 3).

O the four fish that withdrew from the right-bank fish |adder,
t hree subsequently passed Prosser Damvia the |eft-bank fish

| adder and one passed via the right-bank fish | adder when the
denil was not operating. Wthdrawal fromthe center and left-
bank fish |adders was not evaluated in 1991

During 1992, 91% of the radio-tagged fish passing Prosser
Dam were nonitored for fish-ladder selection. Only three fish

Wi thdrew after entering the right-bank fish ladder. Two fish
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1991

LEFT LEFT
63% 45%

9% CENTER RIGHT
28% 42%
N =2,834 N =38
1992
LEFT LEFT
49% 61%

CENTER
RIGHT 21% RIGHT - CENTER
30% 2 2 o 17%
N = 4,365 N =88
FISH-LADDER COUNTS RADIO-TAGGED FISH

-

Figure 14. --Conpari son between fish-ladder counts and radio-
tracking nmonitoring of spring chinook sal nbn fish-
| adder use at Prosser Dam 1991-92.
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Tabl e 3. --Radi o-tagged spring chinook sal non passage at Prosser
Dam 1991-92.

1991 1992
Tagged 91 102
Passed Prosser Dam 74 97
Fi sh-1 adder passage recorded 38 88
Recaptured in denil 1 1
Wt hdrawal from
Ri ght - bank fish | adder 4 3
Center fish |adder 0 -1

Left-bank fish | adder 0 0
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w thdrew during operation of the denil, and one w thdrew when the
denil was not operating. O the three fish that wthdrew from
the right-bank fish |adder, two subsequently passed Prosser Dam
via the left-bank fish |adder and one via the center fish |adder.
In addition, one fish withdrew after entering the center fish
| adder and subsequently passed Prosser Dam via the left-bank fish
|adder. No withdrawal from the |eft-bank fish |adder was
observed in 1992. During both years, only two (one in each year)
radi o-tagged spring chinook salnmon were recaptured in the deni

after being tagged and rel eased downstream

Sunnyside Dam

Passage times and fish-ladder selections of radio-tagged
spring chinook salnon were anal yzed for 54 and 95 fish in 1991
and 1992, respectively (Fig. 15). Passage tinmes at Sunnyside Dam
ranged from CO 1 to 4.0 days in 1991 (nedian 0.2 days) and from
<0.1 to 1.8 days in 1992 (median CO 1 days). Passage delay was
less in 1992. A majority of the fish (74%in 1991 and 53%in
1992) preferred the center fish |adder (Fig. 16).

Wapato Dam

Passage times and fish-ladder selections of radio-tagged
spring chinook salnon at Wapato Dam were anal yzed for 35 and 78
fish in 1991 and 1992, respectively (Fig. 17). Passage tinmes at
Wapato Dam ranged from<o.1 to 6.1 days in 1991 (nedi an 0.2 days)
and fromCO 1 to 6.7 days in 1992 (median 0.2 days). Mgration
del ays were simlar in both 1991 and 1992. Mre fish preferred
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Fi gure 15.--Passage times of radi o-tagged spring
chi nook sal non at Sunnyside Dam 1991-92.
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Figure 16. --Fi sh-1adder selection by radio-tagged spring
chi nook sal non at Sunnyside and Wapat o Dans,

1991- 92.
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the center fish |adder (60%in 1991 and 74%in 1992) (Fig. 16).

Roza Dam

Passage tines at Roza Dam were anal yzed for 26 and 59 fish
in 1991 and 1992, respectively (Fig. 18). Passage tinmes at Roza
Dam ranged fromO0.1 to 22.1 days in 1991 (nedian 1.4 days) and
from0.1 to 8.7 days in 1992 (nedian 0.8 days). No fall-backs
were observed in either 1991 or 1992.

A total of 10 (38% and 32 (54% radio-tagged spring chinook
sal mon used the gallery at Roza Damin 1991 and 1992,
respectively (Table 4). Only 5% (two fish, both in 1992) of the
fish using the gallery passed upstreamthrough the gallery into
the fish |adder and continued up the fish |adder past Roza Dam
The remaining fish dipped into the gallery entrance but did not
pass though the gallery, passed downstream through the gallery
(fromthe fish ladder into the gallery and exited into the
tailrace on the right-bank shoreline), or passed upstream through
the gallery into the fish ladder and travel ed back down the
| adder into the tailrace on the |eft-bank shoreline.

Thirty and 38% of the fish associated with the gallery in
1991 and 1992, respectively, only dipped into the gallery
entrance. The nunber of radio-tagged spring chinook sal non that
passed through the gallery downstream only, upstreamonly, and
bot h upstream and downstream were simlar during both years
(Table 4).
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Table 4.--Fish passage and gallery use at Roza Dam by radio-
tagged spring chinook salnon, 1991-92.

1991 1992

Did not use the gallery 16 27

Used the gallery for passage 0 2

Entered the gallery 10 30
Gal | ery behavi or and nmovenent

Di pped into entrance only 3 12

Passed downstream only 2 6

Passed upstreamonly 2 8

Passed both upstream and downstream 3 6
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M grational delays at Roza Dam were nmainly associated with
the use of the gallery (Table 5). Median passage tinmes for fish
that used the gallery were nore than twice as long in 1991 and
four tines as long in 1992 than nedi an passage tines for fish

that did not use the gallery.

Town Diversion Dam

Passage tines at Town Diversion Damranged from<0.1to0 1.4
days (median 0.2 days) for 14 fish in 1991 and from<0.1t0 1.8
days (nedian 0.3 days) for 52 in 1992 (Fig. 19). Delays in
mgration at Town Diversion Damwere mninmal, with simlar
passage times during both years. Passage routes and use of the'

baf fl e-chute fishway at Town Di versi on Dam were not determ ned.

Easton Dam

Only two radi o-tagged spring chinook sal non passed Easton
Dam one each in 1991 and 1992. Passage tines at Easton Dam were
34.6 days in 1991 and 74.8 days in 1992, In 1992, the fish
remai ned in the Easton Dam tailrace area during the prespawni ng
hol di ng period and passed Easton Dam on 16 August to spawn. In
1991, the fish passed Easton Damon 3 July at |east 52 days prior

to spawni ng.

Cowiche Dam
Passage tines for radio-tagged spring chinook sal non at
Cowi che Dam were anal yzed for 25 and 33 fish in 1991 and 1992,

respectively (Fig. 20). Passage tinmes at Cow che Dam ranged from
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Table 5. --Medi an passage del ay (days) for radio-tagged spring
chi nook sal nmon at Roza Dam 1991-1992

1991 1992
Overal | 1.4 0.8
Fish that did not use the gallery 1.1 0.5

Fish that used the gallery 2.7 2.0
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0.1to 7.8 days in 1991 (nedian 1.0 day) and from<0.1t0 7.4
days in 1992 (nedian 0.9 days). Mgrational delays at Cow che
Dam were sinilar for both years. Ladder passage was mnimal (12
and 33%in 1991 and 1992, respectively) with nost fish junping
over the daminstead (Fig. 21).

Wapatox Dam

Wapat ox Dam on the Naches R ver has a pool- and weir-type
fishway. Because of the |ocation of the Wapat ox Dam fishway
weirs, it was not possible to determne if fish were using the
weirs or junping between pools.

Passage times for radi o-tagged spring chinook sal non at
Wapat ox Damranged from0.1 to 9.7 days (nmedian 3.5 days) for 30
fish and from<0.1 to 44.9 days (nmedian 4.2 days) for 33 fish in
1991 and 1992, respectively (Fig. 22).

Migration Behavior

| ndi vidual mgration times for radi o-tagged spring chi nook
sal non between Yakima River Basin irrigation diversion danms in
1991 and 1992 are indicated in Appendix Table C | and C. 2.
Median mgration rates decreased in both years as fish noved
upstream (Fig. 23). In general, mgration rates were higher in
1992 than 1991, probably due to decreased flow. The migration
period fromtagging until arrival at prespawning hol ding areas
ranged from 10 to 100 days and averaged 35.3 days.

Upon arrival at prespawning hol ding areas, spring chinook

sal non remai ned stationary from June through August (40 to
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141 days). Habitat utilization and behavi or during prespawni ng
hol ding periods were investigated only in 1992. Prespawni ng
behavi or, spawning behavior, and habitat utilization for
i ndi vi dual radio-tagged spring chinook salnon are indicated in
Appendix D. O 94 radio-tagged spring chinook sal non, 91%
(86 fish) held in only one location during the prespawning
hol ding period; the remaining 9% (8 fish) continually m grated
upstreamor held in nmultiple |locations for short durations.

Habitat utilization while holding was limted to areas with
nonl et hal water tenperatures, turbulence, |arge substrate
material, and high-quality overhead cover such as woody debris,
under cut banks, and overhanging vegetation. During 1992, 83%
(76 fish) of the radio-tagged spring chinook sal mon spent hol ding
periods in areas with overhead cover. Spring chinook salnon
preferred riffle habitat associated with overhangi ng vegetation
or undercut banks (Fig. 24). No aggressive behavior was observed
during the prespawning holding period. A log jamon the Anerican
River was utilized by one radio-tagged and three nontagged spring
chinook sal non throughout the summer in 1992. These four fish
spent holding periods in close proximty (<2 m) and did not
appear affected by the presence of each other. Beginning in
August and continuing through Cctober, territorial behavior
began, and radio-tagged fish noved onto adjacent spawni ng

grounds.
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RAPIDS
10%
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DEPTH SUBSTRATE
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UNDERCUT BANK L
24% OVERHANGING VEGETATION

28%
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Figure 24. --Prespawni ng habitat and cover used by
radi o-tagged spring chinook salnmon in the
Yaki ma River Basin, 1992.
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Spawning Behavior

Spawni ng areas were close (<16 km) to prespawni ng hol di ng
areas, Wth 45% of the tagged fish nmoving less than 1 kmto spawn
and 80% noving 4 kmor less (Fig. 25). Spawning occurred earlier
in areas of higher elevation and where water was cooler (e.g.,
Arerican River) than in areas of |ower elevation and warner water
(e.g., Roza Damtailrace) (Fig. 26).

The spawning areas were determned for 63 and 91% of the
radi o-tagged fish in 1991 and 1992, respectively (Fig. 27).
Ei ght spawning areas (American R ver, Bunping Rver, Little
Naches River, Naches River, Rattlesnake Creek, the upper Yakinma
Ri ver above Ellensburg, e Elum River, and Roza Dam tailrace)
were identified by radio telenmetry. Radio-tagged spring chinook
salnmon utilized spawning grounds in a pattern simlar to that
identified during spawning ground surveys of the distribution of
redds conducted by the Yakanma Indian Nation during both years
(Hubble et al. 1991, 1992). Only one radio-tagged spring chi nook
sal non spawned outside historical spawning |ocations during this
study (Fast et al. 1991). During 1992, this fish ended its
spawning migration in CGrow Creek, a tributary to the Little
Naches River. No spawning was observed in the Tieton or Teanaway
Ri vers, downstream from Cowi che Dam on the Naches River, or in

the Yakim R ver downstream from the Naches Ri ver confl uence.
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Figure 25. --Mgration distance from pre-spawni ng
hol ding areas to spawning | ocations for
radi o-tagged spring chinook salnon in the
Yaki ma R ver Basin, 1992.
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Figure 27. --Spawni ng distribution of sgri ng chinook salnon in the
Yaki ma River Basin, 1991-92, as determned by radio
telemetry and Yakanma Indian Nation redd survey data.
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Mortality

Observed nortality of radio-tagged spring chinook sal non was
14 and 10% in 1991 and 1992, respectively (Table 6). The triba
subsi stence fishery on the Yakima R ver harvested 1 and 2% of the
tagged fish in 1991 and 1992, respectively. Taggi ng accounted
for 3 and 1% of nortality in 1991 and 1992, respectively. The
remai ning 10% nortality observed in 1991 consisted of fish that
died during mgration (7%), and fish surviving the prespawni ng
hol di ng period but whose carcasses were found unspent during
spawni ng-ground surveys (3% . The remaining 7% nortality
observed in 1992 consisted of fish that died during mgration
(3%), fish that died from predation (2%), and fish surviving the
prespawni ng hol di ng period but whose carcasses were found unspent

during spawni ng-ground surveys (29 .

Eval uati on of Prosser Dam Adult Collection Facility

Daily fish-1adder counts of spring chinook sal non passing
Prosser Damare indicated in Appendix Tables E.l and E. 2. Denil
operations at Prosser Damto collect spring chinook sal non at
Prosser Damfor radio-tagging are indicated in Appendi x Table F.
and F.2. Collection and handling of salnonids at the right-bank
fish ladder of the adult collection facility at Prosser Dam was
difficult; run numbers were low, and nost of the run used the
| eft-bank | adder (Fig. 14). To collect significant nunbers of
fish, the trap was operated frequently, resulting in the capture
of large numbers of nontarget species. Wen fish were collected

in the handling room it required imediate staff attention to
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Table 6. --Cbserved nortality of radio-tagged spring chi nook
sal non, 1991-92.

1991 1992
Nunber tagged 91 102
Tagging nortality 3 1
Mgration nortality 6 3
Harvest nortality 1 2
Pre-spawni ng holding nortality 3 2
Predation nortality 0 2




52
handle fish. If fish accunulated in the crowder area, they
required dipnetting before anesthetization.

Coll ection of fish in the hopper and transfer to the flune
near the denil for further transfer to the tagging room was
viable only when nontarget species were absent. These handling
procedures confined |large nunbers of target and nontarget fish in
the hopper and thus may have caused additional stress or injury.

Pass to rejection ratios were 1.0 and 0.7 for "vr and flash-
board weirs, respectively. These ratios measured the entrance of
a proposed of f-l adder holding pool weir in the right-bank fish
| adder at Prosser Dam with the v weir having slightly |ess
rejection (Table 7).

From 24 April through 1 May 1992, attraction flows were
turned off in the left-bank fish |adder and reduced in the center
fish |adder under operational criteria for |OMF}|OMICOnditi0nS.
During this time, the nmgjority of attraction water passed through
the right-bank fish ladder. The change in attraction flow did
not affect fish-ladder passage distribution (Fig. 28). The
dom nant use of the left-bank fish |adder for passage at Prosser
Dam was probably due nore to the orientation of the damto
tailrace flow than to environnental factors. Because Prosser Dam
Is oriented at an angle to the downstream flow, the right-bank
fish ladder is downstream fromthe |eft-bank fish |adder (Fig.
29). Fish magrating upstream at Prosser Dam are funneled into a
corner at the left-bank fish-ladder entrance due to the combined

orientation of the dam and a diversion wall bel ow the dam
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Table 7.--Passage by adult spring chinook sal mon through "v" and
fl ash-board weirs.

Wir type Passed Rej ected Ratio

RATAY 453 451 1.00
Fl ash- boar d 639 924 0. 69.
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Fi gure 28.--Fish-1adder selection by spring chinook
salmon wwth and without attraction flow
in the left-bank fish |adder at Prosser
Dam 1992.
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DISCUSSION

Ei ght substocks or spawning popul ations (Anerican River
Bumping River, Little Naches River, Naches River, Rattlesnake
Creek, the upper Yakima R ver above Ellensburg, Ce El um River
and Roza Damtailrace) of spring chinook-sal non were observed in
the Yakima River Basin. The fish exhibited three behaviora
phases (m gratory period, prespawning hol ding period, and
spawni ng peri od).

Prosser Dam Roza Dam and Cowi che Dam have been sel ected as
possi bl e broodstock collection sites for spring chinook salnon in
the Yakima River. Although Prosser Dam was sel ected because it
is downstream from all spawning areas, based on our radio-tagged
spring chinook salnon, separation of substocks there would not be
possible either by size, age, run timng, or |adder selection
In both 1991 and 1992, the run timng of all substocks occurred
si mul t aneously bel ow the confl uence of the Naches and Yaki nma
Rivers and throughout the mgration period in the Naches River

| f upper Yakinma River and Cle Elum Ri ver spawners are
genetically simiar, broodstock fromthese popul ations could be
collected at the exit of the Roza Dam fish | adder. However, this
study could not determne if spawning fish in a given |ocation
were part of the population or strays from other popul ations.
Nonet hel ess, straying during mgration was observed for only two
fish that eventually spawned in the mainstem Naches River after
spending tine below Roza Dam  Sone |evel of straying probably

occurs naturally in wild popul ations and should be accounted for
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in the plan for the Yakima/Klickitat Fisheries Project (Quinnand
Fresh 1984, Quinn and Nenmeth 1991).

Radi o-tel enetry data from 1991 and 1992 identified problems
wi t h broodstock collection and substock separation at Cow che
Dam  Seventy-five percent of the radio-tagged fish junped
Cowi che Dam rather than using the fish |adder, thereby avoiding
the locations of the proposed fish-ladder trapping or nonitoring
facilities. The fish-ladder entrance at Cowi che Dam opens into

- the spill basin and may account for the | ow percentage of fish
using the fish ladder. Broodstock collection would be affected
by fish junmping the dam and operation of a trap in the fish
| adder nay del ay passage or increase the portion of the run
jumping the dam In addition, radio-tagged Naches River
subst ocks were mnixed while passing Cowiche Dam Naches River
Basin substocks were mxed until arrival at prespawning hol di ng
areas.

Separation of substocks based on age or |ength was not
possible due to the overlap of length and age classes between
nost spawni ng popul ati ons.

M gration delays for radio-tagged spring chinook salnon at
Yakima River Basin danms were simlar or |less than passage tines
at Colunbia and Snake River dams (Bjorn and Perry 1992).

Al though fall-back at Roza Dam was not observed for nornal
(1991) and bel ownormal (1992) flows, fall-back may occur under
hi gh flow conditions (during spill), at Roza Dam Berman and

Qinn (1991) reported that 8 of 19 radio-tagged adult spring
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chi nook sal non collected and tagged at Roza Dam in 1989
subsequently fell back downstream over Roza Dam to spawn.

Passage delay at Roza Dam was two to four times |onger for
fish using the gallery. Radio-tagged fish travel ed upstream and
downstream through the gallery. After passing through the
gal lery, nost fish returned to the Roza Dam tailrace before
passi ng Roza Dam

Delays to migration at Wapatox Dam were the |ongest delays
observed for radio-tagged spring chinook salnon, with the
exception of passage del ays at Easton Dam  Passage conditions at
Wapatox Damor its proximty to spawni ng grounds may have been
responsi bl e for these del ays.

Long passage del ays at Easton Dam may have been due to
passage conditions or its proximty to spawning grounds. A large
popul ati on hol ds and spawns bel ow Easton Dam and this may affect
passage tines for individuals spawning above the dam

Mgration rates of radio-tagged spring chinook sal non
decreased as fish migrated upstream and |ong delays in passage
at dans close to spawning areas may be a function of decreased
mgration rates. In general, passage times at dans were |ower
and mgration rates between dans were higher in 1992 during |ower
flow conditions. Bjorn and Perry (1992) also found that
mgration rates were higher and passage tinmes were |ower at dans
on the Snake and Colunbia Rivers during lower flow conditions.

After mgrating upriver, adult spring chinook salnmon settled

into prespawning hol ding areas near spawning areas. Habitat
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utilization while holding was Iimted to areas w th nonl et hal
wat er tenperatures, turbulence, |arge substrate material, and
hi gh-qual ity overhead cover such as woody debris, undercut banks,
or overhanging vegetation. Riffle habitat with either
over hangi ng vegetation or undercut banks was preferred. The
availability of holding areas did not appear to be limting.

Spawni ng occurred near prespawni ng hol ding areas from
August through Septenber in the Yakima R ver Basin. The tine of
spawning was tributary-specific, wth spawning occurring earlier
in areas of higher elevation than in areas of |ower elevation.
Differences in spawning tinme due to water tenperature associ ated
with elevation for chinook sal non have been described by MIler
and Branmon (1982) and Mullan (1987).

No spawni ng was observed in the Yakima River belowits
confluence with the Naches River in 1991 or 1992. However,
Berman and Quinn (1991) reported that four radi o-tagged spring
chi nook sal non spawned in this area in 1989.

Most of the nortality observed during the study occurred
wi th equal frequency during the mgration period and during the
prespawni ng hol di ng peri od.

Behavi or of radi o-tagged spring chinook sal non at Prosser
Dam nay have been biased by collecting all fish fromthe right-
bank fish |adder and then subjecting themto a second passage to
eval uate |adder selection and rejection. Only 1 year of reliable
data were anal yzed for fish-ladder rejection and subsequent

selection at Prosser Dam during a |owflow year when passage was
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faster. In addition, it was not possible to nonitor novenents
around Prosser Dam tailrace to determ ne where and how m grating
sal non select a fish |adder for passage or how flows affected
fish-1adder selection. The operation of the denil in the right-
bank fish | adder at Prosser Damhad a limted effect on fish
passage.

Most adult spring chinook sal non pass Prosser Damvia the-
| eft-bank fish [adder; changes in attraction flow did not
i nfluence |adder selection. The dom nant use of the |eft-bank
fish | adder for passage at Prosser Damis probably due to the
orientation of the damto tailrace flow rather than to

environnental factors.
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RECOMMENDATIONS

Based on results of the 1991-92 radio-telenetry studies, we

devel oped the follow ng reconmendations

1) Construction of the off-ladder holding pool on the
ri ght-bank at Prosser Dam shoul d proceed only if
significantly nore fish use the right-bank fish |adder
Passage times at Prosser Dam mayincrease if use of the
ri ght-bank fish ladder is increased by blocking the
left-bank fish ladder. Devel opnment of fish-handling
facilities at the left-bank fish |adder woul d be
preferable to attenpts to alter passage behavior at
Prosser Dam

2) Broodstock collection for upper Yakima River and de
El um Ri ver spawni ng popul ati ons appears feasible at Roza
Dam  However, the effects of broodstock collection on
fish passage should be evaluated. Structural
nodi fications or changes in attraction flows for the
gal lery at Roza Dam shoul d be considered to reduce
passage delay associated with use of the gallery.

3) Broodstock collection of Naches R ver substocks shoul d
be conducted either during the prespawni ng hol di ng
period or on the spawning grounds. |f broodstock
collection is to occur at Cowi che Dam the fish-|adder
entrance should be noved to the downstream face of the
fish ladder. Also, the height of Cowi che Dam may need

to be raised during mgration periods to increase the
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5)

6)
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nunmbers of fish using the fish |adder
Unspent fish should be counted during spawni ng ground
surveys to further quantify prespawning nortality of

fish reaching the spawning grounds.

Wien nunbers increase from suppl enentation, prespawni ng

hol di ng areas may provide an opportunity to assess
interactions of resident and anadronmous popul ations.
Radi o-tel emetry studies should be conducted on adults
from suppl enentation progranms to eval uate straying,
intra-specific conpetition, nortality rates, and the
overal | effects supplenentation prograns have on wld

popul ati ons. -
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Appendi x Table A.1.--Tagging data and |ast observations of radio-
tagged spring chinook sal non, 1991.

Seri al Tagging Length i ght )
nurber date (cm) (kg) Sex Age Last observation

A002 6 May 67 3.8 F 4 Rattl esnake Creek spawner
A003 22 May 16 4.5 F Upper Yakima River spawner
A005 16 May 71 3.8 M 4 Upper Yakima River spawner
ADOB 13 May 67 3.4 F 4 Naches River spawner
AD09 30 May a9 7.9 F S Naches River spawner
A012 4 Jun 72 4.0 a 4 Rattl esnake Creek spawner
A014 6 Jun 90 7.9 F 5 Bumping River spawner
A016 6 Jun 88 7.6 F s Disappear balow Prosser Dam
A026 8 May 71 4.4 F 4 Disappear below Prosser Dam
A033 21 May 89 6.6 M 5 American River spawner
A034 23 May 66 2.8 M 4 Migration mortality
A037 6 May 87 8.4 F ] American River spawner
AD40 16 May 95 9.1 F 5 Anerica" Rivespawner
A041 4 Jun 62 2.6 F 4 Tagging nortality
AD44 6 Jun 69 3.9 M 4 Di sappear bel ow Prosser Dam
A045 8 May 74 4.3 F 4 Upper Yakima River spawner
AD4S8 18 Apr 87 6.9 F 5 Upper Yakima River spawner
A049 20 Jun 85 6.8 . M 5 Naches River spawner
A0S3 15 May 88 7.7 F 5 Naches River spawner
A066 7 May 62 2.7 F 4 Upper Yakima River spawner
A068 23 Wy €8 3.6 F 4 Migration mortality
A070 16 May a9 7.3 F 5 Naches River spawner
A072 28 nay 73 4.2 F 4 Upper Yakima River spawner
A07S s J" 69 4.1 F 4 Upper Yakima River spawner
A077 6 J"" 83 0.0 M s Disappear below Prosser Dam
A079 7 Jun 72 4.8 F 4 Prespawning mortality
A081 7 Jun 77 5.4 F 4 Disappear below Prosser Dam
A083 21 Jun 85 6.6 F s Prespawning mortality
A090 8 May 69 3.3 F 4 Upper Yakinma River spawner
A093 15 May 69 3.6 F 4 Upper Yakima R ver spawner

«  A097 7 my 79 7.7 F 5 Little Naches River spawner
A099 23 May 69 3.5 F 4 Upper Yakima River spawner

Al100 15 May 71 4.2 F 4 de Elum River spawner
A 101 23 May 83 7.7 F 5 Naches River spawner
Al04 16 May 72 4.3 M 4 Naches River spawner
Al06 9 May 73 4.6 F 4 Upper Yaki ma River spawner
Al07 31 May 93 8.8 F 5 Anerican River spawner
Alll 5 Jun 86 6.6 M s Naches River spawner
All3 6 Jun 69 3.6 F 4 Migration nortality
A7 7 66 a.s F 4 Disappear bel ow Prosser Dam
Alls 21 Jun 79 7.2 F 5 Upper Yakima River spawner
Al25 13 Hay 67 3.5 M 4 Upper Yakima River spawner
Al31 21 May 80 5.0 F 5 Upper Yakima River spawner
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Seri al Taggi ng Length i ght )

nunber dat'e {cm) (kg) Sex Age Last observation
Al 34 23 May 71 3.9 F 4 Naches River spawner
Allé 23 May 79 5.0 M 5 Naches River spawner
Al 37 7 May 73 4.5 F 4 Naches River spawner
A139 28 May 87 7.3 F 5 Naches River spawner
A 41 15 nay €7 3.6 F 4 Upper Yakima River spawner
Al42 5 Jun 71 3.9 F 4 Di sappear bel ow Prosser Dam
Alas 6 Jun 68 3.7 F 4 Naches River spawner
Al45 7 Jun a9 7.5 F -] Tagging nortality
A .50 27 Jun 83 5.0 M S Migration mortality
Al58 10 nay 64 3.1 M 4 Tag regurgitation
Al60 17 May 91 5.7 F 5 Naches River spawner
Al62 29 Apr 72 3.7 F 4 Upper Yakima River spawner
Al63 15 nay 79 5.4 M 5 Prespawning mortality
Al65 24 May 69 3.7 M 4 Upper Yakima River spawner
Al67 29 nay 68 4.1 M 4 Tagging mortality
Al 69 20 May 72 1.8 M American River spawner
Al72 5 Jun 94 10.0 M s Di sappear below Prosser Dam
A174 7 May 103 13.0 M L] American River spawner
Al75 7 Jun 71 5.0 F 4 Upper Yakima River spawner
Al76 18 Jun 79 4.5 F 5 Tag regurgitation
A184 10 May 72 4.5 4 Upper Yakima River spawner
Al86 7 May 76 5.2 F 4 Upper Yakima River spawner
Al190 3 May 80 6.0 F 5 Tribal harvest
Al 94 22 May 67 3.4 F 4 Naches River spawner
Al 97 23 May 97 9.3 F 5 Rattl esnake Creek spawner
Al 99 24 May 91 8.2 F 5 Naches River spawner
A202 30 May 64 3.1 N 4 Upper Yakima R ver spawner
A204 31 May 69 3.6 M 4 Migration nortality
A205 5 Jun 93 8.6 a 5 Di sappear bel ow Prosser Dam
A207 6 Jun 7 4.4 F 4 Disappear bel ow Prosser Dam
A208 1 May 80 5.7 F S Naches River spawner
Mlb 14 Jun 71 4.1 a 4 Di sappear below Prosser Dam
A215 15 May 68 3.6 F L] Roza Dam tailrace spawner
A217 13 May 75 4.8 M 4 Naches River spawner
A220 20 May 68 3.5 F 4 Di sappear bel ow Prosser Dam
A224 7 May 7 3.9 F H Upper Yakima River spawner
A226 22 May 89 7.8 M 5 Anerican River spawner
A228 23 May €7 3.1 F q Roza Dam tailrace spawner
A230 24 May L1 6.6 F 5 Little Naches R ver spawner
A233 30 May 70 3.9 F 4 Upper Yakima River spawner
A235 4 Jun 95 9.0 F 5 Migration nortality
A236 5 Jun 68 3.6 F 4 Di sappear bel ow Prosser Dam
A237 2 May 65 3.3 F 4 Upper Yakima River °‘pawner
A238 7 Jun 62 2.9 F 4 Di sappear bel ow Prosser Dam
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Seri al Tagging Length i ght

number date (cm) (kg) Sex A g e Last observation
A239 13 nay 71 4.4 4 Upper Yakima River spawner
A242 16 May 71 4.3 M 4 Naches River spawner
A244 7 May 82 6.8 F 4 Naches River spawner
A247 20 May 66 3.2 M 4 Upper Yakima River spawner
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Appendi x Table A. 2. --Tagging data and | ast observations of radio-
tagged spring chinook sal mon, 1992.

Seri al Tagging Length Weight

nurber date {cm) (kg) Sex Age Last observation
coo3 4 Apr 71 3.6 F 4 Cle Elum River spawner
coo8 21 Apr 80 5.6 F 4 CGe Elum River spawner
€010 5 May 66 3.1 F 4 Di sappear bel ow Prosser Dam
C011 22 Apr 72 4.1 M 4 CGe Elum River spawner
col4 29 Apr 69 3.6 M 4 Upper Yakina River spawner
CO16 1 May 88 4.4 F 5 Anerican River spawner
cole 8 May 68 3.5 F 4 Upper Yakina River spawner
co22 24 Apr 76 5.4 M CGe Elum Rive? spawner
o3 30 Apf 65 2.7 M 4 Rattl esnake Creek spawner
o5 1 May 87 7.0 F 5 Bunpi ng River spawner
Cco26 18 May 7 5.1 F Upper Yakima River spawner
a7 29 Apr 76 5.4 F 4 Naches River spawner
co30 28 Apr 67 3.3 F 4 Sport fishing harvest
co31l 12 May a5 6.4 M 5 Upper Yakina River spawner
c040 4 May 75 5.0 F 4 upper Yakinma River spawner
42 29 Apr 72 4.3 F Upper Yakima River spawner
co49 17 Apr 72 3.4 F 4 Upper Yakima River spawner
C62 27 Apr 79 5.3 F 4 Cle Elum River spawner
co57 30 Apr a8 7.7 F 5 Predation nortality
co54 07 nay 78 5.4 M 4 Anerican River spawner
Q060 28 Apr 69 3.6 M 4 Upper Yakima River spawner
61 22 May 75 4.5 M 4 Migration nortality
Q063 15 May 74 5.1 F 4 Upper Yakima River spawner
65 24 Apr 86 6.9 F 5 Naches River Spawner
066 27 Apr 92 9.3 F 5 Anerican River spawner
co70 23 Apr 68 3.7 M 4 Upper Yakima River spawner
c0BO 13 Apr 78 5.4 F "pper Yakina River spawner
co8l 4 nay 67 3.2 F Upper Yakima River spawner
co8s 28 Apr 78 5.e F 4 Upper Yakina R ver spawner
coss 6 May 72 4.2 F 4 Upper Yakinna River spawner
co9l 8 May 76 5.1 M 4 Upper Yakinma River spawner
C96 12 May 73 4.3 M 4 Naches River spawner
co98 12 May 68 3.8 M 4 Naches River spawner
c099 23 Apr 67 3.0 F 4 Upper Yakina R ver spawner
c1o0 24 Apr 69 3.8 F 4 Bumping Ri VEr spawner
aos 22 May 78 5.9 F 4 Upper Yaki ma River spawner
Ccl108 21 Apr 74 5.4 F 4 Upper Yakima River spawner
c111 30 Apr 76 50 F 4 Naches River spawner
c1l4 27 Apr 63 2.9 F 4 Upper Yakima River spawner
€117 7 May 75 50 F Anerican River spawner
c129 24 Apr 71 4.1 F 4 Upper Yakima R ver spawner
a22 4 May 75 5.3 M 4 Upper Yaki ma River spawner

a24 24 Apr 81 5.4 M 5 Upper Yakima River spawner
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Seri al Tagging Length \iéi ght )

nunber date (cm) (kg) Sex Age Last observation
a 27 29 Apr 74 5.0 M 4 upper Yakima River spawner
c132 1 May 79 5.2 F 5 upper Yakima River spawner
€133 21 Apr 70 4.1 M 4 Naches River spawner
c134 29 Apr 67 3.6 M 4 Tagging nortality
ad 40 15 May 79 5.4 F 4 Upper Yakima River spawner
a 42 21 Apr 76 5.4 F 4 Upper Yakima River spawner
€151 4 May 72 4.5 M 4 Bunpi ng River spawner
C159 29 Apr 91 6.4 F 4 Anerican River spawner
a 62 24 Apr 70 4.2 F 4 Upper Yakima River spawner
a 65 24 Apr 64 4.1 M 4 vpper Yakima River spawner
d 66 26 May 77 5.0 F 4 Upper Yakima River spawner
a 67 12 May 70 4.1 F 4 Upper Yakima River spawner
a 69 19 May 69 3.6 F 4 Upper Yakima River spawner
aro 14 Apr 7 5.4 M 4 Little Naches River spawner
€171 6 Wy 67 3.4 M 4 Upper Yakiaa R ve? spawner
arz 11 May 74 9.5 M 5 Anerican River spawner
€173 30 Apr 76 5.2 M 4 Bunping River spawner
Cc175 27 Apr 72 4.5 F 4 Migration nortality
c218 27 Apr 76 5.0 N 4 Anerican River spawner
c220 11 May 60 4.8 F 4 Naches River spawner
€222 22 Apr 70 4.1 M 4 Ratt| esnake Creek spawner
C225 6 May 73 4.9 F 4 Upper Yakima River spawner
c227 13 May 75 4.5 F 4 Naches River spawner
c228 30 Apr 69 3.6 F 4 Upper Yakima River spawner
c229 16 Apr 66 3.6 M 4 Prespawning nortality
€230 5 May 69 3.6 F 'y Upper Yakima Rive? spawner
231 27 Apr 62 2.7 F 4 Ratt| esnake Creek spawner
C237 1 May 80 5.9 F 4 Upper Yakima River spawner
c238 1 May 67 3.4 F 4 Upper Yakima River spawner
c239 29 Apr 73 4.9 F 4 Little Naches River spawner
C240 24 Apr 69 3.7 F 4 Upper Yakima River spawner
c241 21 May 68 3.6 F 4 Upper Yakima River spawner
C242 29 Apr 71 4.1 M 4 Upper Yaki ma River spawner
C245 1 May 62 2.6 F 4 Predation nortality
C257 29 Apr 74 4.8 F 4 Ratt| esnake Creek spawner
C261 29 Apr 76 5.4 F 4 Roza Dam tailrace spawner
C263 21 Apr 72 4.1 F 5 Upper Yakima River spawner
C266 22 Apr 68 4.1 F 4 Upper Yakima River spawner
C267 4 May 74 4.1 F 4 upper Yakiaa River spawner
Cc268 24 Apr 84 6.4 F 5 Crow Creek spawner
C269 27 Apr 75 4.8 F 4 Upper Yakima River spawner
271 29 Apr 74 4.9 F 4 Anerican River spawner
272 18 nay 71 5.1 F 4 upper Yakima River spawner
273 30 Apr 73 4.1 F 4 Upper Yakima River spawner
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Seri al Tagging Length \iéi ght .
nunber date (cm) (kg) Sex Age Last observation
€278 8 May 73 4.5 M 4 M gratiOnmortality
c282 30 Apr 71 3.6 M 4 Upper vakim R ver spawner
c286 22 Apr 77 5.0 F 4 Upper Yakima River spawner
C288 5 May 72 4.6 F 4 Upper Yakima River spawner
c289 16 Apr 69 4.1 F 4 Bunping River spawner
c290 13 nay 65 3.2 M 4 Prespawning nortality
€292 29 Apr 76 5.2 M 4 Anerican River spawner
C296 21 May 76 4.8 F 4 Upper Yakima River spawner
€300 7 May 64 3.1 F 4 Tribal harvest
€303 24 Apr 69 3.4 M 4 Upper Yakinma River spawner
c304 11 May 85 6.8 F 5 Bunping River spawner
C306 1 May 68 3.3 4 Tag regurgitation
Cc309 27 Apr 78 5.4 F 4 Naches River spawner
c311 27 Apr 74 5.4 M 4. Naches River spawner
c314 28 Apr 68 3.6 F 4 Upper Yakima River spawner




Appendix TableB. 1.--Passage times (days) for and fish-ladder use by radio-tagged spring

chinook slmon at Yakima River Basin irrigation diversion dams, 1991,

Serial Fipl;lm"DP?::nga Fijpnyn'dgfﬂaql n:r:mo ];'a':nqe R:::le?;? Tomni;l:’r'l‘iqo.nDan Fciolzlche ?::nqe 'l%:t:o:leg "
number adder  time | aclder time |adder tine time time ladder time , tine
AD02 left 0. Center 0.1 Right 0.5 12

A003 2.1 Center .1 Center 10 01 14

A0S Right 0.3 Center 2.1 Center 0.6 0.1

M08 14 Center ol Right 09 ¥o 0.6 6.3
A009 Right 30 Center co.l Center 0.1 Yes 2.0 3.0
M2 Riaht 13 Center 03 Center 0.8 NO B 6.9
A Rigt 01 Coter 02 96
A0L6

M26

A3 19 Center 09 8
AOM Center 0.2

A3 09 Center 09 1.2
A0 Center 13 Center (0.1 No 01 0.7
Atd1

¥ Center 04

A3 12 Center 0.7 12

AD4E Left 36 Left .1 10

A049 Left 24 Center .1 Center 04 No 0.6

ADS3 Wo 0l 0.6
A6 Left 0 . 7 Rigt 0.1

ADé8 0.2 Right 0.1 Right 0.1 17
M0 0.2 Left 11 Yea 14 10
A2 Left 13 Center 01 Center b1 2.9

A8 Right 13 Center <.l Center 14 35 04

AT

A0T9 Center 1.0 0.1 0.1

€L



Appendix Table B . 1. --Continued.

Serial FiPx?mrEﬁT:Aga Fi::ny.iderf:fiqe Fi:l:mu glll:uqa R:::nD;: foun PEisvne:qggn e Igius‘t'lim m‘luqa ml,’?lzl:q:m
nutber ladder  tine | adder tine ladder tine tine time ladder  time tine
A8l
A8 Left 02 Left 03 Center 6.1 vea 37
A0S0 Center 11 Center 0.1
A093 Right 0.2 1.1
lLY left 0.1 Center <«@.1 Left co.l No 13 3.7
A% 02 Center 0.2 0.0 0.6
ALDD Right 0.4 Center <0.1 .
AL01 Ho 11 03
"AL04 Right 1.2 Ceter 19 b 11 01
AL0S 09 Center 09 Center  <0.1 0.2
AL0? Right 0.6 Center 01 Rignt 0.3 No 0.3 10
ALl Right 1.3 Center 21 Right .1 47
All3 Center 0.8 Center 0.1
AlL? Center 40 Center 02 0.3
ALlY Left 53 Center 2.0 Center 2.7 48 1.8
ALS Left 14
A3l Center 02 Center 0.1 1.6 0.2
AL Left 1.2 Center 06 Right 04 Wo 2.3 42
AL3% Right 31 Right <.l 6.1
AI37 Left 02 Center 0.1 Ko 7)) 01
A139 Right 37 Center 1.5 Right 0.2 No 04 07
Al Right 0.2 Center 0.2 11
A2 Center 1.0 Center 1.8 Center 0.2 9.9
A4 Left 20 Center 01 No 0.7 3.6
AL \?}“
ALSD Right 02 Center <.l

ALSS

7L



Appendix Table B .1, --Continued.

serhal uP'rholm?‘a'T:m anmd.l’?ﬂagl Firhl plt@muge R:::IID;: TaNnI;i\'l:i;ioan Fi?l'\kh'?ienmqi " ltlolxlqbim
numbey ladder tine ladder tine Ladder tine time tine ladder  time - tine
3
Al60 Center 1.0 Center 0.1 Yo 0.4
Al62 left 0.3 Left <0.1 0.2
AlR3 Right €01 Center .1 2 . 6 @1
Al65 Left 96 Center 0.1 Center 0.7 8.9
AlL§7
Al69 Right a.1 Rignt 19 57
AlL2
AN u.2 No 0.3 2
ALTS Lett 0.1 14 0.3
AlT6 Left 0.2
Algd Right <0.1 Center  §.2
Al8¢ 0.4 Center 0.1 08 @.1
A90
Al94 Right 11 Left <01 No 0.7
Al97 0.9 Center 0.2 ! No 13 0.8
AI99 0.2 No 0.7 31
A202 Right 1.4 Center 06 1.0 03
nu
205
A207
A208 1.4 No 1.0 1.0
a0
A5 left 09
Al Center 0.1 Right No 25
pPE
A4 0.4 Right 1.0 2.6
No 7.8 124

A226 2.0

S L



Appendix Table B , 1, --Continued.

Prosser Dan SunnysideDan Wipato Dam RomDa  TombiversienDen  Cowiche Dam Wepator Dem
mowt et w06 later e e W e tae ooy
A2% 41 Gl 0.1
A0 Left 6.6 Center  <0.1 No 0.4 10
A3 Center 6.7 Center <0.1 46 01
A
A2%
¥x)] 1l 1.1 0.1
A2%

A9 51

A2 Center 0.6 it 4.0 Right 0.9 0.5
A4 11 33
A7 left 1.6 Right 21 0.6

9r



Appendix Table B&-Passage times (days) for and fish-ladder use by radio-tagged spring
chinook salmon at Y akima River Basin irrigation diversion dams, 1992.

ProsserDam Sunnyside Dan Wipato Din Roza Dam  TownDiversonDam  Cowiche Dam Wipitox Dan

we L ine i e e e e e ime T

coos Right 03 Left .1 Center 0.1 Ls

coos Laft 0.2 Right <.l Center bl 0.8 03

€010

col 03 Right 0.1 Center 01 03 (01

co Left 49 Right <0, Left 1.2 10 09

C16 center 12 Right 0.1 Left 0.1 No 5.5 0.3

c018 Left 01 Rght A Center 0. 42 0.3

D22 Left 0.6 Right <. Center .1 0.2 0.9

0023 Left 0.2 Center 03 No 31 ()]

ca28 Left 0.2 Center .1 Center 0.4 No 33 0.1

€026 Right 04 Left .l Left .1 11 0.1

ct2? Left 05 Center 0.1 Center 23 Yes 5.5 9.1

0030

€031 Left 01 Center  tol Left 0.l 0.5 0.2

€040 Left 0.2 Mgt <0l Center 04 0.8 03

08 Right 01 Center 13 1.0 01

0049 Left 10 Right <.l Center 0.1 11 09

0052 Left 04 Center <.l Center 04 0.5 11

s 02 Center <.l Center 0.1

cose Center 09 Center <0.1 Center 0.2 No 2.2 0.2

€060 Left 0.2 Center <.l Center 0.9 0.3 0.1

C06! Left 03 Center <0.!

€063 Right 16 Cenitat <0.1 01 03

€085 Center 32 Center 0.1 Center 0.1 Yos 13 24

€066 1.0 Center <.l Center 11 No 04 1.5

come center 41 Right (01 Center 0.3 34 0.8

LL



Appendix Tables. 2. --Continued

Prosser Dam SunnysidDam Wapato Dan RozaDan  townDiversonDam  CowichDam WapatoxDam
Serid Fish  Passage Fish Passage Fish Passage Passage Passage Eish  Passage Passage
funber ladder time |adder tine ladder  time time tine ladder  time tine
080 Right 0.3 Left 01 Center 24 0.5 0.4
coel Left 0.2 Ceter  tol 0.1 0.6
coes Right L0 Center .1 Center 0.3 19 0.8
t08s Center 05 Center <0.1 teft 20 0.1 03
codl Center 0.3 Cater  «0.1 Left 517 15 04
(0% 01 Center <0.1 Left .1 NO 14 09
coss Center 14 Rlght <.l Center  <0.1 No 0.8 4.1
0099 Left 04 Right 0.1 Center 0.4 8.6 0.2
c100 Center 05 Left 18 center 0.5 10 0.2 0.2
c103 01 Left <.l Right a1 02 01
€10 Left Q.1 Center 60 57
clil Right 04 Center €0.1 center 0.2 Yas 05 17
c14 Right 05 Center .1 Center 01 09 01
cl? Right 0.8 Center (0.1 Center 0.1 Yes 02 31
c1 Left 01 Center Q.1 Center 0.1 0.1 05
c122 Left 1.0 Right <0.1 Center 49 32 0.6
Clo4 Right 03 Left .1 Center 10 0.1 0.4
12 Left 08 Left <0.1 center 0.2 26 0.8
C132 Right 1.2 Center 0.1 0.7
€133 Left 1.0 Center «@.l Center <l RR 09 00
eL34
Cl40 Left 0.7 Left 01 Left 0.9 46 0.2
cl42 Left 19 Left 0.1 01 <.l
Cl5L Left 0.3 Center <@l Center 01 Yet 20 104
€159 Left 0.2 Right 01 Yer 13 52
Cl62 Center 0.2 Left 0.1 Center .1 04 13
Cl65 Left 13 Left 13 Center <01 0. 02

8L



Appendix Table B.2. --Continued

Prosser Dan Sunnyside Dan Wapato Dam Roza Din  TownDiver&anDam Cowiche Den Wapatox Dan

Serid Pith  pansage Fish Pasnage Fish  Passage Parsage Passage Fish  Pusnage Passage
nurber Irdder  time ladder tine |adder tine time tine ladder  time time

Cl6s Right i Center <0} Left <.1 47

Cl67 Left 0.2 Center 0.6 Left Q.1 0.8 0.1

cle Center 0.3 Center 0.3 Right 6.7 1.6 01

170 Laft 2.3 Right 0.1 Yea 0.0 103

an Right L5 Right 0.6 Left 0.9 6.1 0.3

an Left 1.6 Center 0.1 No 0.3 0.6

n Left 0.2 Left .1 Center .1 Yea 1.1 4.6

€17 Left 0.3

c218 Right 0.9 Right 0.1 Center 35 NO 0.1 4.5

220 Right 0.2 Left <0.1 Left 03 N0 0.1 42

222 Left 0.2 Center .l Center 01 Yes 0.9 104

€225 Left 0.6 Center <0.1 Left 01 15 .l

227 center 04 Center 0.1 Center 5.7 NO 01 71

€228 Left 0.2 Center <0.1 Center <.1 03

229 Left 0.4 Center <0.1 Canter <.l No 0.9 14.2

€230 Right 25 Center to.1 Center 01 41 0.2

¢l Right 13 Left <0.1 No 20 3.0

c231 Center 21 Center 0.1 0.3 0.2

23 Left 35 Center 16 Center 0.3 1.2 03

239 Left 0.2 Rignt 0.4 Center 05 NO 0.2 4.1

ca40 Left 0.2 Left (0.1 0.1 0.2

t241 Right 10 Center .1 Left 01 03 <.l

242 Left 12 Center <0,1 0.4 04

€245 Left 6.0 Center 0.1 Center 0.1 2.6 0.1

€257 09 Center «.1 Center .1 No 7.4 0.2

6L



Appendix TableB..2 . --Continued

ProsserDUO Sunnyside Dam Wapato Dam Rozs Dam - Town Diversion Dam Coviche Dan Wapatox Dam

Serfal Fish  Passage Flsh Passage Fiin Passage Passage Parsage Flsh  Passage Passage
nunber ladder  time Irdder  time Tadder tine tine tine ladder  time tine
c261 Left 0.9 Center 0.1 Center .1

€263 Left 2.1 Center .1 Center 01 2.6 0.5

€266 Center 3.6 Right <.1 Center 0.2 01 15

0267 Left 1.8 Center .1 Left 0.2 01 0.6

c268 Left 0.1 Center 0.1 NO 28 W
€269 Riaht 0.4 Left W1 Center <0.1 0.7 0.1

cn Center 0.4 Center w.1 Center 0.1 Yes 0.5 5.0
con2 Left 0.4 Center <0.1 Left a.1 3l @]

€213 Left 0.1 Center (01 Center 0.1 01 tl

€275 Left 02 Center .1

c282 Left 03 Right .1 0.5 01

C286 Left 15 Left (0.1 17 0.4

c2e8 Left 15 Center <.l Center 03 2.9 .l

c289 Left 0.6 Left <0.1 No 0.3 40
€290 Left 0.6 Canter W1 Center 03 3.5

€292 Center 0.6 Left 01 Center 0.3 No 13 1.2
€296 Left 0.7 Left <.l Right 03 1.2 03

€300

€303 Left 0.2 Center <.l 1.0 0.6

can Right 03 Left 0.2 Left 01 No 1.0 5.0
€306

€309 Left Q.2 Center .l Center 0.7 N0 038 4.6
)01 Left 0.3 Right 01 Center 0.4 Yes 1.8 1.4
34 Left 01 Center 01 01 1.0

og
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Appendi x Table c.1.--M gration times (days) between dans for
radi o-tagged spring chinook salmon in the
Yaki ma River Basin, 1991.

Prosser Dam Sunnyside Dam Wapato Dam Roza Dam Wapato Dam Cowiche Dam
Serial o to to to to to
number Sunnyside Dam Wapato Dam Roza Dam Town Diversion Dam Cowiche Dam Wapatox Dam
AQD2 5.6 0.2
A003 1.7 0.4 2.2 2.5
ADOS 4.0 0.2
A0OB 4.5 0.1 3.0 5.0
AQ09 3.2 0.1 3.0 13.9%
A012 4.1 0.5 2.6 6.1
A014 3.7
A0ls6
A026¢
A033 4.2
A034
A037 6.1
AD40 0.2 1.8 6.2
AD4l
AD44
AD4S 3.4
AD4SB e.8
AD49 3.9 0.4 1.6
A0S53 6.2
AD66 5.0
AOGH 5.4 0.2
A070 2.7 8.0
A072 5.9% 0.2 2.9
A075 3.0 0.1 1.5 4.6
A077
AD79 3.3
A081
AQB3 5.7 0.2 16.2
A0S0 0.7
A093
AQ97 3.3 0.4 1.7 6.6
A099 4.7 3.1
Al00 4.9
Al01 9.7
Al04 1.7 7.0
Al06 4.1 0.2 4.8
Al107 2.7 0.2 2.4 4.0
A 11 1.7 0.4
All3 1.0
All? 0.3 0.7
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Appendi x Tabl e Cc.1.--Continued.

Serial
number

Prosser Dam

to
Sunnyside Dam

Sunnyside Dam ¥Wapato Dam Roza Dam Wapato Dam Cowi che Dam
to to to to to
Wapato Dam Roza Dam Town Diversion Dam Cowi che Dam Wapatox Dam

Alls
Al125
Al31
Al34
Al36
Al37
A139
Al41
Al42
Al44
Al4S
Al50
Al5s
Al60
Al162
Al63
Al65
Al67
Al69
Al72
Al74
Al75
Al76
Al82
Al86
Al190
Al94
A197

Al99

A210
A215

A217

0.7

10.6
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Appendi x Tabl e C.1.--Continued.

Prosser Dam Sunnyside Dam Wapato Dam Roza Dam Wapato Dam Cowiche Dam
Seri al to . to to to to to
number Sunnyside Dan Wapato Dam Roza Dam Town Diversion Dam Cowi che Dam Wapatox Dar
A230 2.6 4.2
A233 3.0 4.2
A235
A236
A237 7.3
A239
A239
A242 1.3 0.7
A244
A247 4.2 4.3
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Appendi x Table C.2.--Mgration tinmes (days) between danms for
radi o-tagged spring chinook salmon in the
Yaki ma River Basin, 1992.

Prosser Dam Sunnyside Dam Wapato Dam Roza Dam Wapato Dam Cowi chc  Dar

Serial to to t o to to to
number Sunnyside Dam Wapato Dan Roza Dam Town Diversion Dam Cowiche dam Wapatox Dam

coo3 5.4 0.3 2.3

coos 4.3 0.1 1.5 5.3

c010

coll 3.2 0.4 1.9 5.5

c014 2.3 0.1 1.4 5.2

COoL6 3.9 0.1 1.7 4.1
cois 2.4 co.1 2.9 6.1

co022 2.9 0.3 7.2 3.1

cz3 5.6 3.1

o5 2.6 0.7 2.9 19.5

26 2.0 0.2 2.9 2.9

o7 5.0 0.1 0.9 3.4

co30

co31 2.0 0.1 1.5 4.4

co40 2.5 0.1 2.7 4.0

co42 0.2 2.6 5.6

co49 9.2 0.1 2.0 5.2

CC62 6.2 0.2 1.9 2.1

co57 3.1 0.1 1.6

co059 2.2 0.2 2.6 2.6
Co60 4.6 0.2 1.3 2.3

61 2.7 0.1

Q63 2.6 3.9

0065 2.5 0.4 5.7 9.7
CO66 4.2 to. 1 1.1 7.0
co70 6.3 0.4 3.0 53

coso 4.9 1.1 5.2 7.4

€081 3.0 3.5

c095 3.4 0.1 1.9 5.1

co** 2.4 0.3 1.6 4.1

co91 3.0 0.1 1.5 4.3

Coo6 2.6 0.1 1.5 7.9
co93 1.9 0.1 1.1 5.4
co99 4.3 0.3 7.0 4.3

aoo 3.6 3.1 1.3 8.7
c103 2.5 0.4 0.9 3.1

C105 0.6 3.4

a1l 4.2 0.1 1.5 9.e
Cilld 6.6 0.3 2.5 6.4

c117 2.2 0.3 1.7 2.3

a 20 5.4 0.2 1.9 2.3

a22 2.2 0.1 3.1 6.4
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Appendi x Tabl e c.2.--Continued.

Prosser Dam Sunnyside Dam Wapato Dam Roza Dam Wapato Dam Cowiche Dam
seri al to to to to to to
nunber Sunnyside Dam Wapato Dam Roza Dam Town Diversion Dan Cowiche dam Wapatox Dam

a24 3.3 0.1 9.7 5.7
a 27 3.4 0.3 1.7 3.4
a 32 2.9
€133 3.6 0.4 1.7 6.6
Cc134
C140 2.4 0.1 2.5 2.9
a 42 3.3 6.1
€151 2.5 0.1 1.4 5.5
c159 3.1 2.0
a 62 2.5 0.9 1.1 3.7
a 65 2.9 <0.1 0.4 6.2
Cl 66 2.2 0.2 1.6
a 67 2.4 0.1 2.1 3.5
Cl 69 2.9 0.1 1.3 14.7
a7o '5.3 0.1 0.7
Cl171 7.0 0.2 3.9 3.9
a72 6.0 7.0
C173 3.0 0.1 1.1 5.5
€175
c21s 1.7 0.2 1.7 4.6
c220 3.4 0.1 0.7 3.0
c222 3.5 0.2 2.5 3.5
‘c228 2.2 0.1 2.9 4.0
c227 4.3 0.2 1.9 5.6
c229 4.5 0.2 2.2
C229 7.1 2.3 1.7 4.8
€230 2.8 0.1 4.1 3.7
231 6.2 8.]
237 2.7 5.9
c238 1.3 0.1 2.9 3.3
C239 4.3 1.0 1.9 1.9
c240 3.4 4.7
41 3.1 0.1 1.7 3.3
242 4.6 7.3
C245 6.5 0.4 2.1 5.0
257 5.4 0.1 2.5 3.0
261 4.9 1.2 3.1
. C263 3.2 0.1 0.8 3.5
C266 2.9 0.1 1.4 1.8
267 2.2 0.1 3.7 3.6
Cc268 0.2 6.4 6.3
C269 1.1 0.1 5.0 2.4
71 4.7 0.1 1.5 2.9
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Appendi x Tabl e C.2.--Continued.

Prosser Dam Sunnyside Dam Wapato Dam Roza Dam Wapato Dam Cowiche Dam
serial to to to to to to
nunber Sunnyside Dam Wapato Dam Roza Dam Town Diversion Dan Cowiche dam Wapatox Dam

c272 2.4 0.1 1.6 2.1

c273 4.4 0.1 2.3 52

c275 2.0 0.1

c282 51 6.1

c286 3.9 22.7

c2es 2.2 0.4 1.9 3.1

C289 6.9 3.6
c290 4.9 0.2 5.6 2.2

292 3.7 0.2 2.0 5.7
C296 2.4 0.2 1.2 1.5

c300

c303 3.9 0.1 12. 2

ca04 2.5 0.1 1.3 3.1
c306

c309 5.9 0.1 0.5 9.4
c311 5.3 0.3 1.1 7.4

c314 1.6 0.7




Appendi x Tabl e D.--Prespawni ng and spawni ng behavi or, and habitat utilization, of radio-
tagged spring chinook salnon in the Yakima River Basin, 1992.
Seri al ~ Days Hol di ng Pr espawni ng Hol di ng Hol di ng ~ Holding location ~ Spawni ng | ocation Spawni ng
nunber mgrating dates behavi or cover habi t at River nane RKm River nane RKm dates
coo3 34 6/1-10/2 Stationary dep/turb Rapids d. Elum River 8. Cle Elm River 8.0 8/11-10/2
cooe 40 6/1-8/11 Stationary ub Riffle Cle Elw River 11. Cle Elum River 12.9 8/11-9/8
coll 100 6/27-10/3 Stationary ov Riffle Cle Elum River 9. Cle Elum River 9.7
col4 51 6/19-8/2S Stationary ov/ub Riffle Yakima River 299. Yakima River 209.7 8/25-9/25
CcoL6 32 6/2-8/19 Stationary wm/ub Pool American River 9. American River 9.7 8/4-8/19
cols 53 6/30-9/17 Stationary ub Riffle Yakima River 280. Yakima River 288.1
co22 40 6/3-9/8 Stationary ov Riffle Cle Elum River 6. Cle Elum River 8.0 9/8-10/2
o3 34 6/3-8/27 Stationary ov/ub/wm dide Naches River 46. Rattlesnake Creek 1.6 e/ 27-9/ 17
0071 41 6/10-9/1 Stationary dep dide Bunpi ng River 2. Bunping River 2.7 8/25-9/9
o6 59 7/16-8/5 Stationary Yakima River 297. Yakima River 307.4 9/23
o7 86 7/24-9/15 Stationary ub Qide Naches River 56. Naches River 69.2 8/25-9/15
co3l 14 5/26-9/25 Stationary ov Riffle Yakima River 294. Yakima River 294. 4 8/25-9/25
€040 22 5/26-9/17 Stationary ov/ub Rffle Yakima River 286. Yakima River 291.3 9/25
42 41 6/9-9/21 Stationaxy dep Pool Yakima River 323. Yakima River 323.5 9/21
co49 29 5/26-9/3 Stationary Rffle Yakima River 294. Yakima River 310.6 9/3-9/29
Q62 37 6/3-9/17 Stationary turb/dep/sub Pool de Elum River 12. Cle Elum River 12.9
co58 22 S/29-8/11 Stationary. sub/turb Rapids American River 8. American River 10.1 8/11-8/22
Q060 48 6/15-9/15 Stationary dep Pool Yakima River 321. Yakima River 323.5 9/15-10/02
co63 19 6/3-10/1 Stationary ov/ub Riffle Yakima River 289. Yakima River 190. 0 9/25
Q%65 35 5/29-9/17 Stationary ub dide Naches River 54. Naches River 54.7
066 36 6/2-8/5 Stationary ub/wm dide American River 12. American River 14.5 8/5-8/11
co70 61 6/23-9/29 Stationary wm Riffle Yakima River 317. Yakima River 317.0
c080 35 5/18-9/15 Stationary wn/ov/dep/ub Riffle Yakima River 315. Yakima River 323.5 9/21
o8l 14 5/18-9/11 Stationavry wm/dep Riffle Yakima River 297. Yakima River 305.8 9/16-9/22
[00:13 20 5/18-9/16 Stationary ub/ov dide Yakima River 297. Yakima River 313.8 9/16
coss 79 1/24-9/3 Stationary ub/ov Riffle Yakima River 288. Yakima River 304. 2 9/17-9/22
co91 26 6/3-8/14 Stationary turb/ub Rapids Cle Elum River 1. Yakima River 299.3 8/27-9/17
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Appendix Table D, --Cont inied.

Serid Days  Holding & spawning Helding  Holding Holding location Spawning location Spawning
number migrating’ dates avior cover’  habitat River nane RKm River name Rim dates
096 Gradual migration Naches River 36.6 514
091 20 6§/1-8/9 Stationary Rattlesnake Creek 3.2

099 47 §/9-9/17 Stationary dep/turd Riffle Yakima River 3203 Yakima River 3202

c100 35 5/29-8/14 Strtionrry ov/ub Glide Bumping River 3.2 Bumping River 13,3 1126-W
c103 16 619-9/3 Stationary dep/turd Rapids Yikims River 291.7 Yakina River 304.2 9/22-9/23
€108 4 §/3-9/28 Strionrry ubjvm Rittle Yakim River 54,3

Clt 3% 6/3-9/14 Stationary dep Pool Naches River 402 Naches River 39.4 LY
Cl4 31 §/3-9/2 Statiomary ub/wn/ov Riffle Yakima River 209.7 Yakira River 9,7 9117
o 2 5/29-8/26 Statiomary ] Pool Anericen River 8.7 Anerican River 9.0 019
cn 2 5/18-3/3 Stationary Glide Yakim River 811 YakimRiver 304.2 9/21
€122 2 5/26-10/9 Statlonary Yakims River m.u Yakima River M.

Cl4 % 5/18-9/25 Stationary ub Riffle Yakine River 2944 Yakisa River HIN

127 3% §/3-3/11 Stationary W Riffle (e Elum River 3.2 CleBlumRiver 3.2 /11
132 2% §/26-9/21 Strtionrry ub/vm Pool Yakima River 315.4 Yakima River 313.4 /2
€133 2 5/18-10/6 Strtionrry Riffle  HachesRiver 14

140 25 6/9-3/16 Stationary ov/ub/ sub Pool Yakima River 312.2 Yakima River N2 9/16
Cl42 23 5/14-9/10 Stationary sub/dep P00} Yakima River 325.1 Yakima River 3235 915
cLsl 5 6/24-9/2 Stationery sub/turb/ov Riffle Bumping River 3.2 Bumping River 32 8/25-9/1
cls9 3 's/zs-a/n Stationary w/ub Glide American River 12.1 American River 12.9 all9
¢162 ! §/18-9/25 Stationary ub/wmfov Riffle Yaking River 216.4 fakimRiver 246.4 9/2§
cl68 3 §125-9/21 Stationary wn/ov Riffle Yakima River 3243 YakimRiver 323.1 521
cl66 59 HE Y Stationary Yakima River 254.3

167 16 5/26-9/23 Stationary ub Riffle fakinRiver 297.1 YakimRiver 2993 323
c169 58 /16-9/2% stationary ub/wm/ov Riffle Yakima River 2881 YakimRiver 28,5 8/25
an U 5/18-8/4 Stationary turb/sub Riffle Naches River 6.2 LittleNaches River 6.4 1
an 55 §/30-9/3 stationary turb/ov Riffle Yakima River 305.8 Yakim River 3135 9/3-9/30
e Gradual migration American River 46 ant

o Gradual migraticn Bumping River 16.0 9/3-9/17
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Appendi x Tabl e D.--Conti nued.

Seri al Days Hol di ng Pr espawni ng Hol di ng Hol di ng ~ Holding location ~Spawning |ocation Spawni ng
nunber migrating* dates behavi or cover habi t at Ri ver name RKm River name RKm Dates
cz1e 32 5/29-8/19 stationary ub/ov Glide Anerican River 11.3 American River 11. 8/4-8/11
c220 Gradual migration Naches River 54. 8/24-9/17
c222 34 5/26-9/ 23 stationary sub Rapids Rattl esnake Creek 2. Rattlesnake Creek 3. 8/27-9/17
c225 28 6/3-8/21 stationary turb/sub Rapids Cle Elum River 6. Yakima River 300. 9/3
c227 20 6/10-9/29 stationary Pool Naches River 53. Naches River 54. 9/29
c2z28 34 6/3-9/17 stationary turb/ub/ov Riffle Yakima Ri ver 229. Yakima River 229. 8/17
c229 Gradual migration Little Naches River 9. 9/1
c230 45 6/19-8/26 stationary sub Rapids Yakima Ri ver 209. Yakima River 229. 8/27-9/3
c231 32 5/29-9/3 stationary turb/sub Riffle Naches River 40. Rattlesnake Creek 0. 8/17
c237 25 5/26-8/26 Stationary turb Riffle Yakima River 296. Yakima River 309. 9/16
C238 Gradual migration Yakima River 305. 8/25-9/ 10
c239 31 5/29-9/3 stationary ov/ub/turb/sub Riffle Little Naches River 3. Little Naches River 3. 9/25-9/1
Cc240 18 5/13-8/26 stationary wn/ov Riffle Yakima River 297. Yakima Ri ver 323. 9/17-9/21
c241 40 6/30-9/10 stationary Yakima River 297 Yakima River 297. 9/17
c242 27 5/26-9/21 stationary Yakima River 321. Yakima River 321. 9/21
c245 90 7/30-8/27 stationary ov Riffle Yakima River 305.

c257 31 5/29-8/27 Stationary ub Pool Ratt| esnake Creek 4. Rattlesnake Creek 4. 9/11
c261 10 5/9-9/2 stationary Yakima River 202.

c263 46 6/9-8/20 stationary wm/ov Pool Yakima River 317. vakima River 323. 9/14-9/17
c266 54 6/15-9/16 stationary wm/ov Pool Yakima River 317 Yakima River 312. 9/16
c267 22 5/26-9/10 stationary Yakima River 320. Yakima River 323. 9/15
c268 Gradualli gration Crow Creek 1.

c269 36 6/2-8/16 stationary dep Pool Yakima River 325.

c2n 31 5/29-8/14 stationary ov Rffle American River 11. American River 11. 8/4-8/21
c272 16 6/3-9/29 stationary ub/ov Riffle Yakima River 310. Yakima River 315 9/10~9/27
c273 19 5/18-9/25 stationary ov/ub/wm Riffle Yakima River 209. Yakima River 2009. 9/25
c282 35 6/3-9/25 Stationary Rffle Yakima River 209. Yakima River 209. 8/11-9/25
c286 42 6/3-7/31 stationary vakima River 265. Yakima River 283
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Appendix Table D ,--Continued,

Serid  Days  Holding Prespawning  Holding  Holding Holding location. Spawning location Spanning
number migrating' dates behavior cove habitat River name R¥m River name R¥m Dates
cn pi 6/3-9/17 Stationary YakimaRiver 296.4 Yakina River 2045 Y
e 5 6/10-8/26 Stationary American River 0.8 Arerican River 0,8

c290 il §/3-8/14 Stat{onary Riffle TakimaRiver 266.4

€292 Y] 6/10-4/4 Sationary ov/turb Rapids American River 32 AnericanRiver it =501
2% 19 §/9-9/17 Stationary ubfov Riffle YakimaRiver 8.1

can3 2 5-9/11 Stationary Yakina River 28,

a0 1] §/3-9/9 stationary ov/turb/sub  Riffle Bunping River 3 Bunping River 64 39
€109 31 6/3-3/28 sationary Glide Nachos River 8.3 NachesRiver 4.3 1
)01 Gradua migratien HachesRiver 69,2 I
au 28 5/26-9/21 Stationary ov Riffle Yakima River 3235 Yakim River 3.5 s/

SMigrating = travel tine from releaseto arrival at prespawning holding area.

‘D

' H?(ding Cover: dop=depth
ov=0vernanging vegetation
rub = substrate

turb = turbulence
ub = undercut bank
¥ . WoOdly material

06
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Appendi x Table E.1.--Daily fish-ladder counts of spring chinook
sal mon passing Prosser Dam Yakima River,
1991.

Date R ght Bank Center Left Bank Deni | Tot al
13 ppr 1 1
14 Mpr 1 1
15 Apr 1 1
16 2pr 1 1
17 ppr 2 2
10 apr 1 1 2
19 2pr 1 1 2
20 br‘ 1 2 3
21 rpr 1 . 5 3
22 Mpr 2 1 4 7
23 apr ] ]
24 ppr 1 3 7
25 Apr 1 3 7 11
26 rpr 1 ] . 17
27 apr 1 7 9 17
29 Apr 3 10 16 29
29 apr 5 15 1 ’ 21
30 pr ) ] 21 : . n
01 May 12 1 1 » 24
02 May 2 s 32 1 4
03 May 3 17 36 1 57
04 May 7 6 27 40
05 May [] 18 32 58
06 May 2 14 40 1 57
07 May 6 1 36 [ 69
08 May 2 12 10 3 ' 27
09 May 3 19 24 R 1 47
10 May 3 41 66 2 112
11 May 2 32 .“ 118
12 May ) 22 ss e5
13 May 1 20 5 2 9
14 May 1 25 - n 1 108
15 May 1 20 36 8 €5
16 May 3" 12 50 1 72
17 May 7 32 [ 1 128
18 May 10 37 173 120
19 May 2 a7 s6 105
20 May 24 60 s 89
21 May 2 20 85 . 2 17
22 n.; 1 32 92 ) 129
23 May 1 . 29 €5 s 103
24 May 13 53 s n
25 May 11 : 3s 46
26 May 1 16 27
27 May 3 19 15 37

20 May 2 7 18 2 29




Appendi x Tabl e E.1.-~Continued.

92

Dat e Ri ght Bank Cent er Left Bank Deni | Tot al
29 May 3 4 20 1 28
30 May 3 9 11 [ 29
31 May 3 2 4 2 11
01 Jun 1 2 3 6

02 Jun 1 4 ] 13
03 Jun 1 3 ] 15
04 Jun 11 12 5 28
95 Jun 2 11 23 10 46
06 Jun 18 28 L] 55
07 Jun 2 13 30 ] 53
08 Jun 1 3 12 16
09 Jun (3 1] 15
10 Jun 5 11 16
11 Jun 1 ] 24 34
12 Jun 2 2 10 14
13 Jun 2 2 6 1 11
14 Jun 5 3 14 22
15 Jun [ k] 7 16
16 Jun ] 2 13 . 24
17 Jun [} s 10 23
18 Jun 4 7 10 2 23
19 Jun 1 2 1 4

20 Jun 2 10 1 13
21 Jun 1 2 3 6

22 Jun 1

23 Jun 1 1

24 Jun 3 3

25 Jun 10 1 11
26 Jun 1 2 3

27 Jun 1 3 7 11
28 Jun 1 3 4

29 Jun 2 13 ]

30 Jun 1 2

01 Jul 3 3

02 Jul 1 1

03 Jul 1 2 3

04 Jul 1 2 3

05 Jul

06 Jul

07 Jui

08 Jul

09 Jul

10 Jul

11 Jul

12 Jul

13

Jul
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Appendi x Table E.I.--Conti nued.

Dat e Ri ght Bank Cent er Left Bank Benil Tot al

15 Jul
16 Jul 1 1

17 Jul

19 Jul 1 4 5
20 Jul 2 2
21 Jul
22 Jul
23 Jul
24 Jul
25 Jul
26 Jul
27 Jul
28 Jul
29 Jul
30 Jul
31 Jul
01 Aug
02 Aug
03 Aug
04 Aug
05 Aug
06 Aug’
07 Aug
08 Aug
09 Aug

10 Aug

12 Aug 1 1
13 Aug
14 Aug
15 Mg
16 Aug
17 aug
19 Aug
19 Aug
20 Aug
21 Mg

22 Aug

Total 154 785 1,785 110 2,834
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Appendi x Table E. 2. --Daily fish-ladder counts of spring chinook
sal non passing Prosser Dam Yakim R ver,
1992.

Date Right Bank Center Left Bank Denil Tot al
29 Mar 1 2
30 Mar
31 Mar
Ol apr
02 »pr
03 apr
04 Apr 3
05 Apr 1 1
06 Apr
07 Apr s 5
08 apr 4 ]
09 Apr s 2 s
10 apr 3 6 9
11 2pr s 3 12
12 Apr 9 ) 3 20
13 apr 10 13 s Ca 29
14 apr 22 1 10 1 a“
15 Apr 23 20 [; 4
16 apr 29 7 n 2 4
17 Mpr 16 9 26
18 Apr 34 13 3 50
19 2pr 62 15 s 85
20 Apr 16 2 4 22
21 rpr 12 8 4 s 29
22 apr s EY) s 2 136
23 apr s 34 36 2 147
24 apr a3 19 36 [ 107
25 Apr s5 24 29 ’ 108
26 Apr I s6 40 191
27 2pr ' 38 M) 10 185
28 rpr 58 20 : 40 10 128
29 Mpr 83 14 37 '3 142
30 apr 26 28 33 164
01 May 80 54 23 7 164
02 May 1s 15 1 m
03 May €7 37 13 117
04 May 107 25 32 169
05 May 0 17 27 128
06 May 32 16 35 3
07 May 4 32 56 136
08 May 129 50 79 ’ 262
09 May 39 23 24 86
10 May 1 3 10 29
11 May 10 16 57 94
12 May .7 37 s 212

13 May M 22 €5 163




Appendi x Tabl e E.2.--Continued.
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Date Ri ght Bank Cent er Left Bank Deni | Tot al
14 May 49 21 36 1 106
15 May 23 8 46 2 79
16 May 23 20 48 91
17 May 20 19 S$1 90
18 Mey 23 11 32 2 68
19 May 32 15 35 2 84
20 May 7 . 29 42
21 May s 2 7 14
22 May 11 L] 25 45
23 May . 4 12 24
24 May 6 3 27 36
25 May 13 6 1 23
26 May 6 s 4 15
27 May 1 2
28 May 1 2 3
29 May 2 5 ]
30 May 1 L] 10
31 May 1 10 n
01 Jun 4 4
02 Jun r 1
03 Jun
04 Jun
05 Jun 4 1 5
06 Jun 2 4 6
07 Jun H 2
08 Jun 3 3
0% Jun 1
10 Jun 2 2
11 Jun 2 2
12 Jun 4 4
13 Jun [ 15 21
14 Jun 36 25 3
15 Jun [ 10 16
16 Jun 3 3 9
17 Jun 2 1 3
18 Jun 1 1
19 Jun 4 4
20 Jun 1
21 Jun
22 Jun
23 Jun
24 Jun
25 Jun
26 Jun
27 Jun
28 Jun
29 Jun




Appendi x Tabl e E.2.--Continued.
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Date

Ri ght Bank

Center

Left Bank

Deni |

Tot al

30 Jun
01 Jul
02 Jul
03 Jul
04 Jul
05 Jul
06 Jul
07 Jul
o8 Jul
09 Jul
10 Jul
11 Jul
12 Jul
13 Jul
14 Jul
15 Jul
16 Jul
17 Jul
18 Jul
19 Jul
20 Jul
21 Jul
22 Jul
23 Jul
24 Jul
25 Jul
26 Jul
27 Jul
28 Jul
29 Jul
07 Aug
31 Jul
01 Aug
02 Mg
03 Aug
04 Aug
05 Aug
06 Aug
07 Aug
09 Aug
09 Aug
10 Aug
11 Avg

12 Aug

Total

2,022

1,087

1,361
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Appendi x Table F.I.

97

--Denil operation at Prosser Damto coll ect

spring chinook sal non,

1991.

Start stop Tot al Start stop Tot al
Date time time time (hours) Date time time time (hours)
29 Apr 05:30 14: 00 6.5 29 nay 05:00 19: o0 17.0
30 Apr 05:15 14: 00 a.0 30 May 08:00 19: 00 17.0
01 nay 00:30 16:30 16.0 31 May 05:00 19:00 17.0
02 May 00:30 15:00 14.5 01 Jun
03 May 00:30 08:00 7.5 02 Jun
04 nay 03 Jun 05:00 19: oo 17.0
05 May 04 J"" 07:00 18:30 11.5
06 May 00:30 16:00 15.5 05 Jun 05:00 20:00 16.0
07 nay 00:15 16:00 15.6 06 Jun 05:00 20:00 16.0
08 May 00:30 14:00 13.5 07 Jun 05:30 20:00 17.5
09 nay 05:00 20:00 15.0 08 Jun
10 May 04:00 20:00 16.0 09 Jun
11 nay 10 Jun 05:00 20:00 16.0
12 nay 11 Jun 05:00 18:00 16.0
13 nay 05:00 19: 00 12.0 12 Jun 05:00 12: 00 7.0
14 nay 05:00 19: oo 12.0 13 Jun 05:00 11:30 6.5
15 nay 05:00 20:00 15.0 14 Jun
16 May 05:00 19:00 12.0 15 Jun
17 May 0%:00 16:00 11.0 16 Jun
19 nay 17 Jun 05:00 11: oo 6.0
19 nay 18 Jun 05:00 11: 00 6.0
20 nay 05:00 16:00 11.0 19 Jun 05:00 12: 00 7.0
21 nay 13:30 19: oo 5.5 20 Jun 05:00 12:00 7.0
22 nay 07:00 19: o0 12.0 21 Jun 05:00 14:00 9.0
23 nay 22 Jun
24 May 05:30 15:00 9.5 23 Jun
25 nay 24 Jun 05:00 12:00 7.0
26 May 25 Jun 05:00 12:00 7.0
27 way 26 Jun 05:00 12:30 7.5
26 May 05:00 19: oo 17.0 27 Jun 05:30 12:00 6.5
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Appendi x Table F.2.--bDenil operation at Prosser Damto coll ect

spring chi nook sal non,

1992.

Start stop Start stop Tot al
Date Time 1 Time 1 Time 2 Time 2 time (‘hours)
13 Apr 07:17 13: 00 5.7
14 Apr 07:35 10:30 2.9
15 Apr 08:00 13:00 5.0
16 Apr 08:30 12:45 4.2
17 Apr 07:30 15:00 7.5
20 Apr 07:05 12:30 5.4
21 Apr 06:00 18:00 12.0
22 Apr 06100 15:35 9.6
23 Apr 06:00 11:30 5.5
24 Apr 06:05 08:10 12:10 17:00 6.9
27 Apr 06:00 08:45 10:55 12:30 4.3
28 Apr 06:00 09:52 3.9
29 Apr 06:15 15:25 9.2
30 Apr 06:00 09:23 3.4
01 May 06:05 09:47 3.7
04 nay 06:07 07:12 2.1
05 nay 11:30 12:55 1.4
06 May 09:05 14:05 5.0
07 May 09100 12:30 3.5
08 May 10:45 16:05 5.3
11 May 09:03 09:58 0.9
12 May 09:30 11:21 1.9
13 May 09:25 09:42 0.3
14 May 09:30 15:00 5.5
15 May 10:40 13:08 2.5
18 nay 08:57 | 0: 00 1.0
19 nay 09:18 11:50 2.6
21 nay 09:12 12:15 3.0
22 nay 09:20 12:20 3.0
26 May 11:07 14:35 3.5
26 May 04:47 10:15 5.5
02 Jun 01:50 06:40 4.0
03 Jun 10:11 13:27 2.3




