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IRTRODUCTIOR 

Juvenile salmonid survival studies planned for the Yakima 

Basin will require the . release a;nd recapture., of large· numbers of: 

marked fis_h. Before these studies. can be implemented, 

information is needed about potential recovery rates of marked 

fish at ·proposed sampling sites. ·The type Qf mark_ employed _and

the efficiency of the equipment used to capture and examine fish 

· for marks must be evaluated s·irice· accurate survival estimates

depend on their reliability. Recovery rates are expected to vary

with species ·and life stage as wel1 as environmental factors such

as river flow and water temperatur�.

The Chandler Canai originates downstream from-�rosser Dam at 

river kilometer ·76 on the Yakima River (Figs. 1 and 2). Thif? 

canal delivers water for power production (-approximately 28 .3 

m3/second ( 1000 cfs)) and irrigation (approximate.ly 11.3 m3/second 

( 400 ·cfs)) . A trash ·removal and fish diver·s.i.on screen facility 

is located .1'.6 km downstream from the canal headworks. A bypass 

pipe diverts fi�h th:i;:-ough the Chandler Canal juvenile ·f.ish 

collection _facility (Chandler facility) (Fig. 2). 

The purpo�e of this study·was to assess the mark-recovery 

capabilities of the Chandler facility and a mobile juvenile fish 

trap installed temporarily at West Richland, Wa�hingtori near the. 
,. 

_mouth of the Yakima River (Fig. 1). Pr��ary objectives were: 

1) To determine the efficiency and reliability of the PIT.-·

·tag monitoring system at the Chandler facility;·
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2) To determine the entrainment of juvenile salmoriids into 

Chandler Canal, as a function of river flow; 

3) To assess the capability of smelt traps in the Yakima 

River to entrain juvenile salnionids; and 

4) . To assess the effects of Chandler Canal-and Chandler 

facility passage on the surv_i val of juvenile salmonids. 

METHODS AND MATERIALS 

Yearling chinook salmon (Oncorhynchus tshawytscha) used in 

this study were acquired from. juvenile collection facilities at 

Wapatox Dam on the Naches River (Fig. 1) and the Chandler 

facility (Fig. 2). Subyearling chinook-salmon were taken ·either 

from the Chandler facility or from floating net-pens in the

Wapato Canal near Yakima, Washingtc;m. Yearling steelhead (0. 

_ my kiss) were obtained from the Yakima Hatchery (Washington 

Department of Wildlife (WDW)) in Yatima. The sockeye salmon - (0. 
' -

nerka) recovered were released into the Cle Elum River for the 

Cle Elum Lake Sockeye·· Restoration Feasibility Study. _ Additional 

information on the sockeye salmon marking experiments may be 

found in the report on the Cle Elum Lake Restoration Feasibility 

St_udy (Flagg et al. 1991). · The species, dates of releas�, fish 

sizes, -and numbers of fish used in this study are summarized in 

. Appendix Table L 

Freeze brands ·w�re applied using methods desc-ribed by 

Mighe11· (1969). The PIT-tagging procedures and monitori"ng 

equipment were similar to those described by Prentice et al·. 

(1990b). Fish were rejected prior to marking if they.were 

I 
,.(, 
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diseased, injured, descaled, previously marked, or were less than 

· 60 mm· in length . .  With the exception of sockeye salmon and

subyearling chinook salm6n from the Wapato Canal net-pens, all

. experimental fish were marked at the Chandler facility (Fig. 2) -.

After marking,- fish were allowed to recover in portable

containers supplied with aerated water from Chandler Canal.

Freeze-branded and PIT-tagged fish were held a minimum of 2 days

to allow time for brand development and to evaluate delayed .

mortality.

The collection and monitoring system at the Chandler 

facility consisted of di�ersion screens that directed fish into a 

pipe to a dewatering unit, over a fish separator, and through.a 

PIT-tag detector (Fig. 3). Fish were interrogated for PIT tags_ 

as they exited the separator. Groups of fish were then 

subsampled at timed intervals and following anesthetization, 

examined for freeze brands. Subsampled fish were enumerated and 

passed through a second PIT-tag detector before entering a 

recovery tank. Non-redundant data from both PIT-tag detectors 

were pool7d to estimate ·· detection rates. 

Methods specific to each objective and task, as identified -

in the ori9inal work.plan, are de�cribed below. Note that some 

tasks apply to more than one objective. 



I. 

I, 

Timed 
sample 
gate 

/ 

� ... 

Main 
PIT .. tag 
detector 

�...@J 

8 

Fish 
· separator

Fish 
holding 
tank 

Dewatering 
unit 

I 7

(I) 
(I) 

a.
>-

E 

-

(I) 
>-

Cl) Sample 
� PIT-tag. 

detector 

To 

Yakima 

River 

-

.• 

From.; 

Chandler 

Canal; 
' 

! 
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Objective·1: Determine the efficiency and reliability of the 

PIT-tag monitoring system at the Chandle.r facility. 

Task 1.1--Measure the detection
"'
efficiency and reliability 

of the PIT-tag detector at the chandler facility� 

Two groups of yearling chinook salmon, four groups of 

su}?y�arling chinook salmon, and two groups ot steelhead were PIT 

tagged and released into the upwell of,the dewatering unit on the 

fish separator at the Chandler facility (Fig. 3). The pip� 

leading to the PIT-tag detector provided the only egress from the 
' ' 

release site. Fish in each group were released at 30-minute 

intervals in 40"'.""fish -lots. The · efficiem;:y of PIT-tag detection 

was estimated as the percentage of released fish that.were 

recorded by the monitor. The d�tection efficiency was det�rmined 

once all PIT-tagged fish had passed through the detector. 

Task 1..2--Compare the detection proportions of PIT tags and 

freeze brands at _the Chandler facility.

Two groups of yearling and one group of subyearling chi:(look 

salmon. used in Task I.I were.double-marked with PIT tags and. 

freeze brands. PIT-�ag detections included all non-redundant 

tags identified by either the main or sample PIT-tag detectors. 

Observations of freeze brands were adjusted according to the 

sampling rate. 
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Objective 2: .Determine the entrainment of juve,nile salmonids 

into Chandler Canal, as a function of river flow. 

Task 2. 1--At the-Chandler facility, measure the detection 

rates of PIT-tagged juvenile salmonids released a short dista:1-ce 

upstream from the Prosser Dam and in Chandler Canal . 

PIT-tagged yearling or suby�arling chinook salmon in- groups_ 

of approximately 400 each were released 1 km upstream from -

Prosser Dam on four separate dates. Comparable groups.of 100 

PIT-tagged juveniles were released simultaneously into.Chandler 

Canal (Fig. 2) .- T�e PIT-tagged steelhead were released 

simultaneously · at _three locations: in the forebay of · Prosser 

Pam,_ in Chandl�r Canal upstream from the Chandler facility, . and 

in the Yakima River immediately below the Cnandler facility 

bypass ·pipe outfall (Fig. 2) . The three groups, each composed of

approximately 600 fish, w�re released at weekly intervals over a 

3-week period (27 April-1.1 May). Release procedures followed

those of Fast et al. (1989) to facilitate comparison with

historical data.

Subyearling chinook salmon used in the experiment were 

further di vide_d into two groups: o.?e composed of fish that were 

collected at the Chandler facility, the other of -naive £ish 

(i.e., not previously captured at the Chandler facility) taken 

from floating net-pens'in the Wapato Canal. 

The entrainment·rate of-juvenile salmonids into Chandler 

Canal.was calculated by dividing the. Chandler facility detection 

proportions of · forebay-released fish by the detection proportions 

of the group released directly into Chandler Canal. This 
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measure, henceforth referred to as a diversion or entrainment 

rate, assumes that once forebay-released fish enter the canal, 

their survival is the same as that of fish released into the 

canal on the same datE;!. All detection rat-es at·the Chandler 

·_facility were estimated as the detection proportions divided by a

PIT-tag detector efficiency of 0.875 for releases made prior to 6

June and 0.96 for releases made on or after-that-date. These

values were the mean detection rates recorded by the primary PIT-·

tag detector at the Chandler facility before and after

modifications were made to the monitoring system. There was no

evidence that detection efficiency varied within these two time

periods.

Objective 3: Assess the· capability of the smolt traps in the 

Yakima River to _entrain juvenile salmonids. 

Task 3.1-�Record numbers of PIT-tagged juvenile salmonids 

caught in the West- Richland screw trap. 

A screw trap, cabled to the Van Giessen Bridge at river 

kilometer 11.5, was operated by WDF at West Richland; Wa$hington. 

This floating trap resembled a horizontal·cone tapering from a 

3. 6-m opening to a 0.5-m discharge pipe. leading to a collection

box. Internal baffles used the force of the river current to

rotate the cone on its axis and auger fish into a collection box.

Two PIT-tag monitoring systems were installed on this fish trap.

The first detector ran on AC electric4,ty and resembled the PIT

tag detectors at the Chandler facility. The second detector was

an experimental DC-powered unit that was built specifically for
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this project. Fish entering the trap were diverted from the 

collection box into a holding area where they were.anesthetized, 

evaluated for brands, ··measured, identified by species, and passed 

through both PIT-tag detectors before being placed-in a recovery 

container. The trap design, monitoring system, and experimental 

results relating to the West Richland trap will be reported 

separately by WDF personnel. 

Objective 4: Assess the effect-s of Chandler Canal and Chandler 

facility passage on the survival of juvenile· salmonid·s. 

Task 4.1--Utilize PIT-tag detections at the Chandler 

facility and at downstream sites to compare detection ·rates of 
- . 

mainstem� and canal-released juvenile salmonids. 

The PIT-tagged fish detections from the Chandler facility, 

West Richland· scr�w trap, and McNary Dam were analyzed for 

comparisons ,pf recovery rates. All ffsh passing through the 

McNary Dam 'fish col,le�tion and bypass: system,· located on the 

Columbia River 69. s km downstr_eam from the mouth of the Yakima 

River, were interrogated by PIT-tag detectors at the ·exit.flume 

from the fish sep_arator. The daily percentage of fish entering 

this collection system varied depending upon levels.of spill and 

the collection efficiency of the_submerged traveling fish 

screens. Fish that were PIT tagged and released in the vicinity 

of the Chandler Canal were also monitored for PIT. tags at McNary 

Dam. 

Analysis of variance was used to evaluate the effects of 

release location (Chandler Canal and Prosser Dam forebay) and 
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- previous·detection history (detected vs. not detected at the

Chandler facility) on. detection proportions at McNary Dam. The

mean detection proportions.· among the following groups were

c01npared:

·· · - 1) Fish released in the canal, detected at the Chandler

facility_. 

2) Fish released in the canal, not detected at the Chandler

facility.

3) Fish released in the_ forebay, , detected at the Chandler

facility.

4) Fish released in the forebay, not detected at the

Chandler facility.

Task 4.2--Monitor and compare detection rates of.fish released in 

upstream areas of the Yakima.River. 

Three groups of subyearling chinook salmon, each·consisting 

of approximately 1,000 fish, were PIT tagged and released·into-

the Wapato Canal, 95 km upstream from the Chandler facility.· The 

first group was released two days prior to the release of the, 

main net-pen population,.the second group was-released with the 

main net-pen population, and the.third grouJ? was-released eight 

·days later.

PIT;...tagged sockeye salmon released into the Cle Elum River 

were also monitored. 
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RESULTS 

Approximately 16,170 juvenile chinook salmon and steelhead 

were marked and released in this study. ·An additional 3,517 PIT.:.

tagged sockeye salmon that had been released in the Cle Elum 

River were detected. 

Detailed release and detection data are presented in 

Appendix Tabl.es 1-18. 

Objective ·1 

Task 1.1--of the 1,808 PIT..;.tagged fish released into the 

Chandler facility, 1,592 were detected by the main PIT-tag 

detector ( Table 1) . Tag detection proportions for the eight test· 

groups of fish ranged from O. 85 to O •. 98. After changes were made 

to the system_on- 6 June, the mean efficiency of- the system PIT

tag detections inrireased to 0:96.

Approximately·l,170 of.the test fish were diverted through� 

the sampling system and interrogated by the second (sample) .PIT

tag detector. Only 137 of the PIT-tagged fish had no_t been 

detected by the main detector. Sampling was continuous on all, . 
except two dates--16 April and 26 May--when fish were sampled 50 

and 25% of the time, respectively. To account for reductions in 

sampling time, we mul tipl_ied the number of PIT tags detected by. 

the second detector, but not the first detector, on these dates 

by 2 and 4, respectively. 



Table i.-.--Results O·f PIT-tag detection efficiency tests conducted at the Chandler Canal fish 
collection facility, 1.990. 

Main de1:,ector Sample detector System total 

Date of 
release 

. Number Number 
released . detected 

Proportion, Number New Proportion Number Proportion 
detected sampled detections detected 'detectedd detected 

7 Ap:i;:il 

16 April 

3 .May. 

11 May 

26 May 

29 May 

29 May 

29 May 

Totals 
· or means

Mark 

PIT 

PIT 

PIT 

PIT 

PIT 

PIT 

PIT 

PIT 

263 

499 

147 

_, 223 

499 

53 

44 

80 

i,808 

229 

432 

125 

207 

432 

48 

43 

76 

1-, 592 

Yearling Chinook Salmon 

0.87 

0.87 

253 

400° 

Steelhea� 

0.85 

0.93 

87 

109 

33 

56° 

12 

6-

sub-yearling Chinook Salmon 

0.87 

0.91 

0.98 

0.95 

0.88 

6 

19 

37 

1,167 

1 

0 

1 

137 

Detections were multiplied by 2 to adjust for·a 50% sampl,ing :rate. 
b , Detections were multiplied by 4 ·.to adjust for a 25% sampling rate. 
c Includes adjusted new detections at the sarpple detector. 

· d First time detections only.

0.13 

0.14 

0.14 

0.06 

0.11 

0.17 

0.00 

0.03 

0.12 

262 

4.88c 

137 

213 

460C 

49 

43 

77 

-.-.-

. 1,729 

1.00 

0.98 

o.�3

0.96 

0.92 

0.92 

0.98 

0.96 
--
0.96 
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An ad justed total of 1, 729 first-time detections· were made 

by the main or sample PIT-tag detectors. The combined Chandler 

facility detection efficiency was 0.96 (range, 0. 92-1. 00). Since 

this value·was based on tests run prior to 6 June (when 

modifications· improved the exficiency of the primary PIT-tag 

detector), the combined detection efficiency at the Chandl_�r 

facility now probably exceeds 0. 96. 

Task 1. 2--Two groups of yearling chinook salmon and one 

group of subyearling chinook salmon bearing both PIT-tags and 

freeze brands were_ released directly into the Chandler facility. 

As with the PIT-tags, the number of freeze brands observed during 

sampling of fish released on 16 April and 26 May were multiplied 

by 2 and 4, respectively, to account for non�continuous_ sampling 

rates. Freeze brands on the double:..marked fish "1ere recorded at 

the examinati·on station at significantly lower rates ( P < O ._o 1) 

than the PIT tags at the sample detector. For yearling. chinook 

salmon, _0. 87 of the PIT tags were detected compared,with 0. 66 of 

the brands; tor_ subyearling chinook.·salmon, 0.87 of the PIT tags 

-were detected compared with 0.37 of the · brands.

Objective 2 

Task 2. 1--0f the 1,541 yearling chinook salmon that were 

introduced into the forebay of P�osser Dam, 476 (0. 31) were 

diverted-into Chandler Canal and detected at the main PIT-tag 

monitor at the fish facility - ( Table 2, Appendix Table 2) . For 

the four releases into the forebay, the proportions detected 



Table 2.--Rele�se data, Chandler Canal fish collection fa9ility PIT-tag 
detections, and estimated survival and.diversion rates for 
yearling chinook salmon that were captured, marked, and released 
near Prosser, 1990, 

Date of Release .Number Number Proportion Canal Diversion 
release site released detected detected survival a rate 

7 April Canal 100 92 0.92 1.00b

Forebay 400 73 0.18 0.20 

13 April Canal 100 81 0.81 0.93 
Forebay 400 255 0.64 ·0.79

19 April Canal 99 89 0 .. 90 _1. 0 o c 

·Forebay 399 13 0.03 .0.03 

10 May Canal 75 61 0.81 0.93· 
Forebay 342 135 0.39 0.48 

Totals Canal 374 323 0.86 0.96 
or means Forebay 1,541 476 0.31 ,... 0.38 

a A detection efficiency of 0.875 was used t-o calculate survival rates for 
all groups of canal-released fish. 

b Compu�ed estimate was 1. 06. 
c Computed estimate was 1. 03. 

,_. ) : 
-.J 
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ranged from 0.03 to 0.64. In contrast, _323 (O.a6) of the 374 

fish released directly._into Chandler Canal were detected, with 
. . . 

proportions ranging between 0.81 and 0.92. 

Paired releases of PIT-tagged subyearling chin6ok salmon 

yielded results that were similar to those observed for yearling 

chinook salmon, although differences 1n prop6rtion of canal- and 

forebay-released fish detected were not·as pronounced.- For 

subrearling Chinook salmon collected at the Chandler facility and 

released upstream, mean detection proportions (Table 3 ;. Appendix 

Table 3) were as follows: forebay_ relea�es--654 of 1, 566 tagged 

fish detected (mean 0.42 with a range o'f 0.15 to 0.76); canal 

releases�-264 of 371 tagged fish detected (mean 0.71 with a range 

of 0.57 to 0.82). 

Detection proportions for subyearling chinook salmon taken 

from the Wapato Canal net-pens were lower than for comparable 

groups collected at the Chandler facility (Table 4, Appendix 

Table 4). Of the forebay-released fish, 286 of 1,585 were 

detected at the fish facility (mean 0.18 with a range of 0.05 to 

O·. 32). And for canal-released fish, . 244 of 404 (mean O. 62 and 

range of 0.45 to 0.74)·were detected. 
. " 

After adjusti-ng for PIT-tag detector efficiency i. mean 

survival rates for the following cana1-released fish were 

estimated: 0.96 for-yearling chinook salmon (Table 2), o_.80 for 

subyearling chinook salmon originally collected at Prosser Dam 

(Table 3), and 0.69 for subyearling chinook salmon obtained from 

the Wapato Canal net-pens (Table '4)'. Mean survival rate was 
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Table · 3.--Release data, Chandler Canal fish collection facility 
PIT-tag detections, and estimated survival and diversion 
rates :for subyearling'· chinook salmon that were captured, 
marked, and released near Prosser, 1990. 

oate·of 
release 

·18 May

22 May 

31 May 

6 June 

Totats 
or means 

Relea.se 
site 

Canal 
Forebay 

Canal 
Forebay 

Canal 
Forebay, 

Canal 
Forebay 

canal 
Forebay 

Number· 
released 

73 
347 

99 
400 

99 
423 

100 
396 

371 
1,566 

· Number
detected

49 
264 

56 
264 

77 
67 

82 
59 

264 
654 

Proportion 
detected 

0.67 
0.76 

0.57 
0.66 

0.78 
0.16 

· 0.82
0.15

o. 71
0.42

canal Diversion 
survival" rate 

o. 77

0.66 
1. ooc 

0.90 
0.21 

0.85 
0.18 

0.80 
0.60 

a 

b 

A detection efficiency o.f 0.875 was used to calculate survivaJ · rates for fish 
released in May; an efficiency of 0.96 was used for the June release g:t;"oup. 
Computed estimate was 1.13 ., 

C Gomputed estimate was 1.16 

�1 
: i, 
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Table 4 . --Release da�a, Chandler Canal fish colleiction facility PIT-tag 
detections, and estimated survival and diversion rates for 
subyearling chinook salmon from the Wapato Canal net-pens that 

· were marked and releq.se.d near Prosser, 1990 .

Date of Release Number Number Proportion Canal Diversion 
release . site released detected detected survivaP rate 

18 May Canal 105 47 Q . 45 0 . 52 
Forebay 395 . 105 0 . 27 0 . 60 

22 May Canal 100 51 0 . 51 0 . 59 
Forebay 400 128 0 . 32 0 . 63 

3 1  May Canal 100 74 0 . 74 0 . 89 
Forebay 393 21 , 0 . 05 0 . 06 

6 June Cartal 99 72 0 . 73 0 . 76 
Forebay 397 32 0 . 08 0 . 11 

Totals Canal 404 244 0 . 62 0 . 69 
or means Forebay 1,585 286 0 . 18 0 . 35 

A detection effic·iency of o. 875 was used to calculate survival and 
diversion rates for .fish released in May; an efficiency of 0 . 96 was used 
for the June release group . 
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calculated as the unweighted average of group survival rates. 

Individual group survival rates we�e__ assumed to equal 1.0 if the 

adjusted rate exceeded this value. 

During the test . period from 7 April to 6 June, river flow 

at Prosser Dam fluctuated between 2, 100 and 8, .lOOcts·. The flow

diverted into Chandler Canal ranged from 16 � 4% to 61.8 % of the 

· total rive!r f.low. Diversion rates calculated for PIT-tagged fish

that were released in the forebay . area of Prosser Dam and

subsequently detected at the Chandler facility were 0.0 3  to 0.7 9

for yea:;r-ling chinook ·salmon, 0.18 to· 1.00 for ·subyearling chinook

salmon originally collected at Prosser Dam, and 0.06 to 0 . 63  for

subyearling c.hinook salmon obtained from the Wapato Canal net

pens. Although a relationship between entrainment and flow was 

evident (Fig. 4), too few releases were made. to develop a 

statistically valid -relationship. 

. : / 
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Obj ective 3 

Task 3.1--The West Richland screw trap wa� installed on 

24 April and removed on 1 2  June 1990. Trapping was discontinued 

earlier than originally planned because of - equipment damage. In 

all, only 106 PIT-tagged fish were detected by PIT-tag monitoring 

systems at the West Richland trap (Appendix Tables 5-9). Because 

the trap was installed after all test groups of yearling chinook 

salmon had- been released, only one PIT-tagg_ed yearling chinook 

salmon was recovered. For the. other species , too few fish of any 

release group were recovered to provide any meaningful results. 

Obj ective 4 

Task 4.1--Yearling chinook · sal�on---of' the 1, 915 yearling 

chinook salmon released in the canal and forebay areas, 905 · (47%) 

were detected at McNary Dam (Table 5, Appendix Table 10). 

Detections included 0.34 of canal-released and 0.50 of forebay

released fish. A total of 340 ( 0.43) PIT-tagged yearling chinook 

salmon detected at McNary Dam had already been recorded at the 

Chandler facility. The group of fish released in the forebay on 

19 April was not included in the ANOVA because detections at the . 

Chandler facility (13  fish ) were much · lower than those in other 

tests ( 7 3, 255, and 1 35 fish),. and the proportion subsequently

detected at McNary Dam was much larger , (0.85- ) than that obtained 
' � 

in other tests (0.41, 0.47, and 0.43). 



Table 5.--PIT-tag detections at McNary Dam of yearling chinook salmon that were captured, 
marked, and released near Prosser, 1990. 

Release 

Date 

7 Apr 

13 Apr 

19 Apr 

10 May 

Location 

Canal 
Forebay 

Canal 
Forebay 

Canal · 
Forebay 

Canal 
Forebay 

Totals Canal 
or mean.a Forebay 

All Sites 

Detected at both 
Chandler facility and McNary Dam 

Detected only 
at McNary Dam 

Number 

100 
. , 400 

100 
400 

99  
399 

. 75 
342  

374  
1,541 

1,91 5  

First 
det. at 
Chandler 

92 
73 

81 
255 

89 
13 

61 
135 

323 
476 

799 

Second 
det. at 
McNary 

26 
30 

29 
121 

38 
11 

27 
58 

1.20 
220 

340 

Missed 
at 

( M I C ) "  Chandler 

0.28 
0.4 1 

0.36 
0.47 

0.43 
0.85 

0.44 
0.'43 

0.37 
0.46 

0.43 

8 
327 

19 
145 

10 
386 

14 
207 · 

51 
1,06 5 

1,116 

First 
det : at 
McNary 

1 
152 

4 
53 

3 
241 

0 
111 

8 
557 

56 5 

0.13 
0.46 

0.21 
0.37 

0.30 
0.62 

0.00 
0.54 

0.1 6. 
o. 52

0.51 

Total McNary 
detections 

Detected 
at 

McNary ( M ) c 

. 27 
182 

33 
174 

41 
252 

27 
169 

128 
777 

905 

o .. 27
o. 46.

· 0.33
0.44

0.41
0.63

0.36
0.49

0.34
a . so

0.47 

• Proportion of fish detected at McNary Dam that . were previously detected at the Chandler
f ac.il ity . 

, ' 

b Proportion of fish detected at McNary Dam that were not previously _ detected at the Chandler 
facility. · . . . . . . 

c Total proportion of fish detected at McNary Dam observed dnly fqr those fish that had not 
pre.viously 'been detected at the Chan.dler facility . Detection history had no effect on 
detection proportions of forebay-rel,_eased fish. 
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Although canal....;released fish· had genera!'ly lower detection 

proportions at . Mclj'ary Dam than fo:tebay-released fish, 

. significantly lower detection proportions ( P < · O .  O S ) ;were 

observed only for fish not previously detected at the Chandler 

facility . Detection history had no effect of detection 

proportions of forebay-released fish. 

Subyearling chinook salmon--There was no significant 

- difference in McNary Dam · detectiqns between forebay- and canal

released subyearling chinook salmon from either the Wapato Canal

net-pens. or the Chandler facility if they were previously

detected at the Chandler facility (Tables 6-:--7, Appendix Tables

11-12) . As with yearling fish, only a . few fish released into the

Chandler Canal and not detected at the Chandler facility were

detected at McNary Dam .

An ANOVA similar to that performed for yearling chino9k 

salmon indicated that subyearling chinook salmon originally 

collected at the Chandler facility were recovered at 

significantly higher proportions (P < 0.01 ) at McNary Dam than 

were subyearlings that had been taken from the Wapato Canal net

pens, . regardless of release location ( Table 8 )  ·� Detection 

proportions (both first- and second-,time observations ) were 0. 22 

for Chandler iacility· fish, compared to 0.16 fbr fish of Wapato 

Canal origin . 
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Table 6 . --PIT-tag detect ions at McNary Dam of  subyearl ing chinook salmon that were captured , 
marked , and released near Prosser , 1990 . 

Release 

Date 

18 May 

22 May 

3 1  May 

6 June 

Location 

Canal 
Forebay 

Canal 
. Forebay 

Canal 
Forebay 

Canal 
Forebay 

Totals Canal 
or means �orebay 

All S ites 

Detected at both 
Chandler facil ity and McNary 

Detected only 
at McNary 

Number 

7 3  
347  

9 9  
400 

99 
4 2 3  

100 
3 9 6  

3 7 1  
1 , 5 6 6  

1 , 93 7  

First . .,_ 
det . at 
Chandler 

49 
. 2 64 

5 6  
2�4  

77  
67  

82  
59  

2 64 
6 5 4  

9 1 8  

Second 
det . at 
McNary 

1 1  
62 

14  
7 9  

1 7  
1 3  

1 8  
·2 3

60  
1 7 7  

2 3 7  

Mis sed 
at 

( M I C ) "  Chandler 

0 . 2 2 
0 . 2 3 

0 . 2 5 
0 . 30 

0 . 2 2 
0 . 19 

0 . 2 2 
0 . 39 

· -

0 . 2 3
0 . 2 7

0 . 2 6 

2 4  
8 3  

4 3  
1 3 6  

2 2  
3 5 6  

1 8  
3 3 7  

. 107  
9 12 

1 , 019  

First 
det . at 
McNary 

1 
1 7  

0 
3 1  

0 
89 

0 
5 6  

1 
19 3 

194  

0 � 04 
o .  :to

0 . 00 
0 . 2 3 

o . oo

0 . 2 5 

0 . 00 
0 . 17 

0 . 01 
0 . 2 1 

-. --· 
0 . 19 

Total McNary 
detect ions 

Detected 
at 

McNary ( M ) c 

12  
81  

14  
110  

1 7  
9 9  

19  
7 9  

62  
3 69 

43 1 

0 . 1 6 
0 . 2 3 

0 . 14 
0 . 2 8 

0 . 1 7 
0 . 2 3 

0 . 19 
0 . 2 0 

0 . 1 7 
0 . 2 4 

0 � 2 2 

• Proportion of fish detected - at McNary · Dam that were previou s ly detected at the Chandler
fac i l i'ty .  

b Proportion o f  fish detected at McNary- Dam that were not previous ly detected at the Chandler 
facil ity � 

c Total  proportion o f  f ish detected at McNary Dam .  



Tabl� 7.-:-PIT-tag detections at McNary Dam of subyearling chinook salmon that were reared in 
net-pens in the Wapato Canal, ·and marked . and released near Prosser, 1990. 

Release 

Date Location 

18 May Canal 
Forebay 

22 May Canal 
Forebay . 

31 May Canal 
·Forebay

6 June Canal 
Forebay 

Totals canal 
or means Forebay 

All sites 

Detected at both 
Chandler facility and McNary 

Detected only 
at McNary 

Number 

105 
395 

100 
400 

9 9  

397 

100 
396 

404 
1,588 

1,992 

First 
det. at 
Chandler 

47 
105 , 

51 
128 

74 
21 

72  
32  

2 44 
286 

530 

Second 
det. at 
McNary 

7 
19 

8 

25 

8 
2 

17 
3 

40 
4 9  

89 

Mi'ssed 
at 

( M I C ) •  Chandler 

0.15 
0.18 

0.16 
0.20 

0. 11

0.10 

0.24 
0.09 

0.16 
0.17 

0.17 

58 
290 

49 

2 7 2  

25 
376 

28 
364 

160 
1,302 

1,462 

First 
det. at 
McNary 

0 
52 

0 
43 

0 
47 

4 
67 

4 
209 

213 

0.00 
0.18 

o . oo 

0.16 

0.00 
0.13 · 

0.14 
0.18 

0.03 
0.16 

0 . 1 s 

Total McNary 
detections 

Detected 
at 

McNary ( M ) c 

7 
73 

8 
69 

9 
5.3 

26 
82 

so  

277 

327 

0.07 
0.18 

0.08 
· 0.17

0.09
.0.13

0.26
0.21

0.12 
0.17 

Q.16

• Proport ion of fish detected at McNary Dam that were previously detected at the Chandler
facility.

h Proportion of f ish detected -at McNary Dam that were not previously detected at the Chandler 
facility. 

c Total proportion of f ish detected at McNary . Dam. 
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Table 8.--Analysis of variance of recovery proportions at the Chandler 
fac.i,lity of PIT-tagged subyearling chinqok_ salmon taken . either 

· from the Chandler facility or Wc1pato Canal. net-psns and
released at each o·f two location�.

Source of 
· variation

- Origin ( O )
Release location ( R )
Chandler - detection ( C )
0 X R
0 X C
R x  C
0 X R X  C
Error .

Total

df 

1 
1 
1 
1 . 
1 
1 
1 

___ll 

31 

Sum. of 
squares 

0.03 
0.07, 
o.·09 
o.o'i
0.02
0.04

< 0.01 
0.06 

0.31 

Mean F 
square value 

0 .-03 10.10 
0.07 29.07 
0.09 37.28 
0.01 . 3 . 86 
0.02 6.43 
0 . 04 ' :15.71 

<0.01 . 0.01 
<0.01 · 

p 

<0.01 
<0 . 01 
<0.01 

0.06 
. ·0-.02 
<0.01 

' 0.92 
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The proportion of  subyearling · chinook salmon recovered from 

Chandler Canal releases was lower than the proportion recovered 

from forebay releases, as was the case for yearling chinook 

salmon. Of ·fish originally col1ected at the Cha�dler facility, · 

. O .17 of canal releases were recovere·d at McNary Dam, compared to 

0.24 of forebay releases at Prosser Dam. · For net-pen-reared 

salmon , the percentages . recovered were 0.12 and 0.17 , 

respectively. 

Steelhead--Groups of PIT-tagged juvenfle steelhead were 

released simultaneously in 1 )  Chandler Canal, 2) the forebay of  

Prosser D�, and : 3) the outfall of  the Chandler Canal fish 

collection facility (Fig. 3 ) . The experiment was repeateq once 

each week over a 3-week period.· Detections at the Chandler 

facility were as follows: Chandler Canal---1, 425 (0.80) of 1, 78 3 

fish released; Prosser Dam forebay--507 (0.28) of 1, 793 released; 

Chandler facility outfall--5 (O.Q0 3) ·of 1, 797 fish released 

. (Appendix Tables 1 and 13). Variability in detection proportions 

was generally low among groups released at the same location. 

After adjusting for the detection efficiency of the primary PIT

tag detector at the Chandler facility, . the survival rates of. · 

juvenile steelhead released into Chandler Canal were 0.89, 0.88, 

· and O • 9:9 over the three successive tests (mean , O. 92) . The

proportion of PIT-tagged steelhead recovered· at monitoring sites

downstream from the Chandler facility did not vary significantly

either within or between groups of · fish released at different

locations. Few detections were made at the Wes� Richland trap

( Appendix Table 9). Detections of steelhead at McNary Dam
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released from Chandler Canal, Prosser Dam forebay, and· the 

Chandler facilit� outfall were 131  (0 . 07 ) , 130 ( 0.0 7), and 157 

(0.09), respectively ( Appendix Table 14). Of the canal- and 

forebay-released juvenile steelhead that were subsequently 

detected at McNary Dam, 0.64  had been detected previously at the 

Chandler facility. 

Task 4.2� Of the a, 989 PIT-tagged subyearling chi�ook 

salmon r,eleased into the Wapato Canal, 318 (0.11) were detected 

at the Chandler, 3 ( O • O O 1) were de�tected at the West Richland 

trap, and 3 28 ("0.11) were detected at McNary Dam (Table 9, 

Appendix Tables 8, 15-16).- There was little between-group 

variation .in the proportion of fish detectea at the three 

detection sites. 

Of the 3, 517 sockeye salmon released into the Cle Elum River 

(223  km upstream from Prosser �am), 248 - . ( C>.07) were detected at 

the Chandler :facility, none were detected at the West Richland 

trap, and 271 (0.08) were ·detected at McNary Dam (Appendix Tables 

17 and 18 ) . 



Table '9 . --Dat·a for first-time detections of PIT:...tagged subyearling Chinook salmon that were 
captured, marked, and released into Wapato Canal, 1990 . 

Release Detections 

Chandler facility: West Richland trap McNary Dam ·.Total
Date Number Number Proportion Number Proportion Number Proportion Number Proportion 

16 May 991 105 0 . 11 2 <0 . 01 96 0 . 10 203 0 . 20 
18 May 998 104 0 . 10 1 <0 . 01 110 0 . 11 215 0 . 22 
26 May 1,000 109 o_ . 11 0 0 . 00 . 122 0 . 12 2 31 0 . 23 

Totals ' 2,989 31,8 0 . 1 1 3 <0 . 001 3,28 0 . 11 649 0 . 22 
or means 
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. DISCU�SIOH 

The . PIT-tag detectors at the Chandler facility did not 

detect all of the tagged fish. Thls. was likely the result of 

non-detection of PIT tags or . fi_sh e·scaping from the upwell or 

separator upstream from the detector. The _ former . explanation is 

- more likely since - periodic flow surges and dewatering . in the

system sometimes caused several fish to swim through th� P�T-tag

detector simultaneously. · Signal interference caused by the

presence of more than one PIT tag in the excitation ·field of a

PIT-tag detector can prevent reading of a PIT-tag (Prentice

1990a).

We noted a · negative biaE? at the lowest sampling rate 

evaluated: only 0: 13 of the PIT-tagged fish were detected by the

sample detector when· sampling was conduc_ted 25 % of the time. 

- This may have resulted from · f_low f:J_uctuations and u.nequal passage :

of fish during - timed samples.

Yearling spring chinook saimon, regardless of where they 

were released, were detected at higher rates than the other test 

species at the Chandler facility.· For example, the estimated 

mean survival · .for .. fish released in Chandler Canal and 

subsequently detected at the Chandler facility ranged from 0.67 

for subyearling Chinook salmon to oyer 0.90 for yearling Chinook 

salmon and ·steelhead. 

Fish rei"eased in Chandler Canal were more li_kely to be · 
. . .  

recovered at the Chanc;iler f �cili ty but were less likely to be 
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detected at McNary Dam than were fish released in the :mainstem 

forebay area of Prosser Dam. Differences in detection · 

proportions at McNary Dam may indicate either delayed effects 

caused by passage through the Chandler facility or a problem with 

the outfa,1 1 site. The latter supposition is supported by 

observations of bird predation on juvenile salmonids in the 

viciriity of the outfall site. 

Subyearling chinook salmon reared in net-pens in the . Wapato 

Canal were recovered at the chandler facility at lower rates than 

were subyearlings that · had been captured, marked, and recaptured 

at the Chandler facility. Differences were most pronounced among 

groups . of forebay-released fish, suggesting that survival rates 

among the two groups of fish may have influenced detection 

proportions. .The Wapato Canal-released fish migrated . slowly to 

Prosser Dam (Appendix Table 15) � . w�th the peak of detection 

occurring 30  days after the first relea'se. Predation and other 

mortality agents acting during this period may have .been 

responsible for the lower detection proportions obseryed for this 

group of fish. · Proportionally fewer net-pen reared juveniles 

released in Wapato Canal were recovered at McNary Dam than at the 

Chandler facility, regardless of release location and detection 

hist.cry. 

Diversion rates into the Chandler Canal for chinook salmon 

· and steelhead that were released in the Prosser Dam forebay

appeared to be positively correlated with the proportion of

mainstem flow diverted into the ·chandler Canal. Too few releases

were made, however, to infer valid statistical relationships.
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From a theoretical standpoint, the relationship between flow and 

entrainment is probably nonlinear, species- and size-specific, 

and dependent on the migrational status of the fish in question . 

The number of PIT-tagged fish collected at the West Richland 

screw trap was low for several reasons: water levels in the 

Yakima �iver were high�r than normal, sampling was suspende� on 

several occasions because of damage to the trap, and the 

operational time frame was quite narrow. The trap was installed 

after _all of the yearling chinook salmon and a large portion of 

the sockeye salmon were released. It was · removed several days 

- prior to the peak arrival of subyearling chinook salmon.

Low detection _ proportions at the Chandler facility and 

McNary Dam for hatchery-reared steelhead may be related to the 

relatively small size - and lack of smolt characteristics in these 

fish at the time of release. Most ·of the juvenile st_eelhead that 

were detected at both the Chandler facility and McNary Dam 

migrated slowly to McNary Dam (Appendix Tab�es 1 3  and 14). We 

believe that signific.ant numbers of ste.elhead did not_ migrate as 

smolts. Evidence for this includes the detection at the Chandler 

facility of five juvenile steelhead from groups of fish that had 

been released well downstream from the entrance to Chandler 

Canal. Access to the Chandler Canal from downstream areas is 

possible , but requires suc�essful navigation of the adult £ish 

ladder at Prosser Dam. 
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RECOMMENDATIONS 

PIT tags should be used preferentially over freeze brands as 

a mark for juvenile salmonids except when visible external 

marks are required. Additional. study of the detection rates 

obtained with the two marks is not recommended. 

2. The reliability of all PIT,tag detectors should be routinely

evaluated under normal operating conditions. Detection -

efficiencies - need to be quantified to calculate survival

rates.

3. A permanent · PIT--tag _ detector should be installed between the

· sample tank and the sample station. This subsystem should

be a part of the central database.

4. The relationship between subsampling t'ime and the proportion

of fish sampled at the Chandler facility should be more

fully evaluated.

s . Future compa_risons between detection rates for fi'sh · naive to

the Chandler facility · and . those previously exposed to the

facility should be conducted _ using actively migrating

smolts. Naive fish should be collected from several

locations. Hatchery and wild fish should . be tested

separately.

6. The relationships between mainstem ·flow, the amount of water

diverted into Chandler Canal, and the proportion of fish

entrained in the canal should be further evaluated.'
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7 . The potential for increased mortality among fish passing 

through the · Chandler facility related to the location of the 

outfall should .be tested. 
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Appe11dix Table 1 . -,-Summary of PIT tagging and . re lease information for yearling 
subyearling chinook , steelhea·d, and sockeye 
River , 1 9 9 0 . 

Capt1,1re/ 
_ Species/  Rearing rearing Mean 

stock type s ite Weight · Length 
(g ) (mm)

Yearling "chinook salmon 

Yakima Wild Wapatox 9 8  
Yakima Wild Prosser 1 4 6  
Yakima Wild Prosser 2 8 . 1  133  
Yakima Wild P'rosser 1 3 6  
Yakima Wild P rosser · 2 6 . 9  137  
Yakima Wild Prosser 2 5 . 4  1 3 6  
Yakima . Wild Prosser 135 
.Yakima Wild Prosse·r 2 3 . 5  1 32 
Yakima Wild Prosser 2 7 . 1  · 1 3 4
Yakima Wild Prosser 18  . ·3 12 0 
Yakima Wild, Prosser 1 9 . 0  12 0 

Subyearling chinook salmon 

LWS2 

LWS 
LWS 
Unknown 
Unknown 
LWS 
LWS 
Unknown 
Unknown 
LWS 
LWS 

· unknown
Unknown 
Unknown 
· unknown
LWS 
LWS 
Unknown 
Unknown 
LWS 

Hatchery Wapato 4 . 7  
Hatchery Wapato 4 . 6  
Hatchery Wap�to 5 . 7  
Unknown Prosser 8 . 1  
Unknown Prosser 1 1 . 2  
Hatchery Wapato 5 . 3  
Hatchery Wapato 5 . 1  
Unknown Prosser  9 . 1  
Unknown Prosser 8 . 4  
Hatchery Wapato 4 . 9  
Hatchery Wapato 5 ; 2 
Unknown Prosser 8 . 4  
Unknown Prosser 
Unknown Prosser 8 . 5  
Unknown Prosser 8 . 4  
Hatchery Wapato 5 . 2 
Hatchery Wapato 5 . 2  
Unknown Prosser 7 . 8  
Unknown Prosser 8 .  6 . 
Hatchery Wapato 5 . 0  

� . . 

7 1  
72  
73  
96  

1 0 0  
7 3  
7 5  
95  
95  
7 8  
7 5  
9 1  
95  
95  
95 
7 8  
78 
9 0  
9 0  
7 9  

salmon re.leased 

. Release 
Tagged Water 
number Number Date Time· Temp . 

(h ) · (C )  

5 4  54  · 7  April · 1 955  1 1 . 0
5 0 0  . 2 63 7 April 1 42 9  12 . 0  
4 0 0  4 0 0  7 April 1 920  1 1 . 0 
1 0 0  1 0 0  7 April 1 955 12 . 0  
49 0 4 0 0  13  April 1930  1 1 . 0  
1 0 0  . 1 0 0  13  April . 2 0 0 0  1 1 . 0 
5 0 0  4 9 9  1 6  April 9 0 0  12 .' O 
4 0 0  3 9 9  1 9  April 1 9 3 0  1 4 . 5  
1 0 0  9 9  1 9  April 2 0 0 0  1 4 � 0  
3 4 6  342  1 0  May 1 9 0 0. 1 1 . 0  

7 5  7,5 1 0  May· 1 93 0  1 1 . 0 

1 0 0 0  9 9 1  1 6  May 2 0 0 0  1 0 . 0  
3 9 5  3 9 5  1 8  May 1 9 0 0  ;t3 . 0 
1 0 5  1 0 5  1 8  May 2 0 0 0  1 3 . 0  
3 6 9  3 47 1 8  May 1 9 0 0  15 . 5  

7 6  7 4  .1 8  May 2 0 0 0  1 5 . 5  
1 0 0 0  9 9 8  1 8  May 2 0 3 0  1 1 . 0  
1 0 0 0  1 0 0 0  2 6  May 2 0 3 0  1 0 . 0  

4 0 0  4 0 0  2 2  May 1 9 0 0  1 7 . 0  
1 0 0  9 9  · 2 2  May 1 9 3 0  1 6 . 0  
4 0 0  4 0 0  2 2  May 1 9.00 1 5 . 5  
1 0 0  1 0 0  2 2  May 1 930 15 . 5  
5 0 0  4 9 9  2 6  May . 930  1 3 . 0  

55 53  2 9  May 1530  1 6 . 0  
423  423 '3 1 May 2 0 0 0  1 6 . 5  
1 0 0  9 9  3 1  May 2030  1 6 . 0  
4 0 0  3 9 3  3 1  May 2 0 0 0  15 . 0  
1 0 0  1 0 0  3 1  May , 2 0 3 0  1 6 . 0  
4 0 0  3 9 6  6 June 2 0 0 0  1 6 . 0  

9 9  1 0 0  6 June 2 0 � 0  1 6 . 0  
4 0 0  3 9 7  6 June 2 0 0 0  1 5 . 0  

chinook salmon,  
in the , Yakima 

Site River 
kilometer1 

Chandler 5 3 9+'7 4 
Separator 539+7 4 
Forebay 539+75 
Chandler 53 9+7 4 
Forebay 53 9+7 5 
Chandler 53 9+7 4 
Separator 53 9+7 4  
Forebay 53 9+75 
Chandler 539+7 4 
Forebay 53 9+75 
Chandler 539+7 4 

Wapato 53 9+172 
Forebay 53 9+75 
Chandler 539+7 4  
Forebay 53 9+75 
Chandler . 53 9+74 
Wapato 53 9+172 
Wapato 5·3 9+172 
Forebay 53 9+7 5 
Chandler 53 9+7 4 
Forebay 53 9+75 
Chandler 539+7 4  
Separator 53 9+7 4 
Separator 5 3 9+7 4 
Forebay 53 9+75 
Chandler 539+7 4  
Forebay 53 9+7 5 
Chandler 53 9+7 4 
Forebay 53 9+75 
Chandler 5 3 9+7 4 
Forebay 53 9t7 5 

-�,- ·- -·---- ------·------------- · . - - . .  : ---- __ ____.:._ - --------==::_::�----�- ---·--- .. -� ....,..__� --- -- -
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Appendix Table 1 . --Continued . 

Species / 
stock 

Rearing 
type 

Capture/ 
rearing . 

site 

Subyearling chinook salmon 

LWS 
Unknown 
Unknown 
Unknown 

Steelhead 

Yakima 
Yakima· 
Yakima 
Yakima 
Yakima 
Yakima 
Yakima 
Yakima 

. Yakima 
Yakima 
Yakima 

Sockeye 

Wenatchee 
Wenatchee 
Wenatchee 

. Wenatchee 
Wenatchee 
Wenatchee 
Wenatchee 

· Hatchery
Unknown,
Unknown
Unknown

Hatchery 
Hatchery 
Hatchery 
Jiatchery 
Hatchery 
Hatchery 
'Hatchery 
Hatchery 
Hatchery 
Hatchery 
Hatchery 

Wapato · 
Prosser 
Prosser 
Prosser 

Yakima 
Yakima 
Yakima 
Yakima 
Yakima · 
Yakima 
Yakima/ · 
Yakima 
Yakima 
Yakima 
Yakima 

Hatchery Montlake 
Hatchery Montlake 
Hatchery Montlake 
Hatchery Montlake 
Hatchery Montlake 
Hatchery Montlake 
Hatchery . Montlake 

Mean 
Weight Length 

(g ) (mm) 

5.6 

8.3 

3 8 .5 
3 4.5 
37.9  

\ -

3 9 . 1
37.7 
38.6  
3 8 .8 
3 8 .7 
37.6 
2 8 .4 

8.2 
1 8.6 
2 0.9 

· 1 6 . 6
19.3 
1 9  • .  1 
15.6 

8 0  
8 8  
9 0  
9 6  

1'4 6 
1 47 
150 
1 4 5  
150 
1 4 9  
1 4 8 
1 4 9  
151  
1 4 9  
1 3 8  

8 9  
11 9 
12 3 
1 1 6  
120  
117  
110  

Release 
Water Number Number 

tagged · Released . Date · Time Temp. 

100  
4 6  

1 0 0  
8 0  

6 0 0  
6 0 0  
6 0 0  
1.5 0 
6 0 0  
6 0 0  
6 0 0  
6 0 0  
6 0 0  
6 0 2  
2 2 5  

9 9  
4 4  

1 0 0  
8 0 .  

5 9 8  
5.8 4 
5 9 8  
1 47 
5 9 9  
5 9 9  
5 97 
5 9 6  
6 00  
6 02 
223-

6 June 
6 June 

13  June 
1 6  June 

2 7  April 
2 7  April 
27  ApriL 

3 - May 
4 May 
4 May 
4 May 

1 1  May 
11 April 
11 May 
1 1  May 

507  2 8  September 
5 1 1  · 1 6  March
5 0 0  3 0  March 
5 0 0  1 2  April 
4 97 1 May . 
5 02  17  May 
5 0 0  1 June 

( h ) ( ° C )

2 0 3 0  
1 0 3 0  
2 0 0 0  
1 3 3 0  

· 1 9 3 0
2 0 0 0
2 0 3 0
12 0 0
1 9 3 0
2 0 0 0
2 0 3 0
19 0 0  

· 2 0 00
· 2 0 0 0
1 5 0 0

12 0 0  
12 0 0  
12 .0 0  
12 0 0  
12 0 0  
12 0 0  
12 0 0  

16.1 
15.0 
15.0 
15.5 

13.0 
12.0 
1 4.0 
1 4.0 

· 12. 0
13.0
13 . 0

. 1 1. 7 
1 1.0 
12.5 
1 4.0 

13.0 
0 5 ·. o 
05.0 
0 5.0 
0 5.0 
0 5.0 
0 5.0 

Site_ 

Chandler 
S'eparat.or 
Chandler 
Separator 

Forebay 
Chandler 
Outfall 

. Separator 
Forebay 
Chandler 
Outfall 
Forebay 

. Chandler 
Outfall 
Separator 

Cle Elum 
Cle Elum 
Cle Elum 
Cle Elum 
Cle . Elum 
Cle Elum 
Cle Elum 

River 
kilomete:r1 

539+7 4  
5 3 9+7 4 
5 3 9+7 4 
53 9+7 4 

53 9+7 5 
5 3 9+7 4  
539f7 3" 
53 9+7 4 
53 9+7 5 
5,3 9+7 4 
53 9+7 3 
5 3 9+7 5 
539+7 4 
539+7 3 
539+7 4  

53 9+2 9 9+12 
53 9+2 9 9+12 
53 9+2 9 9+12 

· 53 9+2 9 9+12
539+2 9 9+12 
5 3 9+2 9 9+12 
5 3 9+2 9 9+12  

1 Individual tributaries are separated by plus signs ( + ) with the final number being the actual river 
kilometer on the tributary. The Yakima River is _  5 3 9 - kilometers from the ·mouth of the Columbia River and 
the Cle Elum . River is 2 9 9  kilometers from . the mouth of the Yakima River. 

2LWS :i,s a stock of up-river bright subyearling chi.nook sal�on obtained at t·he Little White Salmon H_atchery .

/ 



Appendix Table 2 . �-PIT�tag . recoveries at the Chandler Canal juvenile 
collection f�cility -of yearling chinook salmon that 
were captured, marked, and released near. ·Prosser ,  
1 9 90 . 

Releas� dates and locations 
Detecti_on 7 AEril 13 AEril 19 AEril 10 Ma� 

date Forebay Canal Forebay Canal Forebay Canal Forebay Canal Total 

7 April 4 3  8 6  0 0 0 0 0 0 12 9 
8 April 21 5 · o 0 0 0 0 0 2 6  
9 April 7 1 0 0 - 0 0 0 0 8 

12 April 1 0 0 0 0 0 0 . 0 1 
13  April 0 0 157  60  0 0 0 0 2 1 7  
14  April 0 0 7 5  - 11 0 0 0 0 8 6  
1 4  April 0 . 0 15 3 0 0 0 0 1 8  
1 6  April 0 0 6 1 0 0 . 0 0 7 
17  April 0 0 0 5 0 0 0 0 5 
1 8  April 0 0 2 0 0 0 0 0 2 
1 9  April 0 0 0 1 10  8 1  0 0 92 
2 0  April 0 0 0 0 2 7 0 0 9 
2 5  April 0 0 0 0 0 1 0 0 1 
1 0  May 0 0 0 0 0 0 1 0 3  4 6  1 4 9  
11 May 0 ·o . o 0 0 0 2 5  1 2  3 7  
12 May 1 0 0 0 0 0 · 1 2 4 
13  May 0 0 0 0 0 0 1 1 2 
is May 0 0 0 0 0 0 1 0 1 
1 6  May 0 0 0 . 0 0 0 1 0 1 
1 9  May 0 0 0 0 0 0 1 0 1 
2 0  May 0 0 0 0 1 0 0 0 1 
2 3  May 0 o - - o 0 0 0 1 0 1 
2 9  May .....Q. .....Q. _o .....Q. .....Q. .....Q. _l .....Q. _1 

7 3  92  255 8 1  13  8 9 135  61  7 9 9  

1 Yearling Chinook salmon captured at Wapatox Dam. 

-·

_ .__ 

· 1  



Appendix Table 3 .  -"'.'"PIT-tag detections at the Prosser juvenile 
collection facility of subyearling chinook 
salmon that were captured, marked, and released 
near Prosser ,  . 1 9 90 . 

Release . dates and locations 

Detection 1 8  Ma� 22  Ma� 31  Ma� 6 June 
date Forebay Canal Forebay Canal . Forebay Canal Forebay_ Canal Total 

. .

1 8  May · 1 9 0 2 8  0 0 0 0 , 0 o · 218  
1 9  May 64 1 6  0 0 0 0 0 0 8 0  
2 0  May 5 3 0 0 i) 0. 0 0 8 
21  May · 1 1 0 0 0 0 0 0 2 
22  May 0 1 2 4 4  53 0 - o 0 0 2 9 8  
2 3  May 1 0 1 9  2 0 0 0 0 22 
2 4  May 2 0 - 1 1 0 0 0 0 4 
31  May 0 0 0 0 61  75 0 0 136  

1 June 0 0 0 0 5 2 0 0 7 
' 6  June 0 0 0 0 0 0 57 82  139  
7 June 0 0 0 0 0 0 2 0 2 ·
8 June 1 0 0 0 0 o · 0 0 1 ·

1 8  June _o ...Q. _...Q. ...Q. --1 ...Q. ...Q. ...Q. ' _1 

2 64 4 9  2 64 5 6  67 77 59 82  918  



Appendix Table · 4 . --PIT-tag detections at the Chandler Canal juvenile 
collection facility of subyearling chinook salmon that 
were reared in net'""pens . in the Wapato Canal , and 
Ifiarkep. and · released near Prosser , · 19 90 . 

Release dates and locations 

Detection 18 May 22 May 3 1  May 6 June . 
date Forebay Canal Forebay Canal - Forebay Canal Forebay · Canal Total 

18 May 1 4  3 0  0 0 0 0 0 0 44 
1 9  May 2 6 17  0 0 0 0 0 0 43 
2 0  May 8 0 0 .  0 0 O · 0 . o 8 
22 May 3 0 7 1  4 6  0 0 0 0 120 
2 3  May · 3 0 15 5 0 0 0 0 23 
24 May 0 0 7 0 0 0 0 0 7 

.. 25  May 0 0 2 0 0 · o 0 0 2 
2 6  May 3 0 2 0 0 0 0 0 5 
27  May 2 0 0 0 0 0 0 0 2 
28 May 1 0 1 0 0 o· 0 0 2 
2 9  May 0 0 1 0 0 0 0 0 1 
30 May 3 0 2 0 0 0 0 0 5 
31  May 1 0 2 0 i3  7 0 0 0 8 6  

1 June 1 o . 1 0 4 4 0 0 · 1 0
2 June 0 0 1 0 0 0 0 0 1
3 June 2 0 0 0 0 · o 0 0 2 
4 .June 1 0 2 0 0 0 0 0 3 
5 June 3 0 0 0 0 0 0 0 3 
6 June 0 0 0 o . 0 0 2 9 72  101  
7 June 1 0 2 0 0 0 3 0 6 
8 June 2. . 0 2 0 0 0 0 0 4 
9 June 1 ·o 0 0 0 0 0 0 1 

11  June 1 0 0 0 0 0 0 0 1 
12 June 0 0 1 0 0 0 0 0 1 
1 6 June 7 0 0 0 1 0 0 0 8 
17 June 1 0  0 9 0 1 0 0 0 2 0 
18  June 8 0 4 0 1 0 0 0 13 
19 June 1 0 1 0 · o o - 0 0 2 
2 0  June 1 0 2 0 0 0 0 0 3 
21 June 1 0 0 0 0 0 0 0 1 
2 9  June __ 1 - .-2. _o _Q_ ....1 ...2. ...:.Q; ...2. _2 

105  47  128  5 1  2 1  7 4  32 72 530 



Appendix Table 5 . --PIT-tag detect ions at the West 
Richland trap of yearling 
chinook salmon that were 
captured, marked, and released 
near Prosser , 19 90 . 

Recovery 
· date 

16 May 

Canal 

_1_ 
1 

Total 

. 1 -1-



Appendix Table 6 . --PIT-tag detections at the West Richland · trap of · 
subyearling chinook salmon that were captured, marked, 
and released near Pros ser , 1 9 9 0 . 

Release dates and locations 

Detection 18  May: 20  May: 31· May: 6 · June 
date Forebay Canal Forebay Canal Forebay Forebay Total 

2 0  May 5 0 0 0 0 0 5 
2 1  May 3 1 0 0 0 0 4 
2 3  May 0 0 2 0 0 0 - 2  
2 4  May 0 0 8 1 0 0 9 

1 June 0 0 0 0 1 1  0 11  
7 June Q Q ..;.Q Q ..;.Q .2. _§. 

8 1 1 0  1 11 6 37  



Appendix Table 7 . --PIT-tag recoveries at the West Richland trap of  
subyearling chinook salmon that were reared in 

- net-pens in the Wapato Canal , and marked and released 
near Prosser , 1 990 . 

Release dates and locations 
Detection 1 8  Ma� 2 0  Ma� 31 ,Ma� 6 June 

date Forebay Canal Forel;>.ay Canal Forebay Canal Forebay Canal Total 

2 1  May 1 0 0 0 0 0 0 0 1 
25  May 1 0 1 0 0 0 0 0 2 
2 6  May 1, · o  1 1 0 0 · o  0 3 
27  May 1 0 6 0 0 0 0 0 7 
2 8  May . 1  0 1 0 0 0 0 0 2 
3 0  May 1 0 1 0 0 0 0 0 2 

1 June 1 0 0 0 3 0 0 0 4 
2 June 0 0 1 0 3 0 0 0 4 
3 June 0 0 0 0 1 0 0 0 1 
7 June 0 0 .o 0 0 o- 2 0 2 
8 June 0 0 0 0 0 0 2 0 2 

1 0  June .Q. .Q. _.Q. .Q. .Q. .Q. 1. .Q. .:..1 
7 0 11  1 7 0 5 0 3 1  

I 

; _  



Appendix Table 8 . --PIT-tag recoveries at the West Richland trap of 
subyearling chinook salmon that were reared in 
net-pens in the Wapato Canal , and ' marked and 
released in the Wapato Canal , ·  1 9 90 . 

Detection Release dates 
date 16 .t,1ay 1 8  May 2 �  M�y Total 

31 May 0 1 0 1 
7 June 1 0 0 1 
8 June 1. Q Q 1. 

2 1 0 3 



Appendix Table 9 . --PIT-tag recoveries at the West Richland trap of 
steelhead trout that were reared at the Yakima 
Hatchery ( WD G ) , and marked and released near Prosser �· 
1 9 9 0 . 

Release dates and locations 

Detection · 2 7  AEril 4 May . 11  May 
date Forebay Outfall Canal Forebay Ou�fa:11 Canal Forebay Outfall Canal Total 

11 May 0 0 0 0 1 0 0 0 0 1 
15  May 0 0 1 0 0 0 0 0 0 1 
1S. May 0 0 0 0 0 0 1 0 0 · 1  
1 9  May 0 0 0 0 0 0 0 () 1 1 
2 0  May 2 0 0 0 o ·  0 0 0 0 2 
2 1  May 1 1 0 0 0 0 0 0 0 2 ·  
2 4  May 0 0 1 1 1 1 0 1 0 . 5· 
2 5  May 1 1 0 0 1 0 0 0 1 4 
2 6  May 0 2 1 1 1 0 2 1 0 8 
27  .May 0 0 0 0 0 0 0 0 1 1 
2 8  May 1 .  0 0 0 1 1 0 0 1 4 
30  May_ 0 0 0 1 0 1 0 0 1 3 
31 May 1 .Q. .Q. .Q. :Q. .Q. 0 O ·  . ·  .Q. -1. 

6 4 3 3 5 3 3 2 5 3 4  



Appendix Table 10 . --:E> IT-tag recoveries at McNary Dam .. of yearling chinook 
salmon that were captured, marked, and released ne.ar 
Prosser , 1 9 90 .  

Release Dates and Locations 
Detection 7 AEril 1 3  ·AEril 19 AEril . 1 0  Ma:2: 

date Forebay Canal For_ebay Canal Forebay Canal Forebay Canal Total 

18 April 8 3 3 1 0 0 0 0 15 
1 9  April 18 2 2 1  3 ·o 0 0 0 4 4  
2 0  April 17 4 2 7  6 0 0 0 0 54  
2 1  April 11 1 . . 1 5  3 0 0 0 0 30 
22 April 12 2 12 5 12 1 0 0 4 4  
2 3 April 10 1 14  3 3 9  4 0 · O  7 1  
2 4  April 9 1 - 9 4 53 6 0 0 8 2  
2 5  April 11 0 8 1 37  8 0 0 65  
2 6  April 2 1 8 1 2 5  7 0 0 4 4  
27  April 6 1 9 0 18  2 0 0 3 6  
2 8  April 8 0 6 0 14  2 0 0 30  
,29  April 13 2 6 2 8 3 0 0 3 4  
30 April 14 1 3 0 17 3 0 0 38  

1 May 11 0 13  1 6 2 0 0 33 
2 May 9 2 9 0 10 0 0 0 30 
3 May 6 4 7 1 . 5 0 0 0 2 3  
4 May 7 1 0 0 3 3 0 0 14  
5 May 3 0 1 0 2 0 0 0 6 
6 May 1 0 0 0 0 0 0 0 1 
T May I 0 1 ·1 1 0 0 0 4 
8 May 2 0 2 0 1 0 0 0 5 
9 May 1 0 0 0 0 0 0 0 1 

10 May 0 0 0 0 0 0 0 0 0 
11 May 0 1 0 1 0 0 0 0 2 
12 May · 1  0 0 0 1 0 0 0 2 
13  May 0 0 0 0 0 0 19 0 1 9  
14 May 0 0 0 0 0 0 68  5 7 3  
1 5  May 1 0 0 0 0 0 3 1  . 3 35 
1 6  May 0 0 0 0 0 0 1 9  9 2 8  
17 May 0 0 0 0 0 0 8 3 1 1 
18  May 0 0 0 0 0 0 6 1 7 
1 9  May 0 0 0 0 0 0 6 2 8 
20  May 0 0 0 0 0 0 6 1 7 
2 1  May 0 0 0 0 0 0 4 2 .  6 
22 May 0 0 0 0 0 0 0 1 1 
2 3  M�y 0 0 0 0 0 0 1 0 1 
2 6  May _o _Q_ _o _Q_ _o _Q_ _1 _]. _1 

182  27  174  3 3  252  41  1 6 9  2 7  9 0 5  

1 Yearling chinook salmon caught at Wapotox and Roza Dams . 

( 



Appendix Table 11 . --P IT�tag recoveries at McNary Dam of subyearling 
chinook salmon that were captured, marked, and 
released near Prosser , 1 9 9 0 . 

Release dates and locations 
Detection 1 8  Ma::t · 22  Ma::t 31  -Ma::t 6 June 

date Forebay Canal Forebay Canal Forebay Canal Jforebay Canal Total 

2 2  May 1 0 0 () 0 0 0 0 1 
2 3  May 5 0 0 0 0 0 0 0 5 ·  

· 2 4 May 1 1 0 0 0 0 0 0 2 
25  May _ 9 1 0 0 0 0 0 0 1 0  
2 6  May 14  2 4 1 0 0 0 0 2 1  
27  May 9 3 5 · 1  0 0 0 0 1 �  
2 8  May 8 1 1 0  0 0 0 0 0 1 9  
2 9  May 8 2 1 2  1 0 0 0 0 23 
30  May 7 0 14  o ·  0 0 0 0 2 1  
31  May 4 - . 0  2 3  5 0 0 0 0 32 

1 June 3 1 1 0  4 0 0 0 0 1 8  
2 June 3 1 1 0  1 0 · O  0 0 15 
3 June 1 0 8 0 7 0 0 0 1 6  
4 June 4 0 6 0 34 5 0 0 4 9  
5 June 2 0 4 0 17  3 0 0 2 6  
6 June 1 0 3 0 18 5 0 0 27  
7 June 0 0 1 0 12 3 · o  0 1 6  
8 June 0 0 0 0 3 0 0 0 3 
9 June 0 0 0 0 4 0 ·2 2 5 31 

1 0  June 0 0 0 0 0 0 5 0 5 
1 1  June 0 0 0 1 3 0 7 1 12 
12 June 0 0 0 0 0 0 9 1 1 0  
1 3  June 0 0 0 0 1 0 1 7  5 23  
14  June 0 0 0 0 0 0 1 1  6 l '7 
15  June 0 0 0 0 0 1 3 0 4 
1 6  June 0 0 0 0 0 0 1 0 1 
17  June 0 0 0 0 0 0 1 0 1 
1 8  June 0 0 0 0 0 0 0 1 1 
1 9  June 0 0 0 0 0 0 1 0 1 
2 0  June 0 0 0 0 0 0 2 0 2 
2 8  June -1 _Q, _o _Q, _Q, _Q, _Q, .  _Q, _l 

8 1  12  1 10 14  9 9  1 7  7 9  1 9  431 



Appendi� 

Detect ion 
date 

,3.1 May 
3 June 
4 June 
5 June 
6 June 
7 June 
8 June 
9 June 

1 0, J'une 
1 2  June 
13  June 
1 4  June 
1 5 June 
1 6  June 
17 June 
1 8  June 
1 9  June 
2 0  June 
2 1  June 

. 2 2  June 
23  June 
2 4  June 
2 5 June . 
2 6  June 
2 7  June 
2 8  June 

· 2 9 June 
3 0  June 

1 July 
2 ·  July 
3 July 
4 July 

_ 5 July 
6 July 
7 July 
8 July 
9 July -

1 0  July 
11 July 

· 1 2  July 
13 ·July 

. 16 July 
2 2  July 
2 8  July 

T4ble 12 . --P IT-tag detections at McNary Dam of subyearling 
chinook s almon that were reared in net-pens in the 
Wapato Cana l ,  and marked and released near 
P ro s s er , . 1 9 9 0 . 

Release Dat es and Locations 
1 8  Ma� 2 2  Ma� 3 1  Ma� 6 . June 

Forebay Can�l Forebay Canal Forebay Canal Forebay Canal Total 

1 0 0 0 1 0 0 0 2 
1 0 3 0 0 0 0 0 4 
3 0 1 0 0 0 0 0 4 
2 1 1 1 0 0 0 0 5 . 
3 1 5 0 0 0 0 0 9 
4 0 8 0 2 0 0 0 1 4  

. 1  0 4 1 4 2 0 0 1 2  
1 0 4 0 2 0 0 0 7 
3 1 2 0 1 o ·  0 1 8 
0 0 0 1 0 0 0 0 1 
1 1 3 0 3 1 2 1 1 2  
5 1 1 0 7 1 8 2 2 5  
3 1 3 3 3 0 4 0 1 7  
2 0 0 0 1 0 s 0 6 
3 0 2 0 0 0 2 1 8 
4 0 1 0 4 0 4 3 1 6  
.5 0 4 0 4 0 3 0 1 6  
4 0 5 0 3 1 6 2 2 1  
5 0 .  0 0 4 0 3 1 1 3  
4 0 5 0 0 1 6 1 1 7  
3 0 5 0 4 1 1 2 1 6  
2 0 4 o ·  . 1  1 7 3 1 8  
5 0 2 2 0 0 4 1 1 4  
0 0 3 0 1 0 5 2 1 1  

1 0 0 0 0 0 3 0 4 
3 1 1 0 0 0 1 1 7 
1 0 0 0 0 0 6 0 7 
0 0 0 0 0 0 1 0 1 
0 0 1 · O  1 0 0 0 2 
1 0 0 0 3 0 1 0 5 

2 0 0 0 0 0 2 0 4 
0 0 0 0 0 0 1 1 2 
0 · o  

. 1 o - 1 0 1 0 3 
0 0 0 0 0 0 1 0 1 
0 0 0 0 0 0 1 0 1 
0 0 0 0 1 1 1 1 4 
0 0 0 0 0 0 1 2 3 
0 0 0 0 0 0 0 1 1 

· o  0 0 0 1 0 0 0 1 
0 0 0 0 0 0 1 0 1 
0 0 0 0 0 0 1 0 1 
o .  0 0 0 0 0 1 0 1 
0 0 0 0 1 0 0 0 . 1  

_Q, .Q. _Q, .Q. _Q, .Q. -1. .Q. _1 

7 3 7 6 9  8 5 3 9 8 2  2 6  327  



Appendix Table 13 . --P IT-tag detections at- the Chandier Canal juvenile 
. collection fac�lity of steelhead that were reared 
at the Yakima Hatchery (WDG ) , marked and released 
near Pros ser , 1 9 90 .  

"Release dates and locations 

Detection 27 AEril 4 Ma:z 11 Ma:z 
date Forebay Out fall Canal Forebay Outfa_ll Ca_nal Forebay Outfal l  Canal Total 

8 April 2 0 9 0 0 0 1 0 0 3 
1 7  April · o  0 0 1 0 0 0 0 0 1 
18 April 0 0 0 0 0 0 1 0 0 1 
2 7  April 7 0 7 8  o ·  0 0 0 0 0 8 5  
2 8  April 3 2  0 159  0 0 0 0 0 0 191  
29  April 3 6  0 152 0 ,  0 0 0 0 0 188  
30  April 4 0 1 5  0 0 0 0 0 0 1 9  

1 May 5 0 12 0 0 0 0 0 0 17 
2 May 5 0 9 - 0  0 0 - 0 0 0 14  
3 May 8 0- 3 0 0 0 0 0 0 1 1  
4 May 6 1 6 16 0 99  0 0 0 12 
5 May 0 0 1 88  0 2 91 . 0 0 0 380  
6 May 2 0 0 15 0 23  0 0 0 40  
7 May 3 0 0 5 0 10 0 0 0 18  
8 May 0 0 2 7 0 22 0 0 0 31 
9 May 0 0 1 1 0 2 0 0 0 4 

11  May 4 0 0 0 0 0 12 0 7 5  91 
12 May · 1 0 2 0 0 0 51 1 1 7 4  2 2 9 , 
1 3  May 1 0 0 1 0 1 49  0 94  14 ,6 
1 4  May 2 0 0 0 0 0 13 0 3 5  50  
1 5  May 3 0 0 1 0 0 16 0 31  51  
1 6  May 0 0 2 0 0 1 '  21 0 34  58 
17 May 1 0 1 2 0 0 10 0 12 26 
18  May 8 0 0 2 0 0 ' 8 . 0 1 0  2 8  
1 9  May 3 0 2 1 0 0 4 0 14  24  
2 0  May 0 0 1 0 0 2 12 0 1 4  2 9  
2 1  May 0 0 0 1 0 0 2 0 1 4 
22 May . 2 0 0 2 1 0 2 0 1 8 
2 3  May 0 0 0 1 0 1 2 0 2' 6 
2 4  May 0 0 0 0 0 0. 0 0 1 1 
2 5  May 0 0 0 1 0 0 0 0 1 2 
2 6  May 1 0 1 1 0 0 0 0 3 6 
2 7  May 2 '  0 1 0 0 0 1 0 ,  0 4 ·  
2 8  May 1 0 0 0 0 0 1 0 2 4 
30  May 0 0 0 0 0 0 1 0 10  11 

1 June 0 1 0 1 0 1 0 0 1 4 
2 June 1 0 0 2 0 0 0 0 1 4 
5 June 0 0 1 0 0 0 1 0 0 2 
6 June 0 0 0 0 0 1 0 0 0 1 
7 June 2 0 0 1 0 0 0 0 1 4 

11 June 0 0 0 0 0 1 0 0 0 1 
12 June 0 0 0 1 0 0 0 0 0 1 
1 3  June 0 0 0 0 0 1 0 0 0 1 -· 

16 June 0 0 0 1 0 0 0 0 0 1 
2 0  June 0 0 0 0 0 1 0 0 0 1 
2 1  June 1 0 0 0 0 0 0 0 9 1 
2 6  June 0 0 0 0 0 0 1 0 0 1 
2 7  June 0 0 0 1 0 0 0 0 0 1 
.2 8 June 0 0 1 0 0 0 0 0 0 1 

1 July 0 0 1 0 0 . 0 0 0 - 0 . 1  
2 July 0 0 0 0 1 0 0 0 0 1 
3 July 1 0 0 0 0 0 0 0 0 1 
6 July ___Q. .Q. _o _o .Q. _o _l .Q. _o __ l 

1 4 4  2 4 5 1  15'3 2 4 57 210 1 5 1 7  - 1 ,  9 3 7  



Appendix Table 14 . �-PIT�tag recoveries at McNary Dam of steelhead trout 
that were reared at the Yakima Hatchery (WDG) , and 
marked and released near Prosser , 1 9 9 0 . 

Release dates and locations 

Detection 2 T A:eril 4 Ma:ir::: 11  Ma:2: 
date Forebay Outfall Canal Forebay Outfall  Canal Forebay. Out fall Canal Total 

2 May 0 1 0 0 0 0 0 0 0 1 
3 May 0 0 3 0 0 0 0 0 0 3 
4 May 0 2 .  0 0 0 0 0 0 0 2 
5 May 1 1 1 0 0 0 0 0 . 0 3 
6 May 1 o ·  0 0 0 0 0 0 0 1 

_ 7 May 2 1 1 0 0 0 0 0 0 4 
8 May · 3 0 1 0 1 0 0 . 0  0 5 
9 May 0 9 3 2 2 5 0 · O  0 2 1  

10  May 1 1 3 2 1 0 0 0 0 8 
11 May 5 3 1 1 2 3 0 0 0 1 5  
12 May 0 2 0 1 0 1 0 0 0 4 
13 May 1 3 0 3 0 0 0 0 0 7 
14  May 1 2 3 2 4 0 0 0 0 12 
15 May 0 0 . 2  0 2 2 0 2 0 8 
16  May 0 3 2 1 3 0 1 0 1 11 
17 May 0 2 1 0 1 4 1 1 1 11  
18  May 1 2 ·  1 0 3 1 1 2 0 11 . .  
19 May 3 1 0 1 3 0 2 1 1 12  
20  May 0 1 2 2 0 1 i 2 1 1 0  
2 1  May 1 0 0 O ·  0 1 1 0 1 4 
22 May 1 0 0 0 1 0 1 4 1 8 
23  May 1 0 · 2  3 1 4 0 1 1 1 3  
24  May 1 1 2 3 2 1 0 0 0 1 0  
25  May 0 3 1 1 2 0 0 0 0 - 7  

. 2 6  May 2 3 2 1 5 3 0 2 1 .  1 9  
27  May 4 . 2  2 5 3 0 0 1 2 1 9  
2 8  May 2 2 3 3 7 4 8 1 4 34  
2 9  May 2 2 . 6  2 6 0 1 4 7 30  
30 May 2 3 4 1 4 4 4 4 1 2 7  
31 · May 3 0 0 3 0 1 2 2 3 1 4  

1 June 1 2 0 2 0 2 2 3 4 1 6  
· 2  June 0 3 2 1 3 0 1 0 2 ·  12  
3 June 0 0 1 0 0 0 3 2 2 8 
4 - June 1 1 0 3 1 3 3 3 2 1 7  
5 June 2 1 0 0 0 0 0 1 0 4 
6 June 0 0 0 0 1 1 3 1 1 1 
7 June 3 0 0 0 1 0 1 1 1 J 
8 June 0 0 0 0 0 0 2 1 0 3 
9 June 0 0 1 1 0 0 1 2 0 5 

10 June 0 0 0 0 0 0 0 0 1 1 
13 June 0 0 0 1 0 0 1 0 0 2 
14  June 0 0 0 0 0 0 0 0 1 1 
2 6  June ....Q. ....Q. .-1 ....Q. ....Q. ....Q. ....Q. ....Q. ....Q. _1 

4 5  5 7  5 1  4 5  5 9  4 1  4 0  4 1  3 9  4 1 8  



Appendix Table 15 . --P IT-tag detections at the Chandler Canal juvenile -
collection facility of  subyearling chinook salmon 
that were reared in net-pens , marked and released 
in the Wapato Canal , 1 990 . 

Detection Release dates 
date 1 6  May 18 May 2 6  May ·  Total 

17  April 1 0 1 2 
- 12 May 1 0 0 1 
17  May 0 1 0 1 -
1 9  May 1 0 0 1 
2 7  May 1 1 0 2 
2 8  May 1 1 O ·  2 
2 9  May 3 1 1 5 
30 _May 1 0 1 · 2  
31 May 2 2 0 4 

1 June 5 2 1 8 
2 June 3 3 0 6 
3 June 4 1 1 6 
4 June 4 2 · l  7 
5 June 1 2 . 2. 5 
6 June 1 0 0 1 
7 June 4 5 4 13  
8 June 1 4 3 8 
9 June 4 2 1 7 

1 0 June 2 0 6 2 
1 1  June 2 3 5 1 0  

· 12  June 2 1 2 5 
13  June 0 0 3 3 
1 4  June 3 0 1 4 
1 5  June 1 2 0 3 
1 6  June 5 5 5 15  
1 7  June 2 1  1 9  2 4  6 4  
1 8  June 1 5  2 0 1 9  5 4  
1 9  June 6 12  18 3 6  
2 0  June 3 8 5 1 6  
2 1  June · 4  2 5 1 1  
2 5  June 0 1 1 2 
2 8  June 1 1 0 2 
2 9  June 2 0 1 3 
30 June 0 2 1 3 

1 July 0 1 1 2 
2 July 0 0 1 1 
3 July _o _o --1 _1 

1 0 5  1 04  10 9 318 



Appendix Table - 16 . --P IT-tag detections at McNary Dam of subyearling 
chinook salmon that were reared in net-pens in 
the · wapato Canal, and marked and released in the 
Wapato Canal, 1 9 9 0 . 

· Detection Release dates 
date 1 6  May ' 18 MB:Y 2 6  May · Total 

3 June 0 2 0 2 
4 ·  June 1 1 0 2 
5 June 0 1 i 2 
6 June 3 0 0 3 
7 June 2 ·1 0 3 
8 June 5 1 2 8 
9 June 4 4 2 1 0  

11  June 1 l 0 2 
12  Ju-ne 1 i 1 3 
13 June 5 8 5 1 8  
1 4  June 8 6 4 1 8  
15  June 2 3 4 9 
1 6  June . 1 4 5 1 0  
17  June 5 0 3 8 
1 8  June 4 3 7 1 4  
1 9  Ju11e 5 3 2 1 0  
2 0  ·June 5 9 9 ·  2 2  
2 1  June 4 .6 4 1 4  
22  June 7 7 9 2 3  
23  June 9 1 4 . 15  38 
24 June 10  9 17 36 
24 June 5 5 11  21  
26  June 4 4 8 1 6  
2 7  �une 3 8 5 ·  1 6  
2 8 June 1 7 4 12  
2 9  June 1 1 1 3 

2 July 0 0 2 2 
3 · July 0 1 1 2 
5 July _Q _o _1 _i 

9 6  110  122  · 32 8 



Appendix Table 17 . --P IT�tag detections at the Chandler , Canal juvenile 
coll�ction facility pf sockeye salmon that were 
captured, marked, and released in the Cle Elum 
River , 19 90 .  

-·-
Detection Release dates 

date 
28 September 1 6  March 30 March 12 April 1 May 17  May 1 June Total 

21 March 0 12 0 0 0 0 0 12 
22 March 0 22 .0 0 0 0 0 22  
23  March 0 5 .o 0 0 0 0 5 
24  March 0 6 0 0 0 0 0 6 
2 5  March 0 4 0 0 0 0 0 4 
2 6  March 0 1 0 0 0 0 0 1 
27  March 0 1 0 0 0 0 0 1 

1 April 0 1 0 0 0 0 0 1 
2 April 0 0 3 0 0 0 0 3 
3 April 1 4 36  0 . o  0 0 41 
4 April 1 4 10 0 0 0 0 15  
5 April 1 2 1 Cl 0 0 0 4 
7 April · 0 1 0 0 0 0 0 1 
8 April 0 0 2 0 0 0 0 2 

13  April 1 0 0 0 0 0 0 ·1 
14 Apri:l 0 0 1 0 0 0 0 1 

· 15  April 0 2 0 0 0 0 0 2 
1 6  April 0 5 0 16 0 0 0 21  
17 April 0 5 2 10 0 0 0 17 
18 April 0 2 0 3 0 0 0 5- -
1 9  April 0 0 0 1 0 0 0 1 
20  April 0 1 0 0 0 0 0 1 

5 May 0 1 0 0 0 0 0 1 .  
6 May 0 0 1 0 0 0 0 1 
7 May 1 0 0 0 1 0 0 2 
8 May 0 1 , 0  0 9 .0 0 10  
9 May 1 0 0 0 6 0 0 7 

10  May 0 0 0 0 2 0 0 2 
11  May 0 0 0 0 3 0 0 3 
12 May 0 0 0 0 2 0 0 2 
13  May 0 0 0 0 1 0 0 1 
14 May 0 0 0 0 1 0 0 1 
18  May 0 0 0 0 1 0 0 1 
2 0  May 0 1 0 0 0 0 .  0 · 1  
2 3  May 0 0 2 0 0 1 0 3 
2 4  May 0 0 0 0 · O  2 0 2 
2 6  May 0 0 0 0 0 1 0 1 
2 8  May . 0 0 0 0 0 1 0 · 1  
2 9  May 0 0 0 0 0 1 0 1 

1 June 0 0 0 0 0 1 0 1 
2 June 0 0 0 0 1 1 0 2 
5 June 0 0 0 0 0 0 33 33 
6 June .Q. _.Q. _.Q. '  _.Q. _.Q. .Q. 2 _5 

6 8 1  5 8  30  27  8 38 248 



Appendix Table 18 . --P IT-tag detections - at McNary Dam of sockeye salmon 
that were c�ptured, marked, and released in the 
Cle Elum River , 1 9 9 0 . 

Detection Release dates 
date 2 8  Sep . 1 6  Mar . · 3 0  Mar . 1 2  Apr . 1 May 1 7  May 1 Jun . Total 

1 8  April 0 1 · 2  · O  0 · 0  0 3 
1 9  April 0 2 0 3 0 0 0 5 
20  April 0 1 1 5 0 0 0 7 
2 1  April 0 2 0 7 0 0 0 9 
22 April 0 8 2 6 C) 0 0 1 6  
2 3  April 0 7 1 1 0  0 0 0 1 8  
2 4  April 0 3 4 1 1  0 0 0 1 8  
25  April 0 2 1 5 0 0 0 8 
2 6  April 1 7 5 7 0 0 0 20  
2 7  April -0 2 ·  1 0  3 0 0 0 . 1 5  
2 8  April 0 3 2 5 0 0 0 1 0  
29  April 0 4 5 7 0 0 0 1 6  
3 0  April 0 7 1 0  5 0 0 0 2 2  

1 May 0 1 8 4 0 0 0 1 3  
2 May 0 3 7 3 0 0 0 1 3  
3 May 0 0 2 1 . 0  0 0 3 
4 May 0 1 1 ,0 0 0 0 2 
5 May · O  0 0 1 0 0 0 1 
6 May 0 0 3 · 1  0 0 0 4 
7 May 0 0 1 0 0 0 0 1 
8 May 1 1 2 1 0 0 0 5 
9 May 0 1 1 0 0 0 0 2 

1 0  May 1 0 2 0 0 0 0 3 
11 May 0 0 1 .  0 3 0 0 4 
1 2  May 0 0 0 0 4 0 0 4 
1 3  May · o  0 1 0 4 0 0 5 
1 4  May 0 0 1 1 3 0 0 5 
1 6  May 0 0 3 0 0 0 0 3 
17  May 0 0 1 0 . o 0 0 1 
1 8  May 1 o ,  1 0 1 0 0 3 
1 9  May 0 0 1 0 0 0 0 1 
2 0  May 0 0 1 0 .0 0 .  0 1 
22 , May 0 0 1 0 0 0 0 1. 
23  May 0 1 0 0 0 0 .o 1 
2 4  May 0 1 0 0 0 0 0 1 
2 5  May 0 0 1 1 1 0 0 3 
2.S May 0 0 0 1 0 1 0 2 . .  
2 9 May 0 0 1 0 0 0 0 1 
3 0  May 1 0 0 0 .. 0 0 0 1 

3 June 0 0 0 0 0 1 0 1 .  

7 June 0 0 0 0 0 1 7 8 
8 June 0 0 0 0 0 0 2 2 ·  
9 June 0 0 0 0 0 0 5 5 

1 0  June 0 0 0 0 0 0 1 1 
11 June 0 0 0 0 0 .  0 1 1 
1 2  June 0 0 0 0 0 0 1 1 
1 3  June .Q. _.Q. _.Q. _.Q. _.Q. .Q. . -:-1 __ 1 

5 5 8  8 3  88  1 6  3 1 8  2 7 1  
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