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EXECUTI VE SUMVARY

This docunent is the 1995 annual progress report for

selected studies of fall chinook salmon Oncorhynchus tshawytscha
conducted by the Biological Resources Division (BRD) of the U S.
Ceol ogical Survey and the U S. Fish and WIldlife Service.
Activities were funded by the Bonneville Power Adm nistration
(BPA) through funding of Project 91-029.

The decline in abundance of fall chinook salnmon in the Snake
Ri ver basin has becone a grow ng concern. In 1992, Snake River
fall chinook salnmon were listed as "threatened" under the
Endanger ed Species Act. Ef fective recovery efforts for fall
chi nook sal non cannot be devel oped until we increase our
knowl edge of the factors that are limting the various life
history stages. This study attenmpts to identify those physical
and biol ogical factors which influence spawning of fall chinook
salmon in the free-flowi ng Snake R ver and their rearing and
seaward migration through Col unbia River basin reservoirs.

Snake River fall chinook sal nbon spawning was generally a
Novenber event in 1995 as it was in past years. A total of 71
redds were counted by helicopter and ground truthing surveys in
the Snake River. A total of 45 deep-water areas were searched
for redds resulting in 30 redds bei ng count ed. The nost
concentrated group of redds was at Rkm 289.0 (N=27). Results
from 1994 and 1995 redd counts indicate that the majority of
spawni ng has shifted to sites above the G and Ronde River as
conpared to counts made from 1988-1993.

Juvenile fall chinook sal non were seined and tagged with
Passive Integrated Transponder (PIT) tags in the Snake and
Clearwater rivers to describe rearing patterns, emgration
behavior, and emgration timng. A total of 1,101 subyearling
chinook sal non were seined in the upstreamreach of the Snake
River, 1,379 were seined in the downstreamreach, and 781 were
seined in the Cearwater River in 1995, W PIT tagged and
rel eased 569, 660, and 454 of the above fish in each respective
reach and river. Al of the subyearlings tagged in the upstream
reach of the Snake R ver and C earwater River and collected at
Lower Granite Dam were fall chinook sal nobn based on
el ectrophoresis. Ei ghty-three percent of PIT-tagged fish
recaptured fromthe downstreamreach of the Snake R ver were of
the fall race. Survival to the tailrace of Lower G anite Dam of
fish released in the Cearwater R ver was about one fourth
(0.175) of that of fish released in the upstream (0.676) and
downstream (0. 660) reaches of the Snake R ver. O the
subyearlings PIT tagged in the up and downstream reaches of the



Snake River and Cearwater R ver in 1995, 0.2%, 2.1%, and 0.6%
were detected as yearlings in 1996.

Pai red fyke nets were used in the Hanford Reach of the
Colunbia River to study the direction and timng of nearshore
novenents by juvenile fall chinook sal non over sand and cobbl e
substrates. Catch rates were highest in May, and by June nobst
fish had apparently emgrated fromthe nearshore area. The diel
timng of peak novenents becane nore nocturnal as the season
pr ogr essed. During April and May, catches in the downstream
fishing net were significantly greater than those in the upstream
fishing net, but by June novenent was no | onger directional at
the cobble site. Catches were highest fromwater |less than 0.75
m deep during April and May, but by June fish were collected
equally fromtwo trap depths. The difference in trap efficiency
could not be explained by differences in the anmount of water
sanpl ed per hour by the two traps, and probably indicates a
shal | ow water preference

Radio telenetry was used to examne the mgratory behavi or
of subyearling fall chinook salnon through Little Goose Reservoir
and its forebay in 1995 and 1996. Travel rates through the upper
portion of the reservoir where water velocities are relatively
hi gh were rapid conpared to that of the |ower reach and forebay
where velocity was reduced. Once in the Little Goose Dam
forebay, radio-tagged snolts typically circled the area or went
back upstream before passing the facility, and passage generally
occurred in under two days. However, al nost 20% of tagged fish
spent a week or nore in the forebay and | ower reservoir during
bot h years. This delay in the i medi ate forebay area nmay be a
potentially serious threat to the stock, especially if simlar
nunbers of fish are delayed at other Snake River hydropower
facilities.

Prem grant and m grant subyearling chinook sal non chal |l enged
in seawat er showed increasing osnoregul atory conpetence wth
i ncreasing size and date. However, fish did not develop full
seawat er conpetence until they becane active em grants at McNary
Dam G Il ATrpase followed a trend of increasing activity unti
| ate June then a decline throughout the remainder of the sunmer
as in previous years. Subyear!ling chinook sal non showed their
greatest preference for saline water in late June and early July
al t hough there was continued use of saltwater through August.
M gratory behavior was tested in |aboratory experinments and
showed that subyearling chinook sal non displayed the npost net
downstream novenent at velocities of 15-45 cnis early in the
season. Fish were generally nore active during the day than at
ni ght, but nmovenent downstream was nore direct at night. The
timng of osnoregul atory devel opnent and m gratory behavi or may
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confer a survival advantage on fish that mgrate early in the
season under nore favorable migratory conditions.
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CHAPTER ONE

Fal I Chi nook Sal non Spawni ng
G ound Surveys in the Snake River, 1995

by

A.P. Garcia, WP. Connor, RD Nelle, RD Wiitt,
E.A. Rockhold, and R S. Bowen
US Fish and WIdlife Service
| daho Fi shery Resource Ofice
Ahsahka, |daho 83520, USA



I ntroduction

Spawni ng ground surveys were conducted in 199.5 as part of a
Snake River fall chinook sal mon Oncorbynchus tshawytscha study begun in
1991. (oservations of fall chinook sal non spawning in the Snake
River were limted to infrequent redd counts in the years prior
to 1987 (Haas 1965, Irving and Bjornn 1981, Wtty 1988). From
1987- 1990, aerial surveys were conducted on a limted basis by an
i nt eragency team and reported by the Washi ngton Departnent of
Fi sheries (WDFW Sei del and Bugert 1987, Seidel et al. 1988,
Bugert et al. 1989-1991, and Mendel et al. 1992). Starting in
1991, the U S. Fish and WIldlife Service (USFW5), and ot her
cooperati ng agenci es and organi zati ons, expanded the scope of
spawni ng ground surveys to include: (1) additional aerial surveys
to inprove redd counts and provide data on spawn timng; (2) the
val idation (ground truthing) of aerial surveys to inprove
accuracy; and (3) underwater searches to |locate redds in water
too deep to allow detection fromthe air (Connor et al. 1993;

G oves 1993; CGarcia et al. 19%4a, 1994b, 1996).

The objective of this report is to use counts of fal
chi nook sal non redds to describe spawning distribution and tim ng
in the Snake River in 1995. W present data collected from 1987
to 1990 for historic perspective, and data we collected from
1991-1994 for conparison with data collected in 1995.

Study Area

In 1995, the study area included the Snake River fromHells
Canyon Damto the head of Lower G anite Reservoir near Asotin,
Washi ngton (Figure 1). We describe specific |ocations within
this area using river kiloneters (Rkm) and | andmarks derived from
U.S. Arny Corps of Engineers (COE) navigation charts (COE 1990)
and U.S. Geol ogical Survey topographical maps.
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Figure I.- Map of the Snake River drainage featuring major tributaries, and
inset showing river kilometers (Rkm) for reference to spawning areas, the head
of Lower Granite Reservoir near Asotin, Washington, at Rkm 235, and Hells
Canyon Dam at Rkm 398.




Met hods
Aerial surveys, Ground Truthing, and Deep-water Searches

We schedul ed eight aerial surveys to be conducted once a
week (6-8-d intervals) beginning on 23 Cctober (week 43 in 1995).
Surveys were made by two observers in a Hiller 12-E helicopter as
it traveled from Asotin, Washington (Rkm 235) to Hells Canyon Dam
(Rkm 398) at an altitude of <200 m \Wen a potential redd was
observed, one of the observers marked the redd | ocation on a CCE
navi gation chart while the other nmade a sketch of the redd
| ocation relative to |land features. Once a redd was counted, it
was not counted agai n on subsequent surveys.

Potential redds that were difficult to observe fromthe air
or had an abnornmal shape or size were re-exam ned (ground
truthed) from a boat or using an underwater canera. Aerial redd
counts were adjusted based on ground-truthing observations.

We searched for redds in areas greater than 3 m deep (deep-
wat er areas) using the sane approach used in 1994 (Garcia et al.
1996), except for a change in nmappi ng techni que and search
strategy. In 1994 and 1995, we used a Criterion 400 electronic
di stance neasuring device to determ ne the coordi nates used for
mappi ng redd | ocati ons. However, in 1994 we recorded coordi nates
by hand then transferred the data onto a conputer to create nmaps,
whereas in 1995, coordinates were autonmatically entered into a
Corval |l is MicroTechnology, Inc. MCV data |ogger, then mapped
usi ng Laser - \Wal kabout conputer software.

In 1994, we used a three-step strategy for redd searches in
deep-wat er areas. First, we conducted a "lowintensity" search
in a zig-zag pattern. If we encountered a redd, we then
conducted an "unlimted" search without regard to search pattern
followed by a "high-intensity" search along equally spaced (4.6-
nm cross sections. W found high intensity searches were |ess
effective than low intensity searches, but we were unable to
assess the effectiveness of unlimted searches (Garcia et al.
1996) . Based on these findings, in 1995 we used the low-
intensity search nmethod followed by the unlimted search nethod
if we encountered a redd.

O 91 deep-water areas known to have suitable spawni ng
substrates (P. AL (roves, |daho Power Conpany, personal

"Mention of trade names does not inply endorsenent by the
U S. Governnent.



communi cation), 42 were scheduled to be searched by USFW5
personnel, and 43 by |daho Power Conpany personnel using the sane
search nethods. The remaining sites were not targeted for search
due to time constraints.

Resul ts
Aerial Surveys, Ground Truthing, and Deep-water Searches

We report here only redd counts that we nmade in the Snake
River in 1995. The Nez Perce Tribe conducted redd counts in the
G earwater, Salnon, Imaha, and Grand Ronde rivers, but their
results are not reported here.

A total of 71 redds were observed in the Snake R ver above
Lower Granite Reservoir in 1995 (Table 1). W conducted seven
aerial surveys (Table 2) and observed 41 redds, eight of which
were not judged to be redds until they were ground truthed.
Visibility was good during the first three surveys. Visibility
was estimated at less than 1 m between Asotin and the G ande
Ronde River (Rkm 271.4) on the next three surveys, and about 1-
1.5 m between the Grande Ronde and Sal non (Rkm 303) rivers during
the fifth and sixth surveys. Hi gh river flows (Figure 2 and 3)
and turbidity prevented us from searchi ng downstream of the
Sal non River during the seventh survey, and from conducting the
ei ght h schedul ed survey altoget her.

A total of 30 redds were counted in deep-water areas in 1995
(Table 3). USFWS personnel searched 24 deep-water areas, and
| daho Power Conpany personnel (G oves and Chandl er 1996) searched
21 areas (Table 4). Due to high turbidity, no deep-water areas
wer e searched bel ow the nouth of the G ande Ronde River in 1995,
and only three areas (Rkm 294.6, Rkm 278.4, and Rkm 289.0) were
searched between the Grande Ronde and Sal non rivers.

Time of Spawni ng and Redd Distribution

Redds were observed during our first flight indicating that
fall chinook sal non spawni ng began before 23 Cctober (week 43;
Table 2; Figure 4). The highest count occurred on 6 Novenber
(week 45) and the |l ast redd was observed on 27 Novenber (week
48). No new redds were observed on the last aerial survey (week
49) .



Tabl e |.-Nunber of fall chinook sal non redds counted in the
Snake River by search nmethod and year, 1987-1995. Dat a sources
and nethods for collecting data from 1987-1994 can be found in
Garcia et al. (1996). No underwater searches were conducted from
1987-1990.

Year
Search net hod

1987 1988 1989 1990 1991 1992 1993 1994 1995

Air and ground 66 57 58 37 41 47 60 53 41
Under wat er 5 0 67 14 30

Total s 66 57 58 37 46 41 127 67 71




Table 2.

- New fall chinook salnon

redds counted

in 1995 during aerial

surveys of the Snake River. Counts

are presented by river Kkiloneter (Rkm, Ilandmark, week, and day. Surveys covered the Snake River from
Asotin, Washington (Rkm 235), to Hells Canyon Dam (Rkm 398). Counts were adjusted based on ground-truthing
observati ons. An enpty cell indicates no survey was conducted at the corresponding river Kkiloneter.
New redds counted by week and day
43 44 45 46 47 48 49 Site
Rkm Landmar k 23-0ct  30-0ct 06-Nov 12-Nov 20-Nov 27-Nov 05-Dec total s
244.4  Ten MIle Canyon - - 3 3
259.0 Upper Buffal o Rapids - 1 2 ~ - - 3
271.4 Gande Ronde River - - 3 - - - 3
272. 7 Lewi s Point - - 1 ~ - - 1
284.0 Gotto Falls - - 1 ~ - - 1
289.0 Cougar Bar Range No. 4 1 1 - - 2
306. 2 Bear Oreek Rapids (ID side) - 1 - - 1
311.7 Divide to Zig Zag 1 - - - - 1
311.8 Bi g Canyon OCreek 1 - - - - 1
312.1 Bi g Canyon Range 1 2 1 - - 4
319.9 Robi nson @l ch 1 - - - - 1
330.2 Copper Creek 1 ~ - - 1
332.1 H gh Range No. 1 1 -~ 1 - 2
334.5 Lookout Creek 1 1 ~ - - 2
349.6 Corral Creek Reef 1 - 1
352.0 Kirby Range No. 2 -~ 1 - 1
352.4 Mddle Kirby Rapids No. 137 2 1 ~ - - 3
359 .0 Hominy OCreek 1 1 1 - - 3
378.3 Bernard Creek 1 - - - - 1
379.2 Hat Creek - 2 - - 2
381.3 Lower Dry Culch 1 - - - 1
383.9 Three Creeks Rapids 1 - - - 1
395.2 Lanont  Springs ~ 1 1 2
4 9 18 6 3 0 41
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Figure 2.-Daily average Snake River discharge (kcfs) at the USGS Anatone Gage
(Rkm 270) near Heller Bar.
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Figure 3.-Daily average Snake River discharge (kcfs) at Hells Canyon Dam (Rkm
398).



Tabl e 3.-Nunber of fall chinook sal non redds counted in deep-
wat er areas of the Snake River by river kilometer (Rkm,
| andmark, and year, 1991-1995 (Connor et al. 1993; Garcia et al.
1996; G oves and Chandler 1996). A dash (-) indicates no search
was conducted at the corresponding river Kiloneter.

Year
Rkm Landmar k
1991 1992 1993 1994 1995
261. 3 Captai n Johns Creek 5 0 0 0 -
266.5 Billy Creek 28 0 -
267. 4 Fi sher Range 11 0 -
267.7 Lower Lew s Rapids 21 0 -
289.0 Cougar Bar - 2 8 25"
311.8 Bi g Canyon Creek 1 0 0
312.3 Zig Zag Creek - 5 0
320. 8 Trail Qulch 1 0 0
341. 4 Davi s Creek 0 2
352.0 Ki rby Range No. 2 - - - 3
358.5 Sui ci de Poi nt 3 0 0
381. 3 Lower Dry Culch 1 0
Total s 5 0 67 14 30

 Goves and Chandler (1996) reported 10 of the 25 redds at Cougar Bar (Rkm
289.0) were estimated to fit within an area of disturbed gravel using 17 m as
an estimate of the average area per redd (Chapnan 1986).



Table 4 .-Nunber of different deep-water areas searched for
fall chinook salnon redds in the Snake River grouped by
investigator and year, 1991-1995 (Connor et al. 1993; CGarcia et
al. 1994, 1996; G oves and Chandl er 1996).

Areas searched by year
| nvesti gat or

1991 1992 1993 1994 1995

US Fish and WIidlife Service 1 3 6 44 24
| daho Power Conpany 0 0 45 35 21
Total s 1 3 51 79 45
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Figure 4.- Fail chinook salmon redds counted in the Snake River during
aerial surveys with ground-truthing (zeros indicate aerial searches were
conducted but no redds were observed).
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Redds were distributed between Rkm 244 and Rkm 396 in 1995
(Tables 2 and 3; Figure 5), based on observations from all search
nmet hods. W observed redds in seven areas not known to be used
by fall chinook salnon prior to 1995 (Garcia et al. 1996). New
areas were at Rkm 284.0 near Gotto Falls, Rkm 306.2 on the |daho
side bel ow Knight Creek, Rkm 341.4 at Davis Ceek, Rkm 352.0 at
Kirby Range No. 2, Rkm 352.4 above M ddl e Kirby Rapids No. 137,
Rkm 378.3 near Bernard Creek, and Rkm 395.2 near Lanont Springs.

D scussi on

Accuracy of redd counts in 1995 was good despite relatively
poor observation conditions. W can conpare the relative
accuracy of redd counts between years using the ratio of adult
fall chinook sal non counted at Lower Granite Dam reduced by 36%
to account for fall-back (GW Mendel, WFW unpublished data),
to the nunber of redds counted upstream (fish-to-redd ratio). In
1994 for exanple, 606 adult fish were counted at Lower G anite
Dam (COE 1995) and 120 redds were counted upstream (USFW5 1995),
thus the fish-to-redd ratio was (606 x 0.64)/120 or 3.23/1. This
conpares to a fish-to-redd ratio of 3.53/1 in 1995, which
i ndi cates the accuracy of redd counts were fairly close even
t hough search conditions were different between years. In 1994,
search effort was relatively high and observation conditions were
generally good (USFWs 1995), but in 1995 search effort was
[imted due to flooding and high turbidity.

Anot her way to assess the accuracy of redd counts is by
conparing the estimted nunber of female sal nobn passing Lower
Ganite Damto the nunber of redds counted above the dam based
on the assunption that each female will create a redd. For
exanple, 137 redds could be expected above Lower Ganite Damin
1994 based on 606 fish, a 36% fall-back rate, and a 0.55:1
female:male ratio (Mendel et al. 1996). Since 120 redds were
actually counted above Lower Granite Damin 1994, then an
estimated 17 redds (13% were m ssed. Usi ng the same approach
with data from 1995, an estimted 38 redds (25% were m ssed.
Not ably, these estimates increase to 31 redds (33% mssed in
1994, and 68 redds (45% mssed in 1995 if redds counted in deep-
wat er areas of the Snake River are not included in the
cal cul ati ons.

Assuming m ssed redds were evenly distributed in 1994, and
mainly distributed in the Gande Ronde River in 1995 (USFW5
1996), we find that redd distribution in the Snake R ver has
shifted in the last two years conpared to the previous six years.
Based on aerial observations from 1988-1993, 50%-70% of the redds
observed each year were distributed downstream of the G ande

12
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Ronde River conpared to 28%in 1994, and 22%in 1995. Some of
the increased use above the G ande Ronde River has occurred

bet ween the Sal nron and Grande Ronde rivers where the percent

di stribution of redds ranged from 0% 7% i n 1988-1993, and 10%-13%
in 1994- 1995, based solely on aerial observations. \Wen deep-
wat er observations are factored in, the 1994-1995 percent
distribution in this river reach ranges from 5%-41%.
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I nt roducti on

Snake River fall chinook sal non Oncorbynchustshawytscha have
declined in abundance the |ast three decades and now managers are
seeki ng nethods to restore the popul ation, Esti mates of adult
fish returning to the Snake River prior to 1957 nunber in the
tens of thousands (Irving and Bjornn 1981), conpared to a range
of about 300-750 for 1991-1995 (Lavoy 1995). As a result, Snake
River fall chinook salnon were listed as threatened under the
Endangered Species Act (USFW5 1988) in 1992 (NWMFS 1992) and the
Snake and Clearwater rivers were identified as critical habitat
(NMFS 1995). Resource managers are attenpting to recover the
popul ati on of Snake River fall chinook salnmon, but the fish are
restricted to a small part of historical production areas.

Historically fall chinook sal non spawned in the nain stem
Snake Ri ver and the | ower reaches of some tributaries. The
majority of Snake River fall chinook salnon utilized habitat for
spawni ng and rearing that is no | onger accessible. Mst spawning
occurred in the vicinity of Marsing, ldaho (river kiloneter 629;
232 km upstream of Hells Canyon Dam) prior to 1955 (Haas 1965).
Access to spawni ng areas upstream of Hells Canyon Dam was bl ocked
starting in 1955 by a three dam conpl ex. In addition, four dans
with fish | adders were built between 1961 and 1975, inundating
the | ower 230 km of the Snake River. After construction of the
dams, the areas available for spawning included 167 km of free-
fl om ng Snake River downstream of Hells Canyon Dam and
tributaries, such as the Imaha, Sal non, G ande Ronde, and
Clearwater rivers. The main stemfree-flow ng Snake River is
regul ated with a thermal reginme partially controlled by the
operation of the Hells Canyon Dam and ot her upstream dans. Fl ow
and tenperature were variables of interest to us because they may
affect the time of spawning, fry energence, and juvenile
emgration by fall chinook salnmon in the renaining habitat.

Docunent ati on of past use by fall chinook sal non of the
Clearwater River is vague and anbi guous (Schoning 1940; 1947).
Conflicting reports were received by Schoning concerning the
presence of chinook salnon in the Cearwater River upstream of
Lewiston Dam (river km6.4), which | acked adequate fish |adders
from 1927-1938. No fall chinook sal nmon or redds were seen during
Schoning's 1940 surveys in the main stem C earwater River
upstream fromthe dam Al though Lewiston Dam was renoved in
1971, Dworshak Dam was built on the North Fork of the O earwater
River in 1971 and has nodified the flow and thermal reginmes of
the lower Clearwater R ver. The potential to produce fal
chinook salnon in the Cearwater River with the altered
tenperature reginme is probably better than before, but
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consistently fewer adults spawn in the Cearwater than in the
Snake River.

Fal | chinook sal non that spawn and rear in the Snake and
Clearwater rivers are referred to as ocean-type chi nook sal non.
Healy (1991) divided chinook sal non populations into two life
history strategies including “stream type" and "ocean type."
Ccean-type chi nook sal non popul ati ons generally mgrate seaward
within 3 nonths of energence as subyearlings. Adults of ocean-
type chinook salnon mgrate upstream during fall and spawning
occurs soon after arrival at the spawni ng grounds.

Prior to our cooperative research with the National Marine
Fi sheries Service (Smth et al. in press, Connor et al. in
press), estimates of survival for juvenile fall chinook sal non
emgrating fromthe Snake and Clearwater rivers were nonexistent.
Additionally, biological and environnental attributes affecting
survival were poorly understood. Devel opnent of the passive
integrated transponder (PIT) tag (Prentice et al. 1990) allowed
us to enunerate individual juvenile fish as they passed
hydr opower dans, and nodeling protocols for individual mark-
recapture survival estimates (Cormack 1964; Jolly 1965; Seber
1965; Burnham et al. 1987; Smth et al. 1994; Iwanoto et al.
1994) enhanced anal yses.

The objectives of this segnment of our study were to (1)
describe the early life history characteristics of naturally
produced subyearling fall chinook salnon in the Snake and
Clearwater rivers, and (2)estimate survival for juvenile fall
chi nook salnon emgrating fromthe Snake and Clearwater rivers to
the tail race of Lower Granite Dam

Study Area

The Snake River originates in Yell owstone National Park,
Wom ng and drains about 240,300 km®. Conpletion of the Hells
Canyon conpl ex of dans; Brownlee Dam (1955; river km 456), Oxbow
Dam (1961; river km 439) and Hells Canyon Dam (1967; river km
397) bl ocked passage to historic Snake River fall chinook sal non
spawni ng grounds (Haas 1965; Irving and Bjornn 1981). The 167 km
free-flow ng reach presently used for spawning is nostly in Hells
Canyon (river km 247 to 271; Figure 1). Hel | s Canyon, a sparsely
vegetated chasmup to 1,676 m deep, was forned froma marine
vol cani ¢ assenbl age of flow rocks, basalt, and andesite.

The confluence of the Cearwater and Snake rivers is 224 km
upstream of the confluence of the Snake and Col unbia rivers
(Colunbia R ver river km 522). The O earwater River drainage
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Figure 1 .-Study area including locations of the upstream and downstream reaches of
the Snake River and the Clearwater River reach, 1995.
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originates in Idaho and drains approximately 24,786 km?’. The

| ower reach of the dearwater River, where fall chinook spawning
occurs, was formed by volcanic activity and lava flows simlar to
that of the |lower reach of the Snake R ver. Dwor shak Dam
conpleted in 1971, is located on the North Fork O earwater River
about 2.0 km upstream fromits confluence with the | ower
Clearwater River (river km65). The North Fork provides about
40% of the Clear-water River's flow and regul ates the river reach
containing virtually all of the ear-water River's fall chinook
sal non spawni ng areas (Arnsberg and Statler 1996). Since 1991
cool water has been released from Dwrshak Dam to augnent summer
flows and to cool the water in Lower Ganite Reservoir during the
summer to aid Snake River subyearling fall chinook sal non as they
m grate seaward. In 1995, 13.0 kcfs of 10°C water was rel eased
fromthe damfor 48 d beginning 16 July.

Met hods

Data Collection

We collected naturally produced subyearling fall chinook
sal mon for PIT-tagging and survival studies in the Snake and
Clearwater rivers with a beach seine. Seining sites were |ocated

in the main stem Snake River between river kilonmeters (Rkm) 271
and 224 (Figure 1). Spawning in upstreamreaches of the Snake

River in 1994 allowed us to collect data above Rkm 308. These
two reaches are described hereafter as upstream (Rkm 357 to Rkm
308) and downstream (Rkm 271 to Rkm 224). W seined sites in a
50-km reach of the Cearwater R ver between Rkm 64 and 14. The
nunber of seining sites on both rivers varied because of

suppl enental sanpling to increase sanple sizes for anal yses.

Suppl enental sanpling was done in both rivers over a 3 week
period starting about 30 d after peak fry energence. Sei ni ng was
done weekly in both rivers starting in April and continued until
wat er tenperatures reached 20°C or the catch neared zero.

Sites were sanpled once a week and normally seined three
consecutive tines in an upriver direction. Each net set started
where the previous one ended. The beach seine had a weighted
mul ti stranded mudline, 0.48 cm nmesh and was 30.5 mx 1.8 mwith a
3.9-m’ bag. Each end of the seine was fitted with a bottom
wei ghted brail, equal in length to net depth, and attached to
15.2-m | ead ropes. The seine was set parallel to shore fromthe
stern platformof a 6.7-mjet boat and then hauled straight into
shore by both lead ropes. The net sanpled approxi mtely 465 m?
of river to a depth of 1.8 m
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Nat ural chinook sal nron were aged and PIT tagged as descri bed
by Connor et al. (1996). W neasured the fork | ength of natural
subyearling chinook salnon to the nearest mllinmeter during PIT
taggi ng and a subsanple of fish were wei ghed for subsequent
growmh analysis. A subsanple of PIT-tagged natural sal non
recaptured at Lower Granite Dam was al so wei ghed and neasur ed.

W recaptured a subsanmple of the PIT-tagged chi nook sal non
detected at Lower Granite Dam using a separation-by-code hardware
and software system (S. Downing et al. unpublished protocol,

Nati onal Marine Fisheries Service, Northwest Fisheries Science
Center, Seattle, WA 98112-2097). Fish that were diverted by the
separ ati on- by-code system were scanned for a PIT-tag code and

wei ghed and neasured. A scale sanple was taken for aging, and
nat ural chinook sal non were | abeled and frozen for subsequent
race identification

W obtained water tenperature data fromthe archives of the
USFWS for the Swan Falls/Marsing reach of the Snhake River from
1960- 1970. The Swan Falls/Marsing reach is upstream of Brownlee
Dam and water tenperatures are representative of the Snake River
prior to construction of the Hells Canyon conplex of dans. \ater
tenperature data downstream from Hells Canyon Dam were obt ai ned
fromthe United States Geol ogical Survey (USGS) gage at Anatone
WA (Rkm 269) for the period 1976-1981 to represent the post-dam
period. These years were selected based on data quality and
availability. Wat er tenperatures prior to the construction of
Dwor shak Dam on the Clearwater R ver were avail able from 1960-
1970 fromthe USGS gage at Spalding, ID (Rkm18). Post-Dworshak
Dam data from 1975-1982 were al so obtained fromthe USGS gage at
Spalding I D for conparative purposes.

Data Analysis

W made i n-season and post-season identifications of race of
nat ural chi nook salnon to guide in-season PIT-tagging efforts and
post - season anal yses. I n-season identification of race was nade
based on norphol ogy of each fish that fit within our size limts.
Sal non with pointed snouts, snmall down-turned eyes, and deep
bodi es were identified as natural fall chinook sal non. Fi sh that
fit in our size limt, but had rounded snouts, |arge round eyes,
and sl ender bodies, were identified as spring/sumer chinook
sal non. Post - season race determ nations of each natural fish we
recaptured at Lower Granite Dam were nmade by WAshi ngton
Departnent of Fish and WIldlife (WDFW) personnel using tissue
extracts, horizontal starch-gel electrophoresis (Abbersold et al.
1987), and Maxi mum Li kel i hood Estimation (MLE; A. Marshall, VWWDFW
P.0 Box 43135, dynpia, Washi ngton 98504-3135, unpublished
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protocol). W calculated the percentage of ME estinmated fal

and spring/ sumrer race chinook salnmon in our sanple, and

tabul ated the results by river reach and race. W also aged each
of the PIT-tagged fish recaptured at Lower Granite Dam and
integrated the results with the race data.

W estimated energence dates of fall chinook salnmon fry to
conpare timng of energence in the Snake and C earwater rivers.
Date of emergence was cal cul ated for each sal non captured by
seine by subtracting 38 mm (estimated energence |ength; Arnsberg
et al. 1992) fromthe fork length at capture and dividing by the
1995 observed growth rate of 1.4 mmd. W tested for differences
anmong the energence distributions using a two-sanple Kolmorov-
Smrnov test (KS test; SYSTAT 1994) and reported P val ues.

W suppl erented the 1995 enmergence analysis, for the purpose
of discussion, using a second nmethod to estinmate energence dates
of fall chinook salnon fry. Peri ods of concern were before and
after construction of Hells Canyon and Dworshak dans. Median
Julian date of spawning since 1991 in the Snake and C earwater
rivers has been 322 (17 to 18 Novenber). W used the 17 Novenber
spawni ng date and 1000 Centigrade Tenperature Units to estimate
energence (Piper et al. 1982) for both rivers before and after
dans were constructed.

We characterized the rearing period of natural fall chinook
sal non by graphing the nunber of sal non captured by date, river,
and reach. W tested for differences anong the capture
distributions using a KS tests to cal culate P val ues. Mean fork
l ength by week for each reach and river was cal cul ated and
gr aphed. Fork length of fish during emigration is an inportant
factor which can affect survival. Mean fork | engths, on the |ast
day of sanpling each reach and river, were conpared using
Anal ysis of Variance and Tukey's test for Honestly Significant
Difference (ANOVA; HSD;, SYSTAT 1994).

Detection of PIT-tagged fall chinook sal non at the dans
enabled us to determne the emgration timng through the |ower
Snake River and into the Colunbia River. W denonstrated
emgration timng of salmon fromthe Snake and Cl earwater rivers
by conbi ning and graphing the PIT-tag detection data from Lower
Ganite, Little Goose, Lower Mnunental and McNary dans.

Det ection distributions were conpared anong the reaches and
rivers using a KS test to calculate P val ues. Each year a
portion of the PIT-tagged subyearling chinook sal non hold over
and emigrate the followi ng spring as yearlings and we classified
these as "residuals". W divided the nunber of PIT-tagged

sal non, which were detected at a mninum of one dam by the tota
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nunber of PIT-tagged fish released by river and river reach to
cal cul ate the percentage of residuals.

H gh detection rates and rel ease of bypassed PI T-tagged
sal ron back to the river allowed us to estimate survival to the
tail race of Lower Ganite Damin 1995. The statistical nodel
used to estimate survival fromPIT-tag data was the Single
Rel ease version of the Cormack/Jolly-Seber survival probability
nodel (Cormack 1964; Jolly 1965; Seber 1965; Burnham et al. 1987;
Smith et al. 1994; |Iwanoto et al. 1994). The survival of fal
chi nook sal non was estimated for naturally produced subyearling
fall chinook salnmon PIT tagged and rel eased in the O earwater and
Snake rivers in 1995.

By using the Single Rel ease Mbdel we assuned that a salnon's
detection at a PIT-tag detection site did not affect the
probability of: 1) its detection at downstreamsites, and 2) its
survival to a downstream site. W also assunmed that the Single
Rel ease Model accurately estinmated sanpling variability because
replicate releases to test this assunption were not possible with
natural fall chinook salmon in 1995. Iwanmoto et al. (1994) found
that all of the above nodel assunptions were satisfied and
accurate precise survival estimates were obtained for hatchery
reared yearling chinook sal non.

Resul ts
Race

Subyearling fall chinook sal nron dom nated the raci al
conposition of PIT-tagged fish recaptured at Lower Granite Damin
1995 (Table 1). Every PIT-tagged fish, recaptured from upstream
reach releases, was aged as a subyearling and estimated to be of
the fall race. A small percentage of recaptured fish were
subyearling and yearling spring/sumer chinook sal non tagged in
t he downstreamreach of the Snake River. Low det ecti on of
Cl earwater River chinook salnmon Iimted aging and el ectrophoretic
anal ysis, but all fish recaptured were subyearlings and estimated
to be fall chinook salnon. Three estimted spring/sunmer chi nook
sal non, tagged in the downstreamreach of the Snake R ver, were
classified correctly as spring/sumrer chinook sal non at tagging.
No estimated fall chinook salnmon were m sclassified as
spring/ summer chi nook salnon at tagging. W onmtted estimted
spring/ summer chinook salnon, and fish classified during tagging
as spring/sumer chinook salnmon, from subsequent analyses. Al
fish are referred to hereafter as subyearling fall chinook
sal mon.
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Table |.-Results of aging, electrophoresis, and Maxi num
Li kel i hood Estimation of subyearling chinook sal non beach sei ned
and PIT tagged in the upstream and downstream reaches of the
Snake River and the Cearwater River and recaptured and
sacrificed at Lower Ganite Damin 1995 (sprg/sum is an
abbrevi ation for spring/sumer).

Age( % Race(%
R ver Reach Nunber
sanpl ed 0 1 Fall Sprg/sum
Snake Upstream 65 100 0 100 0
Snake Downst r eam 41 93 7 83 17
Cearwater n/a 3 100 0 100 0
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Early Life History

We collected 1,101 juvenile fall chinook salnmon in the
upstream reach of the Snake River, 1,379 in the downstream reach,
and 781 in the Cearwater River (Table 2). Fry emergence in the
upstream reach of the Snake River (Figure 2; 13 April) was
significantly earlier (P < 0.001) than in the downstream reach of
the Snake River (25 April). Fry enmergence in both reaches of the
Snake River was significantly earlier (P ¢ 0.001; P c¢c 0.001) than
in the Cearwater R ver (24 Muy). The cause of the differences
in fry energence in 1995 was due to water tenperature (Figure 3).
Mean water tenperature during spawning from 21 Cctober to 7
Decenber was warnest in the upstreamreach of the Snake R ver
(10.9+2.9°C), followed by the downstreamreach of the Snhake River
(8.9+2.6°C), and the Cearwater R ver (4.3+2.3°C). Mean water
tenperature remai ned higher through fry energence in the upstream
and downstream reaches of the Snake River (6.6+2.5°C; 6.7+2.9°C)
than in the Cearwater R ver (5.043.2°C).

Capture dates of subyearling fall chinook sal non varied
anong the upstream and downstream reaches of the Snake River and
the Cearwater River (Table 2; Figure 4). W captured fish
significantly earlier (P < 0.001) in the upstreamreach of the
Snake River (median = 28 May) than in the downstream reach
(median = 4 June). W captured salnon significantly later in the
Clearwater Rver (nedian = 2 July) than in either Snake River
reach (P < 0.001; for both conparisons).

Subyearling fall chinook salnmon fromthe upstream reach of
t he Snake River maintained the highest weekly nmean fork |engths
of the three reaches sanpled (Table 2; Figure 5). Mean fork
| ength generally increased each week until fish left near shore
areas and sanpling was di sconti nued. Overall nmean weekly fork
| ength of salnon captured in the upstreamreach of the Snake
River was greater than for fish collected in the downstream reach
of the Snake River and the Cearwater R ver, but the overall

difference was only 3 to 5 nmfork length (Table 2). Mean fork
length of salnon, the |ast week of sanpling, differed
significantly anmong reaches (P < 0.000). Statistical

significance was attributable to the small size of O earwater
River fish.

W PIT tagged 569, 660, and 454 subyearling fall chinook
sal mon in the upstream and downstream reaches of the Snake R ver
and in the Cearwater River (Table 3). Taggi ng occurred over a
nore protracted tinme period in the downstream reach of the Snake
River (86 d) than in the upstreamreach of the Snake R ver (49 4)
or Clearwater River (64 d). Medi an dates of tagging were 28
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Tabl e 2.—Number of subyearling fall chinook sal mon captured by
week in the upstream and downstream reaches of the Snake R ver
and in the Cearwater River in 1995. Mean weekly fork |ength
(FL) by week (starting on Sundays) and total nunber captured (N)
are al so given.

Snake R ver Snake River Cl ear wat er

upstream reach downst r eam r each Ri ver
Veek

nunmber FL number FL number FL
2 April 7 41 16 44 1 n/ a
09 April 20 43 2 52 0
16 April 21 42 16 45 0
23 April 61 46 65 46 0
30 April 103 49 83 46 0
07 May 104 55 a5 49 1 n/ a
14 May 40 58 142 50 0
21 May 170 68 73 56 9 51
28 May 333 76 170 60 9 52
04 June 146 83 361 69 24 54
11 June 79 90 201 75 40 57
18 June 17 95 82 a2 140 53
25 June 56 83 165 63
2 July 25 93 152 77
09 July 172 72
16 July 52 71
23 July 16 76
N 1,101 1,379 781
Mean FL#SD 69+16 64+16 66+16
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30-June

1 O-June {
21-May
|
01 -May I J
11 -April [
22-March ‘
02-March

Upstream reach Downstream reach Clearwater
Snake River Snake River River
REACH

Figure 2.-Calculated emergence dates for fall chinook salmon fry beach seined in the
upstream and downstream reaches of Snake River and in the Clearwater River, 1995.
The top and bottom of each box are the 25th and 75th percentiles and the horizontal
line in the box is the median. The vertical lines show the range.
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1 I-June T T
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07-May | , 4
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Figure 4.-Capture dates of subyearling fall chinook salmon beach seined in the upstream
and downstream reaches of the Snake River, and in the Clearwater River, 1995. The top
and bottom of each box are the 25th and 75th percentiles and the horizontal line in each
box is the median. The verical lines show the range.
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Figure 5.-Mean fork lengths of subyearling fall chinook salmon beach seined in the
upstream reach of the Snake River, downstream reach of the Snake River, and the

Clearwater River, 1995.
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Tabl e 3.-Nunber of subyearling fall chinook salnon PIT tagged
by week (starting on Sundays) and river reach in 1995.

Veek Snake R ver Snake River Cl earwat er
upstream reach downst r eam r each R ver
9 April 0 1 0
16 Apri | 0 0 0
23 April 0 2 0
30 May 3 2 0
7 May 30 6 0
14 May 16 19 0
21 May 120 16 1
28 May 248 81 0
4 June 96 267 5
11 June 50 150 20
18 June 6 55 29
25 June 44 102
2 July 17 122
9 July 114
16 July 46
23 July 15
Total s 569 660 454
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May, 4 June, and 2 July for the upstream and downstream reaches
of the Snake R ver and the Cearwater R ver.

Fal | chinook salnon tagged in 1995 in the upstream reach of
the Snake River were detected earlier (nedian = 26 July) at |ower
Snake and Col unbia river dans than salnon from the downstream
reach of the Snake River (nedian = 8 August) and the C earwater
River (nedian = 13 Cctober; Figure 6). The passage distributions
were protracted with detections of PIT-tagged sal non occurring at
every dam as fish bypasses were shut down. Pl T-tag detections of
salmon fromthe Cearwater River were erratic; occurring in small
nunbers and days apart. Detections in 1996 of chinook sal non
released in 1995 was rare indicating that residualismwas |ow
(Table 4). The percentage of residuals was 0.2%, 2.1%, and 0.6%
for the upstream reach of the Snake River, downstream reach of
the Snake River, and the C earwater River.

Survival

We docunented differences in capture and survival probabilities
between fall chinook salnon PIT-tagged in the Snake and
Clearwater rivers (Table 5). Salnon tagged in the upstream reach
of the Snake River had the highest capture and survival
probabilities at Lower Ganite Dam followed by fish tagged in the
downstream reach of the Snake River then fish tagged in the
Clearwater River. Survival probability increased as capture
probability increased. Survival estimates for salnon emgrating
fromthe Cearwater River to the tailrace of Lower Ganite
Reservoir in the summer of 1995 was about 1/4 (0.175) of the
survival estimates for upstream reach (0.676) and downstream
reach (0.660) Snake River fish (Table 5). Capture probability
for fish tagged in the Snake River was only 1.1 to 1.4 tines that
of fish released in the Cearwater R ver.

Di scussi on

Survival Assumptions

We made survival estimates for subyearling fall chinook
sal non assum ng that w nter passage by the dams occurs, but is
rare. Fl oods occurred in the Snake and C earwater rivers in the
fall of 1995 and sonme fish that were in the reservoirs noved
downstream past |ce Harbor Dam Sanmples of fish collected from
the gatewells at Ice Harbor Dam on 13 and 15 Decenber i ncl uded
188 unmarked natural chinook sal non, 54 PIT-tagged hatchery fall
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Table 4 .-Detections of possible fall chinook sal non that were
PIT tagged in the Snake or Clearwater rivers in 1995, but were
detected as yearlings in 1996 at, or downstream from Lower
G anite Dam

Rel ease Nunber Nunber Per cent

site rel eased det ect ed det ect ed
Snake River upstream 569 1 0.2%
Snake R ver downstream 660 14 2.1%
C earwater River 454 3 0.6%

Table 5.-Capture and survival probability estimtes by rel ease
site and date for subyearling natural fall chinook sal non
rel eased in upstream and downstream reaches of the Snake River
and the O earwater River, 1995. Dates of release are Sundays of
t he nedi an week of tagging.

Probability estimates to
Rel ease tailrace of Lower Granite Dam

Site Dat e Capture(S.E.) Survival(S.E.)

Snake River upstream 28 May 0.523(0.043) 0.676(0.050)
Snake R ver downstream 04 June 0.434(0.052) 0.660(0.072)

Cl earwater R ver 02 July 0.377(0.117) 0.175(0.060)
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chi nook sal mon subyearlings, and 3 PIT-tagged natural Snake R ver
fall chinook salnon. No PIT-tagged subyearlings from 1995
Clearwater River releases were collected at |ce Harbor Dam
Wnter novenents past the danms is an unlikely primary emgration
strategy based on biology and logistics. Chapman and Bjornn
(1969) found that juvenile chinook salnmon in Idaho em grated
downstreamin fall then entered spaces between rocks in wnter.
Undet ected wi nter passage would require tagged salnon to remain
in Lower Ganite Reservoir until the fish collection system at
Lower Granite Dam was shut down in Novenber, and passage by five
downstream dans before collection systens were re-opened in early
April. Shut down of fish bypass facilities at the above dans,
fromlate fall to early April, precludes concl usive anal yses of

W nter passage.

Survival Related to Fish Guidance Efficiency and Early Life History

Snake River fall chinook sal non survival probabilities from
the time of PIT tagging to passage by Lower Ganite Damin 1995
were about four tinmes higher than those of Cearwater River fall
chi nook sal non. Sone of the difference in survival between fish
in the Snake and Clearwater rivers was caused by differences in
capture probability. Capture probability is an estimate of the
percentage of fish entering the penstock which are routed around
the turbine. W estimated that 43%of fish PIT-tagged in the
upstream reach of the Snake River and 52% of fish tagged in the
downstream reach were gui ded around the turbines conpared to 37%
gui dance for PIT-tagged O earwater R ver fish. The above
di fference in guidance may be due to the smaller size of
Clearwater River mgrants or differences in emgration timng.
Raynmond (1979) reported that sal non which pass through the
turbines die at rates of 11% to 33% Part, but not all of the
four-fold difference in survival estimates to Lower Ganite Danis
tail race can be attributed to | ower guidance around turbines and
the resulting turbine-induced nortality.

D fferences in survival between PIT-tagged subyearling fall
chinook salnon released in the Snake and C earwater rivers in
1995 was nostly related to the effects of water tenperature on
early life history timng. Snake River water tenperatures were
warner than Cearwater River tenperatures. Spawning occurred
over a simlar period of tinme in both rivers, but sal non enbryos
devel oped faster in the Snake River and energed, reared, and
began seaward mgration earlier in the sumrer. Earlier mgrating
Snake River fall chinook sal non passed through Lower G anite
Reservoir under higher flows than Cearwater River fish and were
exposed for shorter durations to warm sumer water tenperatures.
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Hat chery subyearling fall chinook salnon that were released early
and em grated under high flows survived better than fish which
were released later and emigrated under lower flows (Smith et al.
in press). Nat ural subyearling chinook salnmon PIT tagged from
1991- 1995 were detected at higher rates at Lower G anite Dam when
tenperatures in Lower Ganite Reservoir were cool (Connor et al.
in preparation). Detection rates at Lower Ganite Dam from 1991-
1995 are relative indices of survival for salnon that mgrate
seaward in the sumer. Early energence, rearing, and seaward

m gration positively affected subyearling fall chinook sal non
survival .

Management Implications

Application of our 1995 research to managenent issues
depends upon the existence of consistent differences in early
l[ife history between fish in the Snake and C earwater rivers.
Differences exist in emergence dates of fry in the Snake and
Cearwater rivers (Figure 7). W estinmated nmean dates of
enmergence for pre-dam historic popul ations of fall chinook sal non
in the Marsing reach of the Snake R ver and the |ower 60 km of
Clearwater River of 23 April (7 4d) and 4 June (+13 d) based on
wat er tenperature. In the nore recent period (1976-1981), Snake
River water tenperatures in the downstream reach were cool er than
near Marsing and energence was |ater (7 May+9d). Dworshak Dam
advanced energence in the Cearwater River (26 May+3 d), but the
energence estimate for the | ower reach of the Snake River was
still 19 d earlier consistent with 1995 results (Figure 2). Qur
1995 results should hold true in the future unless time of
spawni ng advances markedly in the Cearwater R ver

The goal of the ESA is to restore viable self-perpetuating
popul ati ons of mamals, birds, and fishes into their native
habi tat (USFWS 1988). Sunmmrer flow augnentation (NMFS 1995) and
suppl ementation with hatchery fish (Mller et al. 1990; Steward
and Bjorn 1990) are two tools being used to recover Snake River
fall chinook sal non. Most juvenile fall chinook salnon mgrate
downstream t hrough the | ower Snake R ver from 21 June to 31
August and that period has been proposed for flow and tenperature
modi fication (NVFS 1995). A target flow of 50,000-55,000 £ft*/s
at Lower Granite Dam has been proposed to |essen travel tinmes for
mgrating salnon (FPC 1994), and a tenperature target of 15°C to
17°C to increase subyearling fall chinook sal non survival.

Rel eases of cold water from Dworshak Reservoir for sumrer

fl ow augnentation may affect growh and time of mgration of
Clearwater River fall chinook sal non. FIl ow augnentation in 1994
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Figure 7.-Mean emergence dates (+SD) of fall chinook salmon fry estimated
using data collected for pre- and post-dam periods. Snake River data were
collected upstream of Brownlee Dam (1960-I 970; representative of pre-dam
conditions) and downstream of Hells Canyon Dam at Anatone, Washington
(1976-1 980; termed post-dam). Clear-water River data were collected at
Spalding Idaho before (1960-1 970) and after (1976-1 981) construction of
Dworshak Dam. Number of years used to estimate mean emergence dates is
given above SD bars.
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included 26 d of releases of 8.7°C water that dropped water
tenperature in nearshore areas of the Cearwater River from about

16°C to 12°C when parr were present. Researchers agree that such
a drop could possibly affect snoltification (Arnsberg and Statl er
1996; Connor et al. 1996). Fi sh managers shaped fl ow

augnent ati on from Dworshak Reservoir in 1995 to mnimze inpacts
on subyearling fall chinook salnon rearing in the O earwater
River. Protracted high natural flows allowed the delay of flow
augnent ati on from Dworshak Reservoir until 16 July, when the

rel eases of 13.0 kcfs of 10°C water began and continued for 48 d.
Clearwater River fall chinook sal non began em grating before 16
July (Tables 2 and 3). Prior to 16 July, dearwater R ver

t enperatures were above 18°C and decreased to 15°C-17°C after 16
July (Figure 8). This decrease put tenperatures in a better
range for growth {(Connor 1989). Summer flow augnentation from
Dawor shak Reservoir benefited fall chinook salnon in both the
Snake and C earwater rivers in 1995.

The second fall chinook sal non recovery neasure is
suppl enentation, or stocking hatchery fall chinook salnon in the
Snake and Clearwater rivers to eventually increase the abundance
of naturally produced fish. An average of about 250,000
subyearling fall chinook salnon were released in the Snake R ver
each year from 1978-1985 (Roseberg et al. 1992). Adult counts at
Lower Granite Dam from 1981-1989, when adults that had spent
three years at sea would have returned, ranged from 340 to 951
and averaged 667+168 (Waples et al. 1991). Rel eases of
subyearling hatchery fall chinook sal non were discontinued after
1985. Adult escapenents after 1990 have been made up of
natural ly produced fall chinook salnon and fish that stray from
downstream hatcheries. After factoring out hatchery strays, an
average of 4194223 natural adults have passed Lower G anite Dam
bet ween 1990 and 1994 (248 |ess than the 1981-1989 average; Lavoy
1995). Benefits of supplenentation in the Snake River appear to
have been epheneral.

Suppl enentati on by |daho Departnent of Fish and Gane
i ncluded planting eyed fall chinook sal non eggs in O earwater
River tributaries above the North Fork confluence from 1948-1967
(Waples et al. 1991). According to Waples et al.(1991), egg
transfers ranged from 400,000 to 1.6 mllion from 1960 through
1967. Escapenent above Lewiston Dam from 1963- 1972 ranged from5
to 122 fish (mean=52+41; lrving and Bjornn 1981). Fal I chi nook
sal non supplenentation in the Cearwater R ver was discontinued
in 1968 before Lower Monunental (1969), Little Goose (1970), and
Lower Granite (1975) dans were constructed. Per haps enbryo
devel opnment in tributaries was sl ow because of cold water |eading
to snmolt survival even |ower than we docunented for sal non
produced in the | ower mainstem C earwater River in 1995.
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Figure 8.-Mean daily water temperature measured in the Clearwater River by the
United States Geological Survey at Spalding, Idaho, July 1995. Flow augmentation
began on 16 July in 1995.
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Lack of long-term benefits of past supplenentation efforts
in the Snake and O earwater rivers enphasizes the inportance of
viewi ng supplenentation as an interim recovery neasure {(Bevan et
al. 1994). Based on our studies in 1995, and review of past
history, fall chinook sal non production upstream of Lower Ganite
Dam is constrained by water tenperatures. Ri ver conditions
upstream from Lower Ganite Dam do not allow the salnon to grow,
becone snolts and mgrate seaward on the same tine schedul e as
their forbearers. Survival of seaward mgrating fall chinook
sal non snolts appears to be related to mgration timng; late
em grants survive at |ow rates. O the three reaches we studi ed,
suppl enentation with hatchery fall chinook salnon in the upstream
reach of the Snake River would result in the earliest magrating
snol ts. Suppl enentation in the Cearwater R ver would produce
the |atest mgrating snolts. The main effect of supplenentation,
regardl ess of the river stocked, would be artificial inflation of
spawner nunbers. The evolutionary benefits of maintaining
spawming in the wild, and the ability of salnon to adapt and
devel op successful life history strategies, are unknown.
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Behavi or of Juvenile Fall Chinook Salnmon in the
Forebay of a Lower Snake R ver Reservoir
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I nt roducti on

The effect of hydroelectric devel opnent in the Snake and
Col unbia river basins on the mgratory behavior of juvenile
sal nonids is of particular concern because these dans are known
to delay the timng and mgration rates of outmgrating juvenile
sal moni ds (Oncorbynchus spp.; Raynond 1969; Netboy 1973; Raynond
1979). Past studies have used the mark and recapture of freeze
branded fish (Raynond 1968; Bentley and Raynond 1976; Berggren
and Filardo 1993) or passive integrated transponder (PIT,;
Prentice et al. 1990) tagged fish (Connor et al. 1993; Connor et
al. 1994; Achord et al. 1996) to describe juvenile salmonid

passage and mgratory behavior. These techniques permt |arge
nunbers of individuals to be marked relatively quickly and
i nexpensi vely, however, it is inpossible to identify specific

areas between marking and recapture |ocations where mgrational
del ays are occurring. Smth et al. (1993) recognized this
[imtation and recommended, "future research efforts be directed
at inproving the resolution of travel tine estimates by neasuring
responses through shorter reaches of river."

Passage tinme through specific reservoir sections can be
estimated using radio telenetry, thus allowing investigators to
identify areas where snolts spend inordinate amounts of tine. In
the past, however, transmtters were too large for use with snolt
si zed ani mal s. The recent miniaturization of radio telenetry
equi prrent now all ows researchers to fit salmonid snolts as smal
as 115 mmfork length (FL) with radio transmtters. In this
study, we used radio telenmetry to describe wild, juvenile fal
chi nook sal mon Oncorbynchus tshawytschsa passage through Little Goose
Reservoir, wth particular enphasis on their behavior within the
forebay. Qur objectives were to: 1) conmpare residence tine and
mgration rates of juvenile fall chinook sal non through two
reservoir reaches and the forebay, and 2) describe juvenile fal
chi nook sal non behavior while in the Little Goose Dam forebay.

Met hods

Little Goose Reservoir (Lake Bryan), is |located on the |ower
Snake River in eastern Washington (Figure 1). The reservoir was
created in 1970 with the conpletion of Little Goose Dam and is
approxi mately 60.3 kmlong. Little Goose is the third damon the
Snake Ri ver upstream of the confluence with the Col unbia River,
and there is one dam upstreamfrom Little Goose before the free-
flowing Hells Canyon reach (Figure 1).
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Natural |y produced juvenile fall chinook sal non were
collected and fitted with radio transmtters at the Lower Ganite
Dam juvenile fish collection facility between 10 July and 1
August 1995. Snolt race and origin (hatchery or wild) were
det erm ned by Washi ngton Departnent of Fish and Wldlife
personnel during routine snolt nonitoring operations. Fish had
to be at least 115 mm FL and have no visible signs of injury or
stress to be selected for tagging. Fish neeting these criteria
were anesthetized in tricaine nethanesul fonate (MS-222), neasured
to the nearest 1 nm FL and weighed to the nearest 0.1 g. A radio
transmtter with unique frequency was then gastrically inplanted
in the juvenile fall chinook sal nobn using the techni que descri bed
by Snelling (1996). After tagging, fish were allowed to recover
in river water for approximately 24 h before being rel eased.
Transmtters were 14.4 mmlong by 7.3 mmin dianeter, weighed
0.99 gin air and 0.76 g in water, and had a guaranteed |ife span
of 21 d (Kelly and Adans 1996).

After release, juvenile fall chinook sal non novenents were
noni tored by automated receivers connected to stationary antennas
(hereafter referred to as arrays). Related arrays were grouped
into banks, generally depending on their location in the study
area. Banks were |ocated 14.4 km above Little Goose Dam at New
York Island, on barges in the Little Goose forebay boat
restricted zone, and along the face of the dam (Figure 2).
Addi ti onal banks were located at the Little Goose juvenile fish
collection facility and on the shoreline approximately 1 km bel ow
t he dam Banks will be referred to as island, barge, dam and
exit. This configuration enabled us to calculate separate
residence tinmes and mgration rates (kmd) for fish in the upper
45.9 and lower 14.4 kmof the reservoir, and to estimate the tine
fish spent in the i medi ate forebay area before passing the
facility. Al arrays used tenporally synchroni zed Lotek* W18
receivers and one to four directional antennas, which allowed
detections fromdifferent receivers to be accurately tine
sequenced. I nformati on was downl oaded from these receivers onto
a portable personal conputer approximately every other day to
reduce the extent of data loss if a receiver malfunctioned and to
add or renove frequencies as fish passed through the study area.

Receivers in nultiple-antenna arrays (barge and dam banks)
were configured in a nmaster-slave arrangenent. In this system
recei vers scanned each programed frequency for 3 s, receiving

Use of trade nanes does not inply endorsenment by the U S
Ceol ogi cal Survey or the United States CGovernnment.
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Figure 2. -Locations of fixed arrays of antennas used to

nmoni tor the novenents of radio-tagged juvenile fall chinook
salmon in Little Goose Reservoir during July - August 1995 and
1996. Location of arrays N, I,and S are at New York Isl and,
14.4 km upstream of Little Goose Dam (A). Arrays F and G were
| ocated on barges in the forebay boat restricted zone (BRZ),
and E, 0, P, and L were located at the earthen dam spillway,
power house, and navigation |ock, respectively (B).
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signals fromall antennas (master) sinultaneously until a radio
signal was detected. The receiver then recorded the date, tine,
frequency, signal strength, and beats-per-m nute of the signal.
The receiver then scanned each individual antenna (slave) for an
additional 3 s recording the above information plus the slave
antenna nunber if the signal was again detected. This
configuration increased the accuracy and precision of |ocation
estimates, because the directional properties of the antennas
result in signal strength being highest on the antenna the
transmtter i s nearest.

Data anal ysis consisted of arranging all detections for
i ndi vidual frequencies in chronol ogical order creating a
sequential record of each fish's |ocation over tinme. From t hese
records, residence tinme in the upper reach was cal cul ated as the
time fromrelease to the fish's first detection at the island
bank. Resi dence time in the lower reach was the tinme between
initial detections at the island and barge or dam banks.
Finally, forebay residence tine was the tinme between initial
detections at either the barge or dam bank and the tinme of first
detection at an exit bank or the |ast detection at a barge or dam
bank. Mgration rates were cal culated as reach |ength divided by
resi dence tine.

M gration rates through the reservoir reaches and forebay
resi dence tinmes were conpared between rel ease groups using the
nonparanetric Kruskal -Wallis test, wth significance assuned at
a < 0.05. The nonparanetric test was chosen because the data
were not normally distributed. Nonparametric tests were also
used conpare these results to other related studies (ie. Dawl ey
et al. 1986, Fish Passage Center 1994, Miir 1995). To
approxi mate a nonparanetric multiple range test to identify
rel ease groups with differing mgration rates or forebay
resi dence tines, the raw data were ranked and a standard anal ysis
of variance was run on the rank scores. This procedure is
equi valent to the Kruskal-Wallis test and the "F" statistic
calcul ated by the paranetric procedure is often better than they?
approxi mation used in the Kruskal -Wallis test (SAS Institute Inc.
1990). This technique then permts the calculation of a Tukey's
mul ti ple conparison test, which is an acceptabl e approxi mati on
when used in this manner (SAS Institute Inc. 1990). Wen
differences in residence tinmes or mgration rates were not
detected, the data were pool ed.

The sequential detection records were also used to determ ne
i ndividual fish locations in the forebay over tine, and were
separated into "initial" and "subsequent" dam encounters for
analysis. An initial dam encounter was defined for fish that had
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not been detected at the dam previously, and were first detected
at the barge bank and then detected at the damwithin 1 h.
Encounters not neeting these criteria were classified as
subsequent . An encounter lasted fromthe tine a fish was first
detected at a barge or the dam and |asted through the final
detection prior to its absence fromthe telenmetry record for > 1
h. Separate encounter records were created each tinme a fish
entered the forebay record, so nultiple encounter records were
created for sone fish. Encounter records > 2 h in duration were
anal yzed for duration and nunber of forebay crosses (laterally,
longitudinally, and diagonally). A 2 h mninumrecord |ength was
chosen to nmaxim ze the nunber of fish included in the analysis,
while maintaining sufficient record length to accurately describe
their behavior. Crosses per hour were then cal cul ated by
dividing the total nunber of crosses by encounter duration.
Crosses per hour were conpared between initial and subsequent
encounters to determne if juvenile fall chinook sal non behavi or
changes after encountering the Little Goose Dam forebay.

Absences from the forebay telenetry record were considered
upst ream excursions when the followng criteria were met: 1) The
fish was not detected at the dam or barge banks for > 1 h, and
the detections ending and resum ng the chronol ogi cal sequence for
that fish were at a barge or the navigation |ock. 2) An absence
fromthe forebay record was al so considered an upstream excursion
if the fish was detected at the island bank after the fish was
known to have reached the dam regardl ess of where the
chronol ogi cal record was broken or resunmed. Upstream excursions
were anal yzed for duration, the nunber of excursions per
i ndi vidual and whether or not the individual returned to the
i sl and bank.

Resul ts

One hundred nineteen juvenile fall chinook sal nron were radio
tagged and released into Little Goose Reservoir in six rel ease

groups of approximately 20 fish each (Table 1). The mean size of
tagged fish increased from 132 nm FL and 29.4 g in the first
release to 155 mmand 53.5 g in release six (Table 1). Tag

retention was 100%, but one tag failed during the 24-h recovery
peri od. Tagging nortality was 3.2% (4 of 124) over the sane
period. Three nortalities were fromrel ease group three, of

whi ch two were approxi mately 5% descal ed.

Resi dence tines in the upper and |ower reservoir reaches

were simlar, but due to the difference in reach length mgration
rates differed. Median passage through the reaches occurred in
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Tabl e 1.-Release dates, nunber, and nean fork length (mm and
wei ght (g) of radio-tagged juvenile fall chinook sal non rel eased
into Little Goose Reservoir during July - August 1995 and 1996.

1995 Rel ease

Rel eases Dat e( s) N Lengt h (SD) Wei ght (SD)
1.00 7/11 20 132 (9.53) 29.4 (6.01)
2.00 7/14-15 19 136 (10.87) 34.0 (8.15)
3.00 7/19 16 133 (12.38) 34.8 (8.78)
4. 00 7/21 20 142 (8. 35) 44.1 (8. 40)
5.00 7/28, 30 21 152  (6.03) 50.2 (6.50)
6. 00 8/02 23 152 (8. 40) 52.7 (7.24)

Overal | - - 119 142 (12.40) 41.5 (11.54)
1996

Rel eases
1.00 7/16 25 138 (9.3) 33.0 (7.4)
2.00 7/19, 21 25 143 (7.4) 39.0 (6.1)
3.00 7/23 19 144 (10.3) 41.3 (9.8)
4. 00 7/26 20 143 (9.0) 38.1 (6.8)
5.00 7/30 19 148 (8.5) 42.7 (7.7)
6. 00 8/02 20 147  (10.5) 42.5 (9.7)

Overal | - - 128 144 (9.5) 39.1 18.5)
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1.8 din the upper and 1.0 d in the | ower reach. M gration rates
within the reaches did not differ between rel ease groups

(Kruskal -vallis, F= 0.89, P= 0.4965 upper reach, F=1.21,P=
0. 3226 |ower reach), but fish mgrated faster through the upper
reach than through the | ower reach. Medi an mgration rates were
26.0 and 14.9 knid through the upper and | ower reservoir reaches,
respectively, and differed significantly (WIcoxon 2-Sample Test,
Z = -3.6721 P = 0.0002; Figure 3). M gration statistics for each
gquartile of juvenile fall chinook sal non passage through the two
reservoir reaches are presented in Table 2.

Fish spent less time in the forebay than in either reservoir
reach, but due to its short length (0.6 km) the migration rate
through this section was actually the | owest observed. Median
forebay residence tinme was 0.8 d (range 28 mn - 28.5 d), and the
medi an rate of migration through the forebay was 0.7 knmd (Table
2; Figure 3). Mgration rates through the forebay were variable
and differed between release groups (Kruskal-Wallis, F=3.42 P
= 0.0073). Tukey's Studentized Range Test (perforned on rank
scores) identified the mgration rate of fish fromrel ease one
(rmedian 0.21 knid) as being significantly |ower than that of
rel ease three and six (nedians 1.27 and 1.47 knmd, respectively)
despite the general decline in river flow over the study period
(Figure 4).

Medi an residence tinme in the forebay (0.8 d) and | ower
reservoir section (1.0 4) was the same as through the upper reach
(1.8 d) despite being only a third as |long. However, all fish
passed through the upper reach within 5 d, but 18% of study fish
remai ned in the forebay and | ower reach between 7 and 28.5 d
(Figure 5).

Two behavi ors becane apparent in radio-tagged juvenile fall
chi nook salnon while in the Little Goose Dam forebay. The first
was a pattern of circling the forebay, and the second consi sted
of upstream excursions of varying duration with the fish
eventually returning to the forebay. Peak nunbers of detections
in the forebay telenetry record were observed at 0500 hours and
agai n between 1600 and 1900 hours, and detection frequency did
not appear to be related to nmean hourly discharge (Figure 6). No
spill occurred during this study, so all discharge was through
t he turbines.

Forty-eight fish net the initial encounter requirenents, and
t hese encounters were used to describe how juvenile fall chinook
sal non approach Little Goose Dam Most (60% entered the forebay
at the northern barge, and continued their approach to the dam
along the north shore, with 73% being detected initially at the
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Figure 3.- Median mgration rate (kmd) of radio-tagged
juvenile fall chinook salnmon through three reaches of Little
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Table 2.-Mgration rates and associ ated residence tinmes of

radi o-tagged juvenile fall
Littl e Goose Reservoir.
New York | sl and;

Dam NYI -

L& forebay; Exit

Abbr evi ati ons are:

chi nook sal nbn in various reaches of

LGR - Lower Granite

L&D - Little Goose Dam Forebay the
- detected bel ow LGO

Migration Rate (km/d) Residence Time (4)

Reach 1995 1996 1995 1996
LGR - NYI

M ni mum 9.5 3.0 4.8 15.4
Quartile 1 19.3 19. 60 2.4 2.3
Medi an 26.0 24. 80 1.8 1.8
Quartile 3 36.4 37. 80 1.3 1.2
Maxi mum 49.5 48. 30 0.9 1.0
NYI - LGO

M ni mum 1.5 1.4 9.6 10.0
Quartile 1 10. 4 9.1 1.4 1.6
Medi an 14.9 13. 40 1.0 1.1
Quartile 3 24.5 19. 60 0.6 0.7
Maxi mum 63.6 44,70 0.2 0.3

Forebay

M ni mum 0.0 0.01 28.5 47. 6
Quartile 1 0.3 0.3 2.2 1.7
Medi an 0.7 0.9 0.8 0.7
Quartile 3 2.3 2.3 0.3 0.3
Maxi mum 30.3 18. 30 0.0 0.03
LGR - LGO

M ni mum 4.9 3.7 12. 4 16. 3
Quartile 1 16. 8 15.50 3.6 3.9
Medi an 20.1 20. 20 3.0 3.0
Quartile 3 29.1 26. 80 2.1 2.3
Maxi mum 50.0 46. 30 1.2 1.3
LGR - Exit

M ni mum 1.9 1.2 31.6 52.0
Quartile 1 9.9 9.2 6.2 6. 50
Medi an 14. 4 15.50 4,2 3.90
Quartile 3 17.6 21. 20 3.4 2.80
Maxi mum 29.0 36. 90 2.1 1.60
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earthen dam or spill way. Five of these fish had initial

encounter records consisting of only a single dam bank detection
and were excluded from further analysis. Initial encounter
records for the remaining fish had a nedian length of 2 h 36 mn
(N = 43 range 3 min - 17 h 58 mn). Fourteen initial dam
encounters termnated in upstream excursions, and one fish passed
the facility and was detected at an exit bank during its initial
dam encounter.

We docunented 116 separate dam encounters > 2 h of radio
tagged juvenile fall chinook sal non. Fish with initial encounter
records > 2 h (N = 24, nedian 4 h 38 mn, range 2 h - 17 h 58
m n) averaged 6.0 forebay crosses before being lost fromthe
telenetry record for > 1 h, and had a nmedian score of 1.3 forebay
crosses per hour (Figures 7, 8). Subsequent encounter records
had a nmedi an duration of 4 h 32 mn (N = 96, range 2 h - 19 h 25
mn), with fish averaging 4.4 forebay crosses. The nedi an nunber
of forebay crosses per hour for subsequent encounters was 0. 85,
and differed significantly fromthat of initial encounter records

(WIlcoxon 2-Sanple Test, Z = 2.9103, P = 0.0036).

Thirty-four fish nmade upstream excursions based on our
criteria, and these had a nedian duration of 4 h 31 mn (range 1
h 2 mn-170 h 30 mn (7.1 d)). Individual fish nade up to six
separate upstream excursions, and five traveled at |least 14.4 km
upriver and were detected at New York Island.

Di scussi on

The residence tines and mgration rates of juvenile fal
chinook salnon in Little Goose Reservoir indicate downstream
mgration is directly related to reservoir water velocity. Thi s
suggests that the I ower portion of the reservoir and the forebay,
where water velocity is low, may be areas where much of the
m grational delay is occurring. Decreased migration rates in
yearling chinook sal non occur concurrently wi th decreased water
velocity (Raynond 1968), who docunented a decrease in mgration
rate from47 to 13 kmid after fish entered the inpounded waters
of McNary Reservoir. Mgration rates then returned to pre-

i mpoundment | evels (40 knmid) after re-entering the free-flow ng
Col unbia River below McNary Dam [the study was conducted prior to
t he conpl etion of John Day Danj. Raynond (1969) al so docunented
decreased mgration rates in juvenile chinook sal non [probably
spring race] between |Ice Harbor and The balles dans from 18 to 11
kmd after the conpletion of John Day Dam Finally, Thorpe et

al. (1981) found the downstream di spl acenent of Atlantic sal non
Salmo salar snolts was related to surface currents in that their
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Figure 7. -Chronol ogical order of 14 locations for fish 150.740
during its 9 h 55 min initial encounter with Little Goose Dam in
1995. This fish was later detected in the Little Goose Dam

juvenile fish collection facility 93 h 42 mn after its initial
forebay detection.
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fish
encounter with Little

_ \ _ \ r detected in the Little
Goose Dam juvenile fish collection facility 19 h 54 mn after

its initial forebay detection.

Figure 8.-Chronol ogical order of 9 locations for

150.911 during its 4 h 36 mn initial
Goose Damin 1995.  This fish was |ater
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di spl acenent was just slightly faster than that of free drifting
drogues. W believe a simlar relationship exists between water
velocity and juvenile fall chinook sal non. This woul d expl ain
the differences in mgration rate between the relatively high
vel ocity upper reach and the |ow velocity |ower reach. If this
rel ationship proves true, one strategy to reduce residence tine
in outmgrating snolts may be to increase |ower reservoir and
forebay current velocities.

The percentage of snolts that do find their way past Little
Coose Damrelatively quickly nmay be masking a larger threat to
the snmolt popul ation as a whole. \Wile, a nmedian passage tine of
0.8 d through the forebay nmay not be a substantial delay, alnobst
20% of wild outmgrants remain in this area for > 7 d and
represents a significant portion of the popul ation. If a fish
that remained in the forebay 7 d had been able to nmaintain even
the reduced mgration rate observed in the |ower reservoir
section it would have traveled 104 km downstream i nstead of only
0.6 km Traveling at the rate observed in the upper reach, it
woul d have mgrated 182 km downstreamin the sanme anmount of tine.
In addition to getting snolts to the ocean sooner, reducing tine
spent in the forebay al so reduces the predation risk associated
with this area (Poe et al. 1991; Vigg et al. 1991).

We believe the circling and upstream excursions associ at ed
with juvenile fall chinook sal non behavior in the forebay are
al so associated with the reduced water velocity. Fried et al
(1978) found current to be the main factor influencing the route
and rate of outmgrating Atlantic salnmon snolts, and Thorpe et
al. (1981) reported the direction of Atlantic sal non snolt
di spl acenent and water novenent to be significantly correl ated.
It is reasonable that seaward mgrating Pacific sal non would al so
use current as a guide through the system Upon entering an area
of severely reduced flow this nechani sm woul d concei vably break
down and the outmgrant would try to locate the |ost velocity

stream It is this "search pattern” that we believe is
mani festing itself in the observed circling behavior. If, then,
after a period of searching, the out-mgrant was still unable to

find the current past the obstruction (in this case into the
juvenile collection facility or turbine) an upstream excursion
would allow the mgrant to relocate the |lost flow and take
anot her run at passing the obstruction. Fried et al. (1978)
describes a simlar situation where Atlantic salnon snolts
entered shall ow water or when tidal influences caused current
reversal s. At these times snolts were reported to stop, mll
about, or to begin swi mm ng against the current.
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I nt roducti on

Qur know edge of juvenile fall chinook sal mon Oncorbynchus

tshawytscha behavi or in nearshore rearing areas has increased in
recent years. Passive integrated transponder (PIT) tags have
been used to examne rearing site fidelity and to estimate
novenent rates in the free-flow ng Snake River and in Lower
Granite Reservoir (Connor et al. 1993; Connor et al. 1994a;
Connor et al. 1994b). Electrofishing and beach seining have been
used to identify preferred rearing habitats in the Colunbia R ver
(Key 1994a; Key 1994b). We attenpted to build upon these studies
by focusing nore closely on nearshore novenents, behavior, and
habitat use. The study reported here was conducted in the

Hanf ord Reach of the Colunbia River to use available fall chinook
sal non as surrogate experinmental animals for the threatened Snake
Ri ver stock. Qur objectives were to 1) docunent and conpare diel
patterns in the direction and nmagnitude of juvenile fall chinook
sal non novenents in nearshore habitats throughout the rearing
season, and 2) investigate the effect of differing flow and
substrate conposition in nearshore areas on juvenile fall chinook
sal non novenent patterns.

Study Area

The 1995 study area was |ocated near R chland, WAshi ngton
between river kilonmeter (Rkm) 547 and 554 on the Col unbia River
(Figure 1}. Rver kilometer information was obtained fromU. S
Ceol ogi cal Survey 7.5 mnute topographic maps.

Met hods

Field Procedures

Paired fyke nets were fished during three periods, referred
to as "runs", at two locations in 1995. The early, mddle, and
| ate runs were between the dates of April 10-19, May 8-17, and
June 5-14, respectively. The first location had a shall ow
gradi ent, sand substrate and |low flow, and was the sane as used
by Venditti and Garland (1996). The second | ocation was
characterized by a steeper gradient, cobble substrate, and
relatively high flow Sites are referred to as "sand" or
"cobble" throughout this report. Fyke net pairs were fished for
five consecutive days at both sites during each run, and were set
to collect fish traveling parallel to shore in both upstream and
downstream directions (Figure 2). These nets were al so designed
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keep nearshore and offshore traveling fish separated. Traps were
set so the center and outer |ead anchors were approximtely 0.75
and 1.3 m deep, respectively. Trap frames neasured 1.2 m deep by
1.2 mwide, leads were 7.6 mlong by 2.0 m deep, and nesh size
was 3.2 nmon both traps and | eads.

Once set, nets were fished continuously, and fish were
renoved every 2-3 h depending on the nunber collected previously
and the anmount of debris in the nets. Fish fromthe nearshore
and offshore traps were placed in separate buckets, lightly
anest hetized with M5-222, identified to species, and enunerated.
Additionally, twenty individuals of each species collected in
each trap were neasured to the nearest 1 mmfork length (FL), and
wei ghed to the nearest 0.1 g. After handling, fish were allowed
to recover in fresh river water before rel ease.

Sel ected environmental measurenents were also taken at the
time of fish collection. These included water tenperature, depth
and velocity, and light intensity. Depth and velocity readings
were collected using a digital velocity neter and wadi ng staff.
Measurenents were collected at 20, 40, 60 and 80% of the distance
bet ween shore and the mddle trap | ead and between the center and
outer trap |eads. Depth was also collected at the center and
outer lead anchors. Wen water depth was < 0.75 m velocity
readi ngs were taken at 60% depth, and when > 0.75 m neasurenents
were taken at 20 and 80% dept h.

Data Analysis

Catch rates at each |ocation were conpared between nets
(upstream versus downstream and traps (nearshore versus
of fshore) to evaluate the direction, location, and timng of
subyearling chinook sal non novenents. Catch per hour (CPH) was
cal cul ated by dividing the nunber of fish collected in each trap
by the nunber of hours the net fished. To test for differences
in novenment patterns by tine, mean CPH val ues were cal cul ated for
the follow ng bl ocks: nighttinme (2101-0300 hours), dawn
(0301- 0900 hours), daytine (0901-1500 hours), and dusk (1501-2100
hours) .

Catch rates were exam ned graphically and statistically
usi ng anal ysis of variance (ANOVA) and t-tests (SAS 1990). When
significant differences were detected in the ANOVA anal ysis the
St udent - Newnman- Keul s (SNK) test was used to identify which factor
neans differed. Analysis of variance was used to determne if
catch rates varied by time period or direction of travel. A
t-test was used to test for differences in catch rates between
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the nearshore and offshore traps. Separ at e anal yses were
performed for each run. Raw catch rates are presented
graphically, but these data were normalized using the
transformation

CPH, = Log,, (CPH, + 1)

where CPH, is the normalized catch rate and CPH, is the raw catch
rate for statistical analysis. The constant 1 was added to al
CPH, estimated to provide a definition for the expression where
CPH, = 0. Statistical significance was assuned at o < 0. 05.

The vol une of water (m®/h) sanpled by each trap in the
downstream fishing net during each net set was calculated to
determine if the differences in trap catch described by Venditti
and Garl and (1996) could be explained by disproportionate sanple
vol unes. The overall nean water velocity (v,) through the two
traps was calculated by estimating the velocity at the m dpoint
of each cell (Figure 3), and weighting that estimate with the
cell frontal area using the fornula

5
Za,*uv,
n=1
Ve =
S
2 a,
n=1
where a,, is the cell frontal area and v, is the estimted velocity
(m's) at the midpoint of each cell. The volune (gq) (m*/s)

sanpl ed by each trap was then estimted using the formula

S
g =X a *v, *t

§
n=1

where a,, is the cell frontal area (m*), v, i s the average velocity
(m's) through the trap, from above, and ¢ is the tinme in seconds
the net fished. These results were then converted to m’°/h. The
frontal area of each cell was estimated by dividing the cell into
a rectangle and a triangle and summng their areas (Figure 3).

Vol une estimates through the upstream fishing net are not
reported because the position of the net obstructed the current,
resulting in artificially reduced neasurenents.

74



Depth and Velocity Trap Leads
Locations

i S ! I ] | 1 L I | !

dl id2 id3 a4 ias

¥
s .
. .
L4 .
[} []
. .
4 .
a
[} .
L4 .
M ‘
M .
]
¢
¢
[ ]
¢
]
L

COBPOORAOOERSNSL. 08 "

Figure 3. -Horizontal view of the fyke net design used to
collect juvenile fall chinook salmon in 1995. Vertical tics are
| ocations where depth and velocity were recorded. Cells with an
"s* prefix are between the shoreline and center |ead, and those
with a "d" are between the center and outer | eads. The cel
di agrans how cell frontal area was calculated to estimate vol une
of water sanpled for each net set.
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Cell mdpoint velocities were cal culated by the nethod
described in (Brooks et al. 1991). In this method, velocity
measurenents are taken at the edges of the cell, and their nean
is considered the velocity at the cell mdpoint (Figure 3).

Vel ocities were not collected at the two |leads. The velocity at
the center lead was estimated as the nean of the two velocity
nmeasurenments on either side of the lead, and the velocity at the
outside | ead was considered to be the sane as the nearest
measur ed vel ocity.

Resul ts

In 1995, we collected a total of 56,317 juvenile fal
chi nook sal non during the three runs. In the early run 11, 869
were collected, and had a nmean fork length of 42.2 nm(N = 2,970,
SD = 2.56, range 37-71 mm), and weight of 0.70 g (N = 536, SD =
0.20, range 0.3-1.9 g). Average size of the 42,527 juveniles
fromthe second run increased only slightly to 43.9 mmFL (N =
4,544, SD = 4.13, range 34-105 nun), and 0.77 g (N = 607, SD =
0.29, range O-3-2.5 g). W collected 1,921 juvenile fall chinook
salnmon in the third run, and their nean size had increased to
53.8 mm FL (N = 1,495, SD = 7.90, range 30-89 mm) and 1.96 g (N =
591, SD = 1.02, range 0.2-7.5 g).

Juvenile fall chinook sal non appeared to becone nore
nocturnal as the season progressed. In the first run, nean catch
rates over the four tinme periods peaked during the daytinme and
dusk at the sand and cobble site, respectively. Peak catches at
both sites then occurred at dusk in the second run, and during
the nighttime in the third (Figure 4).

Anal ysis of juvenile fall chinook sal non catch rates
i ndicated that their novenents were generally directional and
dependent on tinme period. In the first run, catch rates varied
significantly by both tinme period, and direction at the sand site
(ANOVA, period, F= 3.84, P = 0.0116; direction, F=7.88, P =
0.0059), but only by direction at the cobble site (ANOVA, period,
F=1.99, P = 0.1175; direction, F=12.88, P = 0.0004). The SNK
test identified daytinme catches as being greater than nighttine
at the sand site, and downstream catches as being greater than
upstream at both sites. During the second run catch rates varied
by both tine period, and direction at both sites (anova, peri od,
= 7.33, P = 0.0002, sand, F= 7.79, P = 0.0001, cobble;
direction; F= 10.44, P = 0.0017, sand; F = 28.24, p = 0.0001
cobbl e) . Mul tiple conparison testing identified catch rates
during the dusk period as being greater than the other three
periods at the sand site, and daytine and dusk catches as greater
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than nighttine or dawmn catches at the cobble site. Catch rates
did not differ between daytime and dusk, or nighttine and dawn at
the cobble site. In the final run, catch rates again varied
significantly by tinme period at both sites, but novenent was no

| onger directional at the cobble site (aNova, period, F = 6.57, p
= 0.0004, sand; F= 6.92, P = 0.0003, cobble; direction, F =

5.51, P = 0.0204, sand; F=0.08, p = 0.7810, cobble). The SNK
test identified the following differences at the sand site,
nighttime catches were greater than both daytine and dusk, and
dawn catches were greater than dusk. At the cobble site

ni ghttime catches were higher than the other three periods, which
did not differ.

Regardl ess of substrate type or direction of travel,
juvenile fall chinook sal non catches were higher in the shall ow

trap during the first two runs (t-test, first runt= -6.6878,P=
0. 0001; second run t= -6.3056, P< 0.0001). In the third run
fish were collected equally at both trap depths (t-test, ¢ =
-1.3937, 1'= 0.1647).

Plotting catch data for individual net sets along with the
vol une sanpled clearly shows the shifting tines of peak catch
bet ween runs descri bed above, and denonstrates the differences in
fl ow vol une between traps and sites (Figures 5, 6, 7). Vol unes
sanpled by the two traps at the sand site were nore simlar than
at the conplex site, where the offshore trap consistently sanpl ed
a larger volunme of water. Fl ow di fferences between the two sites
are also readily observable. The higher water velocity present
at the conplex site is also apparent in the |larger volune of
wat er sanpl ed per hour.

Di scussi on

Juvenile fall chinook salnon in the Hanford Reach of the
Col unbi a River underwent two distinct changes in behavior between
April and June, 1995. First, they appeared to become nore
nocturnal later in the season. Second, their bias toward
downstream novenent through the nearshore corridor disappeared by
June, although nost fish had mgrated out of the nearshore area
by this time. These trends in behavior were al so observed in
1994 (Venditti and Garland 1996). In 1994 and 1995, peak catches
of juvenile fall chinook salnon shifted fromdaytine to nighttine
between April and June, and catch rates decreased by
approxi mately an order of magnitude over the sane peri od.
Al though the |ack of an upstream fishing net in April 1994
prevents a conparison of nmovenent in this direction early in the
year, downstream catch rates were simlar between years, and
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showed no directional bias by June. The addition of a run in
May, 1995 reinforced the supposition that nost fish were
emgrating fromthe area during this time, with the highest catch
rates observed during the study, and significantly greater
catches in the downstream fishing net. Dauble et al. (1989) also
col |l ected peak nunbers of juvenile fall chinook sal non noving
downstream during the m ddl e of My. However, Mains and Smth
(1956) collected peak nunbers of outmigrants in March and April
with a second peak of mainly age one chinook in June and July.
Unfortunately, neither study collected fish noving upstream so
it is unclear whether these peaks represent directed novenent.

The lack of a tine period effect in the downstream catch at
the cobble site during the first run was probably due to
relatively high flow rather than a behavioral choice. Many of
these fish were probably not devel oped to the point of being
conpet ent enough swmers to resist the velocity at this site, as
a nunber of fish collected in the first and second runs were
recently energed, and had not yet *'buttoned up" after yolk-sac
absorption, or still had button up scars on their ventral surface.

The pattern of catches becom ng nore nocturnal and | ess
directional, in the later runs, is probably due to behavi oral
changes affecting the way juvenile fall chinook salnon utilize
near shore areas. Upon reaching a size of approximately 85 mm
these fish begin to actively emgrate (Connor et al. 1993), and
the timng of collection of these fish at dans indicate juvenile
fall chinook sal non generally mgrate at night (Simms and
GCssiander 1981). This type of behavior was strongly evident in
the nocturnal, highly directional movements observed in the
second run. By the third run, while the fish remained nocturnal,
the downstream bias in their novenents appeared to have
di m ni shed. Unfortunately, we do not know whether this was
actually due to a decrease in the desire to nove downstream or
if they had noved of fshore and were mgrating in the higher
velocities, which would be consistent with other field and
| aboratory studies (Lister and Genoe 1970; Stein et al. 1972,
Tayl or 1991).

Conparing individual trap catches to the water vol une
sanpl ed byeach indicate juvenile fall chinook sal non prefer
nearshore depths of 0.75 mor |ess until about June. Thi s
preference for shallow areas may have evol ved for severa
reasons. Shal | ow water provides protection from piscivorous
predators, and may provide sone additional growh and feeding
advant ages. These areas warm qui ckly and require m ni mal energy
expenditure to hold position. Drifting organi snms, which Venditti
and Garland (1996) showed to be inportant food itens, are also
plentiful in these areas.
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| ntroducti on

Fal | chinook sal non Oncorbynchus tshawytscha in the Snake and
Colunbia rivers exhibit an ocean-type life history (Healy 1991).
Fry emerge from spawning gravel in the spring, rear in nearshore
areas for 2-3 nonths, then emgrate to the ocean during their
first summer of l|ife as subyearlings. Because t he Snake and
Col unbi a rivers have largely been transforned into a series of
reservoirs by hydropower devel opnent, emgration conditions
during the sunmer are characterized by decreasing flows and
increasing tenperatures. These conditions often becone
unfavorable to col d-water adapted fish such as sal non and may
negatively influence mgratory behavior and survival. Juvenile
sal mon which emgrate earlier in the season may gain a surviva
advant age by em grating under higher flows and cool er water
t enper at ur es.

Research conducted at McNary Dam from 1981 to 1983
determ ned that subyearling chinook sal mon which em grated
earlier in the sumer exhibited greater adult contribution than
did later em grants (Giorgi et al. 1990). No physical or
bi ol ogi cal factor could be isolated as a causal factor for this
phenonmenon even though a primary objective of the study was to
exam ne the influence of flows on juvenile em gration and
survival . Simlar research that we conducted from 1991 to 1994
showed that early mgrants usually had the fastest travel tine
fromMNary to John Day Dam (Nel son et al. 1993a; Tiffan et al.
1994a, 1994b, 1996). Although the full conplenment of adult
returns fromthis study is not in, prelimnary data show that
earlier emgrating fish have returned nearly twice as many adults
as later mgrants.

Currently causal evidence for differences in the mgratory
behavior and timng, and subsequent adult contribution of
juvenile fall chinook sal non is |acking. Qur 1995 work focuses
on the physiol ogical and m gratory devel opnment of subyearling
fall chinook sal mon from nearshore rearing through em gration
It is intended to provide insight for interpreting observed
differences in juvenile fall chinook sal non mgratory behavior.
The primary objective for this fifth year of study was to
descri be the physiol ogi cal devel opnment of premigrants from the
Hanf ord Reach of the Colunbia R ver and run-at-large fish
collected at McNary Dam by using seawater chall enges and salinity
preference tests. A second objective was to describe the
seasonal devel opnent of mgratory behavior at different water
velocities in a series of |aboratory experinments.
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Met hods

Seawater Challenges

Prem grant subyearling chinook salnon fromthe Hanford Reach
and actively em grating subyearlings passing McNary Dam were
subjected to 24-h seawater challenges to describe their
osnoregul atory devel opnent. The general procedures of the
seawat er chal l enges foll owed those of Blackburn and d arke
(1987). Separate recirculating flowthrough systens were used
for challenged and control fish. The seawater system was
conposed of four 80-L plastic containers which drained into a
sunp reservoir and a punp that recirculated salt water fromthe
sunp to the plastic containers. The freshwater control system
was identical to the seawater system except only two containers
wer e used. Each container held 15 fish, which were allowed to
acclimate for 24 h prior to being chall enged. Chillers were
placed in sunp reservoirs to maintain water tenperature at
ambient river temperature up to 18.3°C. Artificial sea salt was
di ssol ved and added to the sunp reservoir of the seawater system
to infuse salt water into the tanks w thout handling or
di sturbing the fish. A desired salinity of 30 parts-per-thousand
(ppt) was usually achieved within one hour. Unchall enged,
control fish were maintained in fresh water.

At the end of a 24-h challenge, fish were imobilized in
their tanks with 30 mg/L Ms5-222. Anesthetized fish were wei ghed
to the nearest gram (g), neasured to the nearest 1 mmfork |ength
(FL), rinsed in fresh water, and their tails blotted dry before
bei ng severed. Bl ood was collected fromthe caudal artery in
amoni um heparini zed Natel son tubes, centrifuged, and the plasma
imedi ately frozen in liquid nitrogen. Bl ood was pool ed from
three fish at a tinme to obtain an adequate plasma sanple from
smal|l fish collected early in the season, and was carried out
t hrough the renmai nder of the season for consistency. GII
filaments were collected for determ nation of Na',K'-ATPase
activity. Bl ood pl asma was anal yzed for Na' and K* by flane
photonetry and gill Na*,K'-ATPase activity was neasured using a
m croassay (Schrock et al. 1994).

Both prem grant and actively emgrating subyearling chinook
sal non were used in seawater challenges in 1995. Prem grants
used in challenges were collected biwekly fromthe Hanford Reach
frommd April to the end of June. Fish were collected with
beach seines and transported in 80 L plastic containers to Cook,
Washi ngt on. Oxygen was supplied to containers and water
tenperatures were maintained at + 1°C of anmbient river
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t enper at ure. Actively em grating subyearling chinook sal nron were
collected at the McNary Dam fish collection facility. Three
separate chall enges were conducted fromlate June to m d August
to characterize the seawater adaptability of em grants during the
early, mddle, late portions of the outmgration. Duplicate
chal | enges were conducted concurrently at both Cook, Washi ngton
and McNary Dam to eval uate any effects due to transporting fish.

Salinity Preference

The salinity preference of subyearling fall chinook sal non
was evaluated in a two-choice tank (Figure 1A) nodified from
Baggerman (1960) . Each plywood tank was 93 cmlong x 50 cm w de
X 65 cm high. A 43 cm high sheet of plexiglass placed in the
center of the tank divided it into two equal conpartnents. One
side of the tank was nmade of plexiglass, which allowed both sides
of the tank to viewed fromthe side. Valved inflow pipes were
pl aced in the back corner of each side of the tank and extended
to the bottomof the tank. The outlets of external, over-flow
stand pi pes were | ocated on opposite ends of the tank and
positioned to draw water from just below the |evel of the center
di vi der. This allowed saline water to be infused into one side
of the tank without spilling over into the other conpartnent. A
freshwater bridge 15 cm deep over the center divider allowed fish
to pass between the two sides of the tank. Aquarium tubing
extending to different depths at the back of each side of the
tank allowed water to be siphoned off for periodic salinity
nmeasur ement s.

Subyearling chinook salnon used in salinity preference tests
were collected in the Hanford Reach of the Col unbia R ver
t hroughout the spring and then at McNary Dam during the sunmer.
Testing was conducted using a pair of tanks; one saline gradient
tank and one freshwater control tank. The tank and conpart nment
that received salt water was randomy determ ned for each test.
Six replicate tests were run per week using new fish in each
test. Ten fish were placed in each tank, five in each
conpartnent, and were allowed an acclimation period of 1 h in
fresh water, which allowed fish to explore the tank. After
acclimation, one side of one tank was infused with 20 ppt salt
water until the outflow salinity equaled inflow salinity. At
this point, the inflow was stopped and behavior in each tank was
recorded using separate video systens for a period of 2 h.

Fish behavior in salinity preference tanks was determ ned
using a video canera set to view the plexiglass side of the tank
so fish positions could be nonitored. | mages were sent to a
renote VCR operated in 12-h tine | apse. Overhead lighting was
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provi ded by 60 Wincandescent bul bs over each tank. The entire
testing arena was surrounded by a dark canvas curtain to mnimze
di st ur bance.

Vi deo tapes were anal yzed by making counts of fish |ocations
in four arbitrary divisions of the tank (Figure 1B).
(bservations were nmade every three mnutes throughout the test
for a total of 50 observations, and the nunber of fish observed
was sumed for each location. Chi-square anal yses were perforned
to conpare the distribution of fish on the salt and freshwater
sides of each tank to a random distribution for each test (Zar
1984). The followng rules were used to determne if there was a
preference for salt or fresh water in the gradi ent tank. [f the
nul I hypothesis that distributions were randomin each gradient
and control tank for a given test was not rejected at a< 0.05,
t hen preference could not be determ ned. If the null hypothesis
was rejected in the gradient tank, but not in the control tank,
then preference was assigned to the side of the gradient tank
whi ch contai ned the nost observati ons. If the null hypothesis
was rejected in both gradient and control tanks, then a
preference for a particular side of the gradient tank could only
be determned if the side containing the nost observations did
not correspond to that of the control tank. I f the nost
observations occurred on the sane sides of both gradient and
control tanks, then preference could not be determ ned.

In addition to statistical determnation of salinity
preference, test results within a given week were pool ed and
di spl ayed graphically. The average nunber of fish on the
sal twater sides of the gradient tanks, or corresponding sides of
the control tanks, were calculated for the saltwater |ayer and
for the freshwater |ayer above the salt water and converted to
per cent ages.

Migration Experiments

Movenent behavi or was studied in a conpartnentalized,
fluvial tank to determ ne the seasonal changes in mgratory
di sposition of both prem grant and actively emgrating
subyearling fall chinook sal non. Tests were conducted biweekly
from May through August using fish collected fromthe Hanford
Reach and from McNary Damin both 1994 and 1995. Two tanks were
used to provide fish with a series of up and downstream choi ces
under different water velocities and |light conditions, Each tank
was 4.8 mlong and was divided down the mddle by a partition
(Figure 2). Additional partitions were set perpendicular to the
center partition to divide the tank into 16 conpartnents
measuring 0.5 mwide x 0.6 mlong x 0.6 m deep. Holes (0.1 m
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chi nook salnmon in 1995.
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dianeter) were cut in each conpartnent partition 0.2 mfromthe
bottom and were staggered as shown in Figure 2 to increase the
conpl exity of passage through the tank. Cone traps were set in
the farthest up and downstream conpartnents to trap fish reaching
the ends of the tank. A punp circulated water through the tank
and a chiller maintained the water at anbient river tenperature.
Water depth in each tank was 0.4 mand velocities of 0, 15, 30,
or 45 cm's were naintained at each partition hole by adjusting a
val ve plunbed between the punp and the tank. Daytime tests were
usual Iy conducted from 0800 to 1600 hours while nighttinme tests
were run from 2000 to 0400 hours the next day.

Fi sh behavior was nonitored renotely using video equi pnent.
Four overhead video caneras were used to view all conpartnents
during a test (Figure 2). The use of a quad unit and VCR al | owed
i mges fromall four caneras to be recorded simnultaneously onto
one video tape. Nighttime illum nation was provided using
infrared |ights.

Tests were begun by placing screens over the partition holes
of the acclimation conpartnent and introducing 10 fish. Pl aci ng
fish in this conpartnent all owed seven upstream and ei ght
downstream choi ces to be nmade before reaching the ends of the
t ank. Fish were allowed a 4-h acclimtion period after which the
screens were renoved and the fish were allowed to nove freely
about the tank. Fish were then videotaped in 12-h time | apse
nmode for 4 h. At the end of each test, fish |ocations were
recorded and the fish were either renoved and wei ghed and
neasured or else were left in the tank if they were to be used
agai n.

A conpl etely random zed design was used to eval uate novenent
behavi or under all conbinations of velocity and light. The 45
cms velocity was only used during the daytinme when sufficient
nunbers of fish could be obtained. New groups of fish were
tested at each water velocity in each tank. Each group of fish
was evaluated twice at a particular velocity; once under |ight
condi tions and once in darkness. The order test velocities were
random y determ ned each week. To avoid potential bias from
starting replicate tests of a given velocity under the sane |ight
condition, the starting light condition between the two tanks was
varied. An exanple of this is shown in the follow ng diagram
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Tuesday Wednesday Thur sday Fri day
Tank Day Night |pay Nght |Day Nght |Day N ght
1 30' 30 0 0 15 15 45
2 45 15 15 30 30 0 0

* \VVelocities are in cnis.

Fish were arbitrarily grouped according to their mgratory
status for analyses. Fi sh obtained in nearshore areas of the
Hanford Reach through md June were termed prem grants. Fi sh
collected at McNary Dam from the end of June through August were
termed mgrants.

Tests were analyzed to obtain a net novenent score, nean
time to an up or downstreamtrap, and activity |evels. Scor es
were assigned to each fish based on the conpartnent it was in at
the end of the test. The acclinmation conpartnment served as a
reference and was assigned a value of 0. Then each conpartnent
up and downstream were nunbered sequentially, wth downstream
conpartnments bei ng negati ve. Therefore, the higher the score for
a given fish, the further upstreamit travel ed, and conversely,
the lower the score, the further downstreamit was at the end of
the test. Scores were summed to produce a net novenent score for
the test.

Vi deot apes were scanned for the tinmes fish entered the up
and downstreamtraps to determne the rate of novenent to the
ends of the tank. Mean novenent tinmes to traps were cal cul ated
for fish at each water velocity during each week of testing. The
proportion of fish entering the traps was al so cal cul at ed. Day
and night tests were conbined within each velocity to sinplify
anal ysi s. Li near regression and correl ation anal yses were
conducted to exam ne the rel ationshi ps between novenent rate and
proportion trapped and date of testing (SAS Institute 1990).

To determ ne how final scores and novenent rates were
related to fish behavior during each test, the activity |evels of
fish were nmeasured by counting the nunber of partitions that were
passed wi thin subsanpled tinme blocks. Subsanpled bl ocks were 15
mn long and one bl ock was sanpled for each hour of testing for a
maxi mum of four blocks for a 4-h test. Activities fromthe
bl ocks were sumed and adjusted for the nunber of fish in the
traps and were expressed as the nunber of partitions passed per
fish per hour; no attenpt was nmade to distinguish individua
fish.
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Resul ts

Seawater Challenges

Mortality and plasma sodium | evels of subyearling fal
chi nook sal non in seawater chall enges showed simlar decreases as
fish devel oped frompremgrant into mgrants (Figure 3).
Mortality was high for premgrants in 1995 and did not drop bel ow
10% until active mgrants were chall enged beginning in |late June.
The only nortality in control fish occurred on June 1 and was
3.3% Pl asma sodi um | evel s of seawater challenged fish decreased
until md July and then rose slightly in md August (Figure 3).
Fi sh were osnoregul atory conpetent by the end of June when they
were able to maintain plasma sodi um near or bel ow 165 mmol/L
(A arke and Shel bourn 1985). These fish were active mgrants
collected at McNary Dam and chal | enged at Cook, Washi ngton.
M grants chal |l enged at McNary Dam had plasma sodi um | evel s near
or higher than 165 mmol/L (Figure 3), which indicated that fish
had difficulty osnoregulating. H gh plasma sodi um val ues were
not observed in active mgrants challenged at McNary Damin 1992
and 1993. Pl asma sodi um val ues of seawater challenged fish were
all significantly different than control fish val ues.

Condition factors of premgrants challenged in salt water
were significantly lower than those of control fish until md
June suggesting that fish in salt water were having difficulty
osnoregulating (Figure 4). Condition factor was used because
water loss in a hyperosnotic environment can cause reduction of
both length and wei ght (Zaugg and Beckman 1990). Once fish
attained a size of about 60 mm fork |ength, condition factors
were not significantly different (Figure 4).

G Il ATPase activities of seawater challenged and contro
fish at Cook, Washington were simlar, except for June 1 and June
14, and followed a trend of increasing activity with tinme until
the end of June (Figure 5). Activities then decreased through
md August. This trend was al so observed in 1994. The ATPase
activities of fish challenged at McNary Dam showed a peak in md
July with a decrease in md August.

Salinity Preference
Subyearling fall chinook sal nron showed the greatest
preference for salt water fromlate June to md July (Table 1;

Figure 6). Fresh water was generally less preferred than salt
water, especially during md July when no fish showed a
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Tabl e 1.-The nunber of salinity preference tests in which
subyearling fall chinook sal nron showed a preference for the
saltwater side of the gradient tank, freshwater side of the
gradient tank, or in which preference could not be determned in
1995. Preferences were determ ned by Chi-square anal yses and are
sumari zed by week of testing.

Preference for Preference for Pref erence
Week sal twater side freshwater side undet er m nabl e
May 10 1 0 3
May 23 1 1 4
June 6 3 2 1
June 20 3 1 3
July 12 4 0 2
August 1 2 1 2
August 21 3 1 2
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preference for fresh water. Many tests were conducted in which a
preference for salt or fresh water could not be determ ned.

Pooling tests by week included all the variability displayed
by gradient and control fish, and nore clearly showed fish use of
the saltwater side of the test tank, or corresponding side of the
control tank (Figure 6). Fish observed on the saltwater side of
the gradient tank primarily used the freshwater |ayer above the
salt water, which accounted for only 25% of the avail able vol une.
Exceptions to this occurred in md July and | ate August when hal f
of the fish observed were found in the saltwater |ayer. Fi sh
observed in the control tank used each side of the tank equally
t hroughout the season. Vertical distribution of control fish was
generally proportional to the available volunme of each layer with
perhaps a slight bias toward the corresponding saltwater |ayer.

Mgration Experinents

Movenent scores of prem grant subyearling chinook salnon in
mgration tests were influenced by water velocity in both 1994
and 1995. Fi sh exposed to 0 cm's water velocity under both |ight
and dark conditions exhibited net novenent scores near O (Figure
7). In contrast, net novenent scores were considerably |lower (in
a downstream direction) in tests conducted when water velocities
were present. Prem grants tested during the day in 1995 showed a
direct increase in downstream novenent with increasing water
velocity, but in 1994, daytine scores were |owest at 15 cm's
velocity and remained | ow at 30 and 45 cnis. Scores of
premgrants tested at night were simlar between years except at
the 30 cm's velocity. At this velocity, fish tested in 1994 had
hi gher scores than fish tested in 1995.

M grants generally had hi gher net novenent scores,
i ndicating | ess downstream novenent, than prem grants in both
years when velocity was present (Figure 7). Al though novenent
was in a downstreamdirection, there was no apparent relationship
to water velocity during daytine tests. At night, a slight
i ncrease in downstream novenent as water velocity increased was
observed in both years.

The average tine for fish to nove to the downstream trap
increased with date at all velocities in both years (Figures 8-
9) . The only exception was for fish tested at 0 cnls in 1994.
The strength of the linear relationship between tine to trap and
date increased with water velocity in 1994, but the reverse was
true in 1995 (Table 2). These two variables were significantly
correlated at velocities of 15, 30, and 45 cnis in 1994, and for
15 and 30 cm's in 1995. There was al so a correspondi ng decrease
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Table 2 .-Coefficients of determnation (R?) and correlation (r)
fromlinear regression and correlation analysis of the rates and
proportions of trapped fish against date of fish tested in
m gration experinments in 1994 and 1995. Asterisks indicate
significance at a < 0.05.

Proportion Trapped
Rate to Trap vs. Date vs. Date

Year Velocity R? r R? r

Downst r eam

1994 0 cm's 0. 0049 -0.07 0. 3023 - 0. 5498
1994 15 cm's 0. 5594 0.7480%*%* 0. 2661 -0. 5158
1994 30 cnis 0.6922 0.8320%* 0.1682 -0. 4102
1994 45 cm's 0.8776 0.9368%* 0.7035 -0. 8388
1995 0 cm's 0.1954 0. 4420 0.5284 -0.7269%%*
1995 15 cni's 0. 8010 0.8950*%%* 0. 3857 -0.6210
1995 30 cm's 0. 5851 0.7649%%* 0. 6002 -0.7747%%*
1995 45 cm's 0. 4569 0.6760 0. 7467 -0. 8641
Upst ream

1994 0 cm's 0. 1517 - 0. 3896 0.6279 -0.7924*x*
1994 15 cm's 0. 4810 -0. 6935 0.0321 0.1790
1994 30 cm's 0. 2107 0. 4591 0.3371 0. 5806
1994 45 cni's 0.5222 0.7226 0. 2307 0. 4803
1995 0 cm's 0. 4643 0.6814 0. 3349 -0.5787
1995 15 cm's 0.2921 0. 5404 0. 0007 -0. 0272
1995 30 cm's 0. 3527 0. 5938 0. 1140 -0.3377
1995 45 cm's 0. 0543 0. 2329 0. 0517 -0. 2273
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in the proportion of fish that nade it to the dowmstreamtrap as
t he season progressed in both years (Figures 8-9).

The tinme for fish to nove to the upstreamtrap was variabl e
in 1994 as was the proportion of fish that were trapped. Ti me
decreased for 0 and 15 cm's velocities and increased for 30 and
45 cnl's as the season progressed. The proportion trapped
decreased over the season for 0 cnis velocity, but increased at
the remai ning velocities. In 1995, there was an increase in
travel tinme to the upstreamtrap over the season at all
velocities tested, but the proportion of fish that were trapped
remai ned fairly steady for all velocities (Figure 9). In
general, the proportion of fish that nmade it to the upstreamtrap
was nmuch |ower than the proportion in the downstreamtrap

Activity levels of premgrants and mgrants were simlar
during daytine tests in both years, and showed a general decrease
as water velocity increased (Figure 10). A relationship between
nighttime activity and water velocity was not apparent, but
activities of both premgrants and mgrants was |owest at 30 cnis
water velocity (Figure 10).

The nost striking differences in activity levels were
bet ween day and ni ght tests. Daytime activities were
significantly higher than nighttine activity levels. Al though
nighttinme activities were very |ow, novenent scores were often
hi ghly negative indicating that at night fish noved downstream
nore directly.

Di scussi on

The devel opnent of osnoregul atory conpetence in subyearling
chinook salnon is partly a function of fish size (Hoar 1976) and
grow h rate (Wagner et al. 1969). Prem grants rearing in the
Hanford Reach grow rapidly and their increase in gill ATPase
activity with size occurs concurrently with their osnoregul atory
devel opnent ; Al though nortality remained high for fish
chal l enged from the Hanford Reach in 1995, their plasnma sodium
| evels did follow a decreasing trend with increasing fish size,
ATPase activity, and date. Subyearling chinook sal non did not
denonstrate osnoregul atory conpetence until they were collected
at McNary Damin 1995, which is consistent with chall enge data
collected from 1992-1994. G arke and Shel bourn (1985) reported
t hat subyearling chinook salnon did not obtain optinmm sodi um
regul ation in seawater until they reached a weight of 5-6 g.

This generally corresponds to a 75-85 nmmfish in the Hanford
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Reach. Fi sh larger than about 70 nm were not abundant in
nearshore areas of the Hanford Reach and probably had noved off
shore to begin em grating seaward. It appears that devel opnent
of seawater tolerance and increasing gill ATPase activity
acconpanies initiation of emgration in subyearling chinook

sal mon.

Em grating subyearlings that were challenged at McNary Dam
in 1995 did not performas well in seawater challenges as fish
chal  enged at our lab in Cook, Washi ngton. One expl anation for
this is that the new juvenile fish collection facility at MNary
Dam may be nore stressful to fish than the old one, and fish may
need nore tine to recover fromcollection stress before they are
suitable test animals. Fish that were challenged at McNary Dam
were collected and the 24-h acclimation period was begun
i mredi ately. In contrast, the acclimation period for fish that
were transported to Cook did not begin until the follow ng
norni ng, Wwhich increased their recovery tinmne. Stress can cause
an influx of ions froma hyperosnotic environment and a | oss of
water fromthe fish (Mazeaud et al. 1977), and nmay explain the
hi gh plasma sodi um values in MNary Dam chal | enged subyearling
chi nook sal non.

Subyearling chinook sal non showed the greatest preference
for saline water in late June and early July when fish were

begi nning their seaward emgration. G| ATPase activities were
al so peaking at this time and may have influenced fish preference
for saline water. The fact that fish were often observed above

the saline |ayer even though it represented a fraction of the
avai |l abl e space may be the result of the short duration of the
tests and fish needing nore tine to adapt to the saline |ayer.
In the estuary, fish have nore tinme and are exposed to shal |l ower
salinity gradients, which facilitate transition to sea water,

t han what was represented in these tests. McInerney (1963)
proposed that salinity preference may be used to guide fish

em grating through the estuary to the ocean. \Wether salinity
preference is a cue for seaward em gration in freshwater
subyearling chinook sal non is unknown. However, peak salinity
preference did occur when fish were actively snolting and

begi nning their seaward migration, and may therefore serve as an
i ndi cator of mgratory disposition (Baggerman 1960).

Todate it is unclear how water velocity influences
initiation of downstream migration and travel tine of subyearling
chi nook sal non. Unlike the swimrng trials conducted by Nel son
et al. (1993a, 1994), which exam ned sw nm ng perfornmance, the
mgration tests described here were nore behaviorally oriented.
Each fish passing a partition nust make a choice to respond to
the velocity encountered either by passing the partition or
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avoiding the velocity. The tank was designed to prevent fish
from sinply being washed downstream In each conpartnment there
were adequat e refuges of zero velocity that a fish could occupy
if it did not choose to respond to the velocity. These tests do
not provide causal nechani sns for observed behaviors, but do
al l ow exam nation of simlar behaviors exhibited in Nelson's
experinents by using a different test apparatus.

It appears novenent behavior in mgration tanks is
i nfluenced by water velocity and seasonality. Mean novenent
scores and travel rates were generally higher when water velocity
was present. In addition, noverment was strongest in a downstream
direction for fish that were presumably still premgrants.
During this time, premgrant fish in the Hanford Reach exhibited
rapid growmh and increases in gill ATPase activities. These
factors may have contributed to increased novenent during this
time. In contrast, active mgrants collected at McNary Damin
July and August had sl ower novenent times to traps, noved to the
traps in fewer nunbers, and had higher downstream scores,
indicating | ess downstream novenent. This may be a result of
fish either being in poor condition, which may affect behavior,
or having decreased propensity to respond to water velocity

during that time of the year. These fish were also considerably
| arger than the prem grants tested and nmay have behaved
differently in the tanks. This was also a tine when gill ATPase

activity and river flows began to decline. However, this
behavi or was simlar to the findings of Nelson et al. (1994) who
showed subyearling chinook sal non exhibited a potential net
upstream novenent in August, and Gorgi et al. (1990) who
recaptured marked subyearlings upstream of release locations in

John Day Reservoir.

Subyearling chinook sal non that noved at night in mgration
experinents did so alnost exclusively in a downstream direction
early in the season when the water velocity was 15 and 30 cm's.

M grants al so noved downstream at night but not to the extent of
premgrants in 1995. The low activity levels of fish in
nighttime tests indicate that fish noved directly to the
downstream traps and did not nove back and forth between
partitions as was often observed during the day. Al t hough strong
downstream novenents were observed during the day as well

activity levels of test fish were high indicating fish nmay not be
di spl aced downstream as rapidly as they m ght be at night.

Various environnmental, physiological, and devel opnental
factors are associated with the onset of seaward mgration in
subyearling chinook sal non (see reviews by Fol mar and Dickhoff
1980; Hoar 1976). Al though nmany correl ative rel ations exi st
bet ween the aforenentioned variables and juvenile chinook sal non
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em gration (Beeman et al. 1991; Berggren and Filardo 1993),
causal nechanisns of migration are still lacking. Nelson et al
(1993b, 1994) and Smith (1982) presented evidence that mgration
may result from downstream di spl acenent brought about by reduced
swi nming performance. The experinments di scussed here suggest a
possi bl e behavi oral conponent to mgration as well. Hol i stic
rather that individual consideration of the results from these
experiments may provide insight into mechanisns underlying
survival of subyearling chi nook sal non. If a window of mgratory
opportunity exists for fall chinook salnon, it would probably
exist early in the outmgration frommd June to early July.

This is a tine of rapid growmh and snmolting as evidenced by
rising gill ATrPase activities, developnent of osnoregulatory
conpet ence, and devel opnent of a preference for sea water. In
addition, fish show strong directed downstream novenent at this
time. A fish that possessed these attributes may gain a surviva
advantage by m grating under higher flows and |ower river
tenperatures to reach the estuary at a time appropriate for its
physi ol ogi cal devel opnent . In contrast, fish mgrating later in
t he season do so under |ower flows, higher tenperatures, at
greater risk to disease, and at a level of snoltification that
may hi nder successful seawater entry.

The best neasure of juvenile salnon mgratory performance is
subsequent adult returns. In the early 1980s, fish that mgrated
early in the sumrer contributed nore adults than later mgrants
(Gorgi et al. 1990). To date, fish marked early in the fal
chinook outmgration at McNary Damin 1991 have contributed
nearly twice as nmany adults as fish marked later in the season
(Tiffan, unpublished data). Additional adult return information
fromfish marked from 1992-1994 will clarify whether fish survive
differentially during the sumrer outmgration, and how
physi ol ogi cal, behavioral, and environnental attributes affect
m gratory performance and subsequent adult returns.
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