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INTRODUCTION

The National Mrine Fisheries Service (NVMFS), under contract to the
Bonneville Power Admnistration (BPA), is conducting research on inprinting
Paci fic salnmon and steel head for homng. Inprinting is defined as a rapid
and irreversible learning experience that provides fish with the ability to
return to natal streanms or a preselected site. The ability to activate the
imprint mechanism at the proper time should assure a suitable homng cue
that coupled with transportation (Park et al. 1979) will result in high
snolt survival and ensure adequate returns to the homng site or hatchery.

In our study, we use single inprints and sequential inprints. Single
inprinting is cueing fish to a unique, single water supply prior to
rel ease.  Various nechanical stinuli may be used in combination with the
uni que water source to achieve the single inprint. Sequential inprinting
iscueing fish to two or nore water sources in a step-by-step process to
establish a series of signposts for the route "hone".

The primary objectives of our homng research are as follows:

(1) Determne a triggering mechanismto activate the hom ng inprint
in sal noni ds.

(2) Determne whether a single inprint or a series of stinuli
(sequential inprinting) are necessary to assure homng for various stocks
of sal noni ds.

(3) Determne the relationship between the physiological condition of
fish (gill Na+-K+ ATPase activity, etc.) and their ability to inprint.

Qur study began in 1978, and the first 2 years' activities were
reported by Slatick et al. (1979, 1980) and Novotny and Zaugg (1979). This

report covers the research for the third year (1980).



Specific activities of the third year’'s research were divided into
three categories: (1) mark and rel ease additional groups of juvenile
salmonids to test inprinting techniques, (2) deternmine health profiles and
monitor snoltification status of juvenile test fish, and (3) nonitor and
evaluate adult returns from juveniles marked and released in 1978 and 1979
to determne the efficiency of the inprinting techniques.

| MPRINT TESTS - 1980

During FY 1980, the NWFS narked and rel eased 1,493,589 juvenile
salnonids to determne if fish could be inprinted to return to a hatchery
of origin or a homng site other than a hatchery (Table 1 and Figure 1).
This year our research initiated the use of a "limted mgration" to
inplant a homng inprint in juvenile fish. A limted mgration means that
fish were allowed to mgrate downstream for a predeterm ned distance before
being recaptured, marked, and transported. W hypothesized that juvenile
fish are inprinted to their honme stream early in their downstream
mgration--perhaps after mgrating as little as 100 yards to 1 mle.

It was necessary to mark |arge nunbers of fish in several |ocations
during the spring mgration period. Therefore the experinmental work in
I daho, relating to linmted mgrations (spring chinook sal non--Kooskia
National Fish Hatchery (NFH) and Rapid River Hatchery; fall chinook
sal mon- Hager man NFH, and st eel head- Dwor shak NFH) was acconpl i shed under
contract wth the University of |daho (Appendix A).

The conprehensive homng inprint experinents conducted in FY 1980 were
possible only through a large scale cooperative effort by NWS, the US.
Fish and Widlife Service (USFW5), Oregon Departnent of Fish and Wldlife

(ODFW, Washington Department of Game (WDG, and the Idaho Departnent
Fish and Game (1DFG.

of



Table 1.--Homing inprint experinent 1980--species, |ocation, nunbers of fish marked and

released,and years when adults are expected back for evaluation.

Species and (hatchery of Control Experimental Total Adult
origin - homing site) (No. ) (No-) (No. ! evaluation
(Yr)
SNAKE RIVER SYSTEM
Steelhead
(Tucannon) 16,923 60,363 77,286 1981-82
COLUMBIA RIVER SYSTEM
Spring Chinook Salmon
(Leavenworth) 195,427 296,186 491,613 1981-83
(Carson) 37,499 120,979 158,478 1981-83
Fall Chinook Salmon&/
(Spring Creek) - 199,286 199,286 1981-84
(Big Creek - Stavebolt
Creek) 43,863 99,942 143,805 1981-84
Coho Salmorf?j
(Willard) 136,941 286,180 423,121 1980-81
Subtotals by species
Steelhead 77,286
Spring chinook salmon 650,091
Fall chinook salmon' 343,091
Coho salmon 423,121
GRAND TOTAL 1,493,589

a/ These fish were marked with a coded wire tag and a clipped adipose fin only -- all

other groups also received a brand.
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Mar ki ng consi sted of excision of the adipose fin and injection of a
coded wire tag (OM). In addition, nost fish received a distinctive cold
brand to aid in nmonitoring their return a8 adult8 at key observation
poi nt s. The evaluation of inprinting will be based on a conparison of
adult return8 fromcontrol release8 (natural mgration) and experinental
rel ease8 (various inprint treatments).

Tucannon Hat chery

The object of this experinment was to deternine if Na*-kt ATPase
enzyne activity in steelhead at the time of the inprint attenpt had an
ef fect on their subsequent hom ng. The steel head were reared at the
Tucannon Hatchery (WG from brood stock trapped at Priest Rapi d8 Dam
(Chel an Hatchery stock).

Measurements of the Nat-k* ATPase enzyne activity were taken from
7 March to 12 June 1980 at the Tucannon Hatchery. Figure 2 shows the
average profile of the Na*-k* ATPase enzyme activity in relation to the
rel eases of the three test groups. The experinmental fish were inprinted to
the Snake River at Little Goose Dam and transported by truck to a rel ease
site at Dalton Point in the Colunmbia R ver below Bonneville Dam

The evaluation sites for returning adults will be the NWS adult
separators at Lower Ganite, MNary, and Bonneville Dams; Zone 6 commercia
fishery; and sports fisheries (Wth enphasis on the Walla Wlla River).
Specifics on treatnents are contained in Table 2.

Leavenworth National Fish Hatchery

The object of this experinent was to inprint spring chinook sal mon for

return to the Leavenworth NFH.  The study ws designed to determ ne:

1. The hom ng-inprint on fish which were allowed to migrate 1 mle vs
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Table 2.--Steclhead trout marked in 1980 at Tucannon Hatchery and then transported to Little Goose Dam and imprinted to the Snake River, Test number,
mark used, number released, type of imprint, and treatment for various groups are indicated.

T+

Test - C-W-T-E/ Numbqu/ Na -K AlPase

control code Brand released release series Dhate Homing f{mprint Treatment

Controls/ LA-GD LA-) ( 16,923 7 18 Mav Natural Migration Relcased into the wWalla Walla River

d .

Test #1-/ PR-YB RA-L 21,652 1st 8 April Single Transported by truck in Tucannon River water
to Little Goose Dam and released intn raceway
containing Snake River water for 8 hr - then
trucked in Snake River water to Dalton Point
and released into Columbia River.

Test #2 LA-SH RA-1T 19,747 8 MMay Single Transported by truck in Tucannon River water
to Little Goose Lam and released into raceway
containing Snake River water for 8 hr - then
trucked in Snake River water to Lalton Foint
and released into Columbia River.

Test #3 LA-DY PA-t~ 18,964 3rd 2 June Single Transported by truck in Tucannon River water

to Little Goose Dam and relecased intn raceway
containing S$nake River water for 8 nr - then

trucked in Snake River water to Dalton Point

and released into Columbia River.

a/ Each wire tag code incorporates two rare carth elements. The abbreviations used stand for: LA, Lanthanum; PR, Prascodymium; GD, Gadolinium
YB, Ytterbium; SM, Samarium; and DY, Dysprosium,

b/ Adjusted for mortality and tag loss.
c/ These control fish were originally scheduled to be released into the Grande konde River.

d/ An estimated 2,000 of these fish escaped into the Snake River at Little Goose Dam.



fish held in pen8 in a river (lcicle River).

2. The effect on survival of juvenile fish marked in the fall s
snoltering fi sh marked in the spring.

3. The effect on the hom ng and survival of fish transported and
rel eased in the m d-Col unbia River bel ow Priest Rapi d8 Dam vs fish
transported and rel eased bel ow Bonneville Dam

During the winter, the hatchery water supply was conprised of a mx of
wel |l water and Icicle River water; after 10 April, only lcicle River water
was used.  The experimental fish were from 80% Leavenworth stock and 20%
Carson stock all reared in raceway8 at the Leavenworth NFH. Two of the
group8 were premarked--Control #1 in Novenber 1979, and Test #3 in early
April 1980. The remaining three group8 of fish were marked after having
mgrated for 1 mle.  Experinental group8 were given a single inprint to
the Icicle River and transported by truck to a release site in the Col unbia
River either below Priest Rapid8 Damat Wite Bluff8 or bel ow Bonneville
Dam at Dalton Point. Specific8 on treatnent8 are contained in Table 3.

Adult evaluation for test8 on spring chinook salmon will be at the
three adult collector sites at danB previously nentioned, at Leavenworth
NFH and ot her hatcheries and natal spawning sites a8 required.

Carson National Fish Hatchery

The objective was to inprint spring chinook salnmon for return to
Car son MFH . The fish were reared in raceways containing Tyee Springs water
(normal hatchery supply) and were from egg8 obtained from naturally
returning brood stock. The fish were prenarked several nonth8 before being

rel eased. Experinmental group8 were singly or sequentially inprinted



Table 3.--Spring chinook marked at leavenwor th Hatchery for release in 1980. Test number, mark used, number released,
date released, typeof inprint, and treatment for various test groups are indicated.

Test - C.W.T. Numbe r2/ Date

control code Brand released released. . Homing imprint Treatment

Marked in Fall, 1979

Control #1  03-61-02 LA- X 32,126 24 April Natural Migration Released from hatchery into Icicle R.
03-61-02 LA- X< 32,238 27 April
03-61-02 LA- =< 32,274 1 Mny

Marked in Spring, 1980

Control #2  03-46-02 LA- T 32,795 24 April Natural Migration Allowed unmarked fish to migrate nat-
03-47-02 LA- 5 32,929 17 April urally for 1 mile in Icicle R. bypass
03-51-02 LA—{: 31,565b [ May channel. Recaputured, marked, and re-
03-51-02 RA-(: 1,500—/ I May leased from hatchery into Icicle River.

Test #1 03-49-02 LA- ) 32, 649 24 April. Single Allowed unmarked fish to migrate nat-
03-50-02 LA- s 35, 439 27 April urally for 1 mile in Icicle R. bypass
03-48-02 LA- U 32,017 I May channel. Recaptured, marked, and trans-

ported by truck in Icicle R. water to
a release site at White Bluffs on the
Columbia River (RM 362).

Test #2 03-52-02 K 32,960 24 April Single Allowed unmarked fish to migrate nat-
03-53-02 RA- X 32,847 27 April urally for 1 mile in Icicle R. bypass
03-54-02 RA- M| 32,641 1 May channel. Recaptured, marked, and trans-

ported by truck in Icicile R. water to
a release site at Dalton Point on the
Columbia River (Rm 142).

Test #3 03-43-02 M-9 32,4419/ 4/24 Single Held in live pen in Icicile R. bypass
03-44-02 RA-2 32,728 4/27 channel for 48 hr, then transported by
03-45-02 RA- 32,464 5/1 truck in Icicile R. water to a release

site at Dalton Point on the Columbia
River (RM 142).

a/ Adjusted for initial tag loss.
b/ These 1,500 fish were incorrectly branded RA-¢ .
c/ An estimated 400 of these fish escaped into the Icicle River.



to the hatchery water supply and then transported by truck to a release
site in the Colunbia R ver, either just bel ow Bonneville Dam or near
Hammond, O egon. This is a replicate, with ninor nodification (Test #1
and #2 were released at Dalton Point, RM 142, instead of at Bradford
Island, RM 145.4), of the experinent conducted In 1979, Specifics on
treatnents are contained in Table 4.
Spring Creek National Fish Hatchery

The objective was to inprint fall chinook salnon for return to the
Spring Creek NFH Several springs are utilized as the hatchery water
sour ce. Juvenile salnon were reared at the Spring Creek NFH from eggs
obtained fromnaturally returning brood stock. The fish were prenarked in

March 1980.  One experimental group was loaded directly from the raceways

into a barge; the second group passed through a 350-ft transport channel

before being |oaded into the barge. Both groups were given sequential
hom ng cues by being transported by barge initially containing Spring Ceek
water to a release site bel ow Bonneville Dam  The control group used was
mar ked by USFWS personnel as part of the fall chinook sal mon hatchery
eval uation study. Specifics on treatments are contained in Table 5.

Big Creek Hatchery - Stavebolt Creek

The object of this experiment was to determne if a limted short

e e

migration would imprint fall chinook salnon for return to a |ower-river

homing site. Fall chinook salnon used in these experiments were reared at
the Big Creek Hatchery (ODFW from eggs obtained from naturally returning

brood stock.

The lower-river honming site usedwas Savebolt Qeek, atributary to

the Lewis and Clark River which drains into Youngs Bay near Astoria,

10



Tabl e ¢.--Spring chinook sal non marked at Carson Hatchery for release in 1980. Test
and treatment for various groups are indicated.

date rel eased, type of inprint,

nunber, nmark used, nunber rel eased,

Test -
contr ol

CWT.
code Br and

Nunber &
rel eased

Dat e
rel eased

Honmi ng i npri nt

Tr eat nent

Control

Test #1

Test #2

Test #3

03-57-02 LA-V,

03-58-02 RA-L

03-59-02 RA-t-

03-60-02 RA-1

a/l Adjusted for initial tag |oss.

37,499

36, 262

41, 537

43,180

12 May

12 May

14 May

15 May

Natural Mgration

Single

Sequent i al

Sequent i al

Rel eased from Carson NFH into hatch-
ery outlet creek leading into the
Wnd River.

Loaded into tanker for 2 hr, then
rel eased into raceway containing
Tyee Springs water for 48 hr mnimm
and then trucked in Tyee Springs
water to release site at Dalton

Point on the Colunbia River.

Loaded into tanker (Tyee Springs
water) for 2 hr, released into
raceway (Tyee Springs water) for

48 hr mninum |oaded into tanker
containing Tyee Springs water for

2 hr,released into raceway (Wnd
River water) for 48 hr mninmm then
| oaded into tanker (Wnd River water)
and hauled to release site at Dalton
Point on the Columbia River.

Treatnment sane as in Test #2 except
fish were rel eased near Hanmond,
Oregon, on the Columbia River.



Table 5.--Fall chinook salmon marked at Spring Creek Hatchery for release in 1980.

Test number, mark used, number

released, date released, type of imprint, and treatment for various groups arc indicated.

Test - C.W.T. Number@j Date

control code released released Homing imprint Treatment

Controlé/ 05-06-41 60,500 9 May Natural Migration Released from Spring Creek NFH into Columbia
River (RM 166).

Test #1 05-06-48 99,583 19 May Sequential Fish were loaded directly from a raceway into
a barge containing Spring Creek Hatchery water.
Pumps for Columbia River water started 20 min.
after fish were loaded. Fish were barged to
a release site below Bonneville Dam (RM 140).

Test #2 05- 06- 49 99, 703 19 May Sequential Fish traveled 350 ft through a transport

a/ Adjusted for initial tag loss.

channel (crowded with a seine) then were load-
ed into a barge containing Spring Creek Hatchery
water. Pumps for Columbia River water started
1 hr 55 min. after fish were loaded. Fish were
barged to a release site below Bonneville Dam

RM 140).

b/ This group was marked by the USAAS for the fall chinook salmon hatchery evaluation study.



Oregon.  Experimental groups were inprinted to Stavebolt Creek, recaptured,
mar ked, and rel eased back into Stavebolt Creek or transported by truck to a
release site in the Colunbia River at Astoria, O egon. De tails of
treatnents are contained in Table 6.
WIllard National Fish Hatchery
The primary objective of this experiment was to inprint coho sal non
for return to the Little Wite Salnmon River. The study was designed to

det erm ne:

l. Effectiveness of various methods used to activate a homng inprint
in coho sal non.

2. Effect of various release |ocations on the honming ability and
survival of coho sal mon.

3. Effect on survival of fish marked in the fall as juveniles vs the
fish marked as smolting fish in the spring.

The fish were reared in raceways at the Wllard NFH and were from eggs
obtai ned from naturally returning brood stock to the Little Wite Sal mon
NFH. Both of these hatcheries are on the Little Wite Salnon R ver and

utilize the river as the hatchery water source. The Little Wiite Sal non

NFH is located near the mouth of the river and recovers all returning
adults from both hatchery releases.

Experinmental groups were provided inprint cues to Little Wite Sal non

River water (hatchery water supply), and then transported by truck and

barge to0 releage sites in the Colunbia River bel ow Bonneville Dam (RM 140
and 142, respectively), or by truck to Beaver Terminal (RM 50) or Hanmond,

Oregon (RM8). Specifics on treatments are contained in Table 7.

13
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Table 6.--Fall
nunber , mark used,
i ndi cat ed.
- a_
Test - CWT. Nunber --
cont.rol code rel eased

Premarked in spring 1980

b/

Control #1 07-21-60 143, 400

Rel eased after marking

Control #2 03-42-02 43,863
Test #l 03-40- 02 49, 528
Test #2 03-41-02 50, 414
al Adjusted for initial tag |oss.

b/ This group was marked by the OCDFW for the fall

chi nook sal non narked at Stavebolt
numbe rel eased, date released,

Date
rel eased

13-23 May Natural

23 May Natural

12-19 May Single

12-19 May Natural

Geek and Rig Creek Hatcheries for release in 1980.
type of inprint,

Homing I nprint. _

M gration

M gration

M gration

Test

and treatment for various groups are

Tr eat ment

Rel eased from Big Creek Hatchery into Big Creek.

Rel eased from Big Creek Hatchery into Big Creek.

Al l owed unmarked fish to mgrate naturally for
600 ft in Stavebolt Creek. Recaptured, marked,
and transported by truck in Stavebolt Creek
water to the Colunbia River at the West Mboring
Basin release site located in Astoria, Oregon.

Al l owed unmarked fish to migrate naturally for
600 ft in Stavebolt Creek. Recaptured, marked,
and rel eased snolts back into Stavebolt Creek

above its confluence with the Lewis and d ark

R ver.

chi nook sal mon hatchery eval uati on study.



Table 7.--Coho sal non marked at WI lard and Litt 1¢ White Sal non Hatcheries for
mar k used, nunber r3l eased, date narked, date rel eased,

are indicated.

Test - C.WT.
control code

Marked in Fall. 1979

Control #1 05-03-58

Control #2 05-03-59

Marked in Spring 1980

Control #3 05- 06- 54
Test #1 05- 06-55
Test #2 05- 06- 60

Nunber? Dat e

rel eased marked

43, 045 31 Ot -
6 Nov 79

42,371 25 Nov 79

51,525 S-6 May 80
51,417 20-22 My 80
33,732 22-2'3 May 80

type of inprint,

Dat e

rel eased Homi ng i npri nt
14 May Natural M gration
23 May Natural Mgration
23 May Natural Mgration
25 My Sequent i al
25 May  Sequential

rel ease in 1980. Test nunber |,
and treatment for various groups

Tr eat ment

Trucked fromW Ilard Hatchery and
released into L.W Sal non River

bel ow | ower barrier at |,. W Sal non
Hat chery.

Rel eased from W I lard Hatchery into
| W Salnon River.

Rel eased from W/l lard Hatchery into
L. W Salnon River.

At WIllard Hatchery unmarked fish
were passed through 175 ft of pipe
and held for 4 days, then trucked
to L. W Sal mon Hatchery where they
were marked and held for 4! days.

Fi sh were then trucked and | oaded
into a barge in the L. W Sal non
River and held for 19 h 18 nmin, then
barged downstreamto a release site

bel ow Bonnevill Dam (KM 140).

Limted mgration - unmarked fish
were released fromWIIlard Hatchery
intol.. W Salnmon River, mgrated
6 m and were recaptured bel ow | ower
barrier at L. W Sal non Hatchery,
marked and held for 2-5 days. They
were then trucked and |oaded into
barge inthel,. W Salrmon River and
held 18 h 53 nin, then barged
downstreamto a rel ease site bel ow
Bonnevil e Dam (RM 140)
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Table 7.--Continued.
Test - CWT.
cont r ol code

Mar ked_in Spring 1980

Test #3 05- 06-50

Test #4 05- 06-

Test #5 05-06-53

Test #6 05- 06- 52

al Adjust for intial

Number -7
rel eased

47,923

Dat e Dat e
mar ked rel eased

21-22 April 80 25 May

51 50,786 23-24 April 80 21 My

tag | oss.

50, 619

51, 683

-3 May 80 23 My
24 Arpil - 22 May
1 May 80

Homi ng i nprint

Tr eat ment

Sequent i al

Single

Single

Single

Trucked directly fromWIlard

Hat chery and | oaded into a barge in
the L. W Salmon and held for 21 h 1
mn, then barged downstreamto a

rel ease site bel ow Bonneville Dam
(RM 140).

Loaded in truck for 2 h then release
into raceway containing L. W Sal nmon
River water for 48 h mninumthen
transported by truck (L. W Sal non
River water) to a release site at
Hammond, Oregon on the Col unbia Rive
(RM 142).

Loaded in truck for 2 h then rel ease
into raceway containing L. W Salnon
River water for 48 h mininum then
transported by truck (L. W Salnon
River water) to a release site at
Hammond, Oregon on the Colunmbia Rive

(RM 8).

Loaded in truck for 2 h then rel ease
into raceway containing L. W Sal mon
River water for 48 h mininumthen
transported by truck (L. W Sal non
River water) to a release site at
Beaver Terminal, Oe., (RM50) on th
Col unbi a River (upstreamof the salt
water intrusion).



ADULT RFTURNS FROM | MPRI NT TESTS

The degree of success (ability to home and survival enhancenent) for
the various treatments of experinental fish is based on the returns of
adults previously marked with CM. Homing of various groups is determ ned
by the rate of return of marked adults to the hom ng sites. Al honing
sites are located at permanent facilities (hatcheries) except the ones at
Stavebolt Creek, Oregon, and Pasco, Washington, where adequate facilities
have been constructed. Survival of various groups is neasured by the
conbi ned total recoveries of COWM's at the homng site; from conmercial,
sport, and Indian fisheries ; from sanpling sites at mainstream dams; and
from hatcheries and spawni ng grounds.

St eel head

Data to provide final assessnent of homing will not be available until
after spawning at hatcheries is conpleted in the spring of 1982. However,
prelimnary recoveries of |- and 2-ocean age steel head from hatcheries and
the sport fishery are conpleted for the adult migrating season of 1979-80.
Eval uation of returning adults in relation to snolt condition will not be
made until total adult returns to homng sites are conplete. Prelimnary
data on survival and homng of |- and 2-ocean age steelhead in the fall of

1980 are obtained fromreturns of steelhead to five in-river sanpling

| ocations (Figure 3).

Dworehak - 1978 Experinent

Steel head reared at Dworshak NFH migrate 504 niles before reaching
seawat er . Previous NWFS studies (Park et al. 1980) showed that steel head

of Dworehak NFH origin that were intercepted at Lower Ganite Dam (RM 431)
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and transported to Bonneville Dam (RM 145) honed successfully to Dworshak
NFH. The goal of the 1978 work at Dworshak NFH was to determine if
exposure to at |least 48 h of hone stream water woul d assure homng in
juvenile steel head that were denied all natural mgration above Bonneville
Dam

The 1978 test design included a control group released at Dworshak NFH
into the North Fork of the Clearwater River and two test groups transported
from Dnorshak NFH to a release site bel ow Bonneville Dam (Appendi x Table
Bl). Test fish were taken off the normal reconditioned water supply in
System #3 by punping them through irrigation pipe into raw North Fork
Clearwater River water in Sys tern 62 raceways, where they were held for 6

days prior to transport. (One test group was noved to Lew ston. |daho- (RM

463) by truck, then barged through the normal mgration route. The other

test group was noved by truck to the rel ease site bel ow Bonneville Dam

The major portion of the adult return from 1978 Dworshak NFH rel eases
is conplete. The 1980 steel head run passed our Colunbia River sanpling
stations and began entering Dworshak NFH to spawn in March of 1981.
Spawni ng shoul d be conpleted on the 1980 fish by late May. An additional
smal | number of 3-ocean age adults are expected to return with the 1981-82
run.

Honing. --Prelimnary returns of adult steelhead into the Daorshak NFH
indicate the test methods used were successful in varying degrees in
returning steelhead to the Dworshak NFH homing site. Test fish which were

trucked to Lewiston, ldaho, and then barged, showed a test/control benefit

ratio of 1.63:1 conpared to 0.84:1 for the test group which was trucked

only (Table 8). Returns from the barged groups provided the first evidence
e et
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Table 8. --Prelinminary returns to the Dworshak Hatchery homng site and sport fisherv of
steel head fromcontrol and test rel eases of snolts inprinted to the Dworshak NFH in-1978.
Recoveries were from Septenber 1978 to 13 April 1981.

Sanpl i ng No. of adult é/ Adul t Test

[ ocation Cont r ol Number recapt ur ed return to
and or juveniles | -ocean  2-ocean Tot al (% of control
experi ment t est rel eased age age 1¢&2s juveniles) ratio

Dwor shak honing site

Dwor shak Control 100, 600 26 210 236 0.235

Trucked Test 20, 661 1 40 41 0.198 0.84:1

Bar ged Test 24,006 6 86 92 0.383 1.63:1
Snake River snort fishery

Dwor shak Contr ol 0 10 10 0.010

Trucked Test 0 0 0. 000

Bar ged Test 0 1 1 0.004 0.40:1
Clearwater River sport fisherv

Dwor shak Contr ol 0 60 60 0. 060

Trucked Test 0 8 8 0. 039 0.65:1

Bar ged Test 0 25 25 0.104 1.73:1
Strays (above McNary Dam

Dwor shak Contr ol 0 0 0

Trucked Test 0 2 2 0. 010

Bar ged Test 0 2 2 0. 008

Tot al 33 444 477

a/ Because of differences in sanpling intensity (efficiency) at each site, results are
not conparable between sites.
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that fish which were inprinted and transported directly froma hatchery

will return as adults in greater nunbers than fish which mgrated naturally

(Control).

Distribution and Contribution to Fishery.--Returns to date fromthe

sport fishery above Lower Granite Dam show that the majority of the test
and control fish were recovered in the Cearwater River. Test to control
ratios in this fishery were conparable to ratios at the hatchery.

Straying. --A total of four steel head recovered in the sport fisheries
above McNary Damwere listed as strays. Three were recovered in the upper
m d- Col unbia R ver--one trucked fish at the mouth of the Methow River and
one each trucked and barged fish fromthe Ringold, Washington, area. One
barged fish was recovered in the Rapid River Hatchery (IDFG trap in Idaho.
As an itemof interest, data fromthe ocean sanpling show that one fish
fromthe barged group was recovered in the Puget Sound, Washington, net
fishery.

Survival .--Prelimnary recoveries of returning steelhead from the 1978
outmgration at four in-river sanpling locations on the Colunbia River
System indicate differences between treatnent groups with respect to
relative survival and homing (Table 9). Test/control ratios indicate up to
7.2 times higher survival for the test groups (transported) than the
control group (nontransported) at the two | ower-river sanpling |ocations
(Bonneville Dam and Indian fishery).

Al though the test/control ratios at MNary Dam (147 niles upriver from
Bonnevi |l | e Dam) showed a positive benefit (ranging from1.34:1 for the
trucked group to 2.41:1 for the barged group), these |ower ratios indicate

that homng of the test groups was inpaired. Test/control ratios showed a
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Table 9.-- Prelimnary returns to four sanpling |ocations of steelhead from control and test
rel eases of snmolts inprinted to the Daorshak NFH in 1978. Recoveries were from Septenber
1979 to 13 April 1981.

'Sanpl i ng No. of adult 3/ Adul &/ Test
| ocation Control Number recaptured return to
and or juveniles | -ocean 2-ocean Total (% of control

experi nent test rel eased age age 1&2s juveniles) ratio
Bonneville Dap/

Dwor shak Cont r ol 30, 074 1 13 14 0. 047

Trucked Test 20, 661 1 14 15 0.342 7.28:1

Bar ged Test 24,006 1 8 9 0. 169 3.60:1
I ndi an fi sher§/

Dwor shak Control 100,600 e/ 0 31 31 0.031

Trucked Test 20, 661 1 44 45 0.218 7.03:1

Bar ged Test 24,006 2 51 53 0.221 7.13:1
MNary Da&

Dwor shak Control 30, 074 3 18 21 0.070

Trucked Test 20, 661 0 4 4 0.094 1.34:1

Ear ged Test 24,006 1 8 9 0.169 2.41:1
Lower Granite Dalth

Dwor shak Cont r ol 30, 074 14 170 184 0.612

Trucked Test 20, 661 2 15 17 0. 375 0.61:1

Ear ged Test 24, 006 1 47 48 0.972 1.59:1
Total branded 74,741 27 423 450

Wre-tagged only 70, 526

d, Because of differences in sanpling intensity (efficiency) at each trapping site,
results are not conparable between sites.

b/ Data from branded fish only.

c/ Data from coded wire tags only.

&/ Adjusted for the difference in detectability between binary and col or-coded wire
tags as indicated by returns to Dworshak Hatchery.

e/ The control group for the experinent was branded (30,074 of 100,600 fish originally
tagged for hatchery production contribution); however, pranded fish are not recorded
in the Indian Fishery sanples so the entire group must be consi dered.

22



further decline by the time fish pased over Lower Ganite Damon the Snake
River (139 miles upriver fromMNary Dan). Steelhead from the barged group
still showed a positive test/control benefit ratio of 1.59:1, but the truck
group had a negative ratio of 0.6l:1. These latter ratios are conparable
to ratios noted in the sport fishery and at the hatchery--indicating little
or no additional homng inpairment to fish mgrating as far upstream as
Lover Ganite Dam

Di scussion--Returns of adult steelhead to the Dworshak NFH hom ng
site and to the upper river as neasured at Lower G anite Dam show that the
barged test group was successful in returning nore fish than the control
group. The data al so indicate that juveniles which were sequentially
inprinted by barging returned 2.5 times as nmany adult6 to the upper river
than juveniles which received a single inprint and then were trucked
directly to bel ow Bonneville Dam

A prelimnary analysis of the decline in the test/control ratios from
the high levels observed in the lower river (Bonneville Dam) to the nuch
lower level In the upper river (Dworshak NFH homing site) may Indicate that
a large proportion of the test fish did not receive a homng inprint. This
was denonstrated by the large number of test fish which were recovered in
the Indian gill-net fishery during March 1981, indicating that steel head
which were not inprinted to the Daworshak NFH homing site are returning to
the area near their point of release as juveniles.

Under normal conditions steel head snmolts in the Snake River system
mgrate over an extended period of tinme (approximately md-April to
m d- June) . Wthin a given population, the proportion of juveniles

physiologically able to inprint a homng cue may vary within the mgration
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time period. Therefore, the time period in which juveniles are exposed to
an inprint cue before being transported downriver would influence the
proportion of juveniles which would receive a homng cue that woul d enable
themto return as adults to the homing site.

For exanple, if we accept as true the hypothesis that all juveniles in
the control release received a homing inprint, and that the rate of
survival for all adult steelhead (in the Colunbia River systen) with a
hom ng inprint to the Dworshak NFH is equal, then the difference between
survival as indicated by the test/control ratios of the barged group at
Bonnevill e Dam and at Dworshak NFH will indicate the proportion of
juveniles which received a honming inprint.

(1.63 + 3.60) x (100) = 45.3%

If 45.3% of the barged group were inprinted, that would be an
effective rel ease of 10,875 inprinted smolts. As of 13 April, wth about
33% of the fish spawned, we have recovered 92 adult6 fromthe barged group
at the Dworshak NFH.  This translates to a rate of return to the hatchery
of 0.846%, and a test control benefit ratio of 3.601 for inprinted snolts
whi ch were bar ged. If the present rate of return continues through the
remai ning period of spawning, the total rate of return should be in excess
of 2%. This is a very good rate of return for eteelhead and is nore than
twice that of the highest previous return to the hatchery. It is all the
nore inmpressive when you consider that an estinmated 66. 7% of the control
fish which survived to Lower Ganite Dam were collected and transported to
bel ow Bonneville Dam via the regular transportation program The

test/control ratio for returning adult6é from the 1978 outm gration which
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were transported fromthe collector dans was 3.22:1. This neans that
approximately three out of four returning adult steelhead from our contro
rel ease received the benefit of being transported around hydroelectric dans
on the Snake and Colunbia Rivers. It is apparent that without the benefit
from transportation, the return of control fish to thehatchery woul d have
been substantial Iy | ower.

Al though this experinent shows a definite benefit for the barged test
group , We reconmend additional experinentation using the barge transport

met hod to determine when the greatest proportion of the fish are able to

accept a homng inprint. This experinent should have a series of releases

throughout the mgration period and be conbined with physiol ogica
exam nations of the fish in an effort to devise an index by which we coul d
determ ne the nost appropriate tine when the greatest proportion of the
popul ati on would accept a homing inprint.

The successful conclusion of this study could lead to a nanagement
program which would significantly increase the rate of return of this stock
of steelhead and thereby provide an increased benefit to all the user
groups who now utilize these fish. If a significant portion of the
Dworshak NFH steel head snolts were transported fromthe hatchery, it woul d
hel p reduce the congestion at the collector dans. This would be especially
beneficial In aiding the collection and transportation of chinook sal non
smol ta since the peak of the Dworshak NFH steel head smolt mgration closely
coincide6 with the peak of the chinook sal mon outm gration. This coul d
prove to be quite significant in the future as the proposed mtigation
hatcheries start releasing fish and increase the nunber of juvenile

salmonids arriving at the collector dans.
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Tucannon - 1978 Experi nent

The objective of the 1978 Tucannon Hatchery (WDG homing test was to
determine if sequential exposure to hatchery and migration route waters
prior to release would ensure homng of returning adult steelhead.

The spring water portion of the hatchery water supply was used as the
initial homng cue. Two groups of fish which had been naintained on 100%
Tucannon R ver water were renoved fromthe hatchery pondé and held in a
tank truck while the composition of the water supply to the ponds was
altered. The fish were then returned to the ponds, one of which contained
100% spring water, and the other a 20:80% mi xture of spring and Tucannon
River water. Follow ng a 48-hour holding period, the fish were transported
by truck around the 34 niles of the Tucannon River they would have
encountered during a natural outmigration, and |loaded into a barge noored
at RM 386. Ensuing barge transport to the rel ease site bel ow Bonneville
Dam (RM 140) provided sequential exposure of test fish to Snake and
Colunbia River waters along the barge route. A control release into the
Tucannon River was not possible, but a group of steelhead released into the
G ande Ronde River (RM 493) was marked. These fish will provide data on
survival and behavior for naturally inprinted steelhead of the sane stock
a6 our test releases. Further details of the experinental design are given
in Appendix Table B2.

Steel head used for this test were Skamania stock (WDG, the mgjority
of which return as 2- or J-ocean age adults. Two-ocean age fish fromthis
test are currently returning with the 1980-81 steel head run. Prelimnary
returné to various sanpling locations are summarized In Table 10.
St eel head which hone successfully to the Tucannon Hatchery will not be

recovered until spring 1981.
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Table 10 --Coserved return to sanpling |ocations of 1978 Tucannon Hatchery hom ng
test steelhead. Prelimnary return data through Novenber 1980.

Mar ked qroups-b/
100 % 80% spring Conbi ned
spring 20% river test groups Cont r ol
Sampling wat er wat er
0,
tocat t oot/ % of % of % of % of

Nunber rel ease Number rel ease Nunmber rel ease Nunber rel ease

In-river |ocations

Lower Col unbia

River sport

fishery 3 0.02 0 0.00 3 0.01 2 0. 004

Bonnevi |l | e Dam 27 0.15 b 0.03 33 0.09 9 0.02

Zone 6 | ndian

fishery 8 0. 04 9 0.05 17 0.05 0 0.00

McNary Dam 2 0.01 7 0.04 9 0.02 1 0. 002

Lower Ganite

Dam 34 0.19 10 0.05 44 0.12 86 0.16
Subtotal 74 0.41 32 0.17 106 0.29 98 0.18

M scel | aneous recoveri es

Bonneville

Hat chery 0 0.00 1 0.01 1 0. 003 0 0.00

Cascade

Hat chery 5 0.03 5 0.03 10 0.03 0 0.00

Deschutes River

sport fishery 16 0.09 7 0.04 23 0. 06 0 0.00

Quinault River 0 0.00 0 0.00 0 0.00 1 0.002
Subtotal 21 0.11 13 0. 07 34 0.09 1 0. 002
Tot al 95 0.52 45 0.24 140 0. 38 99 0.18

a/  Steelhead sanpled at Bonneville, MNary and Lower Granite are jawtagged prior to
rel ease to prevent duplication of data if the fish are sanpled at another |ocation.

Because of differences in sanpling intensity (efficiency) at each trapping site,
results are not conparable between sites.
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Adul't steel head returning to date indicate that a substantial portion
of those fish fromtest releases will not home to the Snake River or to the
Tucannon Hat chery. It appears |ikely that observed recoveries in the
Deschutes River sport fishery, at Bonneville and Cascade Hatcheries (CDFW,
and in the Zone 6 Indian fisheries represent fish which did not inprint to
the Snake River. (Cbserved recoveries (51 test fish, no controla) and the
early return of adult6é fromthe control release (79% had passed Lower
Ganite Dam by 1 Septenber 1980) support our rationale. The majority of
returning adult6 fromthe control release, bearing a positive upriver
inpr Int , moved through the |ower Colunbia River before the Zone 6 Indian
fishery was opened on 29 August 1980. A portion of returning adulté from
the test releases apparently halted or delayed mgration in this area,
where they were available to the Zone 6 Indian fishery, and eventually
entered the Deschutes River and the Bonneville and Cascade Hatcheri es.

Another portion of the adult returns fromthe test releases is
continuing its upriver magration. The observed return of test fish to
Lower Granite Dam (45 mles upstream fromthe nouth of the Tucannon River)
amounted to 0.12% of the release as opposed to 0.16% for the control group
(Table 10). Although these test fish have overshot their home stream they
are returning to the Snake River--evidence that hom ng cues may have been
acquired during barge transport. Adult steelhead mgrating simlar
di stances, but choosing the mainstem Col unbia River would have to pass the
Priest Rapids Dam sanpling station. To date, none have been observed at
Priest Rapids Damor recovered in the WG s creel census efforts above
Priest Rapids Dam

At this time, it is unknown if test fish are going to enter the

Tucannon River or return to the hatchery. A determnation of the success
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of the initial inprint treatment and further consideration of the data wll
await hatchery returns in the spring of 1981. |t should be noted that of
our 1981 steelhead returns, the Skamania stock is returning at a
considerably |ower rate than mddle Colunmbia R ver or Dworshak NFH stocks.
This was not expected at the time our tests were undertaken, and if 3-ocean
age adults do not nake a significant contribution to the total return, then

data available for analysis will be limted

Vel ls-Wnthrop - 1978 Experi nent

The object of this experinment was to inprint steelhead fromthe Wlls

Hat chery (WDG) with a homing cue to the Wnthrop NFH (a hatchery other than
the hatchery of origin) on the Methow River and determine if a single or
sequential homng inprint will cause steelhead to return to the Wnthrop
NFH hom ng site.

Qur experinmental design used five groups of steelhead--two control
groups and three test groups of approximtely 20,000 fish per group. One
control group was held 2 days at Wnthrop NFH prior to release at the
hatchery. The second control was the production release made directly into
the Methow River 0.25 nile upstreamfromthe nouth. Test groups were held
2 to 8 days at the hatchery in an attenpt to inprint themto the hatchery
water prior to transporting them downriver by barge or truck. (4213 t est

group was then trucked in raceway water and rel eased at Ringold,

Washington; the second wastrucked in raceway water to a barge at Richland,

Washington, and barged downstreamto bel ow Bonneville Dam the third test

group was trucked in raceway water to a release site bel ow Bonneville Dam

Hom ng. --Test fish inprinted to a hatchery homng site and transported

to a downriver release site should return as adults to that homng site at
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a conparable rate to control fish returning to the hatchery for the hom ng
test6 to be & SUCCESS. Prelimnary return6 of |-ocean age  steelhead
indicate that the methods used in 1978 were unsuccessful in returning the
test groups of steelhead to the Wnthrop NFH homng site. Only one fish
from each test group returned to the hatchery conpared to 18 (0.09% of the
Wnthrop NFH control fish (Table 11).

The results from sanpling both |- and 2-ocean age adult steel head at
dane indicated that although the inprint method6 used in these experinents
were not successful in returning fish to the homng site, they did inplant
a limted homing cue which enabled the transported fish to return to areas
above McNary Dam without inpairment of homing. This is based on the fact
that test/control ratios at each of the lower-river sanpling sites were
quite consistent within groups transported by barge or truck bel ow
Bonnevi | |e Dam Hom ng above that point was inpaired as indicated by a
decline in test/control ratios for all three transport groups at Priest
Rapi ds Dam (Figure 4). The difference in test/control ratios at Priest
Rapids Damreflects the varying degree of hom ng cues that resulted from
each treatnment; test Goup Three (R ngold) (2.4:1) was highest, foll owed by
Test G oup One (Bonneville trucked) (1.3:1), and then Test G oup Two
(barged from Richland) (0.6: 1).

Recoveries of tagged fish in the sport fishery provided additional
data on hom ng of the various test groups to areas above McNary Dam The
maj or sport fisheries between McNary and Priest Rapids Dans are at Ringold,
Washington, and a stretch of severa miles immediately below Priest Rapids
Dam The nmajor sport fishing areas above Priest Rapids Dam are in the
Wenat chee, Washington, area and at the nouths of the Entiat and Mthow

Rivers (Figure 5).
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Table 11.~-Estimated recovery of l-ocean age steelhead returning from control and test releases of juveniles
Recoveries were from June 1979 to May 1980.

from the 1978 Wells-Winthrop experiment in seven sampling locatfonms.

/ _ . _Sport fishery b/
Control Number? Lower Rocky Hatchery~ Winthrop

or juveniles Indian Columbia Ringold Wenatchee Reach Methow brood- homing Total Test to
test released fishery River area area pool area area stock site __recovery control
Rroups (N) L)) M) (N) ) (N) (N) (N) (N) (N) () ratio
Lower Methow 19,901 37 0 17 14 2 108 13 1 192  0.965 2.31:1
(Control #1)
Winthrop 20,330 17 0 0 0 0 46 4 18 85 0.418
(Control #2)
Truck to Bonneville 19,131 99 0 68 54 2 15 13 1 252 1.317 3.15:1
(Test #1)
Barge to Bonneville 19,979 58 7 85 9 0 2 3 1 165 0.826 1.98:1
(Test #2)
Truck to Ringold 17,637 47 7 34 47 6 35 13 1 190 1.077 2.58:1
(Test #3)
TNTAL 96,978 258 14 204 124 10 206 46 22 884 0.912

a/ pdjusted for initial tag loss.

2/ From steelhead trapped at Priest Rapids Dam for Chelan Hatchery broodstock.
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Figure 4. --Test to control ratios for returns to four sanpling locations on the
Col unbia River of conmbined |- and 2-ocean age steelhead from control and test

rel eases fromthe Wlls Hatchery which were imprinted to the Wnthrop SFH homi ng
site on the Methow River in 1978. Recoveries were fromJune to 30 Novenber 1980.

Control fish were released at the Wnthrop SFH.  The broken line indicates the
level of return for control fish.
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Estimated recoveries of |-ocean age fish in the sport fishery are
summarized in Table 11.  These numbers were adjusted for sanpling effort.
The data obtained generally verified the data obtained from sanpling at
Priest Rapids Dam i.e., Ringold, Wshington, releases had the highest
proportion (68% that homed to areas above Priest Rapids Dam (88 fish);
trucked fish released at Bonneville Dam were next at51% (71 fish); whereas
only 11% (11 fish) of the barged fish found their way to areas above Priest
Rapids Dam O those fish that were inprinted to areas above Priest Rapids
Dam nore than twi ce as many of the Rngold group, conpared to the other
two test groups, were able to home to the Methow River as evidenced by the
sport catch (35 fish from Ringold, Washington, vs 15 fromthose trucked to
Bonneville Dam and only two from those barged to Bonneville Dam)

Straying.--Fish straying into the Snake River system were nonitored at
Lower Granite Dam (Snake River Mle 107). Recovery of marked fish shows
that sonme straying occurred fromall the test and control groups; the only
maj or number of strays (estimate 0.55% were from the trucked to Bonneville
Dam test group (Table 12). Two of the strays tagged at Lower G anite Dam
were |ater recovered at Dworshak NFH (one each fromthe groups barged or
trucked to Bonneville Dan.

Survival and Contribution to Fishery.0-Recoveries of returning |- and

2-ocean age adult steelhead fromthe 1978 outm gration at four in-river
sanpling locat lons on the Columbia River are conpleted. Differences

between treatnent groups, with respect to relative survival and homing, are
illustrated by the test to control ratios at each of the four sanpling
locations (Figure 4). Al though the tests to control ratios are not

constant, they do indicate up to 6.5 times higher survival for the test
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Tabl e 12 --Adult |-ocean age steel head trout fromthe 1978 Wells-Wnthrop
experinment which strayed into the Snake River and were recaptured at Lower
G anite Dam (RM 107), 1979-80.

Nunber of Adult Return in
Control | -ocean age % of Juveniles
Test adults recovered Rel eased

hser ved Estimatedd/

Rel eased at
Wnthrop Hatchery 2 0.010 0.018
(Control)

Rel eased in Lower
Met how Ri ver 1 0. 005 0. 009
(Control)

Barged to

Bonnevil |l e 3 0.015 0. 026
(Test)

Trucked to

Bonnevil |l e 60 0. 314 0. 550
(Test)

Trucked to

Ri ngol d 0.028 0. 049
(Test)

al Park et al. 1980.
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groups (transported) than the control groups (nontransported) at the three
| ower-river sanpling locations (Bonneville Dam Indian fishery, and MNary
Dan) .

Loss of homi ng above McNary Dam | owered the test/control ratios at
Priest Rapids Dam and resulted in fewer transported fish contributing to
the sport fishery in the Mthow R ver. However, the linited hom ng

—

- inprints along with the higher survival of the transport groups resulted in

es -the transported fish contributing significantly to the Wnatchee and
,‘,Ri ngold sport fisheries and to the Indian set-net fishery (Table 11).
Overall, the total contribution fromthe transport releases to various user
groups was 607 fish or over 1% of those released. Minly because of lower
survival, the contribution of control fish was less (277 fish--about 0.7%

of those released). Less than half as many Wnthrop controls were caught

in the sport ,or comercial fishery as those released at the traditional
Met how Ri ver rel ease site. The difference probably was poorer survival,
since adult recoveries of Wnthrop releases were |ower than recoveries of
Het how River releases at each of the sanpling sites.

" The Ringold and Bonneville Dam trucked groups contributed about
equal ly to the Wenatchee and Ringold fisheries; whereas, the barged fish
contributed mainly to the Ringold fishery. I ncreased survival of the
transported groups to Ronneville Damresulted in these groups contributing
two to three tines as nany fish to the Ringold sport fishery as those
rel eased at Ringold (Appendix Table B3). The ability to increase the sport
harvest in selected areas by providing a limted homng inprint and

enhancing survival by transporting snolts around dans could be a useful

tool for future management of these md-Colunbia River stocks.
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Vel [s-Wnthrop - 1979 Experi nent

The 1979 experinental design was identical to the 1978 design except

° {
there was no Ringold release in 1979. The two control groups Were made up ‘:>4£4440
of approximately 20!000 fish each, and the two_test groups were nade_up of tzé

10, 000 trucked fish to Bonneville Dam 000 bar igh to Bonneville
_’—-\_/‘_\__—
-D;IBL s ‘H\;$ H ID(A/

Returns of |-ocean age fish from both the 1978 and 1979 experinments at’

the four in-river sanpling locations indicate that overall survival of the

verall surviv b,

various treatment groups in 1979 was only about one-third that of the 19784__,.'#lL ﬁf

e ——— ~C
L

the 1979 experiment were recovered at the four sanpling sites. 1In 1979, [CTe~™

I {M

mﬁthconpafégle sanpl i ", a total of 582 fish (0.6% fromall. L-/

treatment groups of the 1978 experiment were recovered (Table 13, Appendix <+

release. In 1980, a total of 122 fish (0.18% from all treatment groups of
/

Lo
1
(ev g

Tabl e B4). The apparent difference in survival between the 2 years cannot ,tjx4' <
be explained at this time. Data fromreturns of 2-ocean age fish in 1981
and recoveries in thesport fishery are needed before final conclusions can
he drawn on possible differences in survival between 1978 and 1979.

Because of the poor returns of |-ocean fish from 1979, there was
insufficient data to provide any neaningful conparisons between treatnment
groups except possibly at Priest Rapids Dam (Table 13); data collected
indicated that survival of the |ower Methow River control group was only
about one-third the survival of theWnthrop control group. By comparison,
the Methow River control release returned at a higher rate than the
Wnthrop control release in 1978 (Table 11, Appendix Table B4). Dat a

col l ected on these fish during their downstream mgration at MNary Dam (RY

293) and John Day Dam (RM 215) indicated that the apparent nortality
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Table 13 .--Prelimnary returns to four sanpling |ocations of |-ocean age steel head from
control and test releases of snolts fromthe Wlls Hatchery which were inprinted to the
Wnthrop Hatchery Homng Site and the Methow River in 1979. Recoveries were from June

to Novenber 1980.

return
Sanpling location Control Nunber Nunber (% of Test to
and Homi ng or juvenil es adul ts j uvenil es Control
experi ment site t est rel eased recapt ured rel eased) ratio
Bonneville Dam
Wnthrop NFH W nt hro Control 18, 298 0 0.0
L. Methow River Methow R Control 20, 052 1 0. 005
Truck to Bonngyi Ile Wnthrop  Test 9,741 8 0.082
Barge to Wnthrop  Test 17,152 7 0.041
Indian fishery
Wnthrop NFH W nt hr op Control 18, 298 0 0.0
L. Methow Ri ver Methow R Control 20, 052 0 0.0
Truck to Bonneville Wnthrop  Test 9,741 3 0.031
Barge to Wnthrop  Test 17, 152 16 0. 093
McNary Dam
W nt hrop NFH Wnthrop  Control 18, 298 2 0.011
L. Methow Ri ver Methow R Control 20, 052 0 0.0
Truck to Bonneville Wnthrop  Test 9,741 2 0.021
Barge to W nt hr op Test 17,152 19 0.111
Pri est Rapids Dam
Wnthrop NFH Wnthrop  Control 18, 298 28 0.153
L. Methow River Met how R Control 20, 052 10 0. 050 0.33:1
Truck to Bonneville Wnthrop Test 9,741 15 0.154 1.07:1
Barge to Bonneville Wnthrop  Test 17, 152 11 0. 064 0.42:1
al Because of differences in sanpling efficiency at each recovery site, results

are not conparable between sites.
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occurred during their downstream migration between the point of release and

MNary Dam  Estimated survival of the Wnthrop contral
W

-

to MNary Dam was
Whether t he mortality \
Lg'w

. \
twice that of the | ower Methow River control group/.

was damrelated or resulted fromlack of snolting or failure to migrate is : /AJ

not known at this time, Judging froma simlar lack of returnin s
transported fish that had been protected from dans, and a higher rate of s
: : W 1€
return from the 1979 Chel an-Leavenworth experinent, it appears that perhaps A,‘/
i Wi 25

a good portion of the \ells Hatchery fish used for the experinent in 1979 a4, F

were not ready to mgrate at the time of release.

Chel an- Leavenworth -~ 1978 Experinents

The object was to determne the length of tine required to inprint
steel head from Chel an Hatchery (WG with a homng cue to the Leavenworth
NFH homing site (a hatchery other than the hatchery of origin) and to
determne if holding fish at Leavenworth NFH in conbination with a
sequential homng inprint (induced by barging) will cause adult steel head
to return to the Leavenworth NFH homng site.

Qur experinmental design used three paired test-control groups, of
approximately 24,000 fish per group, held at Leavenworth NFH 10 days, 2
days and 4 h The test groups were transported py truck from the
Leavenworth NFH homing site to a barge at Richland, Washington, and then
down river to a release site below Bonneville Dam  Controls were rel eased
directly into the Icicle River. Additional details for the experinental
design, number of fish per group, etc. are provided in a previous report
(Slatick et al. 1979).

Honi ng. --Recoveries of |-ocean age steel head at the Leavenworth NFH

hom ng site in the spring of 1980 indicate that the inprint method used,
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conbined with a truck-barge transport of fish, was unsuccessful in
returning steelhead to the homing site. Only one fish from each test group
was recovered, conpared to 20 (0.083%) (0.097%2), and 20 (0.091% for
the lo-day, 2-day, and 4-h control group8, respectively. An exam nation of
test/control ratio8 of returning adult8 at Bonneville, MNary, and Priest
Rapi d8 Dams illustrates the increasing |oss of homng a8 these fish noved
upstream (Figure 6). For all three treatnment group8 conbined, the
test/control ratio8 were 2.66:1 at Bonneville Dam 1.34:1 at MNary Dam
and 0.15:1 at Priest Rapid8 Dam

The nost apparent 1088 of homing for the transported group8 occurred
in the 104-nile section of river between MNary and Priest Rapi d8 Dans.
This was verified by the 0.15:1 test/control ratio at Priest Rapi d8 Dam and
the recoveries of test and control fish in the mgjor sport fishery areas
(Table 14). Most of the test fish were caught below Priest Rapid8 Damin
the free-flowing stretch between Rngold and Priest Rapid8 Dam In
contrast, most of the control fish continued their upriver mgration8 and
were caught 1in the Wnatchee sport fishing area, or returned to the
hat chery.

Straying. --St raying into the Snake River was mninmal based on
recoveriee at Lower Granite Dam (Snake River Mle 107). No fish fromthe
control group8 were recovered, and fish fromonly two of the barged group8

were observed.

Survival and Contribution to Fishery.--Relative differences in

survival between treatnent group 8 of |- and 2-ocean age steel head returning
to the Colunbia R ver system are illustrated by difference8 in the
test/control ratio8 of the treatnent groups at Bonneville and McNary Dams.

Survival was highest for the 2-day inprint group: 6.69:1 vs 1.59:1 and
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Figure 6.--Test to control ratios for returns to four sanpling |ocations on the
Colunbia River of conbined |- and 2-ocean age steelhead from control and test
rel eases of snolts fromthe Chel an Hatchery which were inprinted to the
Leavenworth NFH homing site for |o-day, 2-day, and 4-h time periods in 1978.
Recoveries were from June 1979 to 30 Novenmber 1980. The broken |ine indicates
the level of return for control fish.
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Tahle l4.--Estimated recovery of 1-ocean ape steelhead returning from comtiol and test releases of
tn six sampling locations. Recoveries were from .June 1979 to May 1980.

experiment,

juveniles from

the 1978 Chelan-Leavenworth

Sport fisheryd/
Control Numbe r Rock Leavenworth
or juveniles Indian Rinpold Wenatchee Reach Methow Hatchery homing Total Test to
test released fishery area area pool area area broodstock site __recovery control
A PO ) YOS () NN | ) SR .. ) L) W) ) __ @) . ___ratlo
10-DAY IMPRINT 24,119 30 ° 157 0 0 10 20 217 0.900
(Control #1)
2-DAY IMPRINT 23,787 58 34 212 2 8 6 23 343 1.441
(Control #2)
4-HOUR TMPRINT 21,957 41 0 161 4 15 3 20 244 1.111
(Control #3)
10-DAY IMPRINT 22,841 164 34 9 0 2 0 1 210 0.919 1.05:1
(Test #1)
2-DAY IMPRINT 21,694 110 102 9 0 0 1 1 223 1.028 0.71:1
(Test #2)
4=HOUR IMPRINT 23,551 153 153 26 0 0 1 1 334 1.418 1.28:1
(Test #3)
TOTAL 137,949 556 323 574 6 25 21 66 1,571 1.139

a/ Data supplied by WDG.



1.81:1 at Bonneville Dam and 2.03:1 vs 1.12:1 and 1.06:1 at MNary Dam
(Appendi x Tabl e B5).

The inpaired hom ng above Bonneville Dam resulted in an acconpanying
delay in mgration. As a result of this delay, test fish, especially the
10-day inmprint group, were nore vulnerable or available to the |ndian
gill-net fishery a8 evidenced by the 5.76:1 teat/control ratio neasured for
this group and the large nunber of test fi sh recoveries fromall treatnent8
in this fishery (Table 14, Appendix Table B5).

Overall recovery of |-ocean age steelhead to the various user group8
was quite high, ranging from0.9 to 1.44% of the juvenile8 released (Table
14). Control releases (1.15% and test releases (1.14X) contributed
equal ly to the user groups. Most of the sport fi sh recoveries of test fish
were in the Ringold fishery. Increased survival of the transported fish to
Bonneville Dam as with the Wl ls-Wnthrop groups, resulted in these groups
contributing up to four tines the recovery rate of fish released directly
at Ringold (Appendix Table B3). The ability to increase the sport harvest’
in selected area8 by nethod8 used in this experinent could be a useful tool'/

for future managenment of those m d-Col unbia River stocks.

Chel an- Leavenworth - 1979 Experi nent
Qur experinental design used three paired test/control groups of
approxi mately 24,000 fish per group held 10 days, 2 days, and 6 h. This is
a replicate of the experiment conducted in 1978 with a minor nodification
(a control and test group were held 6 h at Leavenworth NFH instead of 4 h).
Adult return8 fromthis experiment are prelimnary and consist of
recoveries of |-ocean age steelhead in the Colunbia River. Test/control
ratio8 from the four sanpling locations illustrate the relative differences

in survival between treatnent group8 and the progressive 1088 of hom ng of
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all group8 as the fish noved upstream (Figure 7). The test/control ratios
for the 6-h and the 10-day inprint group8 were conparable to the 1978
rel ease. Test/control ratios for the 2-day inprint group in 1979 were nmuch
different than for the 1978 release. Apparent survival of test fish was
| ees than the control8 a8 indicated by the O 86:1 and 0.81:1 test/control
rati o8 at Bonneville and MNary Dane. In contrast, the 2-day inprint group
rel eased in 1978 had the highest relative survival of the treatment groups.

The decline in test/control ratio8 above Bonneville Dam conbined with
the high test/control ratio in the Indian fishery (up to 5.03:1) were
simlar to the 1978 release, and again indicated that hom ng was inpaired
causing a delay in mgration, making these test fish more vulnerable to the
I ndian gill-net fishery.

By the tine these steel head passed over Priest Rapids Dam (104 mles
above McNary Danj), teet/control ratio8 declined significantly. This is
al so consistent with the return8 fromthe 1978 rel ease and indicate a
nearly complete loss of homng by the time the test group8 reached Priest
Rapi d8 Dam  Final determnation will not be possible until returns from
the sport fishery in the Wnatchee River and hatchery are conplete.

In 1979, a total of 626 fish (0.45% fromall treatnment group8 of the
1978 experinent were recovered (Appendix Table B5 and B6). In 1980, with
conparabl e sanpling ef forte, a total of 470 fish (0.34% from all treatnent
groups fromthe 1979 experinent ..recovered at the four sanpling sites.
The 25% decl i ne between the 1978 and 1979 Chel an-Leavenworth experinent 8
was much less than the decline noted between the 1978 and 1979
Vel | s- W nt hr op experi nents. Thiswoul d indicate that fish condition or
their degree of 8noltification at time of release can significantly affect

the results of any hom ng experinents.
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Figure 7.--Test to control ratios for prelimnary adult returns for four
sampling locations fromcontrol and test releases of smolts fromthe Chel an

Hat chery which were inmprinted to the Leavenworth Hatchery homing site for |o-day,
2-day, and 6-h time periods in 1979. Recoveries were fromJune to 30 Novenber
1980. Control fish were all released into the lIcicle River. The broken l|ine
indicates the level of return for control fish.
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Sal non
Data on adult returns to homing sites fromrel eases of juvenile sal non

are still prelimnary. The mgjority of adult salnmon will return between

1981 and 1984.

Spring Chinook Sal non - Kooskia - 1978 Experi nent

The goal. of the 1978 experiment at Kooskia NFH was to determne if
single or sequential exposures to early mgration route waters Woul d ensure
honming in juvenile spring chinook salnon transported directly fromthe
hat chery (RM 541) to bel ow Bonneville Dam (RM 145). The test design
included a control group released fromthe hatchery into Clear Creek, a
tributary of the Mddle Fork Cearwater River, and four test groups
rel eased bel ow Bonneville Dam Details of the test design are given in
Appendi x Tabl e B7.

The return of jacks and 2-ocean age adults fromthis test is conplete.
Data currently are linmted, but will likely represent about 75% of the
adult return (personal conmunication, Bruce Md oud, usFwsl/y.  To date,
seven fish have returned fromthe control release, and four fish fromthe
test groups. The single test fish returning to Kooskia NFH had been
sequentially inmprinted by adding Mddle Fork C earwater River and Snake
River waters during the course of truck transport fromthe hatchery to the
rel ease site bel ow Bonneville Dam

Adult returns will not be sufficient to evaluate the test. In 1980
(the major adult return year for 1978 rel eases), only 60 adult spring

chi nook sal non returned to Kooskia NFH. Low returns of spring chinook

|/ Bruce Mcd oud, Kooskia National Fish Hatchery, Route 1, Box 98-A,
Kooskia, | D 83539, pers. conm
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salmon fromreleases in 1978 were a generalized problemin the Snake R ver
drainage and were probably related to high estuary or early ocean nortality
(Park 1980). A high incidence of bacterial kidney disease in the spring
chi nook sal mon rel eased from Kooskia NFH in 1978 was al so noted (Novotny

and Zaugg 1979) and could be a contributing factor to the | ow adult

returns.

Fall Chinook Salmon - Stavebolt Creek - 1979 Experi ment

The 1979 Stavebolt Creek homng test utilized 11 marked groups
totaling 473,027 fall chinook salmon of Spring Creek NFH origin. The first
rel ease series was nade between 28 and 31 March, the second between 17 and
22 May, and the third on 26 June (Table 15). Addi tional details of the
experimental design are given in a previous report (Slatick et al. 1980).
(oj ectives were to: (1) determine if Na+-K+ ATPase enzyne activity
could be used to indicate tinme periods when fish would be nost receptive to
hom ng cues, (2) determine if 4- or 48-h exposures to Stavebolt Creek water
woul d provide an adequate inprint, and (3) determine if an inprint to
Stavebolt Creek would result in homng of fish that were denied exposure to
the Lews and dark River and Youngs Ray (intermediate routes between
Stavebolt Creek and the rel ease point on the Col unbia River).

Recoveries reported to date are for jack chinook sal non. Adul t
returns in 1981-83 will contribute to these data and provide the basis for
analysis of the test. “Initial  recoveries indicate a substantial
contribution fromthe first release series; although involving only 28% of
the test fish released, they account for 92% of the recoveries (Table 15).
During the fall of 1980 there were no recoveries at the Stavebolt Creek

homing site , and no test fish were observed during stream surveys of the

47



=

Tahle 15 =~lreliminary recoveries of lall chitvnok jack salmon (l-ocesn age) 1v the ocean dnd Columbla River fi<hovirs
[1om vontrol and test releases of smolts from the 1979 81y Whlte Salmon Reurlng channel -~ Stavebolt creek oxprebiment .

Regoveties wote Lrom June thoouph 31 Devewmber 1Y80.

Hatchery Tot 1l
Marked Number Ocean Younps Coluwml:ia River Columhla River tecoverles recover o
groap releasad Elsheries Bty Zones 1 - 3 Lot b (strays} N
Flrat 8a’ -~ K’ AlPase seties (veleased 28 to 3l Harch 1974)
Control 41 27 42,419 8 0 1 2 3 14
Test M1 &/ 46, k01 i1 16 4 0 0 13
Tesc #2 2/ 47,337 18 18 5 0 0 41
Subtocal B 39 36 T 167" J s S S 83
:q_!_‘ft_{_)_llt_l__ﬁl_\iv: k" AfPase seriey (released 17 1o 22 May 1979)
control #2 7 47,788 2 0 1 g 1 4
fast 03 49, 300 0 0 o 0 0 o
Test pa ub, 292 0 0 o 0 0 0
test 15 % 48,153 0 t v 0 0 !
test #6 2 41,668 1 1 0 0 1 3
TTTTiibteral T 3 z T i Y TR g
Tnied wa' - KT Alluse serles (released 26 June 1979)
Coatrut #3 7 18,562 0 0 0 0 0 0
Control #4 % 34,1719 o 0 0 0 0 0
Control #5 16, 48 0 0 0 0 0 il
TTUantotal oo o T i 0 0 0
1UTAL 42 36 11 ) 5 46

I/ Centend g roaps were released fnto the Bip Whice Snlmon River.

2/ Stavehnit Creck smprlnt (48 ) - flanmmond . UR, roliease.
J/ Stavebult Creek dmprinc (4 L) - Humeoad, Dl veleasi,
-"-J' Sravebali Ureek lapyine (48 hY - Staveholt Cresk release.
R Srnvelall Gierk (mnring (6 L) = Stavehobt Coeck release.



Lewis and dark River or other tributaries of Youngs Bay. The Youngs Bay
comercial fishery was sanpled intensively, and 36 marked fish were
recovered, 34 of which were fromthe first rel ease series. These returns
indicate a nearly equal contribution to the Youngs Bay fishery fromthe
natural mgrant group and from the single inprint group rel eased at
Harmond, Oregon .  Recoveries in the various fisheries fromthe first test
series also Indicated test fish were contributing much nore than control
fish.

Al though no fish were recovered at the Stavebolt Creek honming site,
the data indicate that the single inprinted group did receive a linited
hom ng cue which enabled these fall chinook salmn jacks to return to the
geographic drainage area in which the homng site was located, i.e., Youngs
Bay. This type of honming behavior is simlar to that exhibited by adult

coho salmon fromthe 1978 Stavebolt Creek experinent (Slatick et al. 1980).

Coho - Wllard - 1980 Experinent

To date six jacks have been recovered at Little Wite Sal mon NFH, the
homng site for this test. Adult returns to Little Wiite Salmon NFH in
1981 will provide the basis for analysis of this test.

MEASUREMENTS OF SMOLT CONDI Tl ON

A significant portion of our analysis for this phase of the research
is pending receipt of data from cooperating |aboratories and/or agencies.
Wien the analyses are conplete, we will provide the data as a supplement to
this report.

SUMVARY
During the third year of research on inprinting salmon and steel head

for  homng, a total of 1,493,589 salmonids were nmarked  and

T—.
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rel eased- - 650,091 spring chinook salnon, 343,091 fall chinook sal non,
423,121 coho salnon, and 77,286 steelhead. The primary objectives of the
research were to: (1) determne a triggering nmechanismto activate the
homing inprint in salmnids, (2) determne whether a single inprint or
sequential inprinting is necessary to assure homng for various stocks of
sal moni ds, and (3) deternmine the relationship between the physiologica
condition of the fish and inprinting.

In 1980, experimental groups of juvenile spring chinook sal non were
given a honming inprint to the Leavenworth NFH on the Icicle R ver and
Carson NFH on the Wnd River. Fall chinook salnon were inprinted to the
Spring Creek NFH and to Stavebolt Creek, a tributary to the Lewis and Cark
River. Coho salnon were inprinted to the Little Wite Sal non R ver
Steel head were inprinted to the Snake River. This year our research
initiated the use of a “linted mgration” to inplant a homing inprint in
juvenile fish.

Prelimnary returns of |- and 2-ocean age steel head fromthe 1978 and
1979 hom ng experiments were assessed at five in-river sanpling |ocations
on the Colunmbia and Snake Rivers fromJune 1979 through Novenber 1980. A
total of 3,085 steelhead were examined ; 821 fromthe Wlls-Wnthrop
experiment , 1,186 from the Chel an-Leavenworth experinents, 208 fromthe
Tucannon experinents, and 870 from the Dworshak experiment. Ceneral |y
test/control ratios indicated higher survival for the test groups
(transported) than the control groups (nontransported) at the two
| ower-river sanpling locations (Bonneville Dam and the Indian gill-net
fishery) . At Priest Rapids Dam sanpling showed |ower test/control ratios

indicating a large nunber of test fish remained in the river system bel ow
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the sanpling site, and there is a loss of honming for the test groups. Fina
assessment of whether hom ng was actually inpaired for fish returning in
this mgration year wll not be possible until returns fromthe sport
fishery, honing sites, and hatcheries are conplete (July 1981).

On the Snake River, however, returns of steelhead (1978 experiment) to
Lower Granite Dam and to Dworshak NFH indicate fish transported by barge
are returning at a higher rate than the hatchery control group. Al though
returns are not conplete at Dworshak NFH for these groups, the data suggest
a significant breakthrough in efforts to transport fish direct from
hat cheries while assuring substantial adult returns and therefore hom ng
ability of the fish.

Al t hough the hom ng of the test groups was inpaired in regard to
returning adult fish to the tributary rivers where the homng sites were
| ocated (Wenatchee and Methow Rivers), a |large nunber of these fish
apparently received a “limted inprint’ which enabled themto return to the
m d- Col unbi a Ri ver above MNary and Priest Rapids Dams (RM 292 and 397
respectively) and contribute significantly to the sport fishery in the
Ringol d and Wenat chee areas.

Straying of |-ocean age steelhead into the Snake River from
experimental groups of fish inprinted to the upper nid-Colunbia River
system was m ninal . The only exception was the group inprinted to the
Wnthrop NFH and trucked to bel ow Bonneville Dam Recoveries at Lower
G anite Dam (Snake River MIle 107) indicated that an estimated 105 fish
(0.55% fromthis group entered the Snake River.

The exploitation rate of these experinental groups of |-ocean age
steel head by various user groups in Washington was quite high. Even though

homng was inpaired to various degrees on the test groups, the survival
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resulting fromtransporting smolts around dans to Bonneville Damresulted
in the transport groups contributing more to the sport fishery at Ringold
than those fish originally released as juveniles at Rngold. The ability
to increase the sport harvest in selected areas by methodsused in these
experiments could be a useful tool for future managenent of these
m d- Col unbi a River stocks.

Adult returns of spring chinook salnmon to the kooskia NFH are
insufficient to evaluate the experiment. Low adult returns fromthe 1978
outmgration of spring chinook salnmon were a general problemin the Snake
Ri ver drai nage.

Prelimnary returns of jack fall chinook salmn to Stavebolt Creek and
jack coho salmon to the Little Wiite Sal mon NFH were inconclusive.
Principal returns of adults fromthese experiments are expected in ensuing
years (1981 to 1984).

RECOMVENDATI ONS

There i s a definite need to expand the homng inprint research at
Dworshak NPH.  The encouraging results fromthe 1978 test were fromfish
barged in one load in late April 1978. It is not known whether this is the
optinum date for direct barging or how much tine is available for barging
while still retaining sufficient inprinting of fish so they Wll return to
the hatchery. This information is required before a neani ngful
reconmendati on can be made for production operations. Serial releases of
several barge loads of fish extending over a 30-day period bracketing the
normal hatchery release period should provide the necessary answers

In future operations where managers desire to barge all fish from

Dworshak NPH, at least six load6 would be required to transport the current
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| evel s of production. Such a project would take one barge operating
continuously about 1 nonth. Therefore, it is clear that a nmuch nore
conpl ex experinent is needed before neaningful reconmendati on6 can be made

for production operations.
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ABSTRACT

Ei ght groups of salnon and steel head snolts were marked and rel eased
in 1980 to evaluate the effect of a short distance seaward migration on
hom ng. Four of the groups migrated nornally from their respective hatch-
eries or usual release points and the other four were allowed to voluntarily
mgrate a short distance fromthe hatchery ponds before being collected,
marked (if not already) and transported to the Lower Columbia River. The
shortest distance voluntary migration amounted to merely mgrating out
of a raceway at Lower Ganite Dam  Oher groups migrated across the hatch-
eries in discharge flunes and then entered traps. The Rapid River chinook
m grated out of the hatchery ponds and down Rapid River about three mles
before they were trapped, marked, and transported.

More of the short distance mgration-transport fish of all stocks were
recaptured by National Marine Fisheries Service personnel near the estuary
conpared to the normal migration fish. Fish were collected near the estuary
by purse and beach sei ning.

Adult returns fromthe 1980 and prior year releases will be nonitored
through 1984 to eval uate the nunmber of adults produced and the ability of
those adults to return to their natal area. Downriver fisheries, |daho

sport fisheriesand returns to hatcheries or danms will be nonitored for

marked adult fish.



| NTRODUCTI ON

Studies to evaluate the role of seaward migration on the acquisition
of homing cues for chinook sal non and steel head trout were expanded in 1980.

Qur objective is to determine if snolts pick up sufficient cues for satis-
factory homing when they initiate their seaward migration. Three groups of

chi nook sal mon and one group of steelhead trout smolts were allowed to

mgrate a short distance voluntarily before they were collected and trans-
ported to the Lower Columbia River. Control groups for each of the short

di stance migration-transport groups were allowed to migrate seaward

natural ly.

Two general observations led us to believe that salnon and steel head
smolts can pick up the cues they need for homing once they start their
seaward migration and the acquisition of cues may occur in a short tine
peri od. The first observation was that salmon and steel head usually return
to the point of release. Fish released at the hatchery normally return to
the hatchery, but fish taken fromthe hatchery and rel eased at other |oca-
tions usually return to the point of release. In sone coastal streans, snolts
transplanted to a different drainage than the one the hatchery is located in
may spend as little as one day migrating before they reach the ocean. Despite
the short tine they spend in the stream of release, the transplanted fish are
able to acquire the cues they need to | end themback to the rel ease point.

The second observation was that transporting sal mon and steel head snolts
fromLower Granite and Little Goose Dans on the Snhake Kiver around the re-
mai nder of the dans to bel ow Bonneville Dam apparently has not inpaired their
homing as adults. Even though the smlts do not nmigrate through the Lower

Snake River, the Snake-Colunbia rivers confluence area, or the Colubm a River



upstream from Bonnevill e Dam they successfully return as adults to their
natal areas. In some cases the snolts have migrated less than 100 miles
and as few as 4-5 days when they are collected at Lower Granite Dam and
transported to the l OWer river. These Snake River fish have apparently
al ready acquired the cues they need for successful honming by the tinme
they reach Lower Granite Dam

Anot her instance that led us to believe that snmolts acquire hom ng
cues rapidly at the onset of seaward mgration seemed LO bc contradictory
at first glance. Steel head trout smolts collected in the outlet trap of
Barnaby Sl ough rearing facility adjacent to the Skagit River in Washi ngton
were transported by truck to a rel ease point upstream from the sl ough.
When the adults returned to the slough rather than the upstream rel ease
point, we wondered why this case was an exception to the general observa-
tion that fish return to therel ease point. I n subsequent studies in the
Cearwater River of ldaho, we found that fish transported to an upstream
rel ease point will bypass the hatchery where they were reared and return
to the release point. In the Barnaby Slough case, the snolts had to migrate
voluntarily out of the slough into the trap before they could be transported
to the upstreamrel ease site. W suspect that the snolts acquired their
primary hom ng cues when they mgrated out of the slough and that is the
reason they returned to the slough and notthe upstreamrel ease point . | Il
the Clearwater River case, the fish were punped into trucks fromthe rearing
pond and did not initiate any seaward migration until released upstream from
the hatchery.

What ever cues the fish use for homing,retention of those cues apparently

begins with the onset of mgration. In 1977 and | ater years, Slatick et al.

(1980) conducted experiments to deternmine If transporting fish fromthe



hatchery to the Lower Colunbia River int ank trucks or barges with water

fromthe various sections of river they would normally pass through woul d
enable fish to home back to the hatchery. Al though the fish were sub-
jected to the olfactory cues of the river water as they were transported,
they apparently did not retain sufficient cues because relatively fewre-
turned as adults to the hatcheries conpared to control groups (Slatick et al.
1980, |daho Cooperative Fishery Research Unit, unpublished data). Fish
transported in the barges with recirculating river water and open-top
conpartnents al so apparently failed to retain the cues that were avail abl e
and thus considered the barge as nerely anot her rearing container rather
than the start of their seaward m gration.

In 1979, a group of steel head from Dworshak NFH and a group of spring
chi nook from Kooskia NFH were transported to the |ower Colunbia River
following a short voluntary migration at their hatcheries. Adult returns
fromthe 1979 and 1980 snolt releases will be eval uated before additi onal
testing is undertaken. If the short distance mgration fish return at
rates simlar to the normally mgrating fish, then additional testing

m ght be necessary to determ ne the extent of migration necessary.



FI SH MARKED AND RELEASED

Spring Chi nook - Rapid River SFH

A group of fish marked by Idaho Department of Fish and Gane (IDFQ
personnel for a contribution to fisheries study was used as the nornal
migration group fromRapid River State Fish Hatchery (SFH). The norma 1
mgration group was tagged, fin clipped (adipose) and branded in Novenber,
1979. The fish were taken froma rearing pond, processed through the
marking trailer and then released into an effluent channel. The channel
was not screened so the fish could | eave and migrate downstream during
the winter or early spring if they chose to do so. Voluntary nigration
out of the rearing ponds during the fall and winter is allowed normally
at Rapid River SFH.  The normal mgration group consisted of 82,360 fish
tagged with coded wires with binary codes 10/21/13 and 10/21/14 (Table 1).
Si xty-one thousand of the fish with coded wire tags (CM) were also
branded (LA 1U 1st position).

Because some of the Novenber marked fish could mgrate downstream
before the usual spring seaward migration when the test group was released,
we al so branded (RA LU 1st position) 10,300 fish and rel eased them for
normal migration in April, 1980 (Table 1). W wanted to conpare the
relative survivals to Lower G anite Dam and the estuary of normal nigrating
fish, some of which left the hatchery in the winter versus those rel eased
in April the same as the test group.

The test group of spring chinook, referred to as the mgration-
transport group, at Rapid River SFH mgrated voluntarily fromthe hatchery
ponds in April, were collected fromRapid River after they had mgrated

downstream 3 mles and were then marked and transpor ted by truck and barge



Table 1. Spring chinook sal mon snolts marked at Rapid River SFH, 1979-80, as part of the migration-hon ng

st udy.
Normal migration groups - M gration-transport group
CWTa 10/21 /13 CWI 10/21/17 CWIr 10/ 21/ 15
Br and LA1U Brand LAl U Brand RAIU Br and LANI
Nunmber of fish marked
CWr 39, 204 43,156 39, 206
Br and 39, 204 21, 804 10, 304 39, 206
Date fish rel eased 11/5/79° 11/5/79° 4/ 15/ 80 4/ 15/ 80
Mean total length
at release (M 130 130 149 144
(n=383) (n=366) (n=369)
Fi sh recaptured:
At Lower Granite Dam 2€ soad 132c 114 loc
Estuary netting 1€ 134 6° 10 25
Esti mat ed nunber collected e o
at Lower Ganite Dam 6391 1703

UCWT - binary wire tag code.
b

during the fall and winter. The renmainder left in the spring.

"Sacrificed fish with ad clips and CWI.
dBranded fish that were not sacrificed.

eBased on brand recoveri es.

Marked fish placed in effluent channel at hatchery after marking.

Fi sh could | eave the channel and sone did



to bel ow Bonneville Dam The migration-t ransport f ish were tagged wi th
CWI (code 10/21/15) and branded (LA 1U 3rd position) (Table 1). About
13,000 of the nigration-transport fish had to be released in Blalock Slough
an arm of the John Day Pool,when a tank truck mal functioned. Sone nor-
tality was observed and the fish nay have had sone difficulty finding the
culvert leading to John Day Keservoir.

Norrmal | y migratingfish mght also be thought of as mgration-transport
fish because sonme are transported to the Lower Colunbia River if collected
at one of the dans. Normally migrating fish differ fromour migraiton-
transport test fish in that the normal migration fish nust mgrate to the
dam(s) and some are not collected and transported

Normal migrating fish averaged 130 nm total |ength when tagged in
November, 1979 and those sanpled in April, 1980 averaged 151 nm

M gration-transport f ish averaged 144 nm when taggled in April 1Y80.

Spring Chinook - Kooskia NFH

Both the normal migration group and the mgration-transport group of
spring chinook rel eased from Kooski a National Fish Hatchery (NFH in 1980
were tagged (CW) and fin clipped before any migration was all owed. The
normal mgration group (CWM code 5/5/32)was flushed fromthe raceways and
out of the hatchery on April 16, 1980 (Table 2). The migration-transport
group (OW code 5/5/29 was then allowed to migrate voluntarily out of the
raceways and across the hatchery in the effluent flume (aproxi mately 100
neters) before they were trapped, placed in a truck, and transported to the
Lower Columbia River. Voluntary migration of the mgration-transport group
took place over al2 day period (April 23 to May 5). Fish used in the 1980

rel eases were yearling snolts that averaged 131 mmtotal |ength when rel eased.



Tabl e 2. Spring chinook sal non snolts narked at Kooskia NFH, 1980, as part

of the mgration-homng study.

Normal migrat ion

M gration-transport

group group
Nurmber of fish marked
Coded wire tag 61, 300 62, 300
Wre tag code 5/ 5/ 32 5/ 5/ 29
Date fish released 16 April 80 23 April
5 May 80
Mean total length at release (m 131 131
(n=505)
Fi sh recaptured:
At Lower Granite Dam 3732 37"
Estuary netting 198 VA
Esti mated nunber collected
at Lower Granite Dam 10, 863 364

‘Recoveries of fish with coded wire tags.
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Fall Chiluook - Hagerman Wil

Fall chinook sal non released in 1980 were fish reared at Hagerman
National Fish Hatchery (NFH) as part of the Snake River Fall chinook egg
bank program  Adults were collected in September, 1979 at |ce Harbor Dam
and transported to Tucannon SFH. Eyed eggs were then shipped to Hagerman
NFH, where the fish were reared until they appeared to be snolts. The fish
were tagged (CW) in May 1980 and then transorted fromthe hatchery in
early June.

The normal migration group (CWM code 5/5/27 was released in the Snake
River near Asotin on June 3, 1980 (Table 3). The fish averaged 93 mm when
rel eased. After release, these f ish had to migrate dowmn the Snake River at
|east to Lower Granite Dam If collected at the dams they were transported
to the Lower Colunbia River.

The migration-transport group (CW code 5/5/28) was transported to Lower
Granite Dam on June 5,1980 and placed in the upper end of a raceway at the
collection facility. Three plywod baffles were placed in the raceway at
md point, |ower quarter,and tail end so that fish would have to drop over
themto leave the raceway. Wen fish noved over the last baffle at the
| ower end of the raceway they went througha pipe into a waiting truck and
were then transported to the Lower Columbia Kiver. Mgration fromthe upper
to the lower end of the raceway occurred over a period of 17 days. Mst of
the fish mgrated voluntarily fromthe raceway at night in the first 5 days.
Fish remaiining in the raceway were fed each day . Fish released into the

raceway averaged 91 mmin length. The f ish fed actively and appeared heal thy

while in the raceway.



Tabl e 3. Fall chinook salnon snolts marked at Hagerman NFH in 1980 as
part of the mgration-honi ng study.

Normal migration M gration-transport
group group
Number of fish marked
Coded wire tags 58, 360 55, 640
Wre tag code 5/ 5127 5/ 5/ 28
Date rel eased § June 80 6-23 June 80
Mean total length at release (M 93 91
(n=326) (n=399)
Fish recaptured:
Estuary netting 78 40°

"Fish with coded wire tags.
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Steel head Trout - Dworshak _.NFH

Steel head trout used in the 1980 m gration-hom ng studies were age |
fish produced in systemlIl at Dworshak NFH The fish rel eased in 1980
were in good health and should provide rel iable results.

The normal migration group was tagged by |DFG personnel for their
hatchery contribution studies. The 59,100 fish with wire tags (code 5/4/55)
were rel eased on April 17, 1980 by flushing the ponds into the main stem
Clearwater River. The fish averaged 185mm total | engt h when rel eased.

The migration-transport group was tagged (code 10/21/19) after the
fish had voluntarily migrated out of the three ponds in system 11, down
an effluent sluiceway and into our trap. W started trappi ng and marking
mgrants on April28 and finished on April 30. During the 3 days, 40,010
mgrants were trapped and wire tagged with 8,490 of the tagged fish also
branded (LD 4 4th position) (Table 4). The nma rked f i sh were hauled t o
Lower Granite Dam April 29 through May 2 and transferred to the barges or
trucks for transport to the Lower Columbia River.

The migration-transport group is not strictly conparable with the
normal migration group but sufficient information will result to deternine
if further testing of the short distance mgration concept is worthwhile.
The migriton-transport group was nade up of voluntary migrants that were
probably snolts, whereas the normal nigration group were flushed fromthe
ponds and probably included some fish that Jidn't becone snolts. The
mgration-transport fish were larger (199 nmtotal |ength) when rel eased

than the normal migration group (185 cc), probably & result of the selection

of voluntary mgrants.
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Tabl e 4. Steel head trout snolts marked at Dworshak NFH I n 1980 and
rel eased as part of the migration-honing study.

Normal migration  ?ligration-transport

group group
Nurmber of fish marked
Coded wire tags 59, 125 40, 010
Brands 8,490
Wre tag code 5/ 4/ 55 10/ 21/ 19
Brand used LD ¢
Date rel eased 17 April 80 29 April
2 May 80
Mean total length at release (nmm 185 199
(n=446)
Fish recaptured :
At Lower Granite Dam 280? 0"
Estuary netting 69° 119"

aRecovery of CW fish
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RECAPTURE OF SMOLTS AT DAMS AND ESTUARY

Spring Chi nook - Rapid River SFH

Norrmal migration spring chinook released from Rapid River SFH were
recaptured in relatively large nunbers at Lower Granite Dam in the spring

of 1980. Fish marked in the fall of 1979 (LA 1U brand) that could have
| eft the hatchery during the fall, winter or spring began show ng up at
the Damin early April as soon as collections began. Fifty percent of
the fish had been collected by April 23 and 90 percent by April 30. Fifty
percent of the fish marked in md April (RA 1U brand) and rel eased for
normal migration had been collected by April 29 and 90 percent by May 6.
Fish that may have left the hatchery infall or winter apparently held up
in the rivers upstreamfrom Lower GrantieDam during the winter and then
resunmed their downs treammnigrat ion in the spr ing.
Based on estimted nunbers of marked snolts collected at Lower Granite

Dam a smaller proportion of the fall narked fish arrived at the damin the
spring than the fish marked and released in md April. W estinmate 7.2 per-
cent ofthe 61,6000 fish branded (LA 1U_in the fall were collected at
Lower Granite Dam versus 16.3 percent of the 10,300 fish branded (RA1U)in

April and rel eased. NWMFS personnel est inmat e 10. 5 percent of the fal 1 marked

fish and 16.5 percent of the fish narked in April were coll ected.

Because of the differential recapture rates between the fish nmarked in
the fall versus those marked in the spring, the value of the normal nigration
group as a control for the migration-transport group is somewhat inpaired.
Assumi ng brand retention and readability was equal for the two groups and

that the fall marked fish mgrated past Lower Granite Damonly in the spring
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of 1980, survival of the fall marked fish fromtime of marking to recapture
at the Damwas not as high as the fish marked in April. The estimated
collection rate of fall marked fish with coded wire tags (10/21/14) but

wi thout brands was 11.4 percent, a collection rate simlar to the 10.5
percent for branded fish indicating that brand retention was high. Additional
evi dence of good brand retention was obtained on April 9, 1980 when w col -
| edted 563 adi pose clipped migrants from Rapid River that had been tagged
and branded the prior fall. Twenty percent of those adi pose clipped fish
didn't have a brand. Seventy-four percent of the fish tagged in the fall
were branded so t hat we expected to find 26 percent of the fish sanpled
wi t hout brands.

Ideal |y, equal nunbers of normal mgrating fish and mgration-trnnsport
fish would start seaward in the spring. Fewer nunbers of the fall marked
fish were apparently alive to migrate in the spring than were marked in
the fall. Since it is normal practice at Rapid River SHto allow fish to
| eave when they wi sh, the conparison between the fall marked fish and the
m gration-transport fish marked in the spring may be appropriate for that
station.

Only four of the migration-transport fish (code 10/21/15) were collected

at Lower Ganite Damin 1980. A few marked fish escaped into Rapid River

to Bonneville Dam the estuary sanpling by NMFS personnel provides the only
conpari son of the relative success of the groups in reaching the ocean.

Fourteen of the 82,360 normal migration fish marked in the fall, 10 of the

were recaptured inthe estuary sanpling program. If all groups had been
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recaptured at the same rate as the normal migration group, there would have
been 14, 2, and 7 fish recaptured, respectively, rather than the 14, 10 and
25. A Larger proportion of both groups marked in April nade it to the
estuary.

The timing of recaptures in the estuary differed between the three groups
offish (Figure 1). The normal migration group marked in the fall passed
through the estuary earlier than the normal migration fish marked in the

spring or the mgration-transport group.

Spring Chinook - Kooskia NFH

At Lower Granite Dam 373 of the nornal migration fish were recaptured
and examined and 37 of the migration-transport fish. About 2000 of the
mgration-transport fish nust have still been in the underground flume at
the hatchery when we stopped trapping and hauling that group downstrenm

They subsequently left the hatchery and nigrated downstream

normal mgration fish exam ned nmeant that 10,536 had been collected at the
dam and transported downstream They estinmate that 29,300 of the 61, 300
fish released (48% survived and arrived at Lower Granite Dam Collection
efficiency for chinook at the dam was estimated to be 36 percent at the

tinme those fish were mgrating.

In the estuary sanmpling by NMFS personnel at Jones Beach (Columbia River
km 75) and Astoria (river km 16), 19 of the normal migration fish were col-
lected and 44 of the nmigration-transport fish (Table 2). Wth adjustnents
for sampling rates at Jones Beach, the total recaptures at both sites would
have been 32 and 62, respectively. Nearly twice as many of the migration-

transport fish made it to the estuary as the normal nmigration fish.



The timng of migration through the estuary was simlar for both the
normal migration and migration-homng groups (Figure 1). Voluntary m -
gration fromthe raceways of the migration-transport group was not allowed
to start until April 23 to insure that the normal migration fish rel eased
April 16 had |l eft the hatchery. Had both groups left the hatchery on the
sane date, the mgratioon-transport group probably woul d have reached t he
estuary first.

Normal migration spring chinook from Kooskia NFH reached Lower Ganite
Dam at about the same rate (48% as the normal migration fish branded and
released in Rapid River in April (46% according to NVFS data). NVFS
personnel estianted only about 30 percent of the fall nmarked fish from Rapid

Ri ver SFH reached the dam (29% of the fish with brands and tags, 31% of the

fish with only tags).

Fal | Chi nook- Hager nan NFH

Nose tagged fish were not sacrificed at Lower G anite Dam when the
fall chinook were nmoving downstreamin 1980. However, nost, if not all,
the fish with adi pose clips that entered the collection facility during
June and early July were probably fall chinook released at Asotin. NVFS
personnel estimted, on the basis of adipose clipped fish collected during
June, that 3,425 of the 58,360 fall chinook rel eased at Asotin were col -
lected at Lower Granite Dam They estiante collection efficiency for fall
chi nook was 18 percent,thus 19,000 (32% of the fish released may have
reached Lower G anite Dam

Fall chinook that mgrated out of the raceway at Lower G anite Dam and
were then transported to Bonneville Damwere recaptured in |arger nunbers

in the estuary sampling than those realeased Asotin. Only 7 of the Asotin
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rel eased fish were collected in the estuary sanpl es versus 40 of the
mgration-transport fish (Table 3). Wth adjustments for sanpling rates
at Jones Beach, NWS personnel estimate total recaptures of 14 fish from
the Asotin release and 52 of the migration-transport fish. Nearly four
times nore of the migration-transport ish made it to the estuary than the
fish released at Asotin.

M gration-transport fish passed through the estuary earlierthan the
fish rel eased at Asotin in 1980 (Figure 1). The nedian date of collection
for the Asotin fish was June 24 versus June 18 for the fish hauled from
the raceway at Lower Ganite Dam No fish of either group were collected
after July 2. In 1979, fall chinook released at Asotin and recaptured in
the estuary had a median date of capture of July 3 conpared to a May 27

date for fish transported to bel ow Bonneville Dam (Dawl ey, et al. 1980).

The two groups were hauled fromthe hatchery on May 20 and 21, respectively.

St eel head Trout - Dworshak NFH

A relatively high percentage (63% of the normal migration fish arrived
at Lower Granite Damin 1980. Two hundred eighty normal migration fish
(code 5/4/55) were found in the sanple of adi pose clipped fish sacrificed
at the dam  Sone of the migration-transport fish were collected at the dam
At the estuary, NS personnel col |l ected 69 narked fish from the nornal
mgration group and 119 fish fromthe migration-transport group (Table 4).
Nearly twice as many mgration-transport fish reached the estuary conpared
to normal migration fish, but part of that difference was likely due to the
fact that few, if any, of the fish in the migration-transport group were

not smolts. Since the migration-transport fish were all voluntary migrants
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from the hatchery ponds, nost were probably snolts. The normal mnigration
group included all fish In the ponds and likely included sone fish that

didn’t becone snolts in 1980. Losses of fish between the hatchery and

dams woul d account for the remainder of the difference in estuary catches

fromthe two groups.

The timng of migratin through the estuary was spread through five
weeks for the normal nmigration fish and one week for them gration-transport

fish (Figure 1). The normal nmigration fish were released from Dworshak NFH
on April 17. The first fish was collected in the estuary on April 24, nost
were col lected by May 10, and the last fish June 2. Al of the nmigration-

transport fish were collected between My 3 to 9. The nigration-transport

fish were haul ed from Dworshak NFH to trucks or barges at Lower Granite

Dam April 29 through May 2.
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ADULT RETURNS

Adult salmon from the 1980 releases will be returning in the fall of
1981 as jacks, 1982 and 1983. Adult steelhead will return as one-year-
in-ocean fish into the Columbia River in fall 1981 and to the hatchery
in spring 1952. Two-ocean fish will be back to the hatchery in 1983 and
three-ocean fish in 1984,

If the short distance migration undertaken by the migration-transport
fish does nothing to improve their homing, then we expect most of those
fish will return to the release site downstream from Bonneville Dam, but
few will make it back to their respective hatcheries or upstream release
sites. Relative recapture rates in ocean fisheries, the zone 1-5 commercial
fishery (if allowed), the zone 6 fishery (if al lowed), lIdaho fisheries, and
to hat cher ies w i I I be moni tored t o compare homi ng of the norma | migra t ion
Fish versus the migration-transport fish.

Rapid River spring chinook were branded on the left anterior side of
the fish in hopes that the brands could be seen through the counting window
at Bonneville Dan. We will observe the fish at Bonneville in the spring of
1981 to determine if the brands can be seen and idnet i f ied. Observat ions
at the counting window may be warranted in 1982 and 1983. Otherwise. the
number returning as far as Bonnevil 1 e Dam wi Il have to be assessed at the
north shore ladder if sampling is done there.

Returning fall chinook cannot return to Hagerman NFH so returning fish
must be recaptured at Ice Harbor Dam (fa Il chinook egg bank trapping) or at
Lower Granite Dam. Jacks from the 1980 r¢ lease wi Il return in the fall of

1981. Jacks are not normally trapped at ice Harbor Dam SO WC plan to
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sacrifice the nose tagged jacks that enter the adult trapping facility at
Lower Granite Damin 1981. In 1982 and 1983, if fish are trapped at Ice

Har bor Dam sufficient marked fish may be obtained fromnormal trapping
operations to elimnate the need for collecting fish at Lower Ganite Dam
If it is necessary to collect fish at Lower Ganite Damin 1982 and 1983,
we will recomrend that the nose tagged adults be hauled to a hatchery for

spawni ng after which the tags can be obta ined.

Afinal report will be prepared after adult returns are complete.
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APPENDIX B

(TABLES BI-B7)



Appendix Tabl e B1. --Steel head marked in 1978 at Dworshak NFH- - t est nunber’ mar kK used nunber rel eased’

type of inprint, and treatment for various groups are indicated. o

Test - CWT. Nunberb/ Homi ng

control code Brand rcleased— i mprint Tr eat ment

Contr ol 10-2-31 LAX 30, 072/ natural mgration Rel eased with nornmal hatchery
production into North Fork
Cl earwat er River

Test #1 VWH-RD- XY RA :4 20, 661 single Normal production treatnent. Held
inraw North Fork water 48 h and then
trucked in North Fork water directly
to bel ow Bonneville Dam

Test #2 WH+RD-YW RA Z 24,006 sequenti al Normal procution treatment. Held
inraw North Fork water 48 h, trucked
in North Fork water to barge at
Lewi ston, and then barged down river
to bel ow Bonneville Dam

Tot al 74,741
a/ The brand rotation on the test fish was reported incorrectly in Table 3, Slatick et al. (1979). Aso the
total nunmber of control fish that were wire tagged was onitted
b/ Nunber released adjusted for initial tag |oss.
c/

A total of 100,600 were wire tagged for the hatchery control release, of this number 30,074 were branded
for inriver adult eval uation.



Appendi x Table B2. --Steel head marked in 1978 at Tucannon Hatchery.
type of inprint, and treatnent for various groups are indicated

Test numnber,

mar kK used, nunber rel eased,
al

control -

C. WT.
code

Br and

Nunber
rel ease

8/

Homi ng
i mprint

Tr eat ment

Test #1

Test #2

Hat chery production
control

VWH OK- YW YW

WH- OR- YW RD

W YW OR- PK
W YW PK- LB

RA9

RA v

Lo
LD

18, 137

18, 549

22, 555
33,002

sequenti al

sequenti al

nat ur a

Loaded into tanker for 1 h,
then rel eased in pond contain-
ing pure spring water for 48 h,
then trucked with spring water
to barge at Lyons Ferry grain
termnal, and then barged down-
river to below Bonneville Dam

Loaded into tanker for 1 h,

then rel eased into pond contain-
ing 20% spring and 80% river
water for 48 h, then trucked

wi th Tucannon River water to
barge at Lyons Ferry grain
termnal, and then barged down-
river to below Bonneville Dam

Normal hatchery release into
G ande Ronde River

Tot al

92, 243

The hatchery production contro

b/ A shortage of test fish precluded a special

this experinment.

Adjusted for initial tag loss

control

rel ease was inadvertently omtted fromTable 4, Slatick et al. (1979).

rel ease fromthe hatchery into the Tucannon River for



Appendi x Table B3. --Ringol d sports fishery catch esti mat es.a/
Nunber in Nunber in
Nunmber sanpl e estimted % of

Test group Br and Taq code rel eased _ recovery catch rel ease
Ri ngol d

1977 Rel ease 13/ 8/1 35, 600 2 34 0. 096

1978 Rel ease 63/ 17/ 7 41, 660 4 68 0.16
Met how

Control #l RAL- 2 R LG YW 19, 901 1 17 0. 085

Control #2 LA (-1 ORORXY 20, 330 0 T

Test $12/  RAL4  ORGVOR 19,131 4 68 0.36

Test #2&/ RAL-1  ORYWLG 19,979 5 85 0. 43

Test #3%/  RAL-3  ORORRD 17,637 2 34 0.19
V\énat chee

Control #l LAd-1 OR- YW OR 24,119 0 --

Control #2 LA4-2 R LGOR 23,787 2 34 0.14

OR- YW GN

Control #3 LA4-3 OR-BL-OR 21, 957 0

Test # RA2-1 RD- PK 22,641 2 34 0.15

Test #2 RA2- 2 RD-LB 21,694 6 102 0. 47

Test #3 RA2- 3 OR-WLB 23,551 9 153 0. 65
Q her

Tucannon RD ~ YW PK- PK 21, 756 1 17 0.078

a/ FromHsata et al. 1979-1980.

b/ Trucked to Bonneville.

¢/ Trucked to Richland then barged to Bonneville.

d/ Trucked to Ringold.



Appendi x Tabl e B4. --cConplete returns to four sanpling locations of |- and 2-ocean age
steel head fromcontrol and test releases of snolts fromthe Wells Hatchery which were
inprinted to the Wnthrop SFH honing site and the Methow River in 1978. Recoveries were
from June 1979 to 30 Novenber 1980.

Experi ment Number adul ts &/ Adul t
and Contr ol Nunber recaptured returns Test to
sanpling Homi ng or juveniles | -ocean 2-ocean Tot al (% of control
| ocati on site test rel eased age age 1&2's juveniles) ratio

Bonnevi | | e Dam

Wnthrop NFH Wnthrop Control 20, 330 4 1 5 0.025

L. Methow

River MethowR.  Control 19, 901 8 4 12 0. 060 2.4:1
Truck to

Bonneville  Wnthrop Test 19, 131 26 5 31 0.162 6.5:1
Barge to

Bonneville Wnthrop Test 19, 979 14 7 21 0.105 4,2:1
Truck to

Ri ngol d Wnthrop  Test 17,637 23 5 28 0.159 6.4:1
I ndian fishery

Wnihrop NFH Wnthrop  Contr ol 5 1 6 0.030

L. Methow

River Met howR.  Control 11 2 13 0. 065 2.2:1
Truck to

Bonneville Wnthrop Teat 29 4 33 0.172 571
Barge to

Bonneville Wnthrop  Test 17 5 22 0.110 371
Truck to

Ri ngol d Wnthrop Test 14 2 16 0.091 3.0:1
McNary Dam

W nt ﬁrop NFH Wnthrop  Control 18 2 20 0.098

L. Methow

River MethowR.  Control 28 5 33 0. 166 1.7:1
Truck to
Bonneville Wnthrop Test 85 4 89 0. 465 4.7:1
Barge to

Bonneville  Wnthrop  Test 52 5 57 0. 286 2.9:1
Track to

Ri ngol d Wnthrop  Test 62 4 66 0.374 3.8:1
Priest Rapids Dam

wnthrop NFH W nt hrop Control 33 5 38 0.187

L. Methow

River MethowR  Control 44 11 55 0.276 1.5:1
Truck to

Bonneville Wnthrop  Test 32 13 45 0.235 1.3:1
Barge to

Bonneville  Wnthrop  Test 14 8 22 0.110 0.6:1
Truck to

Ri ngol d W nt hrop Test 63 17 80 0.454 2.4:1
TOTAL 96,978 582 110 692

a/ Because of differences in sanpling intensity (efficiency) at each trapping site, results
ar e not conparabl e between sites.



Appendi x Table B .--Conplete returns to four sanpling locations of 1- and 2-ocean age

steel head from paired control and test releases of smolts from the Chel an Hatchery which

were inprinted to the Leavenworth NFH homing site in 1978. The test iuvenlles were trans-
ported fromthe Leavenworth SFH by truck to a barge at Richland, Washington, and then

barged downstream to bel ow Bonneville Dam Recoveries were fromJune 1979 to 30 Novneber 1980.

Nunber adults &/

Experiment and Control Nunber recapt ur ed Observed adul t Test to
saml i ng or juvenil es [-ocean 2-ocean Total returns (% cont rol
| ocation t est rel eased age age 1 &2's of juveniles) ratio

10- DAY | MPRI NTI NG

Bonnevill e Dam Control 24,119 16 2 18 0.075

Test 22,841 27 4 31 0.136 1.81:1
Indian fishery Control 9 1 10 0.041

Test 48 6 54 0.236 5.76:1
MNary Dam Control 32 3 35 0.145

Test 27 10 37 0. 162 1.12:1
Priest Rapids Dam Control 47 2 49 0.203

Test 9 0 9 0.039 0.19:1

TOTAL 46,960 215 28 243

2- DAY | MPRI NTI NG

Bonneville Dam Control 23, 787 5 2 7 0.029
Test 21,694 38 4 42 0.194 6.69:1
I'ndian fishery Control 17 2 19 0.080
Test 32 I 39 0.180 2.25:1
McNary Dam Control 31 3 34 0.143
Test 52 11 63 0.290 2.03:1
Priest Rapids Dam Control 47 10 57 0. 240
Test 5 1 6 0.028 0.12:1
TOTAL 45, 481 227 40 267
4- HOUR | MPRI NTI NG
Bonnevi |l e Dam Control 21, 957 6 1 7 0.032
Test 23,551 12 0 12 0.051 1.59:1
Indian fishery Control 12 1 13 0.059
Test 45 4 49 0.208 3.50:1
McNary Dam Control 26 5 31 0.141
Test 29 6 35 0.149 1.06:1
Priest Rapids Dam Control 47 2 49 0.203
Test I 2 9 0.038 0.19:1
TOTAL 45,508 184 21 205
GRAND TOTAL 137,949 626 89 715

al Because of differences in sanpling intensity (efficiency) at each trapping site, result!:
are not conparabl e between sites.



Appendi x Table B .--Prelimnary returns to four sampling |ocations of |-occanage

st eeinead from paired control and test releases of snolts from the Chel an Hatchery
which were inmprinted to the Leavenworth NFH honing sitein 1979. The test juveniles
were transported fromthe Leavenworth NFH by truck to a barge at Richland, Washington,
and then barged downstream to bel ow Bonneville Dam  Recoveries were from June to

30 Novenber 1980.

Experiment and Control Nunber Nunber & Adul't returns Test to
sanpl ing or juveniles adul ts (% of juveniles control
| ocation test rel eased recaptured rel eased) ratio

10- DAY | MPRINTI NG

Bonneville Dam Control 23,960 9 0.038

Test 23,331 27 0.116 3.05:1
Indian f |shery Control 1 0.029

Test 34 0. 146 5.03:1
McNary Dam Control 20 0.083

Test 23 0.099 1.1931
Priest Rapids Dam Control 71 0.296

Test 6 0. 026 0.09:1

TOTAL 47,291 197

2- DAY | MPRINTI NG

Bonnevi |l e Dam Control 19, 186 11 0. 057
Test 24,335 12 0. 049 0.86:1
Indian fishery Control 4 0.021
Test 23 0.095 L.52:1
McNary Dam Control 1 0.036
i est 7 0.029 0d&: 1
Priest Rapids Dam Control 52 0.271
Test 1 0.004 0.0:::
TOTAL 43,521 117
6- HOUR | MPRI NTI NG
Bonnevi |l e Dam Control 24,171 4 0.017
Test 22,834 8 0.035 2.06:1
I ndi an fisheries Control 9 0. 037
Test 28 0.123 3.32:1
McNary Dam Control 19 0.079
Test 24 0.105 1.33:1
Priest Rapids Dam Control 60 0.248
Test 4 0.018 0.07:1
TOTAL 47,005 156
GRAND TOTAL 137, 817 470

al Because ofdifferences in sanpling intensity (efficiency) at each trapping site,
results are not conparabl e between sites.



Appendi x Table B7. --Spring chinook salnon marked n 1978 at Kooskia NFH re | eased, type of inprint ,
and treatment for various groups are indicated.2

Test - CWT. Nunmber ?’ hom ng
control code Br and rel eased nprint Tr eat ment

Control 10- 3-30 LA'X 40, 080 natural mgration Released with normal production into
Clear Creek (tributary to Mddle Fork

of Clearwater River).

Test #1 VWH RD- YW RA 1 35, 426 single Normal production rearing. Trucked
with Clear Creek water directly to

bel ow Bonnevill e Dam

Test #2 WH RD- XY RA 4 37,128 sequent i al Nor mal production rearing. Sequenti-
ally inprinted in truck with Mddle

Fork of Clearwater River water, then
Snake River water for 2 h (at Little
Goose Dam and then trucked to bel ow
Bonneville Dam

Test #3 VWH RD- LB RA L 37,031 sequenti al Nor mal production rearing. Trucked
with Cear Creek water to barge at
Lewi ston and then barged downstream

to bel ow Bonneville Dam

Test #4 VW RD- PK RA T 36, 932 sequenti al Normal production rearing. Trucked
with Mddle Fork of dearwater River

water to barge at Lewi ston and then
barged downstream to bel ow Bonneville
Dam

Tot al 186, 597

a/ The total number of wire-tagged control fish was reported incorrectly in Table 2, Slatick et al. (1979).
A total of 123,775 were wire tagged for the hatchery control release; of this nunber, 40,080 were branded

for in-river evaluation.
b/ Nunber released adjusted for initial tag |oss.



