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EXECUTI VE SUMVARY

This report summarizes results of research activities
conducted primarily in 1997 and 1998. The findings in these
chapters represent the efforts of both this project and the
col | aboration between this project and other researchers worKking
on fall chinook sal non. These chapters conmuni cate significant
findings that will aid in the nmanagenent and recovery of fall
chi nook salnmon in the Col unbia River Basin.

Genetic anal yses of juvenile chinook salnmon PIT tagged in
the Snake River in 1997 showed that 64% of fish recovered at
Little Goose Dam were fall chinook sal non; the remaining 36%
wer e spring/sunmrer chinook salnmon. A total of 639 fish were PIT
tagged between 6 May and 15 July, and averaged 76 mm fork
length. O these fish, 122 (19.1% were detected at Little
Goose Dam A total of 26 (4.1% PIT-tagged fish residualized in
reservoirs and emgrated in 1998 as yearlings. Survival for
bot h subyearlings and yearlings conbi ned was 39. 3%

Post-rel ease attributes and survival were evaluated for
yearling and subyearling hatchery supplenmentation rel eases mde
in the Snake River in 1997. Yearlings traveled rapidly to Lower
Granite Dam after being released at Pittsburg Landing in April
Larger subyearlings traveled faster and arrived earlier at Lower
Granite Dam than did smaller subyearlings. Gowth was fastest,
and change in condition factor was greatest, for smaller
subyearlings than for |arger subyearlings and yearlings. There
was no significant relation between gill ATPase activity and
subyearling travel time. Survival fromrelease to Lower Granite
Dam was hi ghest for yearlings and | arger subyearlings.

Rel easi ng a subyearling chinook salnmon > 92 mmfork | ength
earlier in the spring mght reduce the difference in snolt-to-
adult returns between subyearlings and yearlings docunented in
ot her studi es.

We di vi ded subyearling chinook sal non captured in the Snake
Ri ver from 1995 to 1998 into three cohorts based on date of fry
energence, and then tested the relation between cohort survival
and flow and tenperature. Cohort 1 was generally PIT tagged in
May and detected at Lower Granite Damin July. Cohort 2 was
tagged in May but passed Lower Granite Dam |l ater in July.
Cohort 3 was tagged in June and detected in August. Cohort
survival ranged from0.669 to 0.085, and was hi ghest for cohort
1. Flow was positively related to survival while tenperature



was negatively related to survival. Fish mgrating under higher
flows and cool er tenperatures nmay experience |ess delay and
predation. The change in life history timng caused by the
construction of the Hells Canyon Conpl ex of dans may be one
factor that led to the decline of Snake River fall chinook

sal non.

Poi nt abundance el ectrofishing was used to detern ne use of
different rearing habitats by fall chinook salnon in the free-
fl ow ng Snake River. Lateral gradient and water velocity were
i mportant variables determning fall chinook sal non use of
rearing habitats. Substrate, enbeddedness, and vegetation were
| ess inportant. Using a statistical nodel devel oped from data
fromthe Hanford Reach of the Colunbia River, we were 90%
accurate in predicting the presence of fall chinook salnmon in
the sites we sanpled, but were only 13% accurate in predicting
their absence. This may be due to the | ow nunbers of fall
chinook salnon in the Snake River. |In general, use of rearing
habitats by fall chinook sal non was sim | ar between the Snake
Ri ver and the Hanford Reach.

Tenperature-sensing radio tags were used to determ ne the
thermal history of juvenile fall chinook salmon mgrating
through Little Goose Reservoir in 1998. Laboratory tests
confirmed that these tags would be suitable for use in Little
Goose Reservoir. Thermal data was collected using fixed-site
radio receivers and intensive nobile tracking, and water
tenperatures were neasured using a bathythernograph. Fish were
exposed to higher water tenperatures as they m grated downstream
t hrough the reservoir, primarily in the top 10 m of the water
colum. Longitudi nal tenperature differences were greater than
seasonal differences. Tenperatures experienced by fish were
simlar to avail able water tenperatures, and we found no
evi dence of thermal refugia in Little Goose Reservoir.

Mor phol ogy of juvenile salnon was studied to develop a tool
to distinguish between subyearling fall chinook, subyearling
spring chinook, and yearling spring chinook sal non at | ower
Snake River dans during the summer outm gration. Subyearling
fall chinook sal non had smal |l er heads and eyes, deeper bodi es,
and shorter caudal peduncles than yearling spring chinook
sal non. Subyearling spring chinook sal non exhibited both fall
and yearling spring-like characteristics. Statistical analyses
showed that norphol ogi cal characteristics were not sufficient to
classify groups of chinook sal non, therefore scale and genetic



anal yses are the only nmeans to definitively determ ne run
conposition of summer mgrants in the | ower Snake River.

The absolute and rel ative abundance, |ength at age,
and di et conposition of small nouth bass, and the consunption of
juvenile fall chinook sal mon Oncor hynchus tshawytscha by
smal | nrout h bass M cropterus dol om eu was estimated in the Hells
Canyon Reach of the Snake River during 1996 and 1997. The
absol ut e abundance of smal |l nouth bass 3175 nmwas 43, 248 fish for
the entire 109 km Hells Canyon Reach. The relative abundance of
smal | mout h bass 150-249 nm was significantly higher above
(upstream section) the Sal non River confluence than bel ow
(downstream section) during 1996 and 1997, and the relative
abundance of small nouth bass 3250 mm was greater upstreamthan
downstream during 1996. There was no significant difference
bet ween rel ati ve abundance in the downstream and upstream

sections for small nouth bass 3250 mm during 1997. Mean annual
growmth increments for 2 to 8-year-old small nouth bass were 16 to
58 mMmmin the Snake River. Small mouth bass consuned
significantly nore crayfish in the upstream section and
significantly nore fish in the downstream section. Fifty-two
Pl T-tagged fall chinook sal nron were recovered in small nmouth bass
stomach sanples during 1996 and 1997, and 62% of these were
collected within the 1 kmof the release site at Pittsburg
Landi ng, Idaho. Mnthly consunption rates at the rel ease site
wer e hi ghest (1.143 hatchery fall chinook/bass/day) using the
Adans gastric evacuation nodel. The estimated consunption rates
of juvenile fall chinook salnon using the Wsconsin

bi oenergetics nodel were | ower than those fromthe Adanms gastric
evacuation nmodel. A total loss of 9,282 PIT tagged hatchery
fall chinook salmn and 5,102 wild fall chinook salnon to
smal | rout h bass during 1996 and 1997 was estimated using the
Adanms nodel. Using the Wsconsin bioenergetics nodel, a total
| oss of 2,112 PIT tagged hatchery fall chinook sal nron and 1, 326
wild fall chinook salnon to snall nouth bass was estimated during
1996 and 1997. It is specul ated that high discharge, |ow water
tenperatures, and high turbidity during the residence tinme of
juvenile fall chinook salnmon in the Hells Canyon Reach of the
Snake River explains the | ow occurrence of fall chinook sal non
in the diets of small nmouth bass.
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CHAPTER ONE

Report on Subyearling Chi nook Sal non
PIT Tagged in the Snake River, 1997

by

WIlliamP. Connor, Howard L. Burge, and Russell Waitt
United States Fish And WIidlife Service
| daho Fi shery Resource Ofice
P. O. Box 18
Ahsahka, |daho 83520, USA



| nt roducti on

Snake River fall chinook sal non Oncor hynchus tshawytscha
have declined in abundance over the |ast three decades and were
|isted as threatened under the Endangered Species Act (USFW5
1988) in 1992 (NMFS 1992). Fishery managers are attenpting to
recover the Snake River fall chinook sal non popul ati on through
sunmer fl ow augnment ation and suppl enentati on (NMFS 1995). The
goal of our study is to provide fishery managers with data and
anal yses to assess early life history and survival for
subyearling Snake River fall chinook salnon. These include run
timng, race information, survival estimtes, and the extent of
residualism This chapter is a brief sunmary of data collected
during 1997.

Study Area

The Snake River originates in Yell owstone Park, Wom ng and
drai ns about 240,300 knf. It flows across southern |daho and
then in a northern direction formng the border between | daho,
Oregon, and Washington. W sanpled subyearling chinook sal non
in a 167 kmfree-flowing reach that is presently used for
spawni ng and rearing downstream of Hells Canyon Dam (Fi gure 1).
Lower Granite Damis the first dam encountered by fish
downstream of the Hells Canyon Reach, and has a fish bypass
system equi pped with a PIT-tag nmonitoring system (Prentice et
al. 1990a). A subsanple of subyearling chinook sal non passing
Lower Granite Dam are routed through the fish bypass system
where they are electronically scanned for Passive |ntegrated
Transponders (PIT) tags (Prentice et al. 1990b) and then routed
back to the river. Five of the seven dans downstream of Lower
Granite Dam al so have sim | ar bypass systens.

Met hods

Nat ural subyearling fall chinook sal non were collected with
a beach seine for PIT-tagging and survival studies in the Snake
Ri ver (Connor et al. 1997). Seining sites were |ocated between
RK 357 and RK 227 (Figure 1). Seining was done weekly starting
in April and continued until water tenperatures reached 20°C or
the catch neared zero. Natural chinook sal non were aged at
capture based on fork length and PIT tagged if they were > 60 nm
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Figure 1. CSnake River study area in 1997 including |locations of
the seining area (RK 357 to RK 227), mmjor tributaries, and
dans.



fork length. In-season assessnent of fish race was done as
descri bed by Connor et al. (1997).

A subsanpl e of PIT-tagged natural sal non was recaptured at
Little Goose Dam (Figure 1) in 1997 using a separation-by-code
hardware and software system (Downi ng et al. unpublished
protocol, National Marine Fisheries Service). A scale was taken
from each recaptured fish for aging (Jearld 1983) and the fish
was frozen for subsequent race identification as described by
Connor et al. (1997).

We used the single rel ease version of the Cormack/Jolly-
Seber survival probability nodel (Cormack 1964; Jolly 1965;
Seber 1965; Burnhamet al. 1987) to estimate survival to the
tailrace of Lower Granite Dam for subyearling chi nook sal non.
This model was al so used to estimte detection probability at
Lower Granite Dam W assuned that detection of a fish at a
PIT-tag detection site did not affect the probability of its
detection at downstream sites, or its survival to a downstream
site. It was also assuned that the single rel ease node
accurately estimted sanpling variability. Ilwanpto et al.
(1994) found that all of the above nodel assunptions were
satisfied and precise survival estinates were obtained for PIT-
tagged hatchery reared yearling spring chinook sal non. W al so
made a general assessnent of the effects of residualismon the
survival probability estimates. This was done by treating each
residual (i.e., a fish released in 1997 that was detected in
1998) as if it was detected and renmoved fromthe river at Lower
Granite Damin 1997. This provided an estimate of survival, but
not an estinmate of detection probability.

Results and Di scussi on

Subyearling fall chinook sal non conposed 64% of the PIT-
tagged natural fish recaptured at Little Goose Damin 1997
(Table 1). This indicates that a | arge percentage (i.e., 36%
of the subyearlings we PIT tagged in 1997 were spring/ sunmer
chi nook sal non. One of these spring/sumer chinook sal non was a
yearling, while the remai nder was subyearlings. There is no
proven met hod for identifying the race of tagged fish that were
not recaptured at Little Goose Dam Consequently, in the
following results, we make no further reference to subyearling
chi nook salnmon race. AlIl fish are sinply referred to as
subyear | i ngs.



Tabl e 1. CNunber of PIT-tagged natural subyearling chinook
sal non detected and recaptured at Little Goose Damin 1997. The
percent age of subyearlings (0) and yearlings (1) determ ned by
agi ng, and the percentage of fall chinook sal non versus
spri ng/ summer chinook sal non determ ned by genetic anal yses, are
al so given

Recaptured fish

Age( % Race( %
Nunmber Nunmber
detected recaptured 0 1 Fal | Spri ng/ sunmmer
101 75 98.7 1.3 64.0 36.0




We Pit tagged 639 subyearling chinook sal non in 1997
between 6 May and July 15 (Table 2). The average fork | ength of
Pl T-t agged subyearling chinook sal non was 76 nm  \Water
tenperature during tagging averaged 15.4EC. A total of 122
(19.1% of all fish tagged) PIT-tagged fish were detected at
Lower Granite Dam between 4 June and 13 COctober (Table 3). The
peak date of detection was 2 July.

A total of 26 (4.1%of all fish tagged) of the subyearling
chi nook salnon that were PIT tagged in the Snake River in 1997
residualized in reservoirs in the Snake or Colunbia rivers and
survived to be detected mgrating seaward as yearlings in 1998
(Table 4). Survival of PIT-tagged subyearling chinook sal non
fromrelease to the tailrace of Lower G anite Dam was 35.2%in
1997 (Table 5). Adding the 26 detections that were made for
yearling em grants increased the survival estimate to 39. 3%

The data presented in this chapter increases the
information on em gration tim ng and survival for subyearling
chi nook sal non produced naturally in the Snake River. This
i nformation was provided to, and used by, fishery managers to
hel p them make fl ow decisions in 1997. 1In addition, it has been
relied upon by the Plan for Analyzing and Testing Hypot heses
(PATH) workgroup for their decision analysis report on Snake
Ri ver fall chinook sal non.



Tabl e 2. CNunber of natural subyearling chinook sal non that
were PIT tagged and rel eased in the Snake River in 1997, and the
mean fork |length (mt+SE) and nean water tenperature when the
fish were tagged (°C+SE).

Mean fork Mean wat er

Range of | ength t enperat ure
Numnber rel ease dates ( nmt+SE) ( °C+SE)
639 6 May to 15 July 76+0. 44 15. 4+0. 07

Tabl e 3. CNunber and dates of detection at Lower G anite Dam
for PIT-tagged natural subyearling chinook sal non that were
rel eased in the Snake River in 1997.

Nunber Per cent Peak date Range of detection
detected detected of detection dat es
122 19.1 2 July 4 June to 13 Cctober




Tabl e 4. CNunber of first detections by dam for natural
subyear!ling chinook sal non that were PIT tagged in the Snake
Ri ver as subyearlings in 1997, and detected in 1998 after over
wintering in Snake or Colunbia river reservoirs. Abbreviations:

no. = nunber; % = nunber of detections/nunber of fish tagged.
Lower Little Lower
Granite Goose Monunent al McNar y Tot al
no. % no. % no. % no. % no. %
12 1.9 3 0.5 4 0.6 7 1.1 26 4.1

Tabl e 5. CDetection and survival probability estimtes at Lower
Granite Dam for groups of PIT-tagged natural subyearling chinook
sal non released in the Snake River in 1997. Detection
probability is a neasure of fish guidance efficiency at Lower
Granite Dam and survival probabilities are estimtes of survival
fromrelease to the tailrace of the dam

Probability estimates

G oup Det ecti on (+SE) Sur vi val ( +SE)
Subyearling em grants 0.521+0. 042 0. 352+0. 030
Subyear|ing and yearling NA 0.393+0. 030

eni grants
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CHAPTER TWO

Post - Rel ease Attri butes and Survival of Lyons Ferry
Hat chery Fall Chi nook Sal non Rel eased in the Snake River
at Pittsburg Landing, 1997

by
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| nt roducti on

Snake River fall chinook sal non Oncor hynchus tshawytscha
were |isted as threatened under the Endangered Species Act (ESA,
United States Fish and Wldlife Service 1988) in 1992 (Nationa
Marine Fisheries Service 1992). Suppl enentation of natural
stock with hatchery fish was proposed as an interimrecovery
measure for the Snake River stock (Bevan et al. 1994; NWFS
1995). Suppl enentati on has been defined by a nunber of
researchers and varies by the situation under study (Mller et
al . 1990; Steward and Bjornn 1990). As an interimrecovery
nmeasure for Snake River fall chinook sal non, supplenentation
consists of releasing yearling and subyearling fall chinook
sal non reared at Lyons Ferry Hatchery to artificially increase
t he abundance of fish in the free-flow ng Snake River. Such
rel eases were made in 1997 at Pittsburg Landing on the Snake
River. The objective of this chapter is to summari ze post-
rel ease attributes including dispersal, gromth rate, condition
factor, level of snmoltification (i.e., ATPase activity), and
survival of seaward em grants past Lower Granite Dam

St udy Area

The Snake River originates in Yellowstone Park, Wom ng and
drai ns about 240,300 knf. It flows across southern |daho and
then in a northern direction form ng the border between | daho,
Oregon, and Washington. Pittsburg Landing (river km (RK) 346;
Figure 1) is a renote canpground and boat | aunch adm ni stered by
the U.S. Forest Service in Hells Canyon National Recreation
Area. The U. S. Arny Corps of Engineers built a tenporary
facility at this site to acclimate fish prior to release. In
1997, the acclimation facility consisted of 15 fish tanks
di vided into four groups of four (i.e., four-tank clusters),
however, one cluster only contained three tanks. Each tank was
6 min diameter and 5 m deep and supplied with river water
passed through stacked colums to maintain dissolved gas
concentration in a suitable range. A detailed description of
the acclimation facility is given by Key et al. (1999).

12
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Figure 1. CSnake River study area including the |ocation of
Pittsburg Landing, major tributaries, and dans.
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Met hods
Pre-rel ease Data Coll ection

Transport and culture practices prior to release of
hatchery yearling fall chinook salnon in the Snake River are
described in detail by Key et al. (1999). In 1997,
approxi mately 150,000 Lyons Ferry Hatchery yearling fall chinook
sal nron were tagged with coded-wire and green el astoner tags, and
adi pose fin-clipped prior to transport to Pittsburg Landi ng.
Transport of fish to Pittsburg Landing began on 28 February and
ended 6 March, 1997. Each of the 15 tanks contai ned about
10, 000 fi sh.

One tank was selected to represent each tank cluster in
1997. Seven days prior to release, Passive |Integrated
Transponders (PIT tags; Prentice et al. 1990a) were placed in
2,468, 2,500, 2,495, and 2,498 randomy collected yearlings from
each of the four representative tanks. Yearlings were not fed
for 24 h prior to being tagged. Yearlings were tagged between 7
and 10 April. Fork length was neasured to the nearest
mllimeter for every yearling that was PIT tagged and 10% of
each rel ease group was weighed to 0.1 g. Condition factor (K)
was cal cul ated as vveight/length3 x 10° (Piper et al. 1982).
Yearlings were acclimted for about 6 weeks.

Yearling fall chinook sal non were released from14 to 17
April in 1997. Al yearlings in each tank cluster were rel eased
on a separate day at dusk. A total of 10 non-lethal gill ATPase
sanples (Schrock et al. 1994) were collected fromyearlings of
each rel ease group the week of release. The vials containing
gill clips were damaged during transport and only 4 to 9 of
sanpl es were anal yzed per rel ease group. The acclimation tanks
were checked daily for nortalities; nortality usually occurred
within 24 h after tagging.

Subyearling chinook sal non were reared at Lyons Ferry
Hat chery to provide four rel ease groups of three different fork
length treatnments (i.e., means = 92+0.71 mm 85+0.48 mm 71+0.00
nmm). Size was controlled by the hatchery manager through
feeding rate. Prior to tagging subyearlings were graded to
avoid tagging fish < 65 mmfork length. Sone fish <65 mm were
incidentally tagged as a result of the tagging rate required to
mark 5,500 fish per day. These fish were excluded from
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subsequent results and analysis to avoid bias associated with
tagging nortality.

Subyearlings were not fed for 24 h prior to being tagged.
On each of four days (June 11-14), about 2,500 fish of each fork
l ength treatnent were neasured to the nearest millineter and 10%
were wei ghed. Every fish was then PIT tagged and m xed evenly
between two trucks. Subyearlings were transported to Pittsburg
Landi ng, acclimated to anmbient river tenperature, and rel eased
at dusk.

A total of 25 non-lethal gill ATPase sanples were collected
from subyearlings from each rel ease group on each day of
rel ease, and 19 to 25 of these were successfully analyzed. Pre-
rel ease nortality was high (7.09% for the first release group of
71- mm subyear | i ngs because the taggers did not adjust their rate
of tagging, and tag placenent to account for small fish size.
The taggi ng procedure was nodified after the first rel ease group
and the nortality due to tagging decreased to | ow | evels
thereafter. To avoid bias in the results caused by poor tagging
protocol, the first release group of 71-nm subyearlings was
omtted fromall analyses of post-release attributes.

Anal ysis of Post-rel ease Attributes

Hat chery yearling and subyearling fall chinook sal non that
were guided into the fish bypass systens by subnersible
traveling screens at Lower Granite, Little Goose, Lower
Monument al , and McNary dans were nonitored for PIT tags
(Prentice et al 1990b). Subsanples of PIT-tagged yearlings and
subyearlings were recaptured at Little Goose Dam using a
separ ati on- by-code system (Downi ng et al. unpublished protocol,
Nati onal Marine Fisheries Service). Fork |Iengths and weights
were neasured on all tagged fish that were recaptured at Little
Goose Dam and non-| ethal ATPase sanples were collected fromup
to 20 tagged fish per release. All fish recaptured at Little
Goose dam were transported and rel eased bel ow Bonnevill e Dam by
barge or truck

| nformation from Pl T-tagged hatchery yearling and
subyearling fall chinook sal mon recaptured at Little Goose Dam
was tabul ated by rel ease group. Information included nedian
recovery date, nean fork |ength, nmean growth rate, nean
condition factor K, and nean ATPase activity. Changes in nean K
("K) and nean ATPase activity ("ATPase) were cal cul ated for each
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rel ease group by subtracting nean K or nean ATPase activity at
rel ease fromnean K or nean ATPase activity at recapture.

The single release version of the Cornmack/Jolly-Seber
survival probability nmodel (Cormack 1964; Jolly 1965; Seber
1965; Burnhamet al. 1987) was used to estimate survivals to the
tailrace of Lower Granite Dam for PIT-tagged hatchery yearling
and subyearling fall chinook salnmon. It was assumed that a
detection of a fish at a PIT-tag detection site did not affect
the probability of its detection at downstream sites, or its
survival to a downstreamsite. It was also assuned that the
single rel ease nodel accurately estimted sanpling variability.
| wanpt o et al. (1994) found that all of the above nodel
assunmptions were satisfied and precise survival estinmates were
obtai ned for PIT-tagged hatchery reared yearling spring chinook
sal non.

Various rel ati ons between i ndependent and dependent
vari abl es were tested using sinple |east-squares regression
(SYSTAT 1994). Anal ysis of variance (ANOVA) was al so used to
test for differences in means for various vari abl es.

Resul ts

Mean fork I ength of tagged yearlings for rel ease groups
ranged from 149 mmto 158 mm (nmean = 155 mm, K was 1.1 for al
four groups, ATPase activity averaged 24.1, and nortality ranged
fromO0.2 to 0.9% (Table 1). Mean fork | engths of tagged
subyearlings were simlar between rel ease groups for each size
treatment (Table 2). The K values for 92-mm 85-mm and 71-mm
subyearlings ranged from1l1l.1 to 1.3. ATPase activity for the
rel ease groups ranged from1l7.2 to 34.8, and nortality ranged
fromO0.0 to 7.0% (Table 2). After omtting release 1 of 71-mm
subyearlings from anal yses, there was no significant relation
between fork | ength and pre-rel ease nortality (N = 15; r? =
0.111; P = 0.225).

Post -rel ease di spersal through the free-flow ng Snake Ri ver
and Lower Granite Reservoir was simlar within rel ease groups of
yearlings, and within release groups of fork length treatnents
for subyearlings (Table 3). However, there were marked
di fferences between yearlings and subyearlings, and between
subyearlings of different fork |engths (Table 3). Yearlings
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Table 1.CInformation for Lyons Ferry Hatchery yearling fall chinook sal non that were
acclimted, PIT tagged, and rel eased at Pittsburg Landing on the Snake River in 1997.
ATPase activity is expressed as pml Pi (mg protein) *h?t

Mean
fork Mean Pre-rel ease
Rel ease Nunber Date of | engt h K Weeks Rel ease ATPase nortality
group tagged tagging ( MM+ SE) (+SE) acclimted dat e ( +SE) (9%
1 2,468 7 April 149+1.21 1.1+40.01 6.4 14 April 25.1+42.25 0.9%
2 2,500 8 April 157+0.34 1.1+0.01 5.7 15 April 25.0+43.42 0.4%
3 2,495 9 April 155+40.35 1.1+0.01 5.9 16 April 24.3+1.57 0. 3%

4 2,498 10 April 158+0.35 1.1+0.01 6.0 17 April 22.0+40.76 0.2%




Tabl e 2. Clnformation for subyearling fall chinook sal non that were PIT tagged at Lyons
Ferry Hatchery and then trucked for release at Pittsburg Landing on the Snake River in
1997. ATPase activity is expressed as uml Pi-(nmg protein) *h?

Mean
fork Mean Mean
Rel ease Nunber Dat e of | engt h K ATPase Pre-rel ease
group t agged rel ease ( mt+SE) (+SE) (+SE) nortality (%
1 505 11 June 92+0.35 1.3+0.02 20.2+1.60 0.9
2 501 12 June 94+0.32 1.2+0.02 17.2+1. 39 0.4
3 499 13 June 91+0.35 1.2+0.02 17.2+1.22 0.6
4 505 14 June 91+0.35 1.2+0.02 19.6+1. 88 0.8
1 2,485 11 June 85+0.16 1.1+0.01 34.7+3.01 1.0
2 2,500 12 June 86+0. 15 1.1+0.01 34.8+2.82 0.2
3 2,496 13 June 86+0.14 1.1+0.01 34.3+2.16 0.6
4 2,471 14 June 84+0.17 1.1+0.01 29.2+2.67 1.6
1 2,184 11 June 71+0.10 1.1+0.01 20.3+1.79 7.0
2 2,322 12 June 71+0.09 1.1+0.01 21.8+1.43 1.2
3 2,262 13 June 71+0.09 1.1+0.01 24.7+2.25 0.9
4 2,184 14 June 71+40.09 1.1+0.01 19.2+2.02 0.0




Tabl e 3. CMedi an dates of passage at Lower Granite Dam and
medi an travel times for PlIT-tagged Lyons Ferry Hatchery yearling
and subyearling fall chinook sal nmon released at Pittsburg
Landi ng on the Snake River in 1997.

Rel ease Nurmber Medi an date of passage Median travel tinme
group det ect ed (d) (d)

Yearlings (nmean fork length at release = 155+2.10 mm)

1 756 21 April 7

2 819 21 April 6

3 662 22 April 6

4 844 22 Apri l 5
Subyearlings (mean fork length at release = 92+0.71 mm

1 146 5 July 24

2 152 9 July 27

3 150 10 July 26

4 162 9 July 25
Subyearlings (mean fork length at rel ease = 85+0.48 mm

1 723 12 July 31

2 735 13 July 31

3 760 16 July 32

4 739 17 July 33
Subyearlings (mean fork length at release = 71+0. 00 mm

2 488 5 August 53

3 466 9 August 57

4 479 6 August 53
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traveled rapidly to Lower Granite Dam after being rel eased at
Pittsburg Landing. The early passage date at Lower G anite Dam
for yearlings was expected since they were rel eased earlier than
subyearlings. The nedian date of passage for | arger
subyearlings was earlier than for smaller subyearlings (Table
3). There was a significant positive relation between fork

| ength at release and travel time for subyearlings (N=11; r? =
0.96; P < 0.01).

Post-rel ease growth, K, and "K were simlar within rel ease
groups of yearlings, and within rel ease groups of subyearlings
of the same fork length (Table 4). However, there were marked
differences in these sanme attributes between yearlings and
subyearlings, and anong subyearlings of different fork |engths
(Table 4). Yearlings had the slowest growth rate between
rel ease and recapture at Little Goose Dam Growth rate for
subyearlings was slower for |arger subyearlings than for snmaller
subyearlings, and there was a significant negative relation
between travel time and growth rate (N = 11; r? = 0.81; P <
0.01). Larger fish were nore active em grants and spent | ess
time rearing and feeding than smaller fish. The change in K was
| argest for 71-mm subyearling rel ease groups. The K values for
the four release groups of 71-nm subyearlings increased, while
there was little change in K for 92- and 85-mm fish (Table 4).
Again, this is probably related to differences in the mgratory,
rearing, and feeding behavior anong the three fork length
treatments of subyearlings.

ATPase activity of yearlings increased between rel ease and
recapture (range of increase: 2.2 to 8.6; Table 4). ATPase
activity changes were both negative and positive, and generally
the smallest, for 92-nmm subyearlings. ATPase activities for 85-
mm subyear|ings were highest at recapture (nmean: 47.1), and
showed the greatest increase (range of increase: 10.0 to 18.0;
Table 4). The 71-mm subyearlings had the | owest nean ATPase
activities, and an increase intermediate to the other size
groups. There were significant differences (ANOVA;, N = 9; P <
0.01) anpbng the nmeans of the 92-mm (n = 3; nmean = 34.3), 85-mm
(n =3; mean = 47.1), and 71-mm (n = 3; nean = 30) subyearlings,
but the correlation between fork | ength and ATPase was weak (N =
9; r = 0.44). The relation between ATPase activity (Table 4)
and travel time (Table 3) for subyearlings was insignificant (N
=9; r? = 0.30; P = 0.125).
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Table 4. Clnformation for
yearling and subyearling fall
Little Goose Damin 1997.

Pi (ng protein) *hl

Pl T-t agged Lyons Ferry Hatchery
chi nook that were recaptured at
ATPase activity is expressed in pm

Rel ease
group N

Mean
FL

(mMmMSE) (i d+SE)

Mean Mean Mean

growt h K

ATPase

(+SE) (+SE)

AK MATPase

Yearlings (nmean fork | ength at

37
35
40
42

A OWN PP

Subyear|ings (nean

31
29
32
28

A WDNPE

Subyear|ings (nean

32
33
32
30

A WDNPE

Subyearlings (nmean

2 39
3 32
4 41

168+1. 9
174+3. 4
166+1. 7
165+2. 1

121+1. 4
123%1.3
121+1. 0
123%1. 4

119+1. 2
121%2. 4
118+1. 6
123+2.1

135+2. 3
144%4. 0
132%2. 6

0.2+0.03 1.0+0.
0.2+0.03 1.0+0.
0.3%0.03 1.0+0.
0.3%0.03 1.0+0.

fork length at
1
1
1
1

fork length at

1.1+0.05 1.1+0.
1.2%0.05 1.1%0.
1.2%0.05 1.1%0.
1.3+0.04 1.2+0.

fork length at

1.4+0.03 1.2+0.
1.4%0.04 1.3+0.
1.3%0. 05 1.3+0.

. 0+0. 04 1.1+0.
.1%0. 03 1.2+0.
.1+0. 04 1.1+0.
.1¥0. 04 1.2+0.

01 24.4+2.0
01 25.8+2.5
01 23.5+2.3
01 21.8+2.1

rel ease = 155+2. 10 nm

-0.1 +4.2
-0.1 +8.6
-0.1 +6.3
-0.1 +2.2

rel ease = 92+0.71 nm

02 --------
02 34.8+2.5
02 34.2%5.5
02 33.8+3.0

-0.2 ----

0.0
-0.1 -0.6
0.0

rel ease = 85+0.48 mm)

01 49.3+12.1
02 52.8+16. 2
02 ---------
02 39.17+3.0

0.0 +14.6
0.0 +18.0
0.0 -----
+0.1 +10.0

rel ease = 71+0. 00 nmm)

01 28.4+2.0
02 27.6%2.2
02 30.9+1.8

+0.1 +6.6
+0.2 +2.9
+0.2 +11.7
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Survival probability estimtes for PIT-tagged hatchery fal
chinook salnon to the tailrace of Lower Ganite Dam were siml ar
wi thin release groups of yearlings, and within rel ease groups of
subyearlings of the same fork |l ength (Table 5). Yearlings
survived at the highest rate. There was a significant positive
relati on between fork |l ength and survival for subyearlings (N =
11; r? = 0.98; P < 0.01; Table 5). Plotting survival probability
agai nst fork length of all release groups of yearlings and
subyearlings suggests that the relation between hatchery fall
chi nook salnmon fork |Iength and survival nmay be asynptotic
(Figure 2).

Di scussi on

Suppl enenti ng the natural population with hatchery fish is
one interimmeasure currently being used to assist in the
recovery of the Snake River fall chinook sal non popul ati on.
Suppl ement ati on was advocated by the Snake River Sal non Recovery
Team (Bevan et al. 1994) and NMFS (1995). The Recovery Team and
NMFS recommended out pl anting Lyons Ferry Hatchery subyearling
fall chinook salmon to mmc the life history of natural fall
chi nook salnon in the Snake River above Lower Granite Dam
Conversely, the Washi ngton Departnent of Fisheries advocated
out planting yearling fall chinook sal non based on higher snolt-
to-adult survival fromon-station releases (Bugert et al. 1997).
A conprom se was reached anong the federal agencies, state
agencies, and the tribes that gave the yearling programfirst
priority at Lyons Ferry Hatchery. An annual production goal of
900, 000 yearlings was established, half of which was to be
out pl ant ed above Lower Granite Dam

Portable acclimation facilities are being used at Pittsburg
Landing in the Hells Canyon Reach, at Captain John Creek on the
Snake River, and at Big Canyon Creek on the Cl earwater River.
Al t hough yearling fall chinook salnmon is the primary age cl ass
bei ng used for supplenmentation, our research using subyearlings
i's necessary because NMFS recomended that the suppl enmentation
program be weaned from a dependency on yearling rel eases (NWFS
1995). Presently, Lyons Ferry Hatchery fish are in short
supply, so determning the optiml size at release will all ow
for the devel opnent of the nost efficient supplenmentation
strategy for fall chinook sal non.
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Tabl e 5. CSurvival probability estimates to the tailrace of
Lower Granite Dam for PIT-tagged Lyons Ferry Hatchery yearling
and subyearling fall chinook sal nmon released at Pittsburg
Landi ng on the Snake River in 1997.

Rel ease group Survival probability (+SE)

Yearlings (nmean fork length = 155+2. 10 nm)

0.908+0. 023
0.923+0. 022
0.926+0. 027
0. 943+0. 023

A OWNPEF

Subyearlings (mean fork length = 92+0.71 nm)

0. 806+0. 045
0. 856+0. 063
0.804%0. 057
0. 834%0. 062

A OWNPEF

Subyearlings (mean fork [ ength = 85+0.48 nm)

0.687+0. 029
0. 658+0. 026
0.657+0. 024
0.607+0. 022

A WN P

Subyearlings (mean fork length = 71+0.00 nm)

2 0.397+0. 022
3 0.372%0. 022
4 0.401+0. 023
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In 1997, we found marked differences in the post-rel ease
attri butes and survival of 155-mmyearlings and 92-, 85-, and
71-mm subyearlings. Yearlings dispersed dowstreamrapidly and
survived at high rates. Travel tinme to Lower Granite Dam was
indirectly related to fork |l ength of subyearling chinook sal non;
the 92-mm fish em grated faster than the 85- or 71-mmfish. The
fork length versus survival analyses presented in this paper
denmonstrated a strong, possibly asynptotic relation between fork
Il ength and survival. Larger fish traveled to Lower G anite Dam
faster than smaller fish, were | ess susceptible to predation,
and may have been exposed to higher flows and cool er water
during seaward mgration. This study was repeated in 1998 and
flow and tenperature effects will be incorporated into a fina
survival analysis. The 1997 results suggest that releasing a
subyear!ling chinook salnon > 92-mm fork | ength earlier in the
spring mght reduce the difference in snolt-to-adult returns
bet ween subyearlings and yearlings docunented by Bugert et al.
(1997).

In 1997, this study directly increased the number of fall
chi nook sal non that were released in the Snake River basin.
This direct increase in the nunber of juveniles outplanted
shoul d produce an increase in the nunber of returning adults.

I f these adults are allowed to spawn naturally, then a short-
termincrease in the natural population of fall chinook sal non
shoul d be realized.
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CHAPTER THREE

Subyear!|ing Chinook Salnon Early Life History
Tim ng and Survival in the Snake River, 1995 to 1998

by

Wl liam P. Connor
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| daho Fi shery Resource Ofice
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| nt roducti on

Hi storically, the Snake River was considered in sone years
to be the nost inmportant producer of fall chinook sal non
(Oncor hynchus tshawtscha) in the Colunbia River Basin (Fulton
1968). Limted spawning occurred as far upstream as Shoshone
Falls at river kilonmeter (RK) 977 (Fulton 1968). The historic
core popul ati on of Snake River fall chinook reportedly spawned
in the 48-kmreach of river between Marsing, |daho (RK 685) and
Swan Falls Dam (RK 733; Haas 1965).

The spawni ng area near Marsing, |daho becane inaccessible
to spawners with the conpletion of the Hells Canyon Conpl ex of
danms in 1967. Avail abl e spawni ng habitat was reduced further by
the conpletion of the |lower four Snake River dans (1962 to
1975). The present-day popul ati on of Snake River fall chinook
sal non spawns in the margins of its historic range primarily in
t he uni npounded Snake, Grande Ronde, and Cl earwater rivers
(Garcia 1998).

Fal |l chinook sal non have an ocean-type life history (Heal ey
1991). The juveniles mgrate seaward within two to three nonths
after enmerging fromthe gravel. Water tenperatures near
Mar si ng, |daho were warnmer during the egg incubation period than
in nmost of the areas presently used for spawning. Fall chinook
salmon fry near Marsing enmerged fromthe gravel primarily in
early April (Connor et al. 1997). The historic passage
di stribution for subyearling snolts as they |left the Snake River
was conpressed and passage occurred fromlate May to early July
(Mains and Smith 1956). Presently, fall chinook salnon fry
energe, rear, and nmigrate seaward | ater than they did
historically. For exanple, in 1995 subyearling snolts passed
Lower Granite Damin a protracted fashion beginning in June,
peaking in July, and ending in November (Connor et al. 1997).
The change in early life history timng is the result of cold
wat er tenperatures during egg incubation in the renmaining river
reaches that are avail able for spawning (Connor et al. 1997).

Snake River fall chinook salnon were |isted as Athreatenedf
under the Endangered Species Act (ESA) in 1992 (USFW5 1987; NWMFS
1992). | propose that the change in early life history timng
is one factor that contributed to ESA listing. Snpblts are now
exposed to |l ower flows and warnmer water tenperatures than
historically. Testing ny hypothesis is difficult because there
is no survival information for snmolts prior to 1995. The
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effects of early life history timng on survival could be
studied if fish fromdifferent energence cohorts could be marked
to estimate their survival. The objectives of this study were
to: 1) develop a nethod to separate subyearling chinook sal non
captured along the Snake River into three cohorts based on date
of fry energence, and 2) test the relation between subyearling
chi nook sal non survival and flow and water tenperature during
seaward m gration.

St udy Area

We col |l ected subyearling chinook sal non along the Snake
Ri ver between RK 365 and RK 224 (Figure 1). The mpjority of the
study area was within Hells Canyon, which extends from Hells
Canyon Damto mouth of the Grande Ronde River (Figure 1). The
Snake River within Hells Canyon is confined by steep-sided
cliffs, and its channel is relatively narrow and | arge rapids
are common. Downstream of Hells Canyon the Snake Ri ver broadens
and the rapids becone | ess conmon.

There are three main fall chinook sal non spawni ng areas
| ocated within the study area. These areas are the Snake River
upstream of the Sal non River confluence, the Snake River from
the Sal non Ri ver confluence to the head of Lower Ganite
Reservoir, and the Grande Ronde River (Garcia 1998). Fal
chi nook salnmon fry enmerge first in the Snake River upstream of
the Sal non Ri ver confl uence, second bel ow the Sal non River
confluence, and third in the Grande Ronde River. Fry disperse
downstream from spawni ng areas | eading to m xed-cohort rearing
in the mai nstem Snake River

Lower Granite Damis |ocated at RK 173, and is the first
dam fi sh encounter downstream of Hells Canyon (Figure 1).
Subsanpl es of subyearling chinook sal non passing Lower Granite
Dam are routed through the fish bypass system where they are
el ectronically scanned for Passive Integrated Transponders (PIT)
tags (Prentice et al. 1990a; 1990b) and then routed back to the
river. Five of the seven danms downstream of Lower Granite Dam
al so have fish bypass systens that are equi pped PIT-tag
nmonitori ng systens.
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32



Met hods
Data Col | ecti on

Subyear|ling chinook sal non, which were predomnantly fall -
run fish (W P. Connor, U S. Fish and Wldlife Service,
unpubl i shed data), were collected using a 30.5-m | ong beach
seine (Connor et al. 1998) as they reared along the 141-km
stretch of the Snake River between RK 365 and RK 224. Fish were
coll ected using an opportunistic sanpling design that allowed us
to capture adequate nunbers of fish for analyses, in spite of
| ow fish abundance, variable river flows, and tine constraints.
Prior to sanpling, we selected from 18 (in 1995) or 15 (from
1996 to 1998) permanent sanpling sites. Permanent sites were
conposed of | ow velocity pockets of water adjacent to sandy or
cobbl e shorelines at |east 100-m | ong.

After selecting permanent sites, we divided the Snake River
into three reaches. This was done to provide a sanpling unit
that could be covered in one day. These reaches extended from
RK 365 to RK 304, fromRK 304 to RK 270, and from RK 270 to RK
224. Sanpling began in April and was continued weekly until
wat er tenperature reached approxi mately 20°C, or catch neared
zero. Each permanent site was sanpled one day a week by setting
the beach seine three tinmes (flows permtting). Permanent sites
within the | ower reach were sanpled on the first day of
sanpling, sites in the mddle reach were sanpled on the second
day, and upper reach sites were sanpled on the third day.
Permanent sites within each reach were sanpled in random order.

Approxi mately 21 d after peak fry emergence, we began
suppl enenting our catch with additional seine hauls nade at non-
permanent sites. This supplenental sanpling continued for three
weeks. The physical characteristics of the sites used for
suppl enental sanpling varied wi dely and included small beaches,
cobbl e bars, and backwaters. Supplenmental sanpling was done
wi thin each reach after permanent sanpling was conpleted for the
day, or by adding days to the sanpling schedul e.

Al'l subyearling chinook > 60-mm fork [ ength were
anest hetized, PIT tagged, and allowed to recover as described by
Connor et al. (1998). The PIT-tagged fish were rel eased where
they were collected to resune rearing, dispersal, and eventual
seaward m gration. Subsanples of PIT-tagged fish were detected
at dans downstream of the study area from April until Decenber.
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Dat a Anal ysi s

Catch data was pooled within each year. The energence date
of each fish was back cal cul ated based on fork | ength at
capture, nean observed growth rate (W P. Connor, unpublished
data), and a nean fork length of 38 mm at energence (Arnsberg et
al. 1992). The data was grouped into three cohorts per year to
approximate the life history of fish fromthe three spawning
areas described previously. It also served as a neans of
form ng replicate groups of fish within years. Cohort 1
represented fish fromthe Snake River above the Sal non River,
cohort 2 represented fish below the Sal non River, and cohort 3
represented fish fromthe G ande Ronde River.

| used the single release version of the Cormack/Jolly-
Seber survival probability nodel (Cormack 1964; Jolly 1965;
Seber 1965; Burnham et al. 1987) to estimate survival to the
tailrace of Lower Granite Dam for subyearling chi nook sal non.
No survival estimate was made for cohort 3 in 1995 because of
probl enms that occurred at Lower Granite Dam during the passage
of fish. | nade three assunptions when using the single rel ease
approach. First, | assuned that detection of a subyearling
chinook salnon at a PIT-tag detection site did not affect its
probability of subsequent detection at downstream sites.

Secondly, | assuned that detection at a PIT-tag detection site
did not affect the probability of subsequent survival for a fish
t hrough downstreamriver reaches. Thirdly, | assuned that

detected fish suffered no significant post-detection bypass
nortality before rem xing with non-detected fish

An aligned ranks test (SAS 1989) was used to test the nul
hypot hesi s that nedi an survival was equal anong cohorts. | used
a random zed bl ock design to factor out the year effect. | then
made pairwi se conpari sons between cohorts using the aligned
ranks test. All conparisons were made at a = 0. 05.

| cal cul at ed exposure indices for flow and water
tenperature for each cohort. The indices were calculated as the
mean daily flows and tenperatures that occurred in Lower Ganite
Reservoir between the nedian date the cohort was PIT tagged, and
the date 5% of the cohort passed Lower Granite Dam

A Pearson correlation coefficient (SYSTAT 1994) was
cal culated to test the strength of association between the fl ow
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and wat er tenperature exposure indices. The effects of flow and
wat er tenperature were tested separately on survival using

ordi nary | east-squares regressi on (SYSTAT 1994). Fl ow was
transformed as -1/flow’. Water tenperature was transformed as
-tenperature®. The null hypotheses for the regressions were Hi:
survival is not related to flow, and Hy: survival is not rel ated
to tenperature. Both hypotheses were tested at a = 0. 05.

Resul ts

A range of 463 to 2,056 subyearling chinook sal non were
PIT tagged al ong the Snake River from 1995 to 1998 (Table 1).
The nunmber of PIT-tagged fish that were detected at Lower
Granite Damranged from 122 to 9,546 (Table 1). Adequate
nunbers of fish were PIT tagged each year to allow the data to
be divided into three cohorts per year based on the estinmated
energence dates of each fish

Cohort Separation

The nunmber of subyearling chinook salnon in each of the
three cohorts was simlar within years, but varied anpbng years
according to the total nunber of fish that were tagged (Table
2). The approach used to separate each year of data into three
cohorts worked well based on the dates each cohort was PIT
tagged and rel eased, and then detected passing Lower Ganite
Dam The first cohorts always conprised fish that were tagged,
rel eased, and detected earlier than the second cohorts, which in

turn were tagged, released, and detected earlier than fish
in the third cohorts. Subyearling chinook sal non fromcohort 1
were PIT tagged and released in May and were detected passing
Lower Granite Damin July (Table 2). Fish fromcohort 2 were
al so released in May, but they were detected later in July than
fish fromcohort 1 (Table 2). Subyearling chinook sal non from
the third cohort were tagged in June and were detected in August
(Table 2). The distribution of rel ease and taggi ng dates and
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Tabl e 1. CNunber of subyearling chinook sal non that were PIT
tagged and rel eased al ong the Snake River, and the nunber of
tagged fish that were detected at Lower G anite Dam 1995C1998.

Year Number tagged Nunber detected
1995 1,370 440
1996 463 145
1997 639 122
1998 2,056 546
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Tabl e 2. CSanpl e sizes and the nmedian julian dates of
enmergence, release, and detection for each subyearling chinook
sal non cohort that was PIT tagged and rel eased al ong the Snake
Ri ver, 1995C1998.

Cohort
1 2 3
Event n medi an n medi an n medi an
1995
Emer gence 456 118 456 128 458 138
Rel ease 456 151 456 155 458 164
Det ecti on 145 196 156 205 139 219
1996
Emergence 154 106 154 131 155 149
Rel ease 154 129 154 157 155 177
Det ecti on 54 189 62 206 29 218
1997
Emer gence 213 122 213 137 213 149
Rel ease 213 149 213 168 213 176
Det ecti on 65 183 47 198 10 223
1998
Emergence 684 112 684 123 608 139
Rel ease 684 140 684 146 608 167
Det ecti on 205 190 195 215 143 225
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detection dates tended to be skewed and there was sone overl ap
in the tails of each distribution (Figure 2).

Esti mati ng Cohort Survival

Estimated survival to the tailrace of Lower G anite Dam for
the cohorts ranged from0.669 (0.051) to 0.085 (0.048; Table 3).
The bl ocki ng approach effectively adjusted for the year effect
(F =2.77;, P = 0.1504). There was a significant overal
difference in survival anong the three cohorts (Figure 3; F =
15.00; P = 0.0077). Survival for cohorts 1 and 2 was not
significantly different (P = 0.2729). Survival was
significantly different between cohorts 1 and 3 (P = 0.0031) and
bet ween cohorts 2 and 3 (P = 0.0083; Figure 3).

Fl ow, Tenperature, and Survival

Fl ow exposure indices ranged from 2,258 to 4,920 nt/sec
(Table 4). Water tenperature exposure indices ranged from 10.9
to 18.0 °C (Table 4). Cohorts 1 and 2 were exposed to higher
flows and cool er water tenperatures during seaward m gration
t han cohort 3. Flow and water tenperatures exposure indices
were highly correlated (r = -0.747; P = 0.008). Therefore, |
opted not to use a nultiple regression approach to test the
rel ati on between survival and flow and water tenperature.

Separate regressions using the transforned fl ow and water
tenperature exposure indices as independent variables, and
survival as the dependent variable, reveal ed significant
relations. Flow was positively related to survival (Figure 4; N
= 11; intercept = 0.05966; slope = 0.0003; r?=0.74; P = 0.003).
Water tenperature was negatively related to survival (Figure 5
N = 11; intercept = 0.6510; slope =0.005; r?= 0.75; P = 0.001)

Di scussi on

Smal | sanmple sizes of fish prevented nme fromtesting the
t hree assunptions (Burnhamet al. 1987) inherent to single-
rel ease survival nodeling. |f the detection of subyearling
chi nook sal non at one dam affected their probability of
subsequent detection at downstream dams, then survival was
underestinmated. |If detection at a dam affected the probability
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Figure 2. CAn exanple of the release (top) and detection date
distributions (bottom for subyearling chinook sal non that were
PIT tagged and rel eased al ong the Snake River and then detected
as they passed Lower Granite Dam 1996.
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Tabl e 3. CEsti mated survival (standard error in parentheses) to
the tail race of Lower Granite Dam for each cohort of
subyearling chinook sal non that was PI T tagged and rel eased
al ong the Snake River, 1995C1998.

Esti mated Survival (SE) by cohort

Year 1 2 3

1995 0.669(0.051) 0.668(0.085) -----------
1996 0.568(0.061) 0.591(0.059) 0.279(0.053)
1997 0.613(0.053) 0.361(0.050) 0.085(0.048)
1998 0.657(0.028) 0.612(0.028) 0.404(0.03)
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Figure 3. CEstimated survival to the tail race of Lower Ganite
Dam grouped across years by cohort for subyearling chinook
sal mon that were PIT tagged and rel eased al ong the Snake River,
1995C1998. The P value froman aligned ranks test is given, and

the letters within the box plots indicate the outcone of
pai rwi se conparisons (a=0.05).
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Tabl e 4. CFl ow (n?¥/sec) and water tenperature (°C) exposure
i ndi ces cal cul ated using data from Lower Granite Reservoir for
the period each cohort of PIT-tagged Snake Ri ver subyearling
chi nook sal non was passi ng downstream t hrough the reservoir,
1995C1998.

Cohor t
Exposure
I ndex 1 2 3
1995
Fl ow 3, 587 3,192  -----
Tenperature 14. 5 i5.0  -----
1996
Fl ow 3, 881 4,172 2,258
Tenperature 10. 9 14. 2 16.5
1997
Fl ow 4,920 4,461 2,262
Tenperature 12.9 14.7 18.0
1998
Fl ow 4, 477 3,785 2,527
Tenperature 13.4 14. 2 15. 6
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Reservoir and estimted survival to the tailrace of Lower
Granite Dam for subyearling chinook sal non that were PIT tagged
al ong the Snake River, 1995C1998.
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of subsequent survival through downstreamriver reaches, then ny
estimates are biased high. Significant post-detection bypass
nortality before fish rem xed with non-detected fish would al so
result in overestimtes of survival. Goodness of fit tests were
used to test the three assunptions during a study of wild
yearling and hatchery subyearling chinook sal non survival that
was conducted in ny study area. The assunptions were not
violated (Ilwanmpbto et al. 1994; Smith et al. 1997).

Differences in survival between cohorts of subyearling
chi nook sal non rel eased al ong the Snake River from 1995 to 1998
can be traced back to enmergence timng. Earlier emerging fish
m grated seaward earlier and passed through Lower Granite
Reservoir under higher flows and cool er water tenperatures than
| ater enmerging and em grating fish. Hatchery subyearling fall
chi nook sal non that were released in the Snake River under high
flows and | ow tenperatures survived better than fish that were
rel eased under |ower flows and warner tenperatures (Smth et al.
1997). Detection rates for natural subyearling chinook sal non
PIT tagged in the Snake River from 1992 to 1995 were positively
related to fl ow and negatively related to water tenperature
(Connor et al. 1998). The cohort survival results presented in
this paper are consistent with previous studies. | conclude
that the change in life history timng caused by the
construction of Hells Canyon Conpl ex of dams was one factor that
led to the decline of the Snake River fall chinook sal non
popul ati on.

Possi bl e expl anations for the significant rel ati ons between
fl ow and survival were reviewed by Connor et al. (1998). These
aut hors proposed that high flows nmay positively affect survival
of seaward m grating subyearling chinook sal non by preventing
del ays in passage. |In theory, delays in passage coul d cause
di sorientation of em grants, increased exposure tinme to
predators, reversal of snoltification, and disease (Park 1969;
Raynond 1979; Berggren and Filardo 1993). In the future it
woul d be valuable to deternmine if the tinme at |arge between the
taggi ng and detection of a cohort was related to survival.

Studies were also reviewed (Connor et al. 1998) that
denonstrated the effect of water tenperature on consunption of
subyear!ling chinook sal non by predators in the Col unbia and
Snake rivers (Poe et al. 1991; Vigg and Burley 1991; Vigg et al
1991; Curet 1994; Anglea 1997). The nunber of subyearling
chi nook sal non eaten by northern pikem nnow (Ptychocheil us
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oregonensi s), smallnouth bass (M cropterus dolom eu), walleye
(Stizostedion vitreum, and channel catfish (Ictal urus
punctatus) increased with water tenperature. The significant
relation | found between water tenperature and survival of
subyearling chinook sal non nmay be the result of high rates of
predation at warmer water tenperatures.

The goal of the ESA is to restore viable self-perpetuating
popul ati ons of mammal s, birds, and fishes in their native
habitats (USFWS 1988). Summer fl ow augnentation (NMFS 1995) is
one nmet hod being used to recover Snake River fall chinook
sal non. Summrer fl ow augnentation increases flow and decreases
wat er tenperature in Lower Granite Reservoir (Connor et al.
1998). The regression results for cohort survival support the
need for continued sumer flow augnentati on.

Suppl ementation with hatchery fish (MIller et al. 1990;
Steward and Bjornn 1990) is another nethod being used to recover
Snake River fall chinook salnmon. The results of cohort analysis
in this paper nmay be useful for supplenmentation planning. Anong
spawni ng areas in the margins of the historic range, those that
foster earlier fry energence may produce nore surviving snolts
per spawner than those that foster |ater enmerging fry.

Rel easi ng hatchery fish into the Snake River upstream of the
Sal non Ri ver confluence m ght result in the highest possible
snolt-to-adult return rate.
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| nt roducti on

Wth the listing of Snake River fall chinook sal non
Oncor hynchus tshawytscha as “threatened” under the Endangered
Species Act (NMFS 1992), there has been increased interest in
defining attributes of primary rearing habitats. Studies of
habitat use by subyearling fall chinook sal non conducted in the
Snake River have primarily used beach seining in the free-
flowi ng reaches (Key et al. 1994a; Key et al. 1994b) and
reservoirs (Bennett et al. 1992; Curet 1993). Beach seining is
l[imted by the range of velocities and substrates that can be
effectively sanpled, and therefore can bias estimtes of habitat
use. Deep, rocky, and swift habitats nust be sanpled with gear

ot her than beach seines. In 1998, we used electrofishing to
sanple a wider range of habitats than had been sanpled in the
past. The objective of this study was to better define

subyearling fall chinook salnon rearing habitat in the Snake
Ri ver, and to conpare habitats used to those used by fall
chi nook salnmon in the Hanford Reach of the Col unbia River.

St udy Area

Qur 1998 habitat study was conducted in the free-flow ng
Snake River between river kilonmeter (RK) 233 and RK 398. The
river was divided into upper and | ower sanpling reaches, wth
the | ower reach extending from Asotin (RK 233.8) to just above
t he confluence with the G and Ronde River (RK 278.3), and the
upper reach extendi ng from above Cougar Rapids (RK 294.1) to
Pittsburg landing (RK 346.0; Figure 1). River kiloneter
i nformation was cal culated fromthe nouth of the Snake River,
and was obtained fromU. S. Arnmy Corps of Engineers navigation
charts.

Met hods
Poi nt Shock Abundance Sanpli ng

Poi nt shock abundance sanpling (Persat and Copp 1990) was
used to collect fish in shoreline habitats during three periods
in 1998: May 5-15, June 7-11, and June 20-25. Sanples were
collected fromthe | ower reach for each tine period, whereas the
upper reach was only sanpled on the third trip.
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Figure 1.-Snake River sanpling reaches used during fall
chi nook sal non habitat surveys in 1998.
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Data was collected using a 5.5 m Sm t h- Root el ectrofishing
boat wwth a 1.02 munbrella anode array and el ectrical output of
2 anps at 60 pulses/s DC. Sanples were collected by driving
directly towards the shoreline and shocking areas 2-5 m from
shore, or until the boat was no |onger able to go forward
because of shall ow depth. When the area of interest was
reached, an 8-s shock was initiated and the boat’s forward
nmoment um st opped. This allowed a | ocalized area to be shocked
with mniml forewarning to fish. At the end of the shock, a
buoy was set to mark the area where fish were caught or seen, or
the center of the shocked area if no fish were seen.

Site Sel ection

A method of site selection was used that included sone of
the nore unconmmon habitats, avoi ded unnecessary duplication, and
m nimzed sanple bias. Three matrices were constructed to
create different conbinations of habitat variables to guide
sampling efforts, and included 1) velocity X depth, 2) velocity
X substrate, and 3) depth X substrate. Sites were sel ected and
sanpled to collect information for each matrix cell. Effort was
expended to sanple the habitat conbination in each cell at |east
once, with three or nore sanples being preferred. Sanpling in a
reach was conpl eted when no new sites could be found to fill
enpty or partially filled cells in the three matrices.

Catch

Subyearling fall chinook sal non were targeted for
collection. Stunned fish were collected with dipnets, sorted by
speci es, and enunerated. Captured fall chinook sal non were
anest hetized with 26 ng/L of tricaine nethanesul fonate (Ms-222),
wei ghed to the nearest 0.1 g, and neasured to the nearest 1 mm
| ncidental fish were identified to species; |arger specinmens
were released so as not to harmor stress the fall chinook
salmon. All fish were allowed to recover for approximtely 15
m n before rel ease.

Fi sh seen, but not caught, were visually identified,
enuner ated, and noted as “seen”. If we were unable to
adequately identify the species of fish, the fish was desi gnated
as “unknown” and its size and general appearance were noted if
it was chinook-like. All large fish (e.g. Catostom dae) were
identified visually and noted as “seen” so that effort could be
concentrated on coll ecting subyearling fall chinook sal non.
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Habi t at

Vari ous habitat measurenents were coll ected at each point-
shock sanple site. Water tenperature was neasured to the

nearest 0.1°C at the point of shock, and at 1 m and 15 m from
shore. Water velocity was neasured using a current neter at the
poi nt of shock and at 15 mfromthe shore. Wter depth and fl ow
direction were collected concurrent with velocity measurenent.
Di stance of point of shock to the shore was neasured to the
nearest 1 cm At the point of shock, substrate type was

vi sual |y assessed and assigned a code based on a Wentworth
classification nodified fromOth (1983; Table 1). Enbeddedness
of substrate was also visually assessed and assi gned a code
following Platts et al. (1983; Table 2). Presence of inundated
veget ati on and overhangi ng cover was noted. Vegetation was
defined as absent, sparse, nmedium or dense. Sparse vegetation
was defined as vegetation that covered up to 10% of the
substrate, medium vegetation covered 10-50% of the underlying
substrate, and dense vegetation covered nore than 50% of the
substrate. Our vegetation classifications did not account for
hei ght and stem density, or if the vegetation created velocity
breaks. Water turbidity was neasured every 2 h in Nephelonetric
Turbidity Units (NTU). Location of each point-shock sanple was
determ ned using a G obal Position System (GPS).

Anal ysi s

The total nunber of point-shock sanples and fall chinook
sal non caught and seen were tallied for each reach and trip.
Subyearling chinook sal non catch and effort in the different
habi tats sanpl ed were summari zed and conpared graphically. The
first and second sanpling trips were conmbined for analysis for
the | ower reach, but trip three was not included because no
chi nook were caught. The upper reach was anal yzed separately
fromthe | ower reach

The probability of catching one or nore subyearling chinook
salmon in the different habitats sanpled was statistically
conputed using a predictive nmodel that was devel oped for fal
chi nook salnmon in the free-flow ng Hanford Reach of the Col unbi a
Ri ver (USGS, unpublished data). |Individual habitat vari ables
such as velocity, depth, and distance from shore were
transformed using the natural |og, inverse, and square root to
normal i ze distributions. The transformation that best inproved
the normality for each variable was selected. A factor analysis
was then conducted because many of the variables were highly
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Tabl e 1.-Substrate codes, particle sizes, and descriptions
used to classify dom nant substrate during juvenile fall chinook
sal nron habitat surveys in the Snake River, 1998.

Code Particle size (nm) Description
1 <1 Fi nes to coarse sand
2 >1-2 Very coarse sand
3 >2-4 Fi ne gravel
4 >4-8 Medi um gr avel
5 >8-16 Coarse gravel
6 >16- 32 Smal | pebbl e
7 >32- 64 Large pebble
8 >64- 256 Cobbl e or rubble
9 >256 Boul der
10 Bedrock cliffs

Tabl e 2. -Enbeddedness codes and descriptions used to classify
enbeddedness of dom nant substrates during juvenile fall chinook
habitat surveys in the Snake River, 1998.

Code Descri ption

1 Dom nant substrates have between 0 and 25 percent of their
edges obscured by finer substrates.

2 Dom nant substrates have between 25 and 50 percent of
their edges obscured by finer substrates.

3 Dom nant substrates have between 50 and 75 percent of
their edges obscured by finer substrates.

4 Dom nant substrates have between 75 and 100 percent of

their edges obscured by finer substrates.
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correlated with each other. The factors were rotated using the
varimax rotation to distribute the variance equally anpong the

factors and inprove interpretation. The related factor scores
were then used in a test data set to classify fish presence or
absence using a discrimnant analysis and a calibration function
devel oped for the Hanford Reach (USGS, unpublished data). All

anal yses were done using SAS (1994).

Resul ts

A total of 589 point shock abundance sanpl es were coll ected
resulting in 107 wild and 3 hatchery subyearling fall chinook
sal non caught or seen (Table 3). The average catch-per-unit-
effort (CPUE) was 0.18 subyearling fall chinook sal non per point
abundance sanple. Mst fall chinook sal non, 96% were caught on
sanpling trips 1 and 2 in the | ower reach. O the 589 sites
sanmpl ed, 519 (87% contained no fish, and 70 sites (13% had one
or nore salnmon. The upper reach was only sanpled during trip
three and only four chinook sal non were caught. Because of the
| ow catch in the upper reach, no further analysis was conduct ed.
Average fork |length of subyearling fall chinook sal non was 54.0
mmfor trip 1, 75.8 mmfor trip 2, and 66.5 mmfor trip 3.
| ncidental fish caught in both reaches on the Snake River are
reported in Appendix 1.

Subyearling fall chinook sal non were nore abundant at sites
where sand was the dom nant substrate, however, substrate did
not seemto be a significant factor determ ning habitat use
(Figure 2). CPUE was hi ghest over sand (0.41), but chinook were
al so caught over all other major avail able substrate types,
except bedrock cliffs, with CPUEs of at least 0.2. Very coarse
sand to coarse gravel substrates (codes 2-5) were not sanpl ed
due to lack of availability in the Snake River.

Subyearling fall chinook sal nron were associated with highly
enbedded substrates. The highest sanpling effort (48% was in
areas that were 75-100% enbedded (code 4), resulting in 76% of
the catch and a CPUE of 0.42 (Figure 3). Areas with 0-25%
enbeddedness (code 1) accounted for 28% of the effort but only
8% of the catch (CPUE 0.08).

CPUE was higher in areas of nedium vegetation cover, and
| ower, but approxi mtely equal, where vegetati on was absent or
sparse (Figure 4). \Were vegetation was classified as sparse,
smal | anpunts of terrestrial grasses and forbs were dom nant.
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Tabl e 3.-Nunmber of wild and hatchery subyearling fall chinook
sal non caught by electrofishing in the upper and | ower reaches
of the Snake River for each sanpling period in 1998.

Total wild Total hatchery
Tot al fall chinook fall chinook

Reach Sanpl i ng peri od shocks sal non sal non
Lower 5 Moy - 15 May 190 79 0
Lower 7 June — 11 June 191 25 2
Lower 20 June — 25 June 108 0 0
Upper 20 June — 25 June 100 3 1
Tot al 589 107 3
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Medi um veget ati on was usually represented by groupi ngs of

i nundat ed bushes or trees, which created velocity breaks.
Medi um vegetati on was present in only seven point abundance
sanpl e sites, however, and was generally not avail abl e.

The gradi ent between the shore and point of shock, or
sl ope, influenced the habitat selection of subyearling fall
chi nook sal nron. We caught fish over slopes up to 55% although
nmost of the catch was associated with sl opes 20% or | ess (Figure
5). O the total catch, 91.5% was over sl opes of 20% or |ess,
and represented 73% of the effort in these areas.

Vel ocity at point of shock was another factor that

i nfluenced fall chinook sal non habitat selection. Mst of the
catch (97% was in areas with velocities of 0.35 m's, or |ess,
(Figure 6). No subyearling fall chinook sal non were caught in
velocities greater than 0.55 m's. Most of the effort (78% was
concentrated in areas with velocities of 0.35 nfs, or |ess.
CPUE was nore than twi ce as high where velocity was bel ow 0. 35
m s than at higher velocities.

Usi ng our statistical habitat nodel for the Hanford Reach,
we were 90% accurate in predicting the presence of one or nore
subyearling fall chinook salnon in our sanple sites (Table 4).
In contrast, we were only 13% accurate in predicting where fall
chi nook sal non woul d not be present. O the total habitat
sanpl ed, 87% was predicted to have 1 or nore fall chinook
sal nron, but only 18% of our sanple sites had subyearlings
present. Conversely, 13% of the total habitat sanpl es was
predicted to have no catch, but based on our sanpling, 82% of
poi nt-shock sites had no fish.

Di scussi on

Habi tat use by subyearling fall chinook salnon in the | ower
reach of the free-flow ng Snake River was simlar to that of
subyearlings rearing in the Hanford Reach of the Col unbia R ver
The use of nearshore rearing habitats by juvenile fall chinook
is determ ned |largely by gradient, velocity, and substrate, and
to a | esser degree by enbeddedness and vegetation. It is
difficult to nake concl usi ons about any one variable since al
are interrelated. The shape of the channel (gradient)
determ nes water velocities, and water velocity is the main
determ nant of substrate and enbeddedness. These in turn
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Tabl e 4.-Prediction of presence and absence of juvenile fall

chi nook salnmon in habitats sanpled in the Snake River
The di scrim nant anal ysi s-based node

Reach fall chinook sal nbn habitat and catch dat a.

in 1998.
was devel oped from Hanford

Predi cted Group

Cont ai ned no

Cont ai ned 1 or

Actual G oup fish nore fish Tot al
Cont ai ned no Nunber 42 272 314
fish Per cent 13. 38 86. 62 100. 00
Cont ai ned 1 or | Number 7 60 67
more fish Per cent 10. 45 89. 55 100. 00
Tot al percent Nunber 49 332 381
Per cent 12. 86 87.14 100. 00
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determ ne the type of vegetation that grows during tinmes of bank
dewat eri ng.

Subyearling fall chinook sal ron were nost abundant in the
Snake River over sandy substrates, but were also found over
al nost all avail able substrate types except bedrock cliffs.
When chi nook sal non were caught in areas where boul ders were the
dom nant substrate, the boulders were wi dely spaced and heavily
enbedded. No chi nook sal nron were caught in man-made boul der
areas such as rip-rap. Key et al. (1996) also reported little
use of boulders and rip-rap, but otherw se found chi nook over
all avail abl e substrates in the Hanford Reach wi th greatest
abundance over coarse gravel. Key et al. (1994a; 1994b) using
beach seines reported finding subyearling chinook over habitats
with a wi de range of percent fine substrates in both the free-
fl owi ng Snake River and the Hanford Reach. Curet (1993)
reported that subyearling chinook rearing in Lower Granite and
Little Goose reservoirs exhibited a strong preference for sandy
areas, and showed a noderate avoi dance of areas containing
cobbl e. However, effort over different substrate types was not
reported. Bennett et al. (1993) also found nost subyearling
chi nook over sandy substrates in Little Goose Reservoir.
However, since Curet (1993), Bennett et al. (1993), and Key et
al . (1994a; 1994b) used beach seines to collect subyearling fal
chi nook sal non, results fromthese studies were limted to areas
t hat were conducive to seining and do not represent the range of
habi tats avail abl e.

Water velocity was anot her determ nant of subyearling fal
chi nook sal non use of nearshore habitats. W found that nost
chi nook sal non were caught in areas with velocities of 0.35 ms,
or less. Key et al. (1996) al so caught greater nunbers of fal
chinook in areas with | ower water velocities (0.2 ms) in the
Hanford Reach. Everest and Chapman (1972) found the greatest
densities of subyearling sumrer chi nook where velocities were
less than 0.5 m's in streams habitats. |ndeed, our increased
catch of fall chinook sal non over nore enbedded substrates my
be a function of |ower velocity and not an actual effect of
enbeddedness. Slower water velocity habitats may be
energetically profitable for juvenile fall chinook sal non, while
still allowing for feeding on prey itens in the drift.

The rol e of vegetation in determ ning subyearling fall
chi nook abundance in the Snake River should be interpreted
carefully. Sparse vegetation consisted of subnerged terrestrial
grasses and forbs, and did not create velocity breaks or
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refugia. Only a few areas were sanpled where we cl assified
vegetation as “nmediunt. It is likely that medi um vegetation was
used as velocity breaks in areas with high nearshore velocities
rather than for cover frompredators. Data we collected in the
Hanf ord Reach in 1999 revealed that fall chinook sal non sel ected
habitats based on conditions other than the presence or absence
of vegetation (USGS, unpublished data). W believe that the
sane holds true for fall chinook salnon rearing in the Snake

Ri ver.

Shal | ow nearshore water with | ow gradient is an inportant
habitat criterion for subyearling fall chinook salnon rearing in
the free-fl owi ng Snake River. Bennett et al. (1993) reported
that areas with |ow gradients were characteristic of rearing
areas in Little Goose Reservoir. In the Hanford Reach, the
hi ghest mean nunmbers of subyearling fall chinook sal non were
caught over gradients of 35-40% nmeasured at 7.6 mfrom shore
(Key et al. 1996). Dauble et al. (1989) also found that shall ow
nearshore areas were preferred by subyearling fall chinook
Additionally, Key et al. (1994b) proposed that shall ow nearshore
wat ers may be inportant to chinook sal mon by providi ng warmer
wat er tenperatures for faster growh and | ower risk of predation
fromlarge piscivorous fish

The total catch of subyearling fall chinook sal non was
significantly lower in the Snake River (110 fish) as conpared to
the Hanford Reach (1,541 fish). The latter was sanpled in 1994
and 1995 at roughly half the effort (Key et al. 1996). This
difference resulted in total point abundance sanples w thout
catch of chinook in the Snake River to be 88% as conpared to
33% in the Hanford Reach. Statistical analysis of the presence
of fish in rearing areas in the Snake Ri ver showed high
predictability of areas where subyearling fall chinook were
actual ly caught. The high nunber of zero catches in habitats in
t he Snake Ri ver where the nodel predicted fish presence could be
the result of the | ow nunber of fall chinook salnmon in the Snake
River. |If so, then there is nore suitable rearing habitat
avai lable in the Snake River than is currently being used.

The results of this study suggest that subyearling fall
chi nook sal non habitat use is simlar between the free-flow ng
Snake River and the Hanford Reach of the Col unmbia River.

Habi tat vari ables such as gradient and velocity seemto be npst
inportant in determning fish presence. Substrate and
enbeddedness do not seemto be inportant criteria for habitat
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sel ection, except for avoi dance of bedrock cliffs and man- nade
boul der areas.
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| nt roducti on

Hydr oel ectric devel opnment in the Colunbia River basin has
resulted in the inpoundnment of much of the Snake River. One of
t he negative effects of this devel opnent is an altered thermal
regime in the river. Wile annual maxi num water tenperatures in
reservoirs my not be different fromfree-flow ng reaches,
tenperatures peak | ater and stay el evated | onger in reservoirs
(Karr et al. 1998). Hi gh water tenperatures can del ay adult
arrival timng at spawning sites, and can increase predation on
juvenile salnon as a result of increased predator netabolism
(Poe et al. 1991; Vigg and Burley 1991).

The life history of juvenile Snake River fall chinook
sal mon Oncor hynchus tshawtscha may nmake them particularly
vul nerable to high, |ate-sumrer tenperatures. Fall chinook
sal mron m grate seaward as subyearlings after rearing near natal
areas for 2-3 nonths. Most fall chinook sal non m grate through
t he i npounded | ower Snake River (four dans) during the nonths of
July and August when reservoir tenperatures are routinely above
20°C. This is near the upper incipient |ethal tenperature of
24°C for juvenile spring chinook salnmon (Brett 1952). The
effects of chronic exposure to sublethal tenperatures on fall
chi nook sal mon m gratory behavi or, disease resistance, and
predat or avoi dance remai n unexplored. Answers to these
guestions may affect recovery efforts for this Endangered
Species Act listed stock (NMFS 1992).

| nformation on thermal histories of juvenile fall chinook
sal non m grating through | ower Snake River reservoirs is
unavail able. Applying water tenperature data collected at
fixed-site nmonitoring stations to fisheries data may not be
accurate since there is no way of knowi ng how these tenperatures
conpare to those experienced by the fish. However, recent
advances in mniature electronics have resulted in the
producti on of tenperature-sensing radio transmitters suitable
for use in fish as snmall as 120 mmfork length. To the best of
our know edge, these tags have not been used in field
applications, but nmay make it possible to obtain thermal
hi stories on mgrating sal non.

This study was initiated to 1) determne the suitability of
t enperature-sensing radio tags for field use, 2) obtain thernal
histories fromjuvenile fall chinook salnon in Little Goose
Reservoir, and 3) determne if tenperatures selected by juvenile
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fall chinook sal mon were different fromthose generally
avai lable in the reservoir.

Met hods

Little Goose Reservoir is |ocated on the | ower Snake River in
eastern Washington (Figure 1). The reservoir was created in 1970
with the conpletion of Little Goose Dam ( Snake River kil onmeter (RK)
112.8), and is approximately 60.3 kmlong. Lower Ganite Dam (RK
173) is the only damupriver of Little Goose Dam before the free-
flowi ng Hells Canyon Reach, where Snake River fall chinook sal non
spawn naturally (Connor et al. 1993). W divided Little Goose
Reservoir into three reaches for our study: Reach 1 extended from
Lower Granite Dam downstreamto Rice Bar (RK 149.8), Reach 2 extended
fromRice Bar to Central Ferry (RK 131.7), and Reach 3 extended for
Central Ferry to Little Goose Dam

Laboratory Procedures

M ni ature tenperature-sensing radio transmtters (Advanced
Tel enetry Systens, Isanti, Mnnesota, USA) were used to coll ect
thermal histories fromjuvenile fall chinook salnon. Transmtters
were 17 mmlong, 6 nmmin dianmeter, weighed 1.7 g in air, and had a
life span of 8 to 10 d. The transmtters operated on uni que
frequencies, and had pulse intervals (in mlliseconds) which varied
directly with tenperature. The manufacturer provided equations for
each tag to convert pulse interval to tenperature.

Laboratory tests were conducted at the Colunbia River Research
Laboratory (CRRL) to determine tag performance before field
application. W evaluated tag accuracy, tag response tinme, quality
of manufacturer’s conversion equations, output accuracy, and tinme to
out put stabilization. Tag accuracies were determ ned at 19, 20, 21,
and 22.0°C, the anticipated range of field tenperatures, by conparing
stabilized output tenperatures to tenperatures neasured by a
thernonmeter. Tag response time to stabilization was recorded for
tenperature changes (0.5, 1.0, 2.0, 4.0, 6.0, and 8.0°C) between 7
and 23°C. Three test tags were placed in an insul ated contai ner of
water for 10 min and allowed to stabilize at an initial tenperature.
Stable water tenperatures were maintained within = 0.1°C, and were
measured with a mercury thernometer nmeeting ANSI/SAMA accuracy
requi renents. The tags were then transferred to a test container
with a different water tenperature and the pulse intervals were
recorded for 10 min. The tags were then imediately returned to the
initial container. This test was repeated for all changes in water
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tenperature. Regression analysis was then used to determ ne the
relati onship between tenperature and the recorded pul se interval.
Qur regression equations were conpared to those provided by the
manuf acturer by determning if slopes and intercepts were
significantly different (SAS 1996).

Response tinme to stabilization was al so evaluated by surgically
i nmplanting tags in juvenile chinook salnmon. Two fish were inplanted
as described in Adans et al. (1998) and allowed to recover for 24 h
after surgery. Test fish were exposed to tenperature changes of 0.5,
1.0, 2.0, 4.0, 6.0, and 8.0°C, with one fish tested over a range of 15
to 7°C and the other tested from 15 to 23°C. Tag output was recorded
for 15 mnutes. To standardize our stabilization tinme estimates, tag
out put was first graphed. A nean and standard deviation (STD) was
calculated for the tail portion of the output curve, which
represented stabilization. Critical value lines were created at = 2
STD to create an approxi mate 95% confi dence interval around the nean.
When the out put value crossed the appropriate critical value line,
t he output was considered stabilized, and tinme was nmeasured to that
poi nt .

Fi el d Procedures

To obtain thermal histories fromin-river mgrants, we tagged
natural | y- produced juvenile fall chinook sal non collected at the
Lower Granite Dam juvenile fish collection facility between 8 July
and 31 August 1998. Fish selected for tagging were at |east 120 nmm
fork length (FL) and had no visible signs of injury or stress. Fish
were anesthetized in a 100 ng/L solution of buffered tricaine
met hanesul fonate (MS-222) and wei ghed and neasured. A tenperature-
sensing radio transmtter with a uni que frequency was then
gastrically inplanted in the fish using the techni qgue described by
Burger et al. (1985). After tagging, fish were allowed to recover
for approximately 24 h before being released into the Lower Granite
Damtailrace via the PIT-tag bypass pi pe.

Ten groups of 6 to 7 tagged fish were rel eased at regul ar
intervals spread over five 10-d periods (Period 1: July 10 — July 19,
Period 2: July 20 — August 1, Period 3: August 2 — August 14, Period
4: August 15 — August 28, Period 5: August 29 — Septenber 15). One
fish fromeach rel ease group was tracked by boat as it m grated
t hrough the reservoir. The fish with the strongest signal was
sel ected and tracked continuously for 48 h. Each hour, a fish
| ocation and a tenperature profile were collected for the sel ected
fish. The radio signal was received by a data-I|ogging receiver
(Lot ek Engineering Inc., Newmarket, Ontario, Canada), which recorded
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the transmtter date, time, frequency, signal strength, and pul se
rate (mlliseconds). Pulse rates were |ater converted to tenperature
for analysis. The location of the fish was determ ned by using a
si x-el ement Yagi antenna to direct the boat towards the signal. Wen
t he boat passed directly over the fish, the signal strength would
drop abruptly. At this point, the boat was stopped, the |atitude and
| ongi tude were recorded and the | ocation entered as a waypoint into a
real-time differentially corrected gl obal positioning systemreceiver
(GPS, maximumerror < 16 m. This nmethod produced an estimted tag
| ocation within 6 mof the actual tag |ocation (Banach and Steward
1997). \While the boat operator held this position, a second crew
menber | owered a bat hyt hernograph (Ocean Sensors, Inc., San Diego,
California, USA) to obtain a tenperature and depth profile at the
fish location. Surface tenperature was nmeasured with a stick

t her monet er .

Reservoir tenperatures were nonitored with a second
bat hyt her nograph (BT) during the study. Twenty-five transects were
set up throughout the reservoir fromLower G anite Damto Little
Goose Dam  The bat hyt her nograph was | owered at five | ocations al ong
each transect (south shoreline, 25% channel w dth, 50% channel w dth,
75% channel wi dth, and north shoreline). Shoreline drops were made
as near to shore as possible while staying within water 3-4 m deep.
Data was collected fromeach transect at approximately 10-d
i nterval s.

Fi sh novenment and tenperature exposure were also nonitored by
fixed-site receivers connected to stationary antenna arrays.
Stationary antenna arrays were simlar to that used by Venditti and
Kraut (1999). These arrays were used to confirmnobile collection
data, nmonitor the novenment and tenperature exposure of the other
tagged fish, and nonitor tenperature exposure of fish in the forebay
of Little Goose Dam

Dat a Anal ysi s

Mobi l e tracking and fixed-site detection records were used
to construct thermal histories for each fish. Fish tenperature
records that were outside of the range (19-27 °C) recorded by BT
tenperature profiles were considered inaccurate and di scarded
from anal yses. Mbile tenperature data fromfish in Reach 3
were conmbined with fixed-site data from New York Island and
Little Goose forebay to increase sanple sizes in that reach.
Mean water tenperatures experienced by fish were exam ned for
| ongi tudi nal (reach) and seasonal (time period) differences
usi ng two-way anal ysis of variance (ANOVA; SAS 1996). The
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percent of records occurring in 1°C tenperature classes was al so
cal cul ated for each reach and tinme period.

Mean wat er tenperatures neasured by the BT were exam ned
for longitudinal (reach) and seasonal (time period) differences
usi ng two-way ANOVA. We conpared the frequency distributions of
wat er tenperatures used by tagged fish with the distributions of
BT- neasured tenperatures, by reach and tinme period, using chi-
square analysis. t-tests were used to conpare tenperature
differences within the water col um.

Qur conparison of transmtter and BT tenperature was
limted by signal attenuation of the transmtters; we were
unable to effectively detect fish that had sounded to a depth
greater than 10 m Therefore, we conpared transmtter
tenperatures to both BT tenperatures fromthe whol e water
colum, and BT tenperatures fromonly the top 10 mof the water
col umm.

Resul ts
Laboratory tests

The regression equations produced at CRRL for tenperature
transmtter output did not differ fromthose provided by the
manuf acturer (slope and intercept values did not differ
significantly, P < 0.05). Therefore, the manufacturer’s
regression equations were used to derive tenperatures fromradio
tag outputs. Tenperature-sensing radio tags were found to be
very accurate in |aboratory tests. The difference between water
t enperatures nmeasured by radio tags and the stick thernoneter
aver aged #0.03°C (range #0.00 to 0.07°C). In in vitro tests, the
response tinme for tags to stabilize after a change in
tenperature ranged from 47 s (0.5°C change) to 1 nin 15 s (8.0°C
change). Wen tags were inplanted in fish, stabilization tines
ranged from2 nmin 16 s (0.5°C change) to 4 min 34 s (6.0°C
change). Response tinmes generally increased directly with the
magni t ude of the tenperature change.

Field tests

A total of 69 juvenile fall chinook sal non were tagged with
tenperature-sensing radio transmtters and released into Little Goose
Reservoir. There were 10 rel eases of 6-7 fish per release. The nean
si ze of radio-tagged fish increased seasonally from 134 nmand 32.0 ¢
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to 170 mm and 65.0 g (Table 1). Tag retention during the 24-h
recovery period was 99% (one spit tag), and there were no
nortalities.

The overall percentage of radio-tagged fish detected by
nobi |l e tracking and at the four fixed-site antenna arrays was
80% Fifty-three percent of tagged fish were detected during
nmobi l e tracking and 41% were detected at fixed-sites. The
percent age of radio-tagged fish detected at individual fixed-
site arrays was 35% at New York I|sland, 36% at the forebay
barges, 41% at Little Goose Dam and 39% at exit |ocations bel ow
Littl e Goose Dam

Ten fish were tracked as primary fish. However, it was
often necessary to nonitor other fish if the primary fish could
not be located or did not nove for a period of 4 h. The nunber
of tenperature records collected on individual primary fish
ranged from 435 to 9,928 (nmean=4,422). The nunber of
tenperature records collected on alternate fish ranged from1 to
660 (nmean=103). The hi gh nunber of records obtained on fish
during nobile tracking (Figure 2) indicated that fish generally
travel ed through the reservoir in the top 10 mof the water
col umm.

Anal ysis of BT tenperature records indicated that vertica
differences in tenperatures in the water colum were m ni nal
(Figure 3). Tenperatures were typically highest in the top 1 m
and were generally uniformfroml1l mto the bottom Mean surface
wat er tenperature (21.4°C) was significantly greater than nmean
wat er columm tenperature (20.6°C, t = -2.65, P = 0.0302). Mean

tenperature bel ow 10 m was 20. 6°C, whereas nean tenperature above

10 mwas 20.8°C. The nean tenperature above 10 m was
significantly greater than nmean tenperature below 10 m (t =
37.99, P = 0.0001).

Juvenile fall chinook sal non were exposed to higher water
tenperatures as they m grated downstreamthrough Little Goose
Reservoir (Table 2). The percent of tagged fish found in water
tenperatures from 21°C to 22°C was 6.1% in Reach 1, 18.1%in
Reach 2, and 43.7% in Reach 3. Mean tenperature exposure in
Reach 3 (22.3°C) was significantly higher than in Reach 1
(20.5°C) or Reach 2 (20.6°C). Two-way ANOVA showed that the
reach and tine period variables, as well as the interaction
term were all significant (P < 0.0001), however, the reach
vari abl e expl ai ned a greater anmpunt of nodel variance (F =
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Table 1. — Rel ease dates, nunmber of fish released (N), and
mean fork | engths and weights, with standard deviations in
parent heses, of radio-tagged juvenile fall chinook sal non
released into Little Goose Reservoir during July-Septenber
1998.

Rel ease Rel ease Length Wei ght

number dat e N ( nm) (9)
1 7/ 10 7 139 (8.8) 35.7 (6.7)
2 7/ 12 7 137 (10.8) 35.1 (8.6)
3 7/ 20 6 136 (12.2) 33.1 (10.5)
4 7122 7 139 (10.0) 35.1 (6.9)
5 8/ 01 7 139 (6.8) 34.3 (8.0)
6 8/ 04 7 146 (5. 4) 41.2 (4.3)
7 8/ 15 7 154 (6.7) 48.7 (6.5)
8 8/ 17 7 154 (9. 3) 49.1 (9.0)
9 8/ 29 7 164 (4.0) 59.3 (5.3)
10 8/ 31 7 168 (10.3) 64.7 (12.0)

Overal | - - 69 148 (8.4) 43.6 (7.8)
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Figure 2.-An exanple of thermal histories collected from
i ndividual fish in Little Goose Reservoir fromthree different
time periods in 1998. Starting and ending |ocations are shown
for each fish.
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Table 2.-Mean tenperatures (°C) experienced by juvenile fal

chi nook salnmon inplanted with tenperature-sensing radio
transmtters in Little Goose Reservoir, 1998. Tenperatures are
shown by river reach and tine period. Sanple sizes represent

t he nunber of tenperature records used to cal cul ate the nean and
are shown in parentheses.

Ti me peri od Reach 1 Reach 2 Reach3

Jul 10 — Jul 19 20.8 (1,562) 21.1 (313) 21.0 (1, 526)
Jul 20 — Aug 1 20.8 (1,313) 21.4 (1,057) 23.6 (2,248)
Aug 2 — Aug 14 20.5 (8,162) 20.7 (1,247) 24.3 (1,876)
Aug 15 — Aug 28 20.4 (5,946) 20.3 (4,783) 21.6 (7,277)
Aug 29 — Sep 15 20.5 (16,691) 20.7 (929)
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10,931, P < 0.0001) than tine period (F = 2,179, P < 0.0001) or
the interaction term (F = 1,621, P < 0.0001).

Longi tudi nal and seasonal changes in water tenperature in
Little Goose Reservoir were simlar to those observed for radio-
tagged fish. Water tenperatures were highest in the | ower
portion of the reservoir (Reach 3) and exhibited a seasonal peak
in early to md August (Table 3). Two-way ANOVA reveal ed that
| ongi tudi nal tenperature variation (F = 6,529, P < 0.0001) was
greater than season variation (F = 2,962, P < 0.0001) during our
study period. There was a significant interaction between reach
and tinme period variables, but it accounted for |ess variation
than the main effect variables (F = 929, P < 0.0001).

Tenper at ures experienced by fish mgrating through Little
Goose Reservoir were variable in relation to avail able water
tenperatures. During July 10-19 and August 2-14 (Periods 1 and
3), fish selected tenperatures simlar to avail abl e tenperatures
(Table 4). Fish selected warner tenperatures fromJuly 20 to
August 1 (Period 2), but selected cool er water over that
generally available during the latter half of August and early
Septenber (Periods 4 and 5). Conparisons of nobile BT and
radi o-tagged fish tenperature distributions, by tine period,
were all significantly different (P < 0.0001) using chi-square

anal ysi s.

Di scussi on

Qur | aboratory tests confirmed that tenperature-sensing
radi o tags had sufficient accuracy and precision for use in our
intended field study. Furthernore, the individual regression
equations provided by the manufacturer proved accurate for the
expected range of tenperatures encountered in the field. The
tinme for tags to stabilize (response tinme) was usually a couple
of m nutes depending on the change in tenperature experienced.
We considered this amount of tinme to be inconsequential since we
col l ected data on individual fish for up to 48 h. In addition,
t he range of tenperatures experienced by fish in Little Goose

Reservoir was typically less than 1°C.

Tenperatures measured in Little Goose Reservoir using a
bat hyt her nrogr aph showed that the reservoir was well m xed and
not thermally stratified, and contai ned no areas of thernal
refugi a where fish m ght escape higher water tenperatures.
Cenerally, there was not a w de range of tenperatures for fish
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Tabl e 3.-Mean water colum tenperatures (°C) from
bat hyt her nograph transects in Little Goose Reservoir, 1998.
Tenperatures are shown by river reach and tinme period. Sanple
Si zes represent the nunber of tenperature records used to
cal cul ate the nmean and are shown in parentheses.

Ti me period Reach 1 Reach 2 Reach3

Jul 10 — Jul 19 20.9 (792) 20.8 (4,710) 21.0 (6, 202)
Jul 20 — Aug 1 19.7 (2,466) 20.7 (4,288) 20.9 (5, 368)
Aug 2 — Aug 14 20.1 (1,661) 21.2 (2,557) 21.3 (4,954)
Aug 15 — Aug 28 20.1 (2,268) 20.1 (4,413) 20.8 (4,231)
Aug 29 — Sep 15 20.0 (2,574) 20.3 (3,442) 20.5 (4,800)

84



Tabl e 4.-Percent frequency of tenperatures in two degree
classes for five tinme periods in 1998 as neasured with a
bat hyt her nograph (BT) for the whole water colum and
tenperature-sensing radio transmtters (Fish). BT and Fish
tenperature distributions were significantly different (P <
0. 0001) from each other, for each tine period, as determ ned by
chi - square anal ysi s.

Tenperature class (°C)
Dat a source 19-21 21-23 23- 25 25-27

Jul 10 — Jul 19

BT 85.3 14. 7 0.0 0.0

Fi sh 85.0 11. 4 2.2 1.4
Jul 20 - Aug 1

BT 82.9 16. 4 0.6 0.1

Fi sh 56. 8 38.9 2.4 1.9
Aug 2 - Aug 14

BT 92.1 7.9 0.0 0.0

Fi sh 91.3 8.5 0.1 0.1
Aug 15 - Aug 28

BT 52.1 47.9 0.0 0.0

Fi sh 88.1 11.6 0.1 0.2
Aug 29 - Sep 15

BT 60.1 39.0 0.9 0.0

Fi sh 93.1 6.9 0.0 0.0
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to choose from The highest tenperatures were in the top 1 m of
the water columm, and were the result of solar warmng. Wile
we found that water below 10 mwas significantly cool er than
wat er above 10 m the difference was only 0.2°C This was likely
the result of our |arge sanple size (N = 41,909), which can

i ncrease the chance of finding a significant difference between
two neans (Cody and Smith 1997), and is probably not

bi ol ogically significant.

Wat er tenperatures increased both seasonally and
longitudinally in Little Goose Reservoir during our study, and
may negatively affect juvenile fall chinook sal non mgratory
behavi or and survival. Tenperatures were highest in the forebay
of Little Goose Dam where snolts can be del ayed for a week or
more during their mgration (Venditti and Kraut 1999). This
del ay increases fish exposure to high tenperatures that can
increase the risk of disease and predation (Vigg and Burl ey
1991). High tenperatures may al so reduce gill ATPase activity,
a neasure of snoltification that has been associated with
m gratory behavior in chinook sal non (Zaugg 1989; Beeman et al.
1991). One consequence to Snake River juvenile fall chinook
sal non of mgrating during the seasonally warnest water
tenperatures of the year is reduced survival. Hi gh water
t enperatures have been associated with | ow survival for both
wi | d and hatchery Snake River fall chinook sal non (Connor - this
report; Miir et al. 1998).

Al t hough average annual water tenperature has not changed
due to hydroel ectric devel opnent, peak sunmer tenperatures have
been del ayed by as much as 30 d (Jaske 1969). Because
reservoirs have a higher heat storage capacity than rivers, it
takes |l onger for tenperatures to drop follow ng peak
tenperatures. Qur results indicate that |ongitudina
differences in nmean water tenperature in Little Goose Reservoir
are nore significant than those resulting from seasonal

fluctuations. In 1998, we recorded surface tenperatures as high
as 26.7°Cin the forebay of Little Goose Dam |t appears that
the risks associated with higher water tenperature wll be

greatest in the surface waters of the forebay during and after
peak sunmer tenperatures.
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| nt roducti on

Declines in the popul ations of Snake River fall and spring
chi nook sal non Oncor hynchus tshawytscha pronpted their listing
as threatened under the Endangered Species Act (ESA) in 1992
(NMFS 1992), and increased interest in identifying run
characteristics. Spring and sumrer chinook sal non are
considered to be a single evolutionarily significant unit (ESU;
Nati onal Marine Fisheries Service, unpublished), and w |
hereafter be referred to as spring chinook sal non. Fall chinook
sal ron have an ocean-type life history that is characterized by
seaward mgration in the sumrer within 2-3 nmonths of fry
enmergence (Taylor 1990; Healey 1991). In contrast, spring
chi nook sal non display a streamtype life history which is
acconpani ed by rearing in tributaries for a year before
initiating seaward migration in the spring as yearlings (Heal ey
1991). Yearling and subyearling chinook sal non m grations are
generally tenporally segregated, but sonme yearling spring
chi nook salnon also mgrate during the sunmer (Achord et al.
1996). Late mgrating yearlings conmprised 12-78% of the sunmer
outm gration past Lower Granite Danfsthe upper-npost dam on the
| ower Snake River%from 1992 to 1997. This is based on the
nunmber of yearling and subyearling chinook sal non that pass the
dam from June 1 through |ate October (Fish Passage Center,
unpubli shed data). This overlap necessitates having criteria to
separate the two runs to allow for the estimation of popul ation
attributes such as run size and tim ng.

Currently, personnel nonitoring the snolt outm gration
classify juvenile chinook sal non as subyearlings or yearlings
under the assunption that all subyearling chinook sal non are of
the fall run, while yearlings are of the spring run. This would
seem reasonabl e considering the life history differences of the
two runs. However, genetic sanples collected fromjuvenile
Snake River chinook sal mon since 1991 have shown that while al
yearlings are of the spring run, in some years (e.g. 1993)
subyearling spring chinook sal non dom nate the subyearling
popul ation (Marshall et al. 1999). The presence of subyearling
spring chinook salnon in the sumrer m grant popul ation
invalidate the assunption that all subyearlings are of the fal
run, and conplicate efforts to distinguish between the two runs.

Current methods used to distinguish between fall and spring
chi nook salnon at snmolt nonitoring facilities are highly
subj ective. Fish length is used to separate |arger yearling
fromsmaller subyearling chinook sal non when size differences
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exi st. However, subyearling chinook salnon are often just as

| arge as yearlings at | ower Snake River dans. The principal
means used to separate the two runs is based on subjective

nmor phol ogi cal differences observed by snolt nonitoring
personnel. Head, eye, and body characteristics are the primary
di scrim nators, but have not been statistically validated.

Mor phol ogy has al so been used by others to distinguish between
many popul ati ons and runs of Pacific salnon (Carl and Heal ey
1984; Taylor and MPhail 1985; Taylor 1986; Swain and Hol t by
1989; Beeman et al. 1994). The objective of this study was to
determ ne if norphol ogi cal characters could be used to

di stinguish juvenile Snake River fall chinook salnon from spring
chi nook sal non during the sumer m gration.

Met hods

Subyear|ing chinook sal mon were coll ected and tagged with
passive integrated transponders (PIT tags; Prentice et al. 1990)
as they reared along a 137-kmreach of the Snake River between
river kilometers 224 and 361 from 1991 to 1997 (Connor et al.
1998). PIT-tagged fish were rel eased where they were coll ected.
We subsequently recaptured a portion of PIT-tagged fish each
year at Lower Granite or Little Goose dans on the Snake River in
eastern Washington. Fish were obtained from bypass facilities
as described in Matthews et al. (1977) during the summer
m gration fromJune through October. Fin-clipped spring chinook
sal nron and PI T-tagged subyearling chinook were targeted for
collection to obtain fish of known origin. A portion of PIT-
tagged fish were sacrificed to determne their run using starch-
gel el ectrophoresis and genotypic sorting (Marshall et al.
1999). Only known-run fish were used in analyses. Scales were
coll ected from sanple fish and anal yzed according to Jearld
(1983) to determ ne fish age.

A subjective 3x4-1evel norphol ogi cal code was assigned to
each fish to classify fish run based on head shape, eye
di aneter, and body depth (Table 1). These three characters were
sel ected based on norphol ogi cal differences between spring and
fall chinook sal non perceived by personnel nonitoring snolts at
Lower Granite Dam Codes of 1 and 2 were indicative of spring-
i ke characteristics, whereas codes of 3 and 4 described fall -
|i ke features. Head, eye, and body codes were sumed to derive
an overall score for each fish, which ranged from 3 (nost
spring-like) to 12 (nost fall-like). Fish with a score of 3 to
7 were classified as spring chinook salnon, and fish with a
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Tabl e 1. % Mor phol ogi cal
body characteristics for

codes used to describe head, eye, and
classifying juvenile chinook sal non

run.
Code Head Eye Body
1 Bl unt Large di ameter Long and shal | ow
2 Less bl unt Medi um di anmet er Shal | ow
3 Less pointed Snmall dianeter Medi um deep
4 Poi nt ed Smal | di anmet er Deep

and down-tur ned
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score of 8 to 12 were classified as fall chinook salnon. The
di vi si on between 7 and 8 ensured that fish with a score of 7 had
at |l east two spring-like characteristics, and fish with a score
of 8 had at least two fall-like characteristics. There were
only two fish for which this did not hold, and they were

excl uded from anal yses.

In addition to assigning a norphol ogi cal code, all fish
wer e anesthetized and i nmedi atel y phot ographed for nore rigorous
nor phol ogi cal anal yses. Fins were held out with pins to better
show i nsertion points on the body. A 150-mmrul er was placed
next to each fish to provide a standard reference scale.

Mor phonmetric informati on was obtai ned from phot ographs by
digitizing landmarks in an X-Y coordi nate space (W nans 1984)
froma truss system on each fish (Strauss and Bookstein 1982).
Si xteen | andmarks were chosen to formthe truss system as in
Beeman et al. (1994) although an additional point was added to
measure eye dianmeter (Figure 1). Distances between | andmarks
were cal cul ated using the Pythagorean theorem and a conputer,
and resulted in 35 norphonetric characters. Character measures
wer e adjusted using the scale in each photograph so that
digitized distances corresponded to 2-di nensi onal distances on
each fish.

Princi pal conmponents analysis was used to reduce the 35
nmor phonetric characters to a smaller data set of uncorrel ated
variables to sinplify interpretation of shape differences, and
to facilitate the separation of fish races using discrimnant
function analysis. All data were |log transfornmed (base 10), and
princi pal conponents (PCs) were cal cul ated using the variance-
covariance matrix since all neasures were in the sane units
(Bookstein et al. 1985). The second (PC2) and third (PC3)
princi pal conponents were sheared using the nmethod of Hunphries
et al. (1981) as refornul ated by Rohlf and Bookstein (1987) to
adjust for the effects of fish size in shape anal yses. The
first principal conponent was assuned to represent general size
and was not sheared. Univariate normality of sheared PC2 and
PC3 was eval uated by exam ni ng normal probability plots (SAS
1996) .

Di scri mnant function analysis of sheared PC2 and PC3
scores was used to classify fish into one of three groups: 1)
subyearling fall chinook salmn (N = 299), 2) subyearling spring
chi nook salnmon (N =127), and 3) yearling spring chinook sal non
(N = 388). The prior probability of group nmenbership was set
proportional to group sanple size. Honpbgeneity of the within-
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Figure 1.-Locations of 16 | andmarks(open circles) and 35
nmor phonetric characters (broken |ines) used to develop a truss
network. Landmarks are from Beeman et al. (1994) with the
exception of point 16, which is |ocated at the nost anterior
poi nt of the eye.
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group vari ance-covariance matrices was tested using Bartlett’s
nmodi fication of the likelihood ratio test to determ ne whether
i near or quadratic discrimnant functions were appropriate (SAS
1996) .

The classification results of the discrimnant function
using all data in a training set were conpared to those using a
cross-validation classification procedure. 1In this nethod, an
i ndi vi dual was renoved fromthe data set, and a discrim nant
function was cal cul ated using the remaining individuals. The
excl uded i ndividual was then classified to a particul ar group
according to the function. This process was repeated for each
i ndividual in the data set, and classifications were tabul ated
for each group. Since prior probabilities of group nenmbership
were unequal, classification rates were tested agai nst those
expected by chance using Cohen’s kappa statistic (Titus et al.
1984). The val ue of kappa ranges fromzero to one; with zero
i ndi cating no inprovenent over random chance, while a val ue of
one results from perfect assignnent. An internediate val ue of
kappa, such as 0.70, indicated that classification based on the
di scrimnating variables is 70% better than chance assi gnnment.
Ni nety-five percent confidence intervals (Cl) and the
probability of kappa being significantly different from zero
were al so cal cul at ed.

Resul ts

The first three principal conponents, which accounted for
92. 1% of the total variation in norphometric neasurenents, were
retained for anal yses. These principal conponents were retained
based on the amount of variability they explained and their
interpretability. Normal probability plots reveal ed that both
sheared PC2 and PC3 scores were approximately normal. The first
princi pal conponent, which expl ained 85% of the variation, was
highly correlated with fork length (r = 0.98; N = 814), and the
simlarity of signs and magnitudes of |oadings on this conponent
indicated it explained differences due to size (Table 2).
Sheared PC2 and PC3 accounted for 4.4 and 2.8% of the total
variation, respectively. The contrasts of signs and | oadi ngs of
t hese conponents indicated that they contained mainly shape
information (Table 2).

Shape differences between the three groups of fish existed
primarily in the head, m d-body, and caudal peduncl e regions.
Hi ghly negative | oadi ngs on sheared PC2 sumari zed differences
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Tabl e 2. %Loadi ngs of juvenile chinook sal non norphonetric
characters on the first three principal conponents. Percent of
vari ati on expl ained by each principal conmponent is shown at the
bott om of each colum. Refer to Figure 1 for character
descri pti ons.

Char act er PC1 Shear ed PC2 Shear ed PC3
1-2 0. 149 -0.111 -0.214
1-3 0.172 -0.039 -0.038
2-3 0. 165 -0. 056 -0.102
2-4 0. 136 -0.241 -0.198
2-5 0.139 -0. 203 -0. 304
4-5 0.128 -0. 315 -0. 061
4-6 0.184 0. 094 0.071
2-6 0. 164 -0. 046 -0. 052
1-6 0.167 -0.022 -0. 008
3-4 0.169 -0. 005 -0.036
1-4 0.135 -0.224 -0.119
3-6 0.176 0. 087 -0.011
3-7 0.172 0. 061 0.073
6-8 0.169 0. 049 0. 049
6-7 0.177 0. 105 0. 019
3-8 0.174 0.077 0. 060
7-8 0.193 0. 215 0. 009
7-9 0.178 -0. 059 0. 098

8-10 0.175 0.021 0. 027

8-9 0.186 0. 098 0. 043
7-10 0.189 0. 203 0.018
9-10 0.189 0.162 0. 043
9-11 0.170 0.114 -0.079
10-12 0. 164 0. 140 0. 015
9-12 0.175 0. 185 0. 009

10-11 0.178 0. 091 0. 017

11-12 0.192 0. 066 0. 085

11-13 0. 142 -0. 286 0. 318

12-14 0. 166 -0. 351 0.372

12-13 0.176 -0.189 0.184

11-14 0. 153 -0.190 0. 325

13-14 0.181 -0.013 0.071

14- 15 0.197 0.189 -0. 340

13- 15 0.192 0.138 -0. 158

5-16 0. 099 -0. 391 -0. 468
Vari ation 85. 0% 4. 4% 2.8%
expl ai ned
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in head shape and peduncle I ength, while highly positive

| oadi ngs on two body measures summari zed variation in body depth
(Table 2; Figure 2). Subyearling fall chinook sal non were wel
separated fromyearling spring chinook sal mon using this
conponent, having smaller heads and eyes, deeper bodies, and
shorter caudal peduncles (Figure 3). Subyearling spring chinook
sal mon were internediate to fall and yearling spring chinook in
t hese areas, but were nore |ike subyearling fall chinook sal non.

Sheared PC3 expl ai ned additional variation in the head and
caudal peduncle regi ons beyond that of sheared PC2. Subyearling
spring chinook sal non were separated from subyearling fall
chi nook and yearling spring chinook on sheared PC3, but the
|atter two were poorly separated from each other on sheared PC3
(Figure 3). Additional interpretable shape differences on
sheared PC3 showed that subyearling spring chinook sal non had a
deeper and nore truncated caudal peduncle, and a shorter
maxi |l ary than subyearling fall chinook and yearling spring
chi nook sal nmon (Figure 2).

Mor phol ogi cal characteristics were useful in separating
subyearling fall chinook and yearling spring chinook sal non
using discrimnant function analysis, but the classification of
subyearling spring chinook sal non was poor. A quadratic
functi on was used because of significant differences between the
wi t hi n-group vari ance-covariance matrices. Training set and
cross-validation classifications were identical, indicating no
bi as between the two nmethods. Both subyearling fall chinook and
yearling spring chinook sal non correct classification rates
exceeded 80% but subyearling spring chinook sal non were
classified with only 26% accuracy (Table 3). Incorrectly
classified subyearling spring chinook sal non were evenly split
bet ween the subyearling fall chinook and yearling spring chinook
groups. The kappa indicated that correct classifications were
only 59% better than that expected by random chance, but were
significantly different fromzero (kappa = 0.59, 95% CI = 0.54
to 0.64, P < 0.0001).

A separate PC and di scrim nant analysis using only
subyearling fall and yearling spring chinook sal non was run to
determ ne if renoval of subyearling spring chinook salnon from
the three-group analysis inproved classifications and the kappa
statistic. In this two-group analysis, subyearling fall chinook
were classified with 84% accuracy, and 90% of yearling spring
chi nook sal nmon were correctly classified (Table 3). The kappa
i ndi cat ed assignnments were 75% better than random chance (kappa
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Figure 2.- Morphometric characters with inportant | oadi ngs on
sheared PC2 (A) and sheared PC3 (B). Solid |lines denote
positive | oadi ngs and broken |ines denote negative | oadi ngs.
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Figure 3.-Ninety-five percent confidence ellipses for bivariate
means of sheared PC2and PC3 scores for three groups of juvenile
chi nook sal non. Groups are abreviated FACHO for subyearling fall
chi nook, SPCHO for subyearling spring chinook, and SPCH1l for
yearling spring chinook sal non.
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Tabl e 3.%Cl assification of group nenmbership of juvenile
chi nook sal non using a quadratic discrimnant function devel oped
usi ng sheared principal conmponents scores of norphonetric
measurenents. Prior probability of group menbership and kappa
are shown as well. Actual groups are abbreviated FACHO f or
subyearling fall chinook, SPCHO for subyearling spring chinook,
and SPCHl1 for yearling spring chinook.

Nunmber classified into each
group
Act ual %
group FACHO SPCHO SPCH1 Tot al correct

Three-group training set

FACHO 246 14 39 299 82
SPCHO 48 33 46 127 26
SPCH1 35 16 337 388 87

Three-group cross-validation set

FACHO 245 15 39 299 82
SPCHO 48 33 46 127 26
SPCH1 35 16 337 388 87
Probability

of 0. 3673 0. 1560 0.4767

menmber shi p

kappa = 0.54
Two- group training set

FACHO 254 --- 45 299 85
SPCH1 36 --- 352 388 91

Two- group cross-validation set

FACHO 252 --- 47 299 84
SPCH1 37 --- 351 388 90
Probability

of 0. 4352 --- 0. 5648

menmber shi p

kappa = 0.75
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= 0.75, 95% Cl = 0.70 to 0.80, P < 0.0001), and represented a
substanti al inprovenent over that of the three-group analysis
that included subyearling spring chinook sal non.

The scores fromthe subjective 3x4-1evel norphol ogi cal
codes were useful for classifying group nmenbership of
subyearling fall chinook and yearling spring chinook sal non, but
perfornmed poorly for classifying subyearling spring chinook
sal nron. Ei ghty-eight percent of subyearling fall chinook sal non
had nor phol ogi cal scores > 8 and were classified correctly,
whil e 81% of yearling spring chinook sal nron were correctly
classified with scores < 7 (Table 4). Subyearling spring
chi nook sal non were assigned fall-1ike norphol ogi cal codes and
classified to the fall run 64% of the time, whereas correct
assignnment to the spring run was only 36% The kappa cal cul at ed
for fall and pooled spring-run sal non indicated that
nmor phol ogi cal score-based classifications of fish run were 53%
better than random chance (kappa = 0.53, 95% Cl = 0.48 to 0.59,
P < 0.0001).

Di scussi on

Mor phonmetrics were useful in separating subyearling fall
chi nook sal non fromyearling spring chinook sal non, and woul d be
a valuable tool in separating the two runs if subyearling spring
chi nook sal non were not present. Both the statistical approach
and the sinple norphol ogical score yielded simlar results
(i.e., over 80% accuracy) in classifying subyearling fall and
yearling spring chinook salnon. The kappa statistic indicated
that statistical analyses were nore powerful in truly
differentiating subyearling fall and yearling spring chinook
sal non than was the subjective norphol ogi cal code. However
whil e use of the norphol ogical code may classify fish with | ower
accuracy, its sinplicity may nake it nore useful at snolt
monitoring facilities when few subyearling spring chinook sal non
are present during the sumrer outm gration.

Qur statistical analyses validate, and provide a basis for,
t he nor phol ogi cal differences between the fall and spring runs
that snmolt nonitoring personnel perceived. However, both
approaches were inadequate in identifying subyearling spring
chi nook sal non. The devel opnent of the norphol ogi cal code was
based on the assunption that subyearling fall and yearling
spring chinook sal non would be the only two groups passing | ower
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Tabl e 4. 3%Cl assification of juvenile chinook sal non run based
on norphol ogi cal scores. Fish with scores > 8 were classified
as fall-run, and fish with scores < 7 were classified as spring-
run. To cal cul ate kappa, it was necessary to pool yearling and
subyearling spring chinook salnon into one group. Actual groups
are abbreviated FACHO for subyearling fall chinook, SPCHO for
subyearling spring chinook, and SPCHl1 for yearling spring
chi nook.

Nunber classified into
each group

Actual group Fall-run Spri ng-run Tot al % correct
FACHO 261 36 297 88
SPCHO 81 46 127 36
SPCH1 73 315 388 81
Probability

of 0. 3658 0. 6342

menber ship

kappa = 0.53
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Snake River dans, and seened logical at the time considering the
two life histories.

The results of this study were conplicated by the presence
of subyearling spring chinook salnmon. A subyearling snolt
strategy has been docunented for spring chinook salnon in the
Rogue River, Oregon (Cranmer and Lichatow ch 1978; Buckman and
Ewi ng 1982), but this |life history is not the normfor spring
chi nook salnon in the Snake River (Stephen Achord, Nati onal
Marine Fisheries Service, personal comrunication). Wile
subyearling spring chinook sal non may nunber in the thousands in
any given mgration year, yearlings mgrating out of the Snake
Ri ver typically nunmber in the mllions (FPC 1991-1995, 1998),
thus minim zing the proportion of subyearling spring chinook
salmon in the yearling popul ation. However, subyearling spring
chi nook sal non can be |l arge contributors to the sumer
subyear!ling chi nook sal non popul ati on. Subyearling spring
chi nook sal non made up 62% of the subyearling chinook sanple
that were electrophoretically validated in 1993 (Marshall et al.
1999), and the spring chinook contribution ranged from 5-50%in
the other years of this study. W suggest that the cause for
t hese high percentages of spring chinook salnmon in the
subyear!ling population is two-fold. First, it is possible that
sonme subyearling spring chinook sal non are washed out of
tributaries and into the mai nstem Snake River during periods of
hi gh winter flows. The nore productive main-stem Snake River
may contribute to higher growth rates and snoltification in
their first summer of life. Second, the high nunbers of
subyearling spring chinook sal non may be an artifact of the
currently depressed fall chinook population in the Snake River.
VWhile there may be a small portion of the spring chinook sal non
popul ati on that m grates as subyearlings, historically they
probably represented an insignificant fraction of the
subyearling fall chinook sal mon popul ati on when fall chinook
sal nron were nore abundant.

Snake River fall chinook sal non norphol ogy does not fit the
observation that juvenile sal nonids becone nore sl ender and
el ongate during the parr-snolt transformation (Fol mar and
Di ckhoff 1980, Hoar 1988). Snake River fall chinook sal non are
unique in that they are probably the farthest inland popul ation
with an ocean-type life history. It has also been shown that
i nl and coho salnmon O kisutch, with greater distances to
m grate, are nore slender than coastal counterparts; perhaps
conferring an energetic advantage during mgration (Taylor and
McPhail 1985). While yearling spring chinook salnon in the
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Snake River adhere to the “inland” portion of this paradi gm
subyearling fall chinook do not. One reason for the deep bodies
of Snake River fall chinook salnmon nay be related to growth
opportunities in rearing areas. Juvenile fall chinook sal non
rearing in nearshore habitats in the free-fl owi ng Snake River
grow an average of 1.4 mmd and have condition factors of 1.3 to
1.4 (Connor et al. 1994). This exceeds average growth rates of
0.33-1.32 mm d reported for juvenile fall chinook salnmon in
freshwater and estuarine habitats el sewhere (Reiners 1973;
Heal ey 1980; Kjelson et al. 1982). Tributaries to the Snake

Ri ver that support spring chinook salnmon are cool er and not as
productive as the mai nstem Snake Ri ver (Stephen Achord, Nati onal
Mari ne Fisheries Service, personal communication), and fish
rearing there would have |ower growth rates (e.g., 0.17-0.33
m d; Heal ey 1991) and condition factors. This would be
consistent with the observation that streamtype chi nook sal non
are generally associated with rivers of |ower growth opportunity
t han are ocean-type chi nook (Taylor 1990).

Snake River fall chinook sal non norphol ogy may al so be
genetically determ ned to sone extent. Clarke et al. (1992)
denmonstrated that chinook salnmon life history is under genetic
control, and that an ocean-type pattern of devel opment was
expressed i ndependent of environnmental cues¥in this case
photoperiod. |If a robust body form devel ops i ndependently of
rearing environment and di stance to the ocean, but rather
attends an ocean-type devel opnent pattern, then this would
expl ai n why Snake River fall chinook sal non have deep bodies
despite rearing so far inland. This idea is further supported
by Major and M ghell (1969) who found that subyearling fal
chi nook salnon mgrating fromthe Yaki m River, Washi ngton, had
deeper bodies than yearling spring chinook sal non despite
rearing nore than 560 km fromthe ocean. It is likely that the
nmor phol ogi cal differences observed between Snake River fall and
yearling spring chinook sal non represent a genotype-environnment
i nteraction, which has been noted in other sal nonids (Ri ddell et
al. 1981; Carl and Heal ey 1984; Clarke et al. 1992; Clarke et
al . 1994).

Qur study reveal ed two devel opnental phenonmena in Snake
Ri ver spring chinook salnon. First was a switch froma yearling
to subyearling outmgration strategy for at |east a portion of
the spring chinook salnon that reared in the mainstem Snake
Ri ver. Subyearling spring chinook salnon in mainstem habitats
benefited fromthe high growth opportunity simlar to fall
chi nook sal non, and subsequently mgrated in their first sumrer
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of life. This devel opnmental conversion (Smth-GII 1983) was
previously denonstrated for streamtype chinook sal non by d arke
et al. (1992), and may provide diversity to this stock. The
second phenonenon was the expression of both subyearling fall
and yearling spring chinook sal mon norphol ogi es by subyearling
spring chinook sal non. This would not be expected if all fish
were exposed to the sanme rearing conditions. However, the
rearing history and origin of each fish prior to PIT taggi ng was
not known. It is possible that the differences observed in
subyear!ling spring chinook sal non norphol ogy were due to the
time fish spent in tributaries before entering the mainstem
Snake River, and the tenperatures of those tributaries.
Tenperature can control many aspects of snoltification (see
review by Fol mar and Di ckhoff 1980), and a fish' s thernal
history prior to entering the mainstem Snake River may influence
its nmorphol ogy as well.

The norphol ogical variability observed in subyearling
spring chinook sal non may be an artifact of the conbi nati on of
spring and sunmer chinook salnon into a single ESU in the Snake
River. While these two runs are genetically simlar, they
exhi bit both geographic and tenporal segregation, as well as
coexi stence in the Snake River (Matthews and Waples 1991).
Spring chinook salnon typically spawn earlier in headwater
tributaries, whereas sumrer chinook sal non spawn | ater and
farther downstream Consequently, there nmay be sonme life
hi story differences between popul ations fromthese two runs.
Growt h potential may be higher for summer chinook sal non, and
there may be a tendency for at |east part of the population to
m grate as subyearlings. This is comon for sumrer chinook
salmon in the upper Colunbia River basin, which mgrate seaward
as subyearlings, but this idea has been discounted for Snake
Ri ver summer chi nook sal non (Matthews and Waples 1991).
However, it is possible that the subyearling spring chinook
sal non that exhibited fall-1ike, or subyearling spring-like,
mor phol ogy coul d have been sumrer, rather than spring chinook
sal non.

Juvenil e chinook salnmon mgrating through the Lower Snake
Ri ver are classified as yearlings or subyearlings based on size,
subj ective norphol ogi cal features, and tine of year
Desi gnation of fish run by age is not adequate for describing
run conposition and timng. Gven the presence of subyearling
spring chinook salmon and the difficulty identifying them using
nmor phol ogy, we believe the only way to accurately determ ne run
conposition for sumrer mgrants at | ower Snake River danms is by
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coll ecting scale and genetic sanples. This has becone nore
practical with the advent of non-I|ethal DNA anal ysis, which can
be used to determne fish run with accuracy simlar to that of
el ectrophoresis (Rusty Rodriquez, U. S. Geol ogical Survey,

per sonal communi cation).
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CHAPTER SEVEN

Smal | nout h Bass Predati on on Juvenile Fall Chinook Sal nmon
in the Hells Canyon Reach of the Snake River, Idaho
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| nt roducti on

The role of predation in the survival of juvenile sal nonids
Oncor hynchus spp. in several parts of the Colunbia River Basin
has been exam ned (Poe et al. 1991; Ward et al. 1995).
Predation studies in the Colunbia River in the 1980's inplicated
t he northern pi kem nnow Ptychocheil us oregonensis, small nouth
bass M cropterus dolom eu, walleye Stizostedion vitreum and
channel catfish Ictalurus punctatus as aquatic predators of
emgrating juvenile salnmon (Poe et al. 1991; R eman et al.
1991). Rieman et al. (1991) estimated an annual |oss of 2.7
mllion juvenile salnon to aquatic predators in John Day
Reservoir during the m d-1980's. The northern pikem nnnow was
the primary piscivorous predator, accounting for 78% of |oss of
sal nonids in the Colunmbia Basin (Poe et al. 1991), however,
smal | nout h bass accounted for 7% of the | oss of the late
m grating subyearling fall chinook salnon O tshawtscha in
Lower Granite Reservoir on the Snake River (Anglea 1997). O her
research in the Colunmbia River basin also suggests that
smal | nout h bass may be a substantial predator of subyearling
fall chinook sal mon (Curet 1993; Tabor et al. 1993), although
substanti al annual variations in consunption occur (Naughton
1998) .

Smal | nrout h bass were historically distributed throughout
eastern North America and have been introduced throughout the
world (Coble 1975). Small nmouth bass were thought to have first
been stocked into the Snake River Basin in the late 1800's to
provi de angling opportunities (Munther 1970). Lanmpman (1949)
reported that fish and ganme personnel of Oregon and Washi ngt on
stocked bass in the early 1920’s in various waters of the
Paci fic Northwest. Smallnmuth bass were actively stocked in the
Snake River by the lIdaho Fish and Game Departnent in 1941, and
are now found throughout the Hells Canyon Reach of the Snake
Ri ver.

Smal | nrout h bass are opportunistic predators that consune
prey items as they are encountered (Pflug and Paul ey 1984), and
have been inplicated as a predator on salnonids in reservoirs
and after hatchery releases (Warner 1972). Smal |l nouth bass
inhabit littoral zones with | ow water velocities (<l15cms
Munt her 1970; Rankin 1986). Subyearling fall chinook sal non
also rear in littoral habitat with |ow water velocities (Mins
and Smith 1956; Curet 1993). The potential for habitat overlap
in these nearshore areas where subyearlings rear and smal | nouth
bass forage is high. Tabor et al. (1993) attributed a high
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sal noni d predation rate for snmall nouth bass (59% of diet) in the
Hanf ord Reach of the Colunbia River to prey abundance, prey
si ze, and habitat overl ap.

Snake River fall chinook sal non were historically
distributed fromthe nouth of the Snake River to a natural
barri er at Shoshone Falls, Idaho, River Kiloneter (Rkm 990
(Haas 1965). Swan Falls Dam was the first inpoundnent to
i nundate spawni ng and rearing habitat in 1901, elimnating 320
km of habitat in the upper river. Follow ng construction of
Swan Falls Dam nost spawning occurred in the 48-kmreach from
the damto Marsing, Idaho. Fromthe |late 1950’s through the
m d- 1970’ s, dam construction continued both in the | ower Snake
Ri ver and the portion downstream of Swan Falls Dam | eaving a
remmant 160 km reach of free-flowing river (Rkm 238 to Rkm 398)
for spawni ng and rearing downstream of Hells Canyon Dam (I rving
and Bjornn 1981). Wth each successive inpoundnent, spawni ng
habi tat has decreased for the mainstem spawning fall chinook
sal non and nunbers of returning adults have declined. In Apri
of 1992, the National Marine Fisheries Service (NMFS) |isted
Snake River fall chinook salnon as threatened under the
Endangered Species Act (USFWS 1988; NMFS 1992). Recovery
efforts are underway to eval uate the potential of supplenenting
t he natural population with hatchery fish (Miir et al. 1996).
Suppl enmentation is an interimrecovery nmethod used to bol ster
nat ural popul ations, and though controversial, has been
advocated by the NMFS in the Snake River Sal non Recovery Pl an
Draft Recovery Plan for Snake River Sal non (NMFS 1995).

In 1987, federal, state and tribal agencies agreed to
eval uate rel ease sites, deternm ne appropriate stocks to rel ease,
and conduct research to inprove suppl enentation nmethods for
upper Colunmbia River fish runs, including Snake River fall
chi nook sal non (Anonynous 1987). The primary goal of the
Col unmbi a River Fish Managenment Plan (1987) was to provide
managenent gui delines to rebuild depressed fish runs. To neet
t he goals of the Colunmbia River Fish Managenent Pl an, research
was conducted to understand the in-river survival and travel
times of post-release hatchery subyearling fall chinook sal non
in the Snake River. Predation of subyearling fall chinook
sal non by smal | mout h bass has been suggested to account for sone
nortality during rearing (Gray and Rondorf 1986; Tabor et al
1993).

Most predation studies in the Colunbia River basin have
been focused on reservoirs, as well as passage-rel ated probl ens
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at hydroelectric projects (Poe et al. 1991; Ward et al. 1995;
Angl ea 1997; Naughton 1998). The need to exam ne predation in
ot her areas of the basin has been noted, especially in salnonid
rearing areas (Gray and Rondorf 1986; Tabor et al. 1993). The
potential for smallnmouth bass predation on subyearling fall
chinook in the free-flowng Hells Canyon Reach of the Snake

Ri ver could be significant, considering the habitat use of both
speci es, water tenperatures, residence tine, and the smaller
size of subyearling fall chinook sal non.

Managenment of smal | nmouth bass popul ati ons outside the
hi storical distribution has presented challenges for fisheries
managers trying to balance a nonnative sportfish with dw ndling
native species, such as endangered salnmonids in the Pacific
Nort hwest (Pflug and Paul ey 1984; G ay and Rondorf 1986; Tabor
et al 1993). The good intentions of state fish agencies to
provi de angling opportunities may currently conflict with
recovery efforts for endangered sal nonid stocks. A better
under st andi ng of snmal |l nout h bass popul ati ons and the dynam cs
surrounding the interactions with native salnonid fishes is
needed to facilitate co-mnagenent of these species in the
future.

The goal of this study was to address small nouth bass
predation on juvenile fall chinook salnmon in the Hells Canyon
Reach of the Snake River. Qur study objectives were to 1)
esti mat e absol ute abundance, relative distribution, |length at
age, and growth increnents of smallmuth bass in the Hells
Canyon Reach of the Snake River, and 2) estimate subyearling
fall chinook sal mon consunption and total |oss by small nmouth
bass using gastric evacuation rate and bi oenergetic methods.

St udy Area

The study area includes 109 km of the free-fl ow ng Snake
Ri ver from Asotin, Washington (Rkm 237) to Pittsburg Landi ng,
| daho (Rkm 346; Figure 1). The Snake River flows through Hells
Canyon in a northwesterly direction through a sem-arid
environnment with steep canyon walls of basalt. The overall nean
gradi ent of the Hells Canyon Reach is 1.1 nmfkm and nean width is
143 m Substrates consi st of bedrock, |arge boul ders, cobble,
and sand.

We subdivided the Hells Canyon Reach into two sections
based on gradient, water tenperatures, and turbidity. One study
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section was upstream fromthe confluence of the Sal non River and
t he other was downstream of the confluence of the Sal non River.
The upstream section was 43 km | ong and had a gradi ent of

1.7m km and the downstream section was 66 km|long and had a
gradient of 0.7 mkm (Figure 1). Estimted w dths of the Snake
Ri ver ranged from83 to 159 min the upstream section, and 114
to 216 min the downstream section. Water tenperature and
turbidity can differ between the areas upstream and downstream
of the confluence of the Sal non River as a result of the

di fferences between the discharges fromthe Sal non River and
Hel | s Canyon Dam on the mai nstem Snake River.

Met hods
Smal | nrout h Bass Abundance

Absol ut e abundance. W estimated the absol ute abundance of
smal | nrout h bass by conducting a mark-recapture study during the
| ate summer of 1997, when water tenperatures, turbidities, and
flows were simlar between the two study sections. A stratified
random sanpl i ng desi gn, based on river gradients and canyon

t opography, was used for the two sections of the Hells Canyon
Reach (Figure 1). The upstream section was divided into three
strata: open, canyon, and chute. The open strata were defined
by gradients >1.50 mkm and | ongi tudi nal slopes £ 25°. The
canyon strata had gradi ents between 1.00-1.50 mkm and sl opes of
26-33°. The chute was defined by gradients >2. 00m km and a sl ope
334. We sanpled six randomy selected |ongitudinal transects
measuri ng between 325 mand 1,165 min length in each section,
conprising approximately 9% of the | ength of the upstream
section and 8% of the downstream section. In the upstream
section, we sanpled two | ongitudinal transects in the open
strata (out of a total of 15 longitudinal transects), three

| ongi tudi nal transects in the canyon strata (out of a total of
23 longitudinal transects), and one |ongitudinal transect in the
chute strata (out of a total of 5 longitudinal transects). In
t he downstream section, we sanpled six |longitudinal transects
(out of a total of 66 |ongitudinal transects) using a sinple
random sanpl i ng design, as all of the downstream section was of
an open habitat type. A single mark-recapture nethod was used
for the Rkm 256 | ongitudinal transect, as we were only able to
sanple a single mark-recapture effort. For all other

| ongi tudi nal transects nultiple census methods were used to
esti mate absol ute abundance.
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Absol ut e abundance sanpling was conducted during daytine

for the area upstream of the confluence of the Grande Ronde

Ri ver (Rkm 271), and both during the day and night in the area
downstream of the Grande Ronde River. N ght electrofishing for
smal | nouth bass is recommended to maxim ze catch per unit effort
(Paragam an 1989), however for this study, night electrofishing
was consi dered too hazardous for the area upstream of the G ande
Ronde Ri ver.

Smal | nrout h bass were captured using a Smth- Root
el ectrofishing boat set at 600 V DC at 60 pul ses/s to produce 3-
4 anps in the water. Electrofishing was conducted in a
downstream direction parallel to the shoreline, using one
di pnetter. We neasured the shoreline distance (m of each
| ongi tudi nal transect using an el ectronic distance neter and
esti mated cross-channel w dths using discharge to wi dth
equations derived fromlInstream Flow | ncrenental Methodol ogy
cross sections (Connor et al. 1994). AlIl small nmouth bass

captured were retained in a livewell, and fish 3175 nm fork
l ength were tagged with a nunbered anchor tag inserted posterior
to the dorsal fin above the lateral line. After processing,

fish were released alive into the mddle of the area
el ectrofished. At |least 7 d passed between each mark-recapture
peri od.

Rel ative abundance. —bBuring the small nouth bass predation
sanpling (Objective 2), we collected relative abundance data of
smal | nout h bass using a stratified random sanpling design.
Predati on sanpling was conducted from June to October, 1996 and
fromMay to October, 1997. We collected small nouth bass for 5
conti nuous days, except in October when we sanpled for 3 d.
Sanpling was initiated at Pittsburg Landing, |daho (Rkm 346) and
progressed downstreamto Asotin, Washington (Rkm 237). A sanple
day was conposed of electrofishing six randomy sel ected

| ongi tudi nal transects in downstream manner for at |east 5 mn.
Three transects were electrofished with a mnimum of 2 h between
sanpling periods during the norning period, and three transects
were el ectrofished with a mnimumof 2 h between sanpling
periods during the evening peri od.

Smal | rout h Bass Anal ysi s

Absol ut e abundance. —For the nultiple-census |ongitudinal
transects, we used the Schnabel estimator (1938) nodified by
Overton (1965) to anal yze the data:
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ar (C. M)

I(lk = O n
(atrt)+1
wher e: N = popul ation estimate for k | ongitudinal transects,

k
Ci= nunber of fish collected in each sanple period t,

M:= nunber of fish marked and rel eased in each sanple
period t,

rr= number of marked fish collected in each sanple
period t.

A direct Petersen index nethod as nodified by Chapman (1951) was
used for the single mark recapture |ongitudinal transect:

q = M+1)c+1)

1,
“ r+l
wher e: ﬁkz popul ation estimate for k | ongitudinal transect,
M = nunber of fish marked and released in the first

peri od,
C = nunber of fish collected in the second peri od,
r = nunber of marked fish collected in the second
peri od.

For both the Schnabel and Petersen nodels, we assuned that
tagged fish retained their tags, tagged and untagged fish were
equal |y susceptible to recapture, no nortality resulted from
taggi ng, tagged fish were randomly incorporated into the
popul ati on, and the popul ati on was cl osed (Van Den Avyle 1993).
We cal cul ated a popul ation estinmate for each | ongitudi nal
transect and then standardi zed the nunmber of small nmouth bass
estimated in each longitudinal transect to 1 km A grand
popul ati on nean for each section was estimted from an average
of the longitudinal transect neans (small nouth bass/km within a
section, multiplied by the length of a section. W used a
stratified population estimator to cal cul ate the grand nean for
each section (Scheaffer et al. 1996):
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grand mean for river section s,

wher e: SC
N

total nunmber of |ongitudinal transects,

N, =nunber of I|ongitudinal transects for the i'"
stratum

y = popul ation estimate for the i'M" stratum
I

Vari ance was cal cul ated using the fornmul a

ey
v _'Q:_Efé_hrahL'flgﬁig’
o NANEN 2Zn;
wher e: V§§ g:estinated variance for the river section g,
st

N =total nunber of longitudinal transects in section

N, =number of |ongitudinal transects in the i ' stratum

n =nunber of |ongitudinal transects sanpled in the i'"
stratum

2 . .
g = variance for the i'" stratum

We conbi ned the absol ute abundance estimates for each section

for an expanded popul ation estimte for the entire 109 km reach
of the Snake River.

We estimated the nunmber of small nouth bass in the 150-174
mm si ze class by calculating their relative abundance during the
predation sanmpling in the fall of 1997. The proportion of the
150- 174 mm smal | nout h bass size class was then added to the

absol ute abundance estimate for small nouth bass 3175 M W
cal cul ated the abundance of small nobuth bass 150-249 nmm and 3250
mmin | ength, by nultiplying the percent abundance in each

| ength class by estimted abundance for small nmouth bass 3150 mm
fromthe mark-recapture data.
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Rel ati ve abundance. —-A catch per unit effort (CPUE) index was
cal cul ated for two size classes of smallnouth bass using the
formul a:

CPUE = G/ T,

wher e: CPUE; = catch per unit effort (minute) for the it'h
sanpl e,
C = nunmber of fish caught for the i'" sanple,
Ti = time sanpled in minutes for the i'" sanple.

The two size classes of smallnmouth bass were: 150-249 mm and
3250 mm To cal cul ate each size class frequency by week, we
pool ed the catch, and divided by the pooled electrofishing tine
to calcul ate the CPUE by week sanpl ed.

We conpared CPUE for 150-249 nmm and 3250 nm si ze cl asses of
smal | nout h bass between the two sections of the Snake River
upstream and downstream of the Sal nron River. W used an aligned
ranks one-way anal ysis of variance using the Friedman approach
(Lehman and D Abera 1983; P < 0.05), with sanple week included
as a blocking variable, to test the hypothesis that:

Ho : There is no difference in the relative abundance of
smal | nout h bass in the Snake River between the sections
upstream and downstream of the confluence of the Sal non
Ri ver.

Han : There is a difference in the relative abundance of

smal | nout h bass in the Snake River between the sections
upstream and downstream of the confluence of the Sal non
Ri ver.

Age and growt h. Y anal yzed scales to deterni ne |l ength at age
and growth increnments of small nouth bass collected in the spring
of 1997 in the sections upstream and downstream of the Sal non
River in Hells Canyon. Scales were renoved from smal | nout h bass
at the extension of the pectoral fin ventral to the | ateral
line. Scale sanples were divided into size classes using |ength
at age data from Keating (1970). Scale sanples were randonmy
sel ected, cleaned between finger tips with water, and nount ed
bet ween gl ass slides for reading. Scales were aged using a

m crofiche 46X reader. Each scale was read at |east twice to
determ ne focus, annuli, and scale margin and recorded on a
strip of paper. Scale growth increnents were digitized and

| oaded into DI SBCAL (Frie 1982) scal e anal ysis program Back-
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cal cul ated nmean |l ength at age (Ln) was determ ned using the
Frazer-Lee formula (Carl ander 1982):

Lh =a + Sn/ Sc (Lc — a)

wher e: a = intercept value of best straight line
rel ati onshi p,

Sn = scal e neasurenent to an annul us, n,
Sc = scal e nmeasurenent to margin of scale,
Lc = length of fish at capture (mm).

We used a standard intercept value (35 mm suggested by
Carl ander (1982) due to | ow nunmbers of young-of-the-year
smal | mout h bass in our sanple.

Consunption of Fall Chinook Sal non by Smal | nouth Bass

Smal | rout h bass coll ection. W collected snmall nouth bass in the
nmor ni ng and the eveni ng of each sanple day during daytine hours
(Objective 1). When hatchery fall chinook sal non were rel eased
at Pittsburg Landing, electrofishing for small nouth bass
commenced the followi ng norning at sunrise, which was typically
9 to 13 h after the release. Releases of PIT-tagged fall

chi nook sal non at Pittsburg Landi ng occurred weekly from June 6
to July 10 during 1996 (n = 20,954), and from May 28 to July 8
during 1997 (n = 42,293) by the U S. Fish and Wldlife Service
and NMFS (Appendix 2). Wekly release sizes of PIT-tagged fall
chi nook sal non ranged from1, 214 to 8, 118.

Dietary collection and analysis. Y coll ected stomach contents
of small nouth bass 3150 mm using a nodified | avage techni que
(Seaburg 1957). Smal | nouth bass stomach contents were washed
into a 425 nmm nesh filter, placed in a | abeled Wirl pac bag,

fl ooded with water, and inmmedi ately frozen on dry ice.

In the | aboratory, stomach contents were thawed and prey
items identified to the |l owest practical taxon. Prey itens were
enumer at ed and wei ghed. Digested prey wei ghts were neasured by
first blotting the prey itemfor 30 s, and then wei ghing each
itemthe nearest 0.001 g. Prey itens were placed into four main
groups: insects, crustaceans, fish, and other prey itens.
Menbers of the class Insecta were identified and wei ghed as a
group, and representatives of the nore common orders were noted.
Items fromthe class Crustacea were identified to order, and
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fishes were identified to genus or species. Diagnostic bones
were used to identify digested fish using nmethods described in
Hansel et al. (1988). Vertebra shape was used to classify well-
di gested fish parts between sal nonid and nonsal nonid fish.

Li ve weights of prey chinook sal non subsequently used in
the analysis were estimted using length (mm to weight (Q)
regressi on equations devel oped by Vigg et al. (1991). Fork
| engt hs of undi gested chi nook prey were neasured to the nearest
mm  Di gested speci nens were neasured nape to tail, or
measur enents of diagnostic bones were used to cal cul ate
undi gested | engths (Hansel et al. 1988; Vigg et al. 1991).

We anal yzed the diet of small nmouth bass 3150 nm by year and
month in each section sanpled. Additionally, we divided diet
data into two size classes (150-249 nm and 3250 nm to account
for possible differential predation rate between size cl asses of
smal | nout h bass. Hatchery fall chinook salmon with PIT tags
recovered in stomach sanples were identified by date and
| ocation of release (WIIliam Connor, USFWS, Ahsahka, |daho
unpubl i shed data). W used a MANOVA (Hair et al. 1995) to
conpare the general diets (percent weight) for smallnmouth bass
3150 nm between the upstream and downstream sections in the Snake

River. W pooled diet data for small mouth bass 3150 mmfor 1996
and 1997 and cal cul ated percent weights of small nouth bass diet
data by transect. Data expressed as percentages (0 to 100%
forma binomal distribution. Therefore, we transforned data
using the arcsine of the square root to neet the underlying
assumption of normality (Zar 1984). W considered differences
significant if P £ 0.05, and reported Pillai's trace statistic as
the test statistic (Hair et al. 1995). W used a canoni cal
anal ysis to determ ne which variables were driving the
separati on between groups, and ANOVA to reveal which dietary
items differed between | ocations.

Dai ly consunption: Adans nodel.-Ye estinmated daily consunption
using a sinple neal turnover-tinme adapted from Adans et al.
(1982) and nodified by Naughton (1998); (Roger Tabor, USFW5

O ynpi a Washi ngton, personal communi cation) where:

C=n/ N (1)

wher e: C = consunption rate of subyearling fall chinook
sal nron (prey/small nmout h bass/ day),
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n = nunber of subyearling fall chinook consuned within
24 h of capture, and

N = total nunber of smallnmouth bass sanpled (including
enpty stomachs).

Wei ghts of digested fall chinook salnon at collection were
conpared to estimted weights of live fish derived from
regressi on equations (Vigg et al. 1991) after a 24-h digestion
period. Prey weights heavier than estinated |live weight after a
24-h digestion period were included in the cal cul ation of a
daily consunption rate. Prey weights lighter than the
cal culated live weight after 24-h digestion were not used in the
cal cul ation of daily consunption rates, because we assuned those
prey fish were consuned during a period greater than 24 h. To
estimate the portion (g) of meal evacuated fromthe stomach of
smal | nout h bass (E), we used the algorithmfrom Rogers and
Burley (1991):

E = S. (1- e 0-005(30.29e0.15rW0.23)L.95; (2)

wher e: wei ght evacuated (Q),

time (hours),

meal wei ght (g),

tenperature (°C) at capture, and

smal | mout h bass wei ght (qg).

s wnw™m

The neal wei ght was cal cul ated by the nmethod of Vigg et al.
(1991):

S=0 + Qg + b, (3)

wher e: S = nmeal weight (9),

O = the calculated original weight of fall

chi nook sal non at ingestion,

Q = the calcul ated original weight of any other
prey fish that was digested that was within 10%
of the original weight,

Dx= the digested wei ght of other prey itenms in

sanpl e.
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Dai ly consunption: Wsconsin nodel.-W nodified the

bi oenergetics nodel referred to by Ney (1993) as the Wsconsin
nodel and software of Hanson et al. (1997), based on a bal anced
energy equation (Warren and Davis 1967):

C=(R+A+S)+(F +U)+(S+G) (4)

wher e: consunption of prey itens,
respiration,

active netabolism
specific dynam c action,
egesti on,

excretion,

somatic growth,

ganetic growth.

OnWCTwnrx»xu0
1 T 1 O O I O A |

We used algorithns for consunption (Thornton and Lessem
1978), respiration, and egestion-excretion (Kitchell et al.
1977) described in Roell and Orth (1993). W did not npdel
ganetic energy storage (G in the bioenergetics sinmulations
because reproductive energy storage in smallnmuth bass is not
wel | known (Roell and Orth 1993). Snall nouth bass physi ol ogi cal
paranmeters used were from Roell and Orth (1993) and Shuter and
Post (1990; Appendix 3). W used estinmated energy density
val ues (caltg'?) from Cunmins and Wiychuck (1971), Petersen and
ward (1999), Shuter and Post (1990), and Rondorf et al. (1985;
Appendi x 4). Non-chinook fish were estimted as wei ghted nmean
fromthe diet data analysis: 75%cottids 1308 cal ig! (5475 Jig%;
Petersen and Ward 1999) and 25% centrarchids 1000 cal \g! (4186 J4
g!; Shuter and Post 1990). Daily mean water tenperatures were
supplied by Idaho Power Conpany, Boise, |daho. Wat er
tenperatures were coll ected using thernographs | ocated at Rkm
304, 309, 325, 347, and 368 in the upstream section and Rkm 251,
265, 272, 290 in the downstream secti on.

We applied the Wsconsin bioenergetics nodel to the

upstream and downstream sections of the Hells Canyon Reach of

t he Snake River separately, due to different water tenperatures
in each section. Wsconsin nodel sinulations were run using an
“average” sized small nouth bass within each of two size classes:
150-249 mm and 3250 mm A nean start and final length in each
size class was generated using age at length tables (Objective
1). We used small nouth bass age 2 to 4 for the 150-249 nm si ze
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class and smal |l mouth bass 3age 5 for the 3250 nmm si ze cl ass.
Aver age-size smal |l mouth bass (mm FL) in each size class were
converted to average weight (g) using the I ength weight equation
devel oped from smal | nout h bass captured during 1996-1997 in the
Snake River, Log W= -4.971 + 3.04 log FL (r? = 0.95). Starting
and endi ng wei ghts for average-size 150-249 nm smal | nout h bass
used in the bioenergetics nodel sinulations were 85 g to 154 ¢
(upstream section) and 76 g to 155 g (downstream section).
Starting and endi ng wei ghts for average-size 3250 mm snal | nout h
bass used in the bioenergetics nodel sinulations were 299 g to
370 g (upstream section) and 364 g to 462 g (downstream
section).

We estimated the nunber fall chinook sal non consuned by an
average smal |l nouth bass in each size class (150-249 nm and 3250
mm) by first summ ng daily weight of chinook sal non consuned
(g), by nonth and | ocation, generated by a sinulation run.
Total grans consuned by nonth by an average-sized smal | nouth
bass were then nmultiplied by the percentage of subcategories of
juvenil e chinook sal non found in the diet sanmples: wld,
hat chery, and spring chinook salnmon. Monthly nunbers of fall
chi nook sal non consunmed by smal | mouth bass in each subcategory
were cal cul ated by dividing the weight of chinook consuned in
each subcategory by the nean wei ght of the chinook salnon in
each subcategory, using the I ength weight equation for chinook
sal non (Vigg et al. 1991).

Total | oss of subyearling fall chinook sal non: Adans nodel .-\
used a nethod simlar to Rieman et al. (1991) to estimate the
total |loss of juvenile fall chinook salnmon to small nmouth bass in
the Hells Canyon Reach of the Snake River:

Lij:éNkiCiij (5)
wher e: Lij; = the loss of fall chinook salnon in the

section i in the nonth j,

N i = the nunmber of smallnmouth bass in size class

k in the section i,

Cij = consunption of fall chinook salnmon in

section i in nmonth j, and

P ;= the nunber days in the nonth j.
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Time periods were nonths and defined as the days between
June 1-June 25 (“June”), and the days between June 26 — July 15
(“July”). A predation cutoff was established on July 15 due to
| ow nunbers of fall chinook salnmon in the free-flow ng section
and water tenperatures higher than 20°C (WIIliam Connor, USFW5
Ahsahka, |daho, personal comrunication).

Total | oss of subyearling fall chinook sal non: Wsconsin nodel.—
We estimated the total |loss of juvenile fall chinook sal non by
usi ng the equation:

L =8 Nei CGi W i « (6)

wher e: N i = nunmber of small nouth bass in size class k
in section i,
Cci = grams of fall chinook sal non consuned in
subcategory | in size class k in section i,
W i « = average weight (g) of the average size
fall chinook sal mon consuned in subcategory | in
Size class i.

Tinme periods used in calculating total |loss with W sconsin nodel
were the same as in the above Adans nodel .

Resul ts
Smal | nrout h Bass Popul ati on Attri butes

Absol ut e abundance. Y tagged 654 small nouth bass ranging in
length from 175 mmto 408 mm in 12 |ongitudinal transects

t hroughout the Hells Canyon Reach from 15 July 1997 to 6 Cctober
1997. We recaptured 97 small mouth bass fromall | ongitudinal
transects for an overall nean recapture rate of 15% (0-28%. No
smal | nout h bass were recaptured at the Rkm 281 | ongi tudi nal
transect, so the Rkm 281 transect was not used in the estimte
of the popul ati on abundance for the downstream section of the
Hel I s Canyon Reach (Appendix 5). No novenent anong | ongitudi nal
transects was detected during the sanpling period. W estimated
t he popul ation of smallnmuth bass 3175 mmin the upstream section
to be 16,254 (266 — 32,912; 95% Cl), and the population in the
downstream section to be 26,994 (412 — 55,007; 95% Cl; Table 1).
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Tabl e 1.-Estimated popul ati on abundance and density of four
|l ength classes of small nouth bass in the upstream (Rkm 303 to
Rkm 346) and downstream (Rkm 237 to Rkm 302) sections in the
Snake River during 1997.

Length Population 95% Sample unit Density

Sections  Class(mm)  Estimate cli? (fishvkm) Hectares (fish/ha)
Upstream ° 3 150 17,458 406 435 40
3 175 1,6254 266-32,912 378 37
150-249 12,570 292 29
8 250 4,888 114 11
Downstream 3 150 29,040 440 1,122 26
3175 26,94 412-55,007 409 24
150-249 20,909 317 19
3 250 8,131 123 7

& ClI indicates confidence interval
| ocation includes 1 km section at rel ease site
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The expanded popul ation estimte for small nouth bass 3175 mmfor
the entire Hells Canyon Reach was 43,248 (678 — 87,919; 95% ),
whi ch equated to 397 fish/km or 28 fish/ha.

We estimated the abundance of small nouth bass 3150 nm as
17,458 and 29,040 fish in the upstream and downstream secti ons,
respectively (Table 1). In the upstream section, we esti mted
t he nunber of snmall nmouth bass in the 150-249 mmsize class to be
12,570 and the nunber of smallmuth bass 3250 nmto be 4,888. In
t he downstream section, we estimated 20, 909 snal | nout h bass were

150-249 mm and 8,131 were 3250 nm Seven percent of the catch
of small nouth bass was in the 150-174 nmsize class. During the
mar k-recapture el ectrofishing, an average of 72% of the
smal | nrout h bass were 150-249 mm and 28% of the small nouth bass
were 3250 mm from both the upstream and downstream secti ons.

Rel ati ve abundance. —The hi ghest rel ative abundance, based on
CPUEs of small mouth bass, was fromthe section upstream of the
confl uence of the Salnon River for both 1996 and 1997 (Figures 2
and 3). The highest CPUE by week (1.96 fish/mn) was for the
150- 249 mm si ze class during the week of 9 July 1997 (Figure 2).
The hi ghest CPUE by week sanpled was for the 3250 nm size cl ass
(1.13 fish/mn) during the week of 28 June 1996 in the upstream
section (Figure 3). W rejected the null hypothesis that there
was no difference in relative abundance of small nouth bass

bet ween upstream and downstream sections of the Snake River for
three of the four tests. W concluded that there were nore
smal | nout h bass estimted by CPUE in the upstream section for
150- 249 mm si ze class during 1996 (P=0.005) and 1997 (P=0.018),
and for fish 3250 nm during 1996 (P=0.005). W did not find a
significant difference between river sections in the relative
abundance for small nouth bass 3250 mmin 1997 (P=0.527).

Age and Growt h. W aged 150 smal | nouth bass scales collected in
t he Snake River in 1997 (Appendices 6 and 7). Lengths at age 1
were 79 mm and 80 mmin the upstream and downstream secti ons,
respectively. Mean annual growth increnents (fork |ength) for
age 2 to 8 small nmouth bass in the upper section ranged from 58
to 16 mm (Table 2). Mean annual growh increnents (fork |ength)
for age 2 to 9 smallnouth bass in the downstream secti on ranged
from54 to 13 mm Growth increnents for age classes 3 4 in the
upstream section were | ower than in the downstream section
(Table 2).
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Figure 2. Catch per unit effort (fish/m nute) for
150 to 249 mm smal | mouth bass captured in the Hells
Canyon reach of the Snake River (Rkm 237 to Rkm 346)
during 1996 and 1997.
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Figure 3. Catch per unit effort (fish/m nute)
for 3 250 mm smal | mout h bass captured in the Hells
Canyon reach of the Snake River (Rkm 237 to Rkm
346) during 1996 and 1997.
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Tabl e 2.-Esti mated back-cal cul ated age at | ength and wei ghted growth i ncrenents of
smal | nrouth bass fromthe upstream (Rkm 303 to Rkm 346) and the downstream (Rkm 237 to Rkm
302) sections of the Snake River during 1997.

Cohort
1 2 3 4 5 6 7 8 9
Upstream
Length at age FL (mm)? 79 137 193 228 258 284 303 319 -
Growth increment FL (mm)? 79 58 56 35 30 27 19 16 -
Length at age TL (mm)® 82 142 201 237 268 296 315 332 -
Growth increment TL (mm)°® 82 60 59 36 31 28 19 17 -
Downstream

Length at age FL (mm)® 80 127 182 230 269 305 327 A2 355
Growth increment FL (mm)? 80 47 54 48 39 37 21 16 13
Length at age TL (mm)° 84 133 189 239 280 318 340 356 369
Growth increment TL (mm)° 84 49 57 50 41 38 22 16 13

? Fork length

® Total length






Smal | rout h Bass Di et Conposition

We col l ected 1,358 smal |l mouth bass for dietary analysis in
1996 of which 1,219 contained food itens. |In 1997, we collected
1, 754 smal | nout h bass of which 1,445 contained food itens.
Hi ghest nunbers of small nouth bass collected were in the 150-249
mm si ze class; during 1996 and 1997, 60% (n = 733) and 74%
(n=1,070) of smallnouth bass were in the 150-249 mm si ze cl ass,
respectively (Figure 4). Percent weights of prey itenms consuned
by smal | mout h bass 3150 nm are summari zed in Appendi ces 8 through
14.

In the section of Snake Ri ver upstream of the confluence of
the Salnon River, including the rel ease site, the nost abundant
prey item by weight for smallmuth bass 3150 nm during 1996
(56.99% and 1997 (70.2% was crustaceans, followed by other fish
(1996: 28.49% 1997: 19.9% Figure 5). Chinook sal non conposed
1.9% of the dietary itens by weight in 1996 and 0.8% in 1997.
For the section of the Snake River downstream of the confluence
of the Sal non River, other fishes were the nost common prey item
by wei ght during both 1996 and 1997, conposing approxi mtely 49%
of the diet, followed by crustaceans at 39% Juvenil e chinook
sal non conmposed 0.3% (by weight) of the diet in 1996 and were
absent in 1997.

We found an overall significant difference in diet
conposition of small muth bass 3150 mm bet ween t he upstream and
downstream secti ons of Snake River during 1996 and 1997
(Pillai's Trace F = 15.57; df = 383; P = 0.0001). Crayfish were
consunmed by snmal |l mouth bass in greater proportion (percent
wei ght) in the upstream section than in the downstream secti on.
A canoni cal anal ysis using standardi zed canoni cal coefficients
reveal ed that crayfish were driving the separation of the
groups, followed by fish. Smallnmuth bass consumed fish in
greater proportions (percent weight) in the downstream section
than the upstream section. Analysis of variance showed that
crayfish (F = 46.88; P = 0.0001) and fish (F = 9.49; P = 0.0022)
were significant contributors to the nodel. Qher prey itens (F
= 0.10; P = 0.7567) did not contribute significantly to the
nodel .

A total of 52 PIT tags were recovered from snal | nout h bass
stomach sanples in 1996 and 1997 (Appendices 15 and 16). In
1996, 18 PIT tags were collected in small nouth bass stomachs at
the release site in the Snake River and 10 PIT tags were
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Figure 4. Length frequency of snall nouth bass sanpl ed
in the Snake River from Asotin, Washington to
Pittsburg Landing, |daho (Rkm 237 to Rkm 346) during
1996 and 1997 for dietary analysis.
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collected fromsmall nouth bass stomachs 1 to 65 km downstream
fromthe release site. Tinme fromrelease to recapture in
smal | nrout h bass stonmach sanples ranged from9 h to about 22 d.
During 1997, we recovered 24 PIT tags from smal |l nout h bass, of
which 14 were collected at the release site in the Snake River,
and 10 PIT tags were collected from6 to 99 km downstream from
the release site. Tinme fromrelease to recapture ranged from 12
h to about 6 d.

Spatial and Tenporal Trends in Small nmouth Bass Diets

Rel ease site.—bBuring June 1996, crustaceans were the nost
abundant prey item by weight (45.1% for small nmouth bass 3150 mm

foll owed by chi nook salnmon (40.1% Figure 6). During July 1996,
t he nmost abundant prey item was chi nook sal non (38.8%.

During 1996, we collected 34 small nouth bass from June
t hrough July at the Pittsburg Landing release site; 56% (n=19)
were from 150-249 mm bass and 44% (n=15) were from snal | nmout h
bass 3250 mm (Figure 6). For 150-249 mm smal | nout h bass, the
nost abundant prey item by wei ght was chi nook sal non (46. 6%
foll owed by crustaceans (36.0% . The nost abundant prey item
for smal |l nouth bass 3250 nm was crustaceans (42.6% followed by
chi nook sal non (36.5%.

Crust aceans were the dom nant prey item of small nmouth bass
3150 collected during the nmonths of May and June in 1997 (70.6%
and 64.9% respectively; Figure 6). Oher fish contributed
25.8% in May and 31.4% in June, 1997. Chinook sal non were not
found in small nouth bass stomachs in May and June, 1997. In
July 1997, chinook salnon (48.8% was the nost preval ent prey
item by weight foll owed by crustaceans (40.3% and insects
(10.8% . During August 1997, crustaceans (59.8% and insects
(40.39% conposed the entire diet.

From May to August, 1997, we collected 49 snmal |l nouth bass
at Pittsburg Landing; 75% (n=37) were 150-249 mm and 24% (n=12)
were 3250 mm (Figure 6). For the 150-249 mm smal | nout h bass,
crustaceans were the dom nant prey item (54.2% followed by
chi nook salnmon (24.2% . Stomach itens from small nmouth bass 2250
mm wer e dom nated by crustaceans (64.4% followed by other fish
(35.19% . Chinook salmon were not found in small mouth bass 3250
mmin 1997.
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Figure 6. D et conposition of snmallnouth bass 3 150
mm by nonth sanpled and |l ength class at Pittsburg
Landi ng, lIdaho (Rkm 346) on the Snake Ri ver during
1996 and 1997. Nunbers above bars indicate the nunber
of stomach sanpl es exam ned.
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Upstream section. —Buring 1996, crustaceans were the nost
abundant prey item by wei ght and accounted for nore than 50% of
the diet by weight for all nmonths (Figure 7). In June, other
fish accounted for 42.4% and chinook sal non accounted for 0.7%
of the diet by weight. 1In July, other fish constituted 22.8%
and chi nook salnmon 1.5% of the diet by weight. |In August,
insects made up 36.4% of the diet by weight. For the nonth of
Cct ober, other fish conposed 30% and insects 2.9% of the diet
by weight. No chinook sal non were found in the August and

Cct ober sanples of small nouth bass.

During 1996, we collected 625 snall mouth bass, of which 58%
(n=361) were 150-249 mm and 42% (n=264) were 3250 mm (Figure 7).
For 150-249 mm smal | mout h bass, crustaceans (56.8% were the
nmost abundant prey item by weight, followed by insects (24.6%,
and other fish (17.79% . Chinook sal nron were not found in 150-
249 mm smal | nrout h bass stomachs sanpled in the upstream section
during 1997. The nost abundant prey itemin small nouth bass 3250
mm was crustaceans (57.6%, followed by other fish (33.0%.

Chi nook sal non made up 1.1% of the diet, by weight, for
smal | nout h bass 3250 mm

During 1997, crustaceans were the nost abundant prey item
by weight for all nonths (3 62.4% except Cctober, for small nmouth
bass 3150 mm (Figure 7). From May through July, 1997, other fish
were the second nost common prey item by weight. Chinook sal non
were found in the diet of snmallnmouth bass during June, 1997, and
accounted for 0.3% of the diet by weight.

We col |l ected 658 smal | nouth bass from May to October during
1997 in the upstream section, of which 74% (n=484) were 150-249
mm and 26% (n=174) were 3250 mm (Figure 7). O 150-249 nmm bass
crustaceans accounted for 65.5% of the total weight of prey
items, followed by other fish (18.3 %, insects (15.7%, and
chi nook salnon (0.2% . For bass 3250 mm crustaceans were the
dom nant prey item (76.0%, followed by other fish (20.9%, and
insects (3.1%. Chinook sal nbon were not found in the stonmachs
of smal | nouth bass 3250 mm

Downst ream secti on. —buring June, 1996, crustaceans (50.4%
were the nost conmmon prey item followed by other fish for
smal | mout h bass 3150 nm (37.8% Figure 8). Chinook sal non
conposed 0.3% of diet in June. During July (53.1% and August
(49.1 9% 1996, the nost comon prey group was other fish.
Crustaceans were the second nost conmmon prey itemfrom July
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t hrough Oct ober, 1996, maki ng up 30.8% (July), 47.7% (August),
and 46. 7% (October) of the diet. Chinook sal non constituted
0.5% of the diet for July and were not found in August or

Cct ober stomach sanpl es of smal |l nout h bass.

In 1996, we collected 560 smal |l nouth bass, of which 63%
(n=353) were 150-249 mm and 37% (n=207) were 3250 mm (Figure 8).
QG her fish were the nbost common prey item by wei ght for the 150-
249 mm and the 3250 mm si ze cl asses, conposi ng 54. 2% and 46. 0% of
the diet, respectively. Crustaceans were the second npbst commbn
prey item by weight during 1996, constituting 30% of the diet
for 150-249 mm bass and 44.3% for smal | mouth bass 3250 nm
Chi nook sal non accounted for £0.1% of the diet of 150-249 nmm and
3250 mm smal | mout h bass.

During May, 1997, other fish (78.7% was the dom nant prey
item by weight for small nouth bass 3150 mm followed by insects
(13.8% . During June, 1997, other fish (46.9% were the nost
common prey item During July (46.2% and August (47.0%, 1997,
crustaceans were the nobst abundant prey item by wei ght of
smal | mouth bass. In October, other fish (77.3% were the
dom nant prey item by weight.

We collected 738 smal |l nouth bass from May to October in
1997 of which 74% (n=549) were 150-249 mm and 26% (n=189) were
3250 mm (Figure 8). For 150-249 mm snal | nout h bass, other-fish
(50.79% were the nost common prey item by weight, followed by
crustaceans (26.69% . For small nouth bass 3250 nmm other fish
(47.79% were the nost prevalent prey itemfoll owed by
crustaceans (45.69% . Chinook sal non were not found in the
smal | nrout h bass stonmachs downstream section during 1997.

Nunmeri cal Consunpti on- Adans Mode

Hat chery fall chinook sal non. —Esti mates of nmean consunption rate
of PIT-tagged hatchery fall chinook sal non by 150-249 nm and 3250
mm smal | mout h bass ranged fromO to 1.143 fall chinook

sal non/ smal | rout h bass/day (fc/smb/d; Figure 9; Appendices 17
and 18). Mean consunption was highest at the release site for
all rmonths and both years, except in June, 1997, for 150-249 mm
smal | nout h bass (Figure 9). The highest estimated consunption
rates were observed during June, 1996 (0.933 fc/snmb/d) for 150-
249 mm bass and during July, 1997 (1.143 fc/snb/d) for
smal | nrout h bass 3250 nm at the rel ease site. Consunpti on was
generally |l ower in sections downstream fromthe release site
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Figure 9. Mean daily consunption (fc/snb/d) of hatchery
fall chinook sal non by 150-249 mm and 3 250 nmm snal | nout h
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in the Snake River from Asotin, Washington to Pittsburg
Landi ng, |daho during June and July 1996 and 1997. Nunbers
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during a given nmonth. The highest consunption rates for 1996
(0.027 fc/snmb/d) and 1997 (0.008 fc/snb/d), excluding the

rel ease site, were recorded in the upstream section for both
size classes of small nmouth bass.

Wld fall chinook sal non. —Estimates of nean consunption rate of
wild fall chinook sal non were <0.01 fc/snb/d during 1996 (Figure
10; Appendices 19 and 20). During 1997, no small nouth bass were
captured with ingested wild fall chinook salnon. For 150-249 mm
smal | nrout h bass, estimted consunption rates in the downstream
section for June and July, 1996 ranged from 0.006 fc/snmb/d to
0.009 fc/snb/d, respectively (Figure 10). For smal | nout h bass
3250 mm a consunption rate of 0.008 fc/snmb/d was cal cul ated for
t he upstream section only in June, 1996 (Figure 10).

Consunpti on- W sconsi n Model

Hat chery fall chinook sal non. —Mean daily consunption of hatchery
fall chinook sal mon by small nouth bass ranged fromO to 0.0277
fc/snb/d for both size classes (Figure 11; Appendices 17 and
18). Consunption was highest at the release site during both
nont hs and for both size classes. W calculated that no
smal | nrout h bass 3250 mm consuned any hatchery fall chinook sal non
during 1997 (Figure 11).

WIld fall chinook sal non. -Mean daily consunption of wild fall
chi nook sal non by 150-249 mm snal | nout h bass cal cul ated for the
upstream section during 1996 ranged fromO fc/snmb/d to 0.0031
fc/smb/d (Figure 12; Appendices 19 and 20). For snall nmouth bass
3250 mm nonthly consunption in June, 1996 for both the upstream
and downstream sections ranged fromO to 0.0034 fc/snb/d (Figure
12). We calculated that no wild fall chinook sal non were
consunmed during July, 1996 or during all of 1997.

Esti mat ed Loss of Fall Chi nook Sal non- Adans Model

Hat chery fall chinook sal non. W estimated that 5,347 (1996) and
3,935 (1997) hatchery subyearling fall chinook sal non were
consuned by smal |l mouth bass from June through August (Tables 3
and 4). The highest |loss of hatchery fall chinook sal mon in
1996 was in July (4,490 hatchery fall chinook sal non), whereas
in 1997, the highest |oss was in June, (3,268 hatchery fall

chi nook sal non).

WId fall chinook sal non. W estimted the consunption of 5,102
w | d subyearling fall chinook sal non by small nouth bass using
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Figure 10. Mean daily consunption (fc/snb/d) of wld
fall chinook sal non by 150-249 nm and 2 250 nm
smal | nrout h bass using the Adans nodel. Small nouth bass
were collected in the Snake Ri ver from Asotin,

Washi ngton to Pittsburg Landi ng, |daho during June and
July 1996 and 1997. Nunbers of bars indicate the
nunmber of small nouth bass sanpl ed.
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Figure 11. Mean daily consunption (fc/snb/d) of hatchery
fall chinook salnon by an average 150-249 mm and 3 250 nm
smal | nout h bass using the Wsconsin nodel. Small nouth bass
were collected in the Snake River from Asotin, Washington to
Pittsburg Landi ng, |daho during June and July 1996 and 1997.
Nunbers above bars indicate the nunber of snall nouth bass
sanpl ed.
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Figure 12. Mean daily consunption (fc/snb/d) of wld
fall chinook sal non by an average 150-249 mm and 3 250 nm
smal | mout h bass using the Wsconsin nodel. Snall nmouth
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Tabl e 3.-Estimated nunber of hatchery subyearling fall chinook
sal mon consunmed by smal | nouth bass 3150 mm predation in the Hells

Canyon reach of the Snake River
using the Adans and W sconsi n nodel s.

(Rkm 237 to Rkm 346) during 1996

Length Loss Loss
Location Class (mm) Adams Model Wisconsin Model
June 1996
Release Ste 150 - 249 146 40
3 250 213 37
Upstream section 150 - 249 0 0
3 250 498 24
Downstream section 150 - 249 0 0
3 250 0 0
Monthly Total 857 101
July 1996
Release Ste 150 - 249 359 161
3 250 76 20
Upstream section 150 - 249 0 0
3 250 2535 723
Downstream section 150 - 249 0 17
3 250 1,520 117
Monthly Total 4,490 1,038
1996 Total 5,347 1,139
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Tabl e 4.-Esti mat ed nunber of hatchery subyearling fall chinook
sal mon consunmed by smal | nouth bass 3150 mm predation in the Hells
Canyon reach of the Snake River (Rkm 237 to Rkm 346) during 1997
using the Adans and W sconsi n nodel s.

Length Loss Loss
Location Class (mm) Adams Model Wisconsin Model
June 1997
Release Ste 150 - 249 0 0
3 250 0 0
Upstream section 150 - 249 3,268 623
3 250 0 0
Downstream section 150 - 249 0 0
3 250 0 0
Monthly Total 3,268 623
July 1997
Release Ste 150 - 249 667 91
3 250 0 0
Upstream section 150 - 249 0 0
3 250 0 0
Downstream section 150 - 249 0 0
3 250 0 0
Monthly Total 667 91
1997 Total 3,935 714
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t he Adanms net hod from June through August, 1996 (Table 5). The
hi ghest nmonthly loss (54% of wild fall chinook sal non was
during June, 1996. All of the loss of wild fall chinook sal non
during July occurred in the downstream section. Total |oss for
1997 was negligible; no fall chinook sal mon were found during
di et anal yses in 1997.

Esti mat ed Loss of Fall Chi nook Sal non-W sconsi n Model

Hat chery fall chinook sal non. —sing the Wsconsin nodel, we
estimated the consunption of hatchery fall chinook sal non by
smal | nrout h bass was 1,139 in 1996 and 714 in 1997 (Tables 3 and
4). In 1996, 91% of the loss to small nmouth bass predation
occurred during the nmonth of July, (Table 3), while in 1997,
nost of the estimated | oss to small nouth bass predation (87%
occurred during the nonth of June (Table 4).

WIld fall chinook sal non. —The estimated consunption of wld fal
chi nook sal non by smal |l nouth bass in 1996 was 1,326 (Table 5).
During 1996, 59% of the total loss to snmallnouth bass predation
occurred in the downstream section during June. The |oss of
wild fall chinook sal non was not cal cul ated for 1997.

Di scussi on
Smal | rout h Bass Abundance and Density

Qur estimte of absolute abundance of 43,248 smal |l nouth
bass 3175 mm or 397 small nouth bass/km represents the only
known estimate of absol ute abundance for the 109 km free-fl ow ng
Snake River downstream of Pittsburg Landi ng, |1daho. W
estimted 16,254 (378 smal | mouth bass/ km and 26, 994 (409
smal | nout h bass/km) smal |l mouth bass 3175 mmin the upstream and
downstream sections of Snake River, respectively, which are
simlar to those reported for Lower Granite Reservoir on the
Snake River. Anglea (1997) and Naughton (1998) reported
estimtes of 395 and 406 smal | nout h bass/km (smal | nrout h bass 3168
mm) from Lower Granite Reservoir, respectively. Naughton (1998)
however, estimted 237 small nouth bass/km (smal | nrout h bass 3168
mm in the Snake River arm of Lower Granite Reservoir conpared
to our 409 small nouth bass/kmin the adjacent downstream section
of the Hells Canyon Reach of Snake River. W specul ate the
di fference in absol ute abundance between Naughton’s study (1998)
and our estimte of abundance (small nmouth bass/km could be a
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Tabl e 5.-Esti mated number of wild subyearling fall chinook
sal non consumed by smal I nouth bass 3150 mm predation in the Hells

Canyon reach of the Snake River (Rkm 237 to Rkm 346) during 1996
using the Adans and W sconsi n nodel s.

Length Loss Loss
Location Class (mm) Adams Model Wisconsin Model
June 1996
Upstream section 150 - 249 0 0
3 250 451 196
Downstream section 150 - 249 2,302 i
3 250 0 8
Monthly Total 2,753 981
July 1996
Upstream section 150 - 249 0 0
3 250 0 0
Downstream section 150 - 249 2,349 345
3 250 0 0
Monthly Total 2,349 345
1996 Total 5,102 1,326
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result of nore suitable habitat and | ower exploitation rates in
the free-fl ow ng Snake River.

Zi mmer man and Par ker (1995) reported an increasing trend in
relative densities of smallnmuth bass as sanpling progressed
upstream fromthe Lower Colunbia River through Lower G anite
Reservoir on the Snake River. The increasing trend in
smal | rout h bass rel ati ve abundance was attributed to higher
wat er tenperatures, smaller and deeper reservoirs, |ower
exploitation rates, and nore suitable habitat characteristics in
the Snake River. W found a simlar trend in densities of
smal | mouth bass within the Hells Canyon Reach, and al so between
our study and previous studies in Lower Granite Reservoir. W
estimated the density of smallnouth bass in the downstream
section was 24 fish/ha and 37 fish/ha in the upstream section
for small nouth bass 2175 mm In Lower G anite Reservoir, Anglea

(1997) reported 3.4 smallnmuth bass/ha (small nmouth bass >191
mm) , whereas Naughton (1998) reported 12.5 smal | mout h bass/ ha
(smal | nrouth bass 3168 mm). Qur snall nouth bass density estinates
are at the lower end of the range of 16 to 164 small nouth

bass/ ha reported by Carl ander (1977) in lotic systens throughout
North Anmeri ca.

We anticipated that smal |l nouth bass relative abundance
woul d be higher in the section of the Snake River upstream of
t he confluence of the Sal non River due to nore suitable habitat
characteristics, higher nunmber of degree days, and | ower
exploitation rates (Schriever and Cochnauer 1996). Qur results
i ndi cate higher smal |l mouth bass relative abundance (CPUE) in the
upstream section of the Snake River for 150-249 mm smal | nouth
bass during 1996 and 1997, and smmal | nouth bass 2250 mm duri ng
1996. Al though no differences were found in rel ative abundance
of small nouth bass in the 3250 nm size class during 1997, we
specul ate that this lack of difference could be a result of
| ower exploitation rates and redistribution of popul ations
associated with the abnormally high flows in 1997.

Qur estimates of relative abundance and poi nt estimates of
absol ut e abundance of small nouth bass were contradictory when
conparing our study sections above and bel ow the Sal non River
confluence. No statistical test was run on the absolute
abundance data and confidence intervals associated with our
esti mat ed absol ute abundance for the two sections overlap, thus
t he apparent difference may not be real. Al though we stratified
our smal |l mout h bass absol ute abundance estimates by general
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habitat types, based on gradients and vall ey geonorphol ogy, a
stratification design based on a finer scale (such as
substrate), as well as nore |longitudinal transects, may have
i nproved our estinmates of absol ute abundance by capturing a
greater portion of the variability.

Conducting a mark-recapture study in a large, renote river,
such as the Snake River, can present |ogistical conplications
and sanpling bias not experienced in smaller systens. Lyons
(1991) suggested that electrofishing for small nouth bass in
| arge, deep rivers could bias the abundance estimte | ow as
result of smallnouth bass in deeper pools not being recruited to
el ectrofishing gear; thus a portion of the population will go
unsanpl ed. Therefore, we consider our estimates of snall mouth
bass abundance to be conservative, but simlar to others
reported for the Snake River.

Age and Growt h

Qur estimates of smallnmouth bass |length at age (fork |l ength
mm) are simlar to the results found by Keating (1970) for the
Hel | s Canyon Reach of the Snake River. W estimated the |ength
at first annulus formation of 79 mm and 80 mm for the upstream
and downstream sections of the Snake River, respectively,
whereas Keating estimated 84 mmand 82 nmfor the same sections
in the late 1960°s. In a study conducted by Anglea (1997) on
Lower Granite Reservoir, first annulus formation was at 78 nmm
but his estimted subsequent growth increnents were higher than
those in our study sections.

As with Keating's (1970) research, we found | arger
increments of growth in the upstream section than in the
downstream section for the first 3 years of growh. For ages 4
to 6, smallnmouth bass in the downstream section grew faster than
those in the upstream section. Annual degree-days (310°C) were
simlar during 1996 and 1997, and to those in the 1960 s.
During 1996 and 1997, annual degree-days averaged 1,571 for the
upstream section and 1,256 for the downstream section. Keating
(1970) reported 1,330 degree-days in the downstream section and
1,554 degree-days in the upstream section during the 1960's. He
attributed slower growth of the |large size classes of smallnouth
bass in the upstream section to increased intraspecific and
i nterspecific conpetition.

We hypot hesi ze that the higher rate of growth of mature-
sized small nmouth bass in the downstream section is a reflection
of the prey availability and diet. Coble (1967) suggested that
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food supply and quality may influence growh rates nore than
wat er tenperature in mature snall nouth bass. Anglea (1997)
suggested that the higher abundance of crayfish after

i npoundnment of Lower Granite Reservoir on the Snake River could
have stinul ated hi gher growth. Mature snmall nouth bass in our
downstream section may have higher growth increnments than
smal | nout h bass in the upstream section, even though they are
exposed to fewer thermal units, because their diets conprise a
| arger portion of fish that are higher in energy and nore easily
di gest ed.

The I nmportance of Juvenile Fall Chinook Salnon in the Diet of
Smal | rout h Bass

We found | ow incidence of predation on juvenile fal
chi nook sal nmon by smal |l nmouth bass in all areas of the free-
fl ow ng Snake River, except at the Pittsburg Landing rel ease
site follow ng the rel ease of hatchery fall chinook sal non
during 1996 and 1997. In our study, percent weight (0 to 48.8%
of fall chinook salnmon in the diets of smallnouth bass 3150 mm
was hi ghest directly after a hatchery release and decreased
downstream (0 to 0.8% . Overall, chinook sal non conposed 1.4%
of the diet in the upstream section, including the rel ease site,
and 0.2% of the diet in the downstream section. O her
smal | nout h bass dietary studies in the Pacific Northwest have
found vari ous degrees of predation on juvenile salnmonids. A
study in the Snake River arm of Lower Granite Reservoir during
1996 and 1997 reported <0.1% to 5% salnonids in the diet of
smal | nrout h bass (n=8, 609; Naughton 1998). Pflug and Paul ey
(1984) reported that small mouth bass (n=685) in Lake Sanmam sh,
Washi ngton fed on juvenile salnon primarily during the May snolt
outmgration. Predator-prey studies conducted in the m d-1980"s
in John Day Reservoir on the Colunbia River (Poe et al. 1991)
found smal | nrouth bass (n=4,811) were the |east inportant
predator on juvenile sal non, accounting for approximtely 4% of
the diet by weight. Poe et al. (1991) also reported that nost
of the predation occurred during July and August, when
subyearling fall chinook sal non were em grating, thus
concentrating the | osses on later em grating stocks of sal non.
In the upper section of McNary Reservoir on the Col unbia River,
Tabor et al. (1993) reported 59% of the diet of smallnouth bass
(n=92) was conposed of juvenile sal non, and specul ated a | arge
portion of the salnmonids in the diet were subyearling fall
chi nook sal non.

Al t hough juvenile fall chinook sal non accounted for a small
portion of the overall diet of smallmuth bass in our study,
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hat chery fall chinook sal non were abundant in diet sanples

i medi ately after release at Pittsburg Landing. O her studies
have docunmented the response of smallnouth bass to hatchery
stocked juvenil e sal nonids. Warner (1972) reported substanti al
predati on of small nouth bass on juvenile Atlantic sal non Sal npo
salar directly after hatchery release in Miine | akes. Tabor et
al . (1993) attributed high percentages of juvenile Pacific
salmon in the diets of smallmuth bass to high densities and
habi tat overl ap between juvenile Pacific sal non and snmal |l nouth
bass. We believe the discrepancy between our results and those
of Tabor et al. (1993) is a result of nmuch higher densities of
juvenile fall chinook salnmon in the Hanford Reach of the

Col unbi a River, conpared to the | ow nunbers found in the Hells
Canyon Reach of the Snake River. |In the sections downstream of
Pittsburg Landing, few juvenile fall chinook appeared in
smal | mout h bass diet sanples. W attribute this | ow occurrence
of hatchery juvenile fall chinook salnmon in small nmouth bass
diets to low densities of prey as hatchery fall chinook sal non
nove downstream and di sperse.

Cobl e (1975) suggested that prey fish were an inportant
conponent in the diets of older small muth bass. W found that
smal | nouth bass in both the 150-249 nm and the 2250 mm si ze
cl asses preyed upon fall chinook sal non, however, we could not
detect a trend in predation of juvenile salnonids with
i ncreasing size of smallnouth bass. Anglea (1997) found an
increase in predation on salnonids as the size of small nouth
bass increased in the Snake River. Naughton (1998) and Poe et
al. (1991) however, found little difference in predation anong
size cl asses.

Food Habits of Small nouth Bass

Qur study represents the only recent, conprehensive dietary
anal ysis of small nouth bass in the Hells Canyon Reach of the
Snake River. Qur study, and others in the Pacific Northwest,
denonstrate that small nmouth bass are opportunistic predators
t hat consune prey itens as they are encountered, and the
avai lability and abundance of prey itenms is reflected in the
di et (Coble 1975; Pflug and Paul ey 1984; Tabor et al. 1993; Poe
et al. 1991). Pflug and Pauley’s (1984) study on Lake
Sammam sh, Washi ngton reported a high occurrence of fish in the
diets of smallnouth bass. Poe et al. (1991) found snall nouth
bass fed primarily on fish (77.6% and crayfish (21.3% in the
John Day Reservoir, Washington. 1In the riverine environment of
the Hells Canyon Reach, Keating (1970) reported that snall nouth
bass diets (n=72) were conposed of crayfish (58%, fish (13%
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and insects (21%. During 1996 and 1997 in our study, diets of
smal | rout h bass were conposed primarily of crayfish (63% and
fish (2699 in the upstream section (n=1366 smal | nouth bass), and
fish (4999 and crayfish (39% in the downstream section (n=1298
smal | nout h bass).

The opportunistic feeding behavior of smallmuth bass is
denmonstrated by the high percent weight of hatchery fall chinook
salmon in the diet imediately after hatchery rel eases.
Additionally, we found a | arge insect conponent in the diet of
smal | rout h bass during August, 1996 when a rangel and fire burned
in the upstream section. During this tinme, smallnouth bass 3150
mm consunmed 58% i nsects by percent weight, primarily
grasshoppers, conpared to 11% insects in the downstream | ocati on
during the same sanple week. W believe terrestrial insects
(grasshoppers) were flushed fromshoreline areas into the water
as the rangeland fire burned down to the Snake River, thus
becom ng avail able to small nouth bass.

We found significant differences in the proportion of mgjor
prey itenms in diets of small nouth bass between the upstream and
downstream sections during 1996 and 1997. Smal |l nout h bass
preyed significantly nore on crayfish in the upstream section
t han the downstream section, and the diets of smallnmuth bass in
t he downstream section were significantly higher in fish and
insects. The difference in diet of small nmouth bass between the
two sections could be a result of difference in prey abundance
and availability between the two sections.

Consunption of Fall Chinook Sal non

We found | ow rates of predation by small nmouth bass on
juvenile fall chinook sal non during 1996 and 1997 for both
hatchery and wild fall chinook sal non downstream fromthe
rel ease site (<0.03 sal non/predator/day). The highest rates of
consunption were found at the Pittsburg Landing rel ease site
directly after releases of hatchery fall chinook sal non. W
beli eve the high consunption rates at Pittsburg Landing were a
short-termresponse resulting from high densities of
di sorientated prey.

Vigg et al. (1991) suggested that many factors influence
consunption rates of small nouth bass, but water tenperature was
consi dered the single nost inportant factor. Small nouth bass
exi st in water tenperatures ranging from 12 to 31°C (Ferguson
1958; Barans and Tubbs 1973) and the final preferendumis
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approxi mately 28°C (Coble 1975). Smal |l nouth bass becone active
in water tenperatures >10°C (Munther 1970) and begin actively

feeding at approximately 15°C (Carl ander 1977). \Water
tenperatures in the Hells Canyon Reach vari ed between the
upstream and downstream sections. Water tenperatures reached
15°C in the upstream section by June 3, 1996 and May 13, 1997.

I n the downstream section, water tenperatures reached 15°C by
June 24, 1996 and June 17, 1997. Maxi num water tenperatures of
22°C occurred during August for both years in both sections.
Wat er tenperatures were therefore in the | ower range of
preferred water tenperatures and bel ow the final preferendum of
smal | rout h bass during 1996 and 1997. The | ow consunption rates
of fall chinook sal nron downstream fromthe rel ease site could be
a result of less than opti mum water tenperatures for small nouth
bass, thus | owering small mouth bass netabolic demands and
consunpti on rates.

Total Loss of Fall Chi nook Sal npbn

We believe that the | oss of juvenile fall chinook sal non
from predation by small nouth bass could account for a smal
portion of the nortality enconpassed in survival estimtes of
juvenile fall chinook salnmon to Lower Granite Reservoir. W
hypot hesi zed that predation of hatchery fall chinook sal non by
smal | nrout h bass woul d be highest at the rel ease site when
di sorientated juvenile sal nonids were rel eased in high
densities. Total |oss of hatchery fall chinook salnon to
predati on by small nouth bass in the 109 km Hells Canyon Reach
during 1996 was estimated at 26% (Adans nodel) and 5% (W sconsin
nodel ). During 1997, the total |oss of hatchery fall chinook
salnon to small mouth bass predation in the Hells Canyon Reach
was estimated at 9% (Adans nodel) and 2% (W sconsi n nodel ).

Predati on on wild subyearling fall chinook sal mon by
smal | nout h bass was | ow and infrequent in this study. W
believe the | ow nunbers of wild fall chinook sal non consuned by
smal | nout h bass during 1996, and the absence of predation in
1997, could be related to habitat differences used by fall
chi nook sal non and smal | nrouth bass in the free-flow ng sections
Both smal | nouth bass and juvenile fall chinook sal non are known
to use littoral zones with reduced velocities (Mains and Smth
1956; Curet 1993; Munther 1970; Rankin 1986). However,
smal | rout h bass have a tendency to use nearshore habitat
associ ated with rocky substrate and structure (Munther 1970,
Cobl e 1975), while juvenile fall chinook sal non are thought to
use habitats over sandy substrates (Dauble et al. 1989; Bennett
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et al. 1992; Curet 1994). W believe the Hells Canyon Reach may
provide sufficient preferred habitat for each species, and that
habitat overlap is limted during fall chinook rearing. Thus,
encounters between smal |l nouth bass and fall chinook sal non may
be limted to when fall chinook salnon are m grati ng downstream
over rocky substrate. Tabor et al. (1993) attributed the high
consunption of fall chinook salnon by smal |l nouth bass in the
upper section of McNary Reservoir to habitat overlap between
juvenil e salnon and snal | nouth bass. However, in MNary
Reservoir, small nouth bass and fall chinook may be using

avail abl e habitats differently than in the Hells Canyon Reach
due to different geonorphol ogi c characteristics.

Along with | ower water tenperatures, high discharge and the
associated high turbidities could danpen the effect of predation
by smal | mouth bass on fall chinook salnon. High flow years in
t he Snake Ri ver basin, such as 1996 and 1997, are generally
associated with | ower water tenperatures and higher turbidities
than low fl ow years. Small nouth bass are considered visua
predators (Carlander 1977) and higher turbidities could decrease
the reactive distance of small mouth bass to a prey item thus
decreasing foraging efficiency (Vinyard and O Brien 1976). Cada
et al. (1997) suggested that reduced velocities and associ at ed
| ower turbidities in the reservoirs of the Colunbia R ver Basin
may | ower survival of juvenile salnon. Additionally, Gegory
and Levings (1998) found that juvenile salnon are less likely to
encounter, and be lost to, predators in turbid water. During
1996 and 1997, turbidities in the downstream section of the
Hel | s Canyon Reach through m d-June (Appendices 21 and 22) were
hi gher than what Gregory (1993) defined as turbid water (323
NTU). Thus, we believe turbidity and water tenperatures
condi tions during 1996 and 1997 in the Snake River helped to
noder at e predation of juvenile fall chinook sal non by small nouth
bass.

Mean survival estimates of PIT-tagged fall chinook sal non
fromPittsburg Landing to Lower Granite Dam (Rkm 173) were 32%
and 44% in 1996 and 1997, respectively (WIIlians and Bjornn
1998; Connor unpublished data). Qur estimates of |oss of PIT-
tagged fall chinook salmon due to smal |l nmouth bass predation
followed a simlar trend of higher nortality in 1996 than in
1997. Connor (unpublished data) found that |arger fall chinook
sal nron had faster travel tines to Lower Ganite Dam and hi gher
survival than smaller chinook salnmon. He attributed the
i ncreased survival of larger fall chinook salnon to decreased
exposure to predation due to faster travel tine.
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Consunpti on Model Conpari sons

Using both a field nodel, based on gastric evacuation
(Adans nodel ), and a bi oenergetics nodel, based on a nmass-
bal anced equation (W sconsin nodel), has been suggested as a
good method to corroborate and address consunption in fish (Ney
1993). In this study, the Wsconsin nodel, using seasonal
growt h of small mouth bass, was a nore conservative nodel and
predicted total |osses of juvenile fall chinook salnon to
smal | nrout h bass predation that were 59 to 69% | ess than the
Adans nodel

Ney (1993) suggests that the bioenergetics approach is
based on a sound nethod that accounts for energy pathways, but
that the nodel is susceptible to errors in the input paraneters
and internal functions. W used coefficients for the
physi ol ogi cal rate equations froma nodel for adult |argenouth
bass M cropterus sal noi des (Roell and Orth 1993) because Hanson
et al. (1997) advocated using physiol ogi cal paraneters from
adult fish of simlar species to nodel adult fish for which no
paranmeters are available. Borrowi ng coefficients fromsimlar
species is conmon in bioenergetics nodeling, however, this
approach has been suggested as a weakness of bi oenergetics
nodel i ng by Ney (1993). The bi oenergetics nodel estimates a “p-
value” that is defined as a proportion of the maxi mum
consunption at which a fish needs to feed to attain an observed
growth over tinme (Hanson et al. 1997). W estimted “p-val ues”
from bi oenergetics sinmulations that ranged from0.15 to 0. 24,
whi ch suggests that the Wsconsin nodel underestinated
consunption. Low estimated “p-values” could be a result of
using coefficients derived for |largenmouth bass. Additionally,
we did not nodel reproductive energy storage, which would | ead
to underestimati ng consunption by not accounting for the energy
needed to produce ganetes.

The Adanms nodel, which is based on an evacuation rate
equation derived from | aboratory digestion rates, has been
criticized for not fully representing field conditions (Brom ey
1994). The evacuation equation devel oped by Roger and Burl ey
(1991) uses only salnonids as prey itens, and does not account
for differential digestion rates anong prey itens, especially
hard to digest prey itenms, such as crayfish. Differenti al
di gestion rates anong prey itens for smallnmouth bass is untested
and may create errors, which will be incorporated into
consunpti on rates.
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Appendi x 19. Estimated consunption of wild subyearling fall
chi nook sal non by small nouth bass 3150 mm (fc/snb/d) in the Hells
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Appendi x 20. Estimated consunption of wild subyearling fall
chi nook sal non by smal |l nouth bass 3150 mm (fc/snb/d) in the Hells
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Appendi x 1.-Total nunber of incidental fish caught by
el ectrofishing in the free-flow ng area of the Snake River in

1998.

Tot al
Common name Scientific nane cat ch
Carp Cyrinus carpio 84
Chi sel nout h Acrochei l us al utaceus 64
Dace Rhi ni cht hys spp. 6
Fal | chi nook sal non Oncor hynchus tshawytscha 110
Lar genout h bass M cropt erus sal noi des 4
Largescal e sucker Cat ost onus nmacrohei |l us 1227
Mount ai n whi tefish Prosopi um wi | | i ansoni 47
Nor t hern pi kem nnow Pt ychochei | us oregonensis 31
Peanout h Myl ochei | us cauri nus 22
Rai nbow t r out Oncor hynchus nyki ss 110
Redsi de shi ner Ri char dsoni us bal t eat us 1
Scul pi ns Cotti dae 42
Smal | mout h bass M cropterus dol om eu 86
Spring chinook sal non Oncorhynchus tshawytscha 20
Unknown 114
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Appendi x 2. Popul ation estimtes for each | ongitudinal
transect, transect length, and estimated fish per kmused to
estimate popul ation of smallmuth bass 3175 mmin the Hells
Canyon Reach of the Snake River in 1997.

Transect
Transect  Rkm Habitat type Estimate length (m) Fish/ km
1 344 Open 195 325 600
2 342 Canyon 390 1165 335
3 337 Canyon 560 981 571
4 329 Open 177 630 281
5 318 Canyon 147 503 292
6 305 Chute 52 566 92
7 292 Open 74 883 82
8 281 Open NA® NA NA
9 266 Open 649 992 64
10 256 Open 159 431 361
11 247 Open 323 630 512
12 243 Open 250 577 434

® No recaptured small mouth bass

171



Appendi x 3. Back-calculated fork |engths at age and annual growth increnments fro
smal | nout h bass collected during the spring of 1997 in the upstream section (Rkm 303 to
Rkm 346) on the Snake River.

Y ear Mean Fork Length (mm)

Class  Cohort  Number 1 2 3 4 5 6 7 8

1996 1 1 88

1995 2 15 77 145

1994 3 30 78 140 198

1993 4 6 86 149 202 248

1992 5 7 79 123 183 227 257

1991 6 2 71 126 190 239 278 300

1990 7 10 80 125 180 216 253 281 302

1989 8 4 75 130 195 226 260 285 305 319
Weighted Mean 79 137 193 228 258 284 303 319
Increment of growth 79 58 56 35 30 27 19 16

Number 75 75 74 59 29 23 16 14 4







Appendi x 4. Back-cal culated fork |Iengths at age and annual growth increments for
smal | nout h bass coll ected during the spring of 1997 in the downstream section (Rkm 237 to
Rkm 303) of the Snake River.

Y ear Mean Fork Length (mm)

Class  Cohort Number 1 2 3 4 5 6 7 8 9

1996 1 0 0

1995 2 1 85 127

1994 3 37 81 123 175

1993 4 12 80 136 183 218

1992 5 14 76 124 189 228 262

1991 6 8 83 138 192 245 281 307

1990 7 2 0 141 194 231 267 299 327

1989 8 0 0 0 0 0 0 0 0 0

1988 9 1 87 129 203 257 281 303 327 A2 355
Weighted Mean 80 127 182 230 269 305 327 342 355
Increment of growth 80 a7 4 48 39 37 21 16 13

Number 75 75 75 74 37 25 11 3 1 1




Appendi x 5. Sunmary of releases of PIT tagged subyearli ng
fall chinook sal mon at Pittsburg Landi ng, |daho Rkm 345.8 in
1996 and 1997. Releases of fall chinook sal non occurred at dusk
(WI1liam Connor, USFWS, Ahsahka, |daho, unpublished data).

Cumulative
Release Number of fal chinook number of
date salmon released samon rel eased
1996
06/06/96 1,189 1,189
06/13/96 7,989 9,178
06/20/96 8,118 17,296
06/27/96 1,214 18,510
07/03/96 1,220 19,730
07/10/96 1,224 20,94
1997

05/28/97 6,955 6,955
05/30/97 6,946 13,901
06/3/97 1,262 15,163
06/10/97 1,245 16,408
06/11/97 5174 21,582
06/12/97 5323 26,905
06/13/97 5,257 32,162
06/14/97 5,160 37,322
06/17/97 1,243 38,565
06/24/97 1,239 39,804
07/01/97 1,251 41,055
07/08/97 1,238 42,293
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Appendi x 6. Values used in Wsconsin bioenergetics nodel to
estimate consunmption of juvenile fall chinook sal non by
smal | nouth bass in the Hells Canyon Reach of the Snake River,
| daho (Rkm 237 to Rkm 346). Values and description are from
Roell and Orth (1993) and Hanson et al. (1997).

Parameter Description Vaue

Consumption

CA Intercept of the mass dependence function at maximum consumption (g/g/d)  0.33
CB Coefficient of mass dependence -0.325
CQ Water temperature C at CK1 of the maximum consumption 10
CTO Water temperature C at CK2 of the maximum consumption 26
CT™M Water temperature C >CTO at CK3 of the maximum consumption 28
CTL Water temperature C at CK4 of the maximum consumption 33
CK1 Proportion of maximum consumption a CQ 0.1
CK2 Proportion of maximum consumption a CTO 0.98
CK3 Proportion of maximum consumption at CTM 0.98
CK4 Proportion of maximum consumption at CTL 0.01
Respiration
RA Intercept for maximum standard respiration 0.008352
RB Slope for the maximum standard respiration -0.355
RQ Slope for standard respiration dependence on temperature 21
RTO Optimum water temperature for standard respiration 3
RTM Maximum water temperature for standard respiration 33
ACT Activity multiplier of standard respiration at > 10 C 13
SDA Proportion of assmilated energy lost to specific dynamic action 0.17
Egestion/Excr etion
FA Proportion of consumed energy egested 0.15
UA Proportion of the assimilated energy excreted 0.088
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Appendi x 7. Energy densities of prey itens and snmall nouth
bass used in the Wsconsin bioenergetics nodel to estinmate
consunption of juvenile fall chinook salnon in the Hells Canyon
Reach of the Snake River, Idaho (Rkm 237 to Rkm 346).

Energy  densty

Prey item (cd /g) J/9 Source
Insect 869 3,636 Cummins and Wuycheck 1971
Crayfish 1,077 4,508 Cummins and Wuycheck 1971
Non-chinook fish 1231 5,153 Petersen and Ward 1999; Shuter and Post 1990
Chinook sdmon 1,030 4,312 Rondorf et a. 1985
Other prey 988 4,136 Cummins and Wuycheck 1971
Smalmouth bass 1,000 4,186 Shuter and Post 1990

177



Appendi x 8.
i ntegrated transponders (PIT tags)

Li st of hatchery fall

chi nook sal nron with passive
recovered from smal | nout h

bass digestive tracts during diet collection,
chi nook sal non were rel eased at Pittsburg Landing,

hat chery fall

1996.

Al 'l

| daho, Rkm 345. 8.
Distance
Hatchery fall chinook salmon Timeto from
recovery  Recapture release
PIT tag code releaseday andtime recapture day and time dhmin Rkm (km)
June
223238532E 6/13/96 20:00 6/14/96 05:.00 00:09:00 345 0
22160E5E6E 6/13/96 20:00 6/14/96 05:.00 00:09:00 345 0
41552E4613 6/13/96 20:00 6/14/96 05:.00 00:09:00 345 0
2232067F36 6/20/96 19:55 6/21/96 08.08 00:12:13 345 0
2232214B39 6/20/96 19:55 6/21/96 08:08 00:12:13 345 0
2232357E1D 6/20/96 19:55 6/21/96 08:08 00:12:13 345 0
4157286F69 6/20/96 19:55 6/21/96 08:08 00:12:13 345 0
4170227F1B 6/20/96 19:55 6/21/96 08:08 00:12:13 345 0
22422A3FOF 6/20/96 19:55 6/21/96 04:40 00:20:45 344 1
41574B0269 6/20/96 19:55 6/22/96 04.00 01:20:05 323 22
415A0C484E 6/20/96 19:55 6/23/96 05:15 02:09:20 309 36
4157563419 6/20/96 19:55 6/23/96 03:30 02:19:35 302 43
July
4157624A02 6/27/96 20:00 6/28/96 05:15 00:09:15 345 0
4165604A47 6/27/96 20:.00 6/28/96 05:15 00:09:15 345 0
4165612E33 6/27/96 20:.00 6/28/96 05:15 00:09:15 345 0
4157283211 6/27/96 20:.00 6/28/96 05:15 00:09:15 345 0
415A2D0468 6/27/96 20:00 6/28/96 05:15 00:09:15 345 0
4156684E4C 6/27/96 20:00 6/28/96 05:15 00:09:15 345 0
415703463C 6/27/96 20:00 6/28/96 05:15 00:09:15 345 0
416C532A5B 6/27/96 20:00 6/28/96 06:45 00:10:45 344 1
416E2B6644 6/27/96 20:.00 6/28/96 10:30 00:14:30 336 9
2230451478 6/6/96 20:55 6/29/96 05:10 22:0815 320 25

178



Appendi x 8 conti nued.

Distance
Hatchery fall chinook salmon Timeto from
recovery  Recapture release
PIT tag code releaseday andtime recapture day and time d:hmin Rkm (km)
4157073A68 6/20/96 19:55 6/30/96 15:55 00:09:20 291 54
4156186209 6/13/96 20:00 7/11/96 05:25 17:09:25 280 65
2230047D12 7/10/96 20:00 7/11/96 09:05 00:13:05 345 0
201519062C 7/10/96 20:00 7/11/96 09:05 00:13:05 345 0
223022063B 7/10/96 20:00 7/11/96 09:05 00:13:05 345 0
22301C1AS5E 7/10/96 20:00 7/13/96 05:20 02:09:20 311 A
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Appendi x 9. List of hatchery fall
i ntegrated transponders (PIT tags) recovered from smal |l nouth
bass digestive tracts during diet collection, 1997. All
hat chery fall chinook sal non were rel eased at Pittsburg Landi ng,

chi nook sal nron with passive

| daho, Rkm 345. 8.
Distance
Hatchery fall chinook salmon Timeto from
recovery  Recapture release
PIT tag code releaseday andtime recapture day and time d:hmin Rkm (km)
June

5105466A3F 5/30/97 20:00 5/31/97 19:35 00:11:35 325 20
50607D664E 6/13/97 19:40 6/15/97 04:55 0L.09:15 345 0
50586A610F 6/13/97 19:40 6/15/97 04:55 0L.09:15 345 0

50606A02A7B 6/13/97 19:40 6/15/97 04:55 0L.09:15 345 0
5063403E28 6/13/97 19:40 6/15/97 04:55 01:09:15 345 0
50586C6669 6/13/97 19:40 6/17/97 05:10 03:09:00 300 45
50523E1931 6/14/97 20:10 6/18/97 08:55 03:12:45 274 71
5055173662 6/12/97 20:35 6/19/97 05:30 06:08:55 254 91
505236370D 6/14/97 23.05 6/19/97 05:50 04:18:45 246 9

July

5079521A61 7/2/97 20:00 7/2/97 09:05 00:13.05 339 6
505B22612A 7/8/97 17:30 7/9/97 05:.05 00:11:35 345 0
505E1F4963 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
5060181410 7/8/97 17:30 7/9/97 05:.05 00:11:35 345 0
505F2E6F45 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
50550B3461 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
505D6E7252 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
505D7A6A0A 7/8/97 17:30 7/9/97 05:.05 00:11:35 345 0
50550C1629 7/8/97 17:30 7/9/97 05:.05 00:11:35 345 0
50594C2D32 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
505F377445 7/8/97 17:30 7/9/97 05.05 00:11:35 345 0
50585F7F7A 7/8/97 17:30 7/9/97 11.00 00:17:30 339 6
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Appendi x 10. Percent weight of prey itenms consuned by
smal | nrout h bass 3150 nm collected in the Hells Canyon Reach of
t he Snake River (Rkm 237 to Rkm 346) from June through Cctober,
1996 and May t hrough October, 1997.

Prey Items
River Insects Crustaceans  Other-fish Chinook Other
Section n % Wt % Wit % Wt % Wt % Wit
1996
Upstream 2 659 12.3 56.9 284 19 04
Downstream 560 11.3 39.1 49.1 0.3 0.1
1997
Upstream 2 707 8.9 70.2 19.9 0.8 2.0
Downstream 738 10.8 384 48.9 0.0 2.0

1996 and 1997
Upstream @ 1,366 10.8 62.8 24.7 14 0.3

Downstream 1,298 111 38.9 49.0 0.2 0.8

a8 | ocation includes rel ease site
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Appendi x 11. Percent weight of prey items consuned by three
size classes of smallnouth bass collected at Pittsburg Landi ng,
| daho (Rkm 345) in the section of the Snake River upstream of
t he confluence of the Salnon River from June through July, 1996.

Prey Items
Insects Crustaceans  Other-fish Chinook Other
Month n % Wit % Wit % Wit % Wit % Wit
3 150 mm
June 17 4.5 45.1 10.3 40.1 0
July 17 17.8 32.7 10.7 38.8 0
Totd 34 94 40.5 10.5 39.6 0
150-249 mm
June 6 19.6 53.5 0.0 26.9 0.0
duly 13 13.0 30.6 3.8 52.6 0.0
Totd 19 14.5 36.0 2.9 46.6 0.0
3 250 mm
June 11 25 44.0 11.7 41.8 0.0
July 4 26.1 36.5 22.7 14.7 0.0
Totd 15 7.1 42.6 13.8 36.5 0.0
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Appendi x 12. Percent weight of prey items consuned by three
size classes of smallnouth bass collected at Pittsburg Landi ng,
| daho (Rkm 345) in the section of the Snake River upstream of
the confluence of the Salnon River from May through August,
1997.

Prey Items
Insects Crustaceans Other-fish Chinook Other
Month n % Wt % Wt % Wt % Wt % Wt
3 150 mm

May 12 36 70.6 258 0.0 0.0

June 18 38 64.9 314 0.0 0.0

Jduly 15 108 403 0.0 488 01
August 4 40.2 59.8 0.0 0.0 0.0

Total 49 6.7 60.5 237 91 0.0

150-249 mm

May 10 49 64.5 30.6 0.0 0.0

June 9 238 76.2 0.0 0.0 0.0

July 14 113 374 0.0 51.2 0.0
August 4 40.2 59.8 0.0 0.0 0.0

Total 37 16.8 54.2 48 24.2 0.0

3 250 mm

May 2 0.0 88.1 118 0.0 0.0

June 9 05 63.0 36.5 0.0 0.0

July 1 0.0 100.0 0.0 0.0 0.0
August 0 0.0 0.0 0.0 0.0 0.0

Total 12 05 64.4 351 0.0 0.0
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Appendi x 13. Percent weight of prey items consuned by three
size classes of smallnouth bass collected in the section of the

Snake River upstream of the confluence of the Sal non River (Rkm
303 to Rkm 345) from June through October, 1996.
Prey Items
Insects Crustaceans  Other-fish Chinook Other
Month n % Wt % Wt % Wit % Wt % Wt
3 150 mm

June 182 6.2 50.6 424 0.7 0.2

July 24 74 68.1 22.8 15 0.2
August 156 36.4 544 8.4 0.0 0.7
October 33 2.9 63.8 30.0 0.0 3.3

Total 625 124 574 29.0 0.8 04

150-249 mm

June 0 19.3 59.3 20.7 0.0 0.6

July 151 18.6 58.9 22.6 0.0 0.0
August 103 49.0 435 4.8 0.0 2.7
October 17 4.7 93.0 2.3 0.0 0.0

Total 361 24.6 56.8 17.7 0.0 0.8

3 250 mm

June 92 19 47.7 495 0.9 0.0

July 103 25 72.1 22.9 2.2 0.2
August 53 31.8 58.4 9.8 0.0 0.0
October 16 25 574 36.1 0.0 4.0

Total 264 8.0 57.6 33.0 11 0.2
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Appendi x 14. Percent weight of prey items consuned by three
si ze classes of smallnouth bass collected in the section of the
Snake River upstream of the confluence of the Sal non River (Rkm
302 to Rkm 346) from May t hrough COctober, 1997.

Prey Items
Insects Crustaceans Other-fish Chinook Other
Month n % Wt % Wt % Wt % Wt % Wt
3 150 mm

May 167 6.7 62.5 301 0.0 0.8

June 173 121 624 2.1 0.3 0.0

July 214 6.2 834 104 0.0 0.1
August 66 131 74.1 12.8 0.0 0.0
October 38 270 246 484 00 00

Total 658 91 71.0 19.6 01 02

150-249 mm

May 125 114 450 420 0.0 17

June 117 218 68.5 9.0 0.7 0.0

July 168 104 72.8 16.7 0.0 01
August 52 250 63.8 112 0.0 0.0
October 2 244 393 36.3 0.0 0.0

Total 484 157 65.5 183 0.2 0.3

3 250 mm

May a2 27 77.3 200 0.0 0.0

June 56 33 56.9 39.7 0.0 0.1

July 46 22 93.3 44 0.0 0.0
August 14 15 8.1 144 0.0 0.0
October 16 297 74 629 0.0 0.0

Total 174 31 76.0 209 0.0 0.0
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Appendi x 15. Percent wei ght of prey items consuned by three
size classes of smallnmouth bass collected in the section of the
Snake River downstream of the confluence of the Sal non River
(Rkm 237 to Rkm 303) from June through October, 1996.

Prey Items
Insects Crustaceans  Other-fish Chinook Other
Month n % Wt % Wt % Wit % Wt % Wt
3 150 mm
June 156 11.2 50.4 37.8 0.3 0.3
July 261 154 30.8 53.1 0.5 0.1
August 105 31 47.7 40.1 0.0 0.0
October 38 0.8 46.7 52.5 0.0 0.0
Total 560 11.3 39.1 491 0.3 0.1
150-249 mm
June 102 177 27.9 541 0.3 0.0
July 168 14.9 26.8 571 1.0 0.2
August 69 8.2 48.1 43.6 0.0 0.1
October 14 2.7 34.6 62.7 0.0 0.0
Total 353 141 30.9 54.2 0.7 01
3 250 mm

June 4 6.7 66.0 26.4 0.3 0.6
July 93 15.8 33.7 50.3 0.2 0.1
August 36 0.3 47.5 52.1 0.0 0.0
October 24 0.6 484 51.0 0.0 0.0
Total 207 9.5 44.3 46.0 0.1 0.2
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Appendi x 16. Percent weight of prey items consuned by three
size classes of smallmuth bass collected in the section of the
Snake River downstream of the confluence of the Sal non River
(Rkm 237 to Rkm 303) from May t hrough COctober, 1997.

Prey Items
Insects Crustaceans Other-fish Chinook Other
Month n % Wt % Wt % Wt % Wt % Wt
3 150 mm

May 162 138 75 78.7 0.0 0.0

June 183 16.7 364 46.9 0.0 0.0

July 273 89 46.3 1.1 0.0 38
August 86 125 46.8 40.7 0.0 0.0
October A 35 191 773 0.0 0.0

Total 738 108 384 489 0.0 20

150-249 mm

May 112 26.7 37 69.6 0.0 0.0

June 132 46.6 219 315 0.0 0.0

July 211 183 273 $4.3 0.0 0.2
August 75 202 374 424 0.0 01
October 19 174 452 374 0.0 0.0

Total 549 226 26.6 50.7 0.0 01

3 250 mm

May 50 6.9 9.6 835 0.0 0.0

June 51 56 44.3 55.7 0.0 0.0

July 62 30 58.2 328 0.0 6.0
August 11 0.6 61.3 381 0.0 0.0
October 15 09 138 85.3 0.0 0.0

Total 189 35 456 477 0.0 32
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Appendi x 17. Estimated consunpti on of hatchery subyearling
fall chinook sal mon by smal |l mouth bass 3150 mm (fc/snb/d) in the
Hel | s Canyon Reach of the Snake River (Rkm 237 to Rkm 346)
during 1996 using the Adans and W sconsin nodel s.

Consumption Consumption
Length Adams Moded Wisconsin Moddl
Location Class (mm) fc/smb/d fc/smb/d
June 1996
Release ste 150 mm-249mm 0.250 0.01150
3 250 mm 0.933 0.02700
Upstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.009 0.00400
Downstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.000 0.00000
July 1996
Release ste 150 mm-249mm 0.615 0.02770
3 250 mm 0.333 0.00890
Upstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.027 0.00760
Downstream section 150 mm-249mm 0.000 0.00004
3 250 mm 0.009 0.00007
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Appendi x 18. Estimated consunpti on of hatchery subyearling
fall chinook sal mon by smal |l nouth bass 3150 nm (fc/snb/d) in the
Hel | s Canyon Reach of the Snake River (Rkm 237 to Rkm 346)
during 1997 using the Adans and W sconsin nodel s.

Consumption Consumption
Length Adams Moded Wisconsin Moddl
Location Class (mm) fc/smb/d fc/smb/d
June 1997
Release Ste 150 mm-249mm 0.000 0.0000
3 250 mm 0.000 0.0000
Upstream section 150 mm-249mm 0.008 0.0015
3 250 mm 0.000 0.0000
Downstream section 150 mm-249mm 0.000 0.0000
3 250 mm 0.000 0.0000
July 1997
Release Ste 150 mm-249mm 1.143 0.0195
3 250 mm 0.000 0.0000
Upstream section 150 mm-249mm 0.000 0.0000
3 250 mm 0.000 0.0000
Downstream section 150 mm-249mm 0.000 0.0000
3 250 mm 0.000 0.0000
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Appendi x 19. Estimated consunption of wild subyearling fall
chi nook sal non by small nouth bass 3150 mm (fc/snb/d) in the Hells
Canyon Reach of the Snake River (Rkm 237 to Rkm 346) during 1996
using the Adans and W sconsi n nodel s.

Consumption Consumption
Length Adams Moded Wisconsin Moddl
Location Class (mm) fc/smb/d fc/smb/d
June 1996
Upstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.008 0.00340
Downstream section 150 mm-249mm 0.009 0.00310
3 250 mm 0.000 0.00009
July 1996
Upstream section 150 mm-249mm 0.000 0.00000
8 250 mm 0.000 0.00000
Downstream section 150 mm-249mm 0.006 0.00008
3 250 mm 0.000 0.00000
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Appendi x 20. Estimated consunption of wild subyearling fall
chi nook sal non by small nouth bass 3150 mm (fc/snb/d) in the Hells
Canyon Reach of the Snake River (Rkm 237 to Rkm 346) during 1997
using the Adans and W sconsi n nodel s.

Consumption Consumption
Length Adams Moded Wisconsin Moddl
Location Class (mm) fc/smb/d fc/smb/d
June 1997
Upstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.000 0.00000
Downstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.000 0.00000
July 1997
Upstream section 150 mm-249mm 0.000 0.00000
8 250 mm 0.000 0.00000
Downstream section 150 mm-249mm 0.000 0.00000
3 250 mm 0.000 0.00000
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Appendi x 21. Weekly water tenperature (°C), turbidity (NTU),
and discharge (cm/ s) during 1996 in the downstream (Rkm 237 to
Rkm 303) and upstream (Rkm 303 to Rkm 346) sections of the Hells
Canyon Reach of the Snake River.

Downstream Upstream
Section Section
Weekly Weekly Weekly Weekly
AvgWT?  Turbidity AvgDC® AvgWT?®  Turbidity Avg DC®
Date °C NTU /sec °C NTU M°/sec
04/15/96 9.4 2,338 9.9 1,401
04/22/96 9.5 2,636 10.6 1,554
04/29/96 9.7 1,879 11.4 968
05/06/96  10.0 1,405 12.2 726
05/13/96  10.1 2,778 13.1 706
05/20/96 10.9 2,789 139 884
05/27/96 125 2,903 14.4 1,236
06/03/96 135 3,645 15.7 1,330
06/10/96  14.3 3,767 17.4 1,169
06/17/96  14.2 34 2,726 17.9 6 926
06/24/96  15.0 12 1,859 18.0 5 629
07/01/96 175 8 1,690 19.0 3 547
07/15/96 20.0 4 1,084 204 3 566
07/22/96  21.1 906 21.2 528
07/29/96 215 3 841 215 2 518
08/05/96 20.8 782 214 519
08/12/96  21.7 3 678 21.7 2 437
08/19/96  21.2 526 215 316
08/26/96 21.3 563 215 355
09/02/96  19.8 401 20.7 209
09/09/96  20.0 408 20.8 227
09/16/96 185 666 19.6 512
09/23/96 17.0 702 184 523
09/30/96  17.0 655 17.8 505
10/07/96  16.8 3 651 17.3 2 502
10/14/96  14.6 598 15.9 413
10/21/96 117 462 14.6 271
10/28/96  10.8 459 13.5 267
11/04/96 9.5 450 11.9 267
11/11/96 8.7 453 10.7 269
11/18/96 7.0 697 9.6 299

& \Weekly nean water tenperature °C
® Weekly mean di scharge ni/s from Anat one gage, Washington U.S. G S.
¢ Weekly mean discharge nf/s fromHells Canyon Dam |daho U S G S.
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Appendi x 22. Weekly water tenperature (°C), turbidity (NTU),
and di scharge (cm/ sec) during 1997 in the downstream (Rkm 237
to Rkm 303) and upstream (Rkm 303 to Rkm 346) sections of the
Hel | s Canyon Reach of the Snake River.

Downstream Upstream
Section Section

Weekly Weekly Weekly Weekly

AvgWT®  Turbidity AvgDC® AvgWT?®  Turbidity AvgDC®

Date °C NTU /sec °C NTU /sec
04/15/97 9.8 2,209 9.8 1,261
04/22/97 10.7 3,093 11.7 1,622
04/29/97 11.2 2,791 12.4 1,550
05/06/97 11.9 2,681 13.2 1,172
05/13/97 11.5 72 3,876 15.7 18 914
05/20/97 11.8 80 3,342 17.3 12 904
05/27/97 12.8 46 2,984 17.0 8 901
06/03/97 13.0 3,495 17.0 1,058
06/10/97 14.2 3,819 17.8 1,438
06/17/97 15.9 23 3,495 18.8 10 1,672
06/24/97 17.2 2,489 19.6 1,355
07/01/97 175 8 1,875 19.7 9 931
07/08/97 18.3 6 1,262 19.9 6 506
07/15/97 20.0 1,009 20.7 454
07/22/97 211 950 214 531
07/29/97 21.6 903 21.9 547
08/05/97 221 5 853 22.3 4 552
08/12/97 21.8 835 224 566
08/19/97 22.3 793 22.7 569
08/26/97 22.0 764 22.5 569
09/02/97 21.8 742 22.3 563
09/09/97 211 764 21.8 587
09/16/97 19.7 1,051 20.6 835
09/23/97 19.2 1,041 19.8 844
09/30/97 17.9 969 18.4 788
10/07/97 15.7 3 981 16.7 4 788
10/14/97 14.1 1,008 14.8 752
10/21/97 11.6 539 13.1 345
10/28/97 104 595 12.1 346
11/04/97 9.9 575 114 343
11/11/97 8.3 541 10.2 343
11/18/97 7.5 544 9.3 343

@ Weekly nean water tenperature °C
® Weekly mean di scharge nm¥/s from Anat one gage, Washington U.S. G S.

¢ Weekly nean discharge n¥/s fromHells Canyon Dam I|daho U S.G S.
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