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INTRODUCTION

The seaward mgration of salnonid snolts was nonitored by the
National Marine Fisheries Service (NVFS) at four sites on the
Col unbia River systemin 1989. This project is a part of the
continuing Snolt an|tor|ng Pro?ram to nmonitor Colunbia Basin
sal moni d stocks coordinate %¥ he Fish Passage Center (FPC) for
the Colunbia Basin Fish and WIldlife Agencies and Indian Tribes.
It's purpose is to provide tinely data to the Fish Passa%e
Managers for in season flow and spill managenent for fish passage
and post-season analysis by the FPC for travel time, relative
magni tude and timng of the smlt mgration. This pro%;am | S
carried out under the auspices of the Northwest Power Planning
Counci| Fish and Wldlife Program and was funded by the
Bonnevi |l |l e Power Adm nistration (BPA).

Sanplin? sites were MNary, John Day and Bonneville Dams under
the Smolt Monitoring program and The Dalles Dam under the "Fish
Spill Menmorandum of Agreenent" for 1989 (Figure 1). Al

pertinent fish capture, condition and brand data, as well as dam
operations and river flow data were reported daily to FPC. These
data were incorporated into the FPC Fish Passage Data Infornation
System (FPDIS).

METHODS AND MATERIALS

McNARY DAM

The nethod of monitoring the snolt mgration at MNary Dam was
the same as reported in Johnsen, et al., 1984.  Sanpling took
place at the MNary fingerling facility as described by US. Arny
CoE (1989). A portion of the total nunber of snolts fromthe
entire gatewell collection system at the pro%ect was sanpl ed by
time at a rate ranging from3%to 10% over the season to achieve
a target rate of ".. .the lesser of 3% of the estimated weekly
outmgration or, 10% of the weekly total of the smolts collected
or_bypassed....", based on the Fish Transport Oversight Team
(FT Annual Work Plan for 1989. Fish routed to the sanple
tanks were processed at the end of the 24 hr sanple collection
period at 0760 each day. Sanple fish were then transported or
bypassed according to FTOT criteria.

JOHN DAY DAM

Sanpling at John Day Dam was acconplished bg a funnel airlift

pun? system as described by Sinms, et al. Sl 81) in unit 3

gga evel| B), as was done in 1988. The 24 hr 'sanpling period ran
rbm 1200- 1200 seven days per week throughout the sanpling

period. Captured fish were examned hourly, and routed into the



gatewel | bypass channel for return to the river. Except for
periods of “maintenance, Unit 3 was in continuous operation
t hough turbine |oading was variable.

THE DALLES DAM

Sanplin? at The Dalles Dam was by dipnetting fish fromthree
gatewelI's (2-2, 12-2, and 18-2) across the powerhouse using a dip
basket of the type described by Swan, et al (1979). Each
gatewel | was di pped hourly, 24 hours per day for five days each
week during the sanpling period. Sanpling began at 0700 on
Sundays and ended at 0600 on Friday. The first sanples of each
week on Sunday nornings were gatewell clean-outs of fish which
had accunul ated over the previous 48 hours. The lack of

avail able qualified enployees for this labor intensive sanpling
method pronpted the decision not to pursue the original sanmpling
schedul e of seven days per week.

Two 'I-ton cranes (G ove AP3082 were utilized for hoisting the
di pnet baskets in and out of the sanpled gatewells. After
processing, sanpled fish were then released into the ice-trash
slui ceway for downstream passage. \Vertical barrier screens were
installed into the mddle gatewell slots and the orifices blocked
inunits 2, 12, and 18, which were operated as consistently as
possi bl e through the duration of sanpling.

BONNEVI LLE DAM

At Bonneville Damobservations of snolt passagethroughout the
season were made from catches in the downstream m grant DSN%

trap in the bypass channel in powerhouse 1 and 2 (DSM 1&2). The
DSM and sanpling nethods used were described by Gessel 11986L

and by McConnelT and Muir (1982), and Krcna et” al. (1984), for PH
1 and” PH 2 respectively. No gatewell dipnetting in powerhouse 1
took place this Kear as it was felt that the psm 1 sanpler could
be relied upon throughout the season.

The DSM 1 sanpler was manual |y oEerated ei ght hours per day (1600
to 2400 hrs), seven days per week. The hourly sanpllng rate was
adjusted on a daily basis depending on snolt nunbers, but was
generally set at 6 to 15 mnutes per hour,(lO-ZS%EUaI which tine
the trap would be raised and all fish exam ned. ring unusually
high snolt passage, the sanple rate was adjusted on an hourly
basis to a mninum of 30 seconds per hour when necessary.

The DSM 2 automatic sanpler _was normal |y operated 24 hours per
day, seven days per week. This sanpler “travels at a constant
rate back and forth across the width of the channel and randonly
|nterc%pts approxi mately 10% of the smolts passing through the
DSM  These fish were routed to holding raceways where they were
exam ned after the end of each sanple period (2400-2400). ~After
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exam nation, sanple fish fromboth DSM and 2 were routed back to
their respective bypass channels.

Specific data collected and reported to FPC at the end of the 24
hour sanple period at each of the four sanple sites include:

Total sanple nunbers for each sal nonid species;
Fburlg diel passage information where possible;
Recording of all Dbranded fish; .
Descal ing, general fish condition and nortality;
Subsanpl e for lengths by species; and

Project, river, turbine” and spill flow data.

oOUIRWNOER

Salmonid snolts at each sanple site, with the exception of
Bonneville, were preanesthetized using a solution of benzocaine
and al cohol prior to handling to keep stress at a m ninmum and
then transferred to an examnation trough with a small anount of
tricaine (Ms222) anesthetic to keep fish calm during examnation
Fish were then routed to recovery holding tanks before being
released to continue their mgration. Al flow data for each
sanple site were obtained from the Corps of Engineers (CoE).

Sanpling periods for each sanple site are shown in Figure 2.

VAR APR HAY JUNE JULY AUG SEPT OCT NOV DEC
MENARY —_—
JOHN DAY

THE DALLES

BONNEVI LLE

DSM #1 ‘

DSM #2 ‘ l

i

FIGURE 2. Snolt Monitoring Season, by Site, 1989

Sanpling frequencies are as follows:

McNary Dam -------- Dai ly; 24-hour cumul ative sanple.
3/25 to 9/19
John Day Dam ------ Dai ly; 24 hourly sanples, 3/28 to 10/31.



The Dalles Dam
Gatewel | Dipnet 2-2, 12-2, 18-2, five days per week
(Sun 0700 - Fri 0600) 24 hourly sanples, 6/11 to 8/31.

Bonnevi |l e Dam
PH

1, DSM ---- Seven days per week; 8 hourly sanples
BI us diel sanples, 3/15 to 11/30. _
H2, DSM2 ---- Seven days per week; 24-hour cunulative
sanple, 3/17 to 11/30.

RESULTS AND DISCUSSTON

Sanpling results for the 1989 field season are presented in Table
1. The results of the hands-on assessnents of snolt novenent
into or through the hydroelectric facilities at the listed sites
are summarized. Included in the appendices is a graphic coverage
of the passage index with flow for MNary Dam diel and seasona
passage and flow at John Day Dam diel, Capture patterns and flow
at The Dalles Dam and capture patterns and flow at Bonneville
Dam  Sone duplication may occur in other summaries.

MENARY DAM

For the 1989 sanple season at MNary, 505,420 salnmonid snolts
were sanpled from the collection/bypass system conpared to about
767,000 in 1988. O the total salnonids captured, about 4.4
percent were brand recaptures from upriver points.

Flows and the chronol ogi cal passage pattern for MNary Dam are
listed in appendix B. The inclusive dates for the 10 to 90
percent segment of passage aria:0

8% 90%
Yearling Chinook - - - - - 4/ 30 5123
%uby?%rl |dng Chi nook - - - - g/ %6 573/1%%
teelhead - - - - - - - - -
Coho - - - - - - - - - 4/30 5/ 29
Sockeye - - - - - - - - - - 4/ 29 5/ 27

The preanesthetizer (PA) and delivery systemto the inside .
sorting troughs continue to prove véry beneficial and efficient
In processing sanple fish at this facility. The new electric
counting system (totalizer) installed in the fish handling
building operated efficiently and was a definite improvement over
the ol der counters that were in place for nearly 10 years.

Travel time estimates for yearling chinook and steelhead from
McNary to John Day Damin past seasons have been made from freeze
branded smolts released below McNary Dam  Since no rel eases were
pl anned by other agencies which could satisfy this need in 1989,

4



TABLE 1. -- SUMMARY OF 1989 SMOLT MONITORING ACTIVITIES AT
McCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS.

T0TAL BRANDS IN ESTINATED gstoorent/

SPECIES  SITE SANPLE SANPLE  COLLECTION £
TEARLING  MCHARY 143,817 9,912 2,332,732 2,545,629
CHINGOK  JOHN DAY 3,930 2,201 34,930 502,642
THE DALLES 1 1 112 189
BONNEVILLE PHj1 DsK?/ 21,935 521 223,134 435,455
BONNEVILLE PH}2 DSM 15,579 47 154,803 WA
SUBYEARLING NCEARY 246,148 5,218 5,019,617 5,034,804
CHINGOK  JOHN DAY 129,870 1,585 129,870 1,017,342
THR DALLES 13,02 63 13,072 19,031
BONNEVILLE PEH1 DSK 98,521 W/ 1,332,736 1,756,734
BONNEVILLE PH§2 DSK 12,197 2 121,943 R/A
STEELHEAD  NCHARY 57,499 6,914 943,347 1,006,978
JOHR DAY 19,018 2,150 19,818 281,685
THE DALLES 59 3 59 340
BONNEVILLE PHJ1 DSK 12,240 13 106,787 206,226
BONWEVILLE PH2 DSK 2,049 51 20,397 i
COBO MCEARY 13,665 1 212,714 230,258
JOHN DAY 5,930 1 5,930 99,811
THE DALLES 8 0 8 11
BONNEVILLE PE}1 DSN 29,746 0 257,204 191,618
BONNEVILLE PE§2 DSK 9,192 0 91,437 A
SOCKEYE  NCHARY 14,291 131 113,039 168,471
JOEN DAT 5,496 36 5,496 10,180
THE DALLES 59 0 59 208
BONNEVILLE PE}1 DSK 1,123 16 12,962 138,310
BONNEVILLE PHJ2 DSK 2,41 1 22,467 WA
TOTAL MCHARY 505,420 2,216 9,221,449 9,586,140
CATCH JOHR DAY 197,044 5,979 197,044 1,979,670
THE DALLES 13,310 13 13,310 5G,109
BONNEVILLE PE}1 DSM 176,165 1,344 1,922,863 3,025,403
BONNEVILLE PHJ2 DSK 41,264 32 11,047 N/A

Data Source: Pish Passage Data Service
1/. PP is Fish Passage Index; collection counts adjusted for rate of flow.
2/. DSM is DownStream Migrant facility.




our project undertook branding of river run snolts for travel
time estimates at the request of the Fish Passage Center. The
target nunber to be branded was 30,000 each species, yearling
chinook and steelhead. Between mayl andJune 3 a total of
27,036 yearling chinook and 22,716 steel head smolts were actually
freeze branded and released into the tailwater of MNary Dam
Composition of the fish branded was of hatchery and w I'd stocks
in as nearly representative proportions as possible from the
daily sanple, elimnating those fish that were severely descal ed,
obvi ously noribund, or previously branded.

During the five week branding period, 83.1% of the yearling
chinook and 74.0% of the steel head were found suitable for
1Iprlalnd| ng. Fish examned in this period were categorized as
ol | ows:

Tot al Injury, Prev. Tot a
- _Examned Desc. Disease Branded Markable
Yrl'g. chinodok 33,124 2,207 744 2,657 27,516
6.7%  2.2% 8.0% 83.1%
St eel head 31,231 1,846 1,918 4,350 23,117
5.9%  6.1% 13.9% 74.0%

Handling nortality of freeze branded fish was estimted by

hol di ng 20 yearI|n<[:) chinook and 20 steel head of each mark group
for 48 hours. Collective results showed a nortality of only 1.7%
(8 of 480) for yearling chinook and 0.6% (3 of 500) for _
steel head.” Mark "quality was also assessed and branding technique
adj usted as necessary for successive nmark groups. As a practical
measure of brand quality and observer accuracy, the majority of
fish held for handling norfality estimates were released into the
sanpl e holding tank, after 48 hrs., to mx wth the daa/s sanpl e
recruitment. Brand detection of these groups was 96. 7% (437 of
452) for yearling chinook and 97.9% (470 of 480) for steel head;
altogether a very comendable brand application and detection
effort. W hope to apply this brand detection effectiveness
technique to other sites in the future.

Actual counts of chinook £ry! subyearlin(tg < 60 nm totaled
10,900 and conprised nearly 100% of the total subyearling sanple
fromearly April through My, but di m nished sharplg after June
1st. The total bypass collection (FPI? of 174,000 su alear_l i ng
fry was about 30% of the nearly one-half mllion recorded in
1986, the highest record to date.

| Retention of the snallest Chinook fry captured is not
conpl et e.



JOHN DAY DAM

In 1989, nonitoring activities at John Day Dam were consi stent
with the 1988 season. From the airlift gunp sanpling system
operated in gatewel| 3B, a total of 197,044 snolts were

col l ected. his is about a 12 percent iIncrease over the 1988
total of 173,461, but 19% below the three year average of 244,850
since 1985 when STS screens were installed’at John Day dam

River flow, Unit 3 discharge, fish passage patterns by species
and diel passage patterns are presented in Appendix C for the
1989 season. tes for the 10 to 90% segnent of snolt passage
are listed bel ow

10%  90%

Yearling chinook - - - - - 5/2 5127
Suhyearling Chinook - - - - /7 8116
E%eelhead -------- 4124 5/ 27

ho - - - v e e e 4128  5/29
Sockeye - - - - - - - - - 5/8 6/3

Di el passage patterns (Appendix B, Figures 44 - a8)% were
consistent with past years in that the mgjority of snolt passagg

75 - 95% wusually occurs during night time hours at John Day Dam

Sins, et al., 1976 and_lQS%P. _ ﬁ¥p|cally, uveni |l e sal moni ds
move in the forebay during daylight hours then sound and nove
through the spillways and powerhouse at dusk reaching a peak
during the nlght and dropp|n% off sharply after sunrise.
Reversals of this pattern, though infrequent, do occur. Such a
reversal occurred in Hay for the_beglnn|n? of the subyearling
chinook mgration (Appendix B, Figures 9-11) when about 72
percent of the chinook subyearling passage occurred during .
daytime hours. Since chinook fry (subyearling < 60 mm conprised
about 89% (ca. 3,740) of the total subyearling chinook sanpled
during the nonth of Hay, the period when over 90% of the fry were
observed, it is believed that the diel pattern during this tine
%ﬁ duefto hi gher diurnal flow rather than active mgration by

ese fry.

The incidence of descaling at John Day Dam according to FTOT
criteria, was _as follows:” Chinook yearling, 11.2% I nook
?%b¥$arl|ng, 5.1% Steel head, 9.6% Coho, 6.2% and Sockeye,

. 0

In the 1989 season, no major operational Problems were
encountered. Two new pieces of equipnent contributed to this

! Diel passage is shown for each species only when weekly
catch exceeds 500 fish.



PERCENT OF TOTAL INDEX

0.0

snooth operation. A new airlift funnel, fabricated by NwmFs
Pasco, WA. was used this season. The transition area at the apex
of the new funnel was w dened and shaped to nmake a gradual snooth
taper into the 12 inch flanged pipe fitting. This Tnproved
design facilitates passage of debris in thrs transition area.
There was roughIY a 60 percent reduction in the nunber of
driftwood plugs this season which reduces the ampunt of snolt
descaling and/or injury as well as the amount of down time. It
al so reduces the risk of injury to personnel while clearing a
driftwood plug. Another nmajor inprovenent was the replacenment of
an_old pneumafic winch with an electric hydraulic winch. The
qui et and easy operation of the new w nch nade funnel adjustnent
quick and safe. The fish processing building was also enlarged
to accommodate a holding tank for nortality studies and a snal
section was added to house the recovery tank.

HYDROACOUSTICS INDEX - FPI

JOHN DAY DAM. 1989
7.0

6.0 -
5.0 +
4.0
3.0
2.0 —

HYDRO. INDEX = 2.842.420

1.0

8.0
5.0 FISH PASSAGE INDEX == 785.835
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3.0
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MONITORING DATES
FI GURTE 3.

The fish passage index (FPb) an?l hydroacoustics index fHI
(McFadden "and Hedgepeth, 1989) for “"the concurrent sanmplin
period, My 13 through August 15, are presented in Figure 3. A
cursory.review of these passage indices indicate that npst
trends, high and low, 'are sorewhat simlar as to date, but the
magni tude varies. For 1989, the H was.3.6 tines greater than
the FPI (2,842,429 vs. 785,835) conpared to a ratio of 6:1 in
1988 and 1:1 in 1987. The FPI" and are not conparable in



magni tude as neither index is designed to measure absolute
abundance, but rather trends in abundance.

The Preanesthetlzer (PA) that was incorporated into the fish
handl ing operation |ast year was utilized throughout the 1989
season. Delayed nortality tests (48 hr holding) were conducted
in an attenpt” to evaluatée the delayed handling nnrtalltg of the
current PA method as described by Matthews, et al. (1985)
conPared.to our previous standard method of hand dlf netting
smolts directly into an anesthetic solution of M 222,

Results were inconclusive due to many variables affecting fish
health and stress |evels which outweighed the effects of the
handl i ng methods being tested. Goups of subyearling chinook
hel d 48 hours, between the end of July to the end of August

di spl ayed increased |evels of descaling, incidence of disease and
nortality as high as 51 percent, indicating a generall¥ weakened
groups of fish at this time. A simlar increase in ho dln%
mortality was noted in 1988 between md June to the end of July.

I ncidental capture of juvenile Anerican Shad (Al osa sapidissin)
Is shown in Appendix D, Figure 42. First capture was noted on
July 9th and shad were increasingly present through the sanpling
season, Cctober 31.

THE DALLES DAM

The dipnet sanpling of Units 2-2, 12-2, and 18-2 at The Dalles
Dam began at 0900 on June 11 and proceeded as schedul ed through
August 31. There were tenporary interruptions of sanpling due to
crane and cable breakdowns, |oss of one dipbasket and turbine
shut-downs for maintenance purposes. A total of 13,310 snolts
were collected, 98% of which were subyearling chinook. The

remai ning 2% represents the end of spring mgrating chinook
yearlings, steelhead, coho, and sockeye populations.

River flow, average sanpled unit discharge and spill, weekly diel
and overall passage pattern for subyearling chinook are presented
in Appendix c. Interruptions in passage pattern are due to
schedul ed weekend shut-downs and equi pment failure. Gatewel

cl ean-out catches of fish at the end of weekend breaks are
included in the calculations of fish passage indices even though
clean-out data lacks the precise tine elenent definition assured
In the hourly catch data.

Two peak nigration.periods are indicated in the passage pattern;
one occurred inmediately after the nDn|tor|n9 program began in
June and the other occurred near the end of July. = Spill for fish
passage commenced the da foIIomnnP,the early peak (June 13),
%%nalnued through nost of the sanpling period and ended August

rd.



FISH PASSAGE INDEX ->|<- HYDROACOUSTICS INDEX

Spill likely reduced subsequent gatewel| catch nunbers. Dates
for the 10 to 90 percent segnent of subyearling chinook passage
in the sanple period were June 13 and Augustl. The shape of the
initial passage pattern would indicate a portion of the early
subyearling chinook had passed prior to the start of sanpling.

HYDROACOUSTICS INDEX - FPI

THE DALLES DAM. 1989
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A conparison of passage patterns (Figure éllz) at the spillway as
measured by hydroacoustics (H) by MFadden, (19892 VEr sus
gatewel | dipnetting (FPl) at the powerhouse is somewhat difficult
to evaluate. However, discounting the gatewell accunulation of
fish over the two non-fishing days, it appears that patterns are
not greatly different except relative ?at ewel | nunbers are |ower
after early August (about August 5th) than indicated by the H.
In fact, the H peak of AuguSt 18-19 is not evident in the FPI.

Average daily river flow, sanpled units discharge and spill are
shown in Appendix C, Figure 13. Total discharge declined over

t he sanpllng period froma high of 259.8 KCFS on June 12 to a |ow
of 68.6 KCFS on August 20. Daily discharge fromthe three

ﬁgggl ed units ranged froma high of 37.9 KCFS to a low of 19.2
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To facilitate sumrer snolt passage, the 5% of daily average flow
authorized for the spill program at The Dalles was” concentrated
into 8 hours per day beginning on June 13 and ending on August
23.  Hours of spill were adjusted, as recomrended by FPC during
this time based on information from gatewell nonitoring diel
patterns and CoE' s hydroacoustic noni orln% (Fi sh Passage Center
1989). Spill averaged 6.6 KCFS (5.6% of the daily average flow)
over the period.

The weekly diel passage patterns (Appendix C Figures 1 - 12)

di splay sholt passage on a 24 hour basis. A consistent pattern
of diel passage did not develop until the 4th week of nonitoring,
July 2nd to the 6th. = Fromthe 4th through the final 12th week
of the monitoring period the HBLOFIIX of passage (approxi mately
75% occurred during the night tinme hours.

O the total seasonal catch, 55.7%were captured from gatewel
2-2, 22.7% from 12-2 and 21.6% from 18-2 (see Figure 5). The
majority of smolts were caught on the West end (Unit 2) of the
power house which may indicate the horizontal distribution of
chinook subyearlings as they encounter the dam  This
distribution my be a
consequence of the proximty
of gatewell 2-2 to the open
Catewell 18-2 ates of the two mmjor routes
(21.68) or snolt passage through the
' dam the ice-trash sluiceway
S and sp|IImaK (WIlis, 1982).
N catewell 12-2 Higher catches in Unit 2 are
4 22y not a result of unequal flows
‘ through the three sanpled
units,” these were relatively
equal over the sanpling

FI GURE 5. peri od.

Gatewell 2-2

(5.7

Four 48-hour delayed handling nortality tests were conducted at
the end of July and in early August to neasure the impact
handl i ng techni'ques were having on chinook. Sample nunbers in
these tests were 98, 59, 50, and 60 fish. Delayed nortalities of
the four tests were 3.1% 1.7% 2.0% and 1.7% W th an average
mortality of 2.1% no non-handled control groups were held due to
| ack of space.

To assess the degree of descaling over the nonitoring season
subsanpl es of at least 50 smolts were exam ned on 11 sanpling
days between June 21 and August 2 according to FTOT criteria.
Descaling in all subsanples averaged 3.7 percent; descaling

| evel s by gatemell were 4.8%for gatewell 2-2 (6 sanples), 3.2%
for 12-2° (4 sanples), and 3.7%for 18-2 (5 sanples). No seasona
pattern of descaling was evident.
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BONNEVI LLE DAM

Daily river flow, powerhouse discharge, spill and fish capture
patterns for DSM 1 and DSM 2 are presented in Appendix D, Figures
1-21. Snolt capture pattern is divided into early season, 3/9
- 6/31 (spring) and | ate season, 7/l - 11/30 (summer/fall)
conponents for each DSM  The early capture pattern for the
subyearling chinook mgration consists nnstly of Bonneville pool
hat chery rel eased snolts predomnately of tule stock, and the

| ate season segment consists nostly of upriver bright stock

This seasonal division also allows for nmore detailed l[ate season
exam nation of the passage patterns for the other species when
nunbers are substantially |ower. The coerenoved t{avel|n%
screens fromall but two of the Powerhouse 1 operating units
during the week of Novenber 20 - 24, consequently reducing the
percentage of snolts intercepted by the DSM system

The DSM 1 water control and sanpling equi prent conpl eted another
relatively uninterrupted monitoring season. Mich of this success
was due to the installation of new water |evel sensing and
automatic equi pment control devices and regular nonitoring by
Corps personnel_while the water control equipnment was operatéed in
manual node. This sanpler was out of service on March 22 to
repair a faulty emergency relief gate mechanism and on Septenber
6 and Novenber 28 due to a sanple tank hoist malfunction

As in previous years, Powerhouse 2 was restricted to operation on
an intermttent” basis for NMF.S. and CoE research projects
during nost of the primary monitoring season due to historically
l ow f1sh guidance e_fLC|enc%. This resulted in far fewer fish
captured by this facility than in the DSM 1. It should be noted
that the capture patterns in Appendix D, Figures 15 - 21 nore
strongly reflect powerhouse discharge than actual fish abundance
at this point in the river. Footnotes to these graphs denote
dates when the sanpler was taken out of service to avoid
intercepting research fish or large numbers of Spring Oeek
Hatchery fish. Al DSM 2 snolt by-passing and sa Ilng equi pnent
operated wi thout incident until September 13 when faulty bearings
were detected in the 10% sanpler drive shafts. The sanpler was
fished froma stationary position in mdstream fromthis date
until Qctober 23 when repair parts finally arrived_and the unit
was taken out of service for parts installation. ~The sanpler was
returned to normal service on Novenmber 1. Anticipated debris
problems simlar to those in 1988 failed to materialize partially
due to nodifications made to the fish conduit in July, 1988.

An early March release of Spring creek hatcherg subyear!ing
chinook triggered the first 10% of the total 1989 mgration
§a33|ng Bonnevi |l e Dam (CoE operated the DSM 1 trap from 3/
/15). = Appendix D, Figures 22 - 24 illustrate the cunulati
capture patterns for all the species nonitored.

8 to
ve
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SBeci es conposition for each powerhouse was simlar to that
observed in 1988 (Figure 6) and in 1985 (Gessel et al. 1986).

SPECIES COMPOSITION COMPARISON
MARCH 15-June 30, 1989 & MARCH 18-JUNE 26,1988

BONNEVILLE DAM
PERCENT OF TOTAL

50 A
108 1688
"l'l'
40 ;
{
i
30
20 7
1988
10 ; 1988
0 4 i \:& h ™
YEARLING SUBYEARLING STEELHEAD COHO SOCKEYE

CHINOOK CHINOOK
S psm 1-1980 WM bsm 2-1989 [T Dswm 1-1988 DSM 2-1988

ONLY DAYS OF SIMULTANEOUS TRAPPING ARE SHOWN

FIGURE 6.

Dates for the 10 to 90% segnent of snolt passage for each
species, nmeasured at the DSM 1, are presented bel ow

10% 90%

Yearling Chinook - - - - - 4/ 21 5/21
Steelhead - - - - - - - - - 4] 22 5/ 29
coho - - - - - - - 4/21 5/ 29
Sockeye - - - - - - - - - - 5/10 6/4

Ea_rI%/ Bonnevi |l e pool hatchery releases of subyearling chinook,
whi ch conprised nearly 80 percent of the subyearlings captured,
overshadow the later mgrating upriver bright stock. To isolate
this ugriver stock the 10 and 90 percent segnment dates are 6/6
and 7/29 respectively for that segnment of the subyearling run
that passed after June 1st.
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Del ayed nortality tests to evaluate handling caused stress were
conducted this year on yearling chinook and steel head in My and
subyearling chinook in July. The details of these tests are
presented in Appendix E.  No significant difference in nortality
was found to exist between the groups handl ed by our normnal
procedures and the control groups. In fact, we found an overall
mortality of less than 2% for each of the three sal nonid
varieties tested.

The incidence of descaling for each species captured in our
regul ar sanpling was simlar to that observed in 1988 and in 1987
by Gessel et al. (1988). Percentages of descaled fish and
mortality occurring in each DSM trap for 1988 and 1989 are |isted
by speci es bel ow.

Yearling Subyearling

Chi nook Chi nook Steel head  Coho Sockeye
1988
DSH 1
Descal ed 4.3 2.3 4.4 3.3 17.2
Mrtality 0.1 0.4 1.1 0.02 0.14
DSM 2
Descal ed 4.7 0.6 4.8 3.2 18.7
Mrtality 3.1 1.1 1.6 2.1 16. 5
1989
DSH 1
Descal ed 4.4 1.7 6.1 3.3 23.5
Mrtality 0.2 0.3 0.2 0.1 6.8
DSMm 2
Dcscal ed 4.6 2.2 7.6 3.4 13.8
Mrtality 2.4 4,1 1.8 1.3 15.1

The higher nortality noted for each species from DSM sanpl es may
be due in part to the slow passage of noribund fish through the
various conponents of the bypass system into the sanple hol ding
tanks to be exam ned once per day. Severely descaled fish likely
have died by the time they are examned in the sanple. Since we
were unable to determ ne whether descaled nortalities were alive
when descal ed, they were not included in the descal ed category.
Thus, the nortality category for DSM2 is inflated over sanples in
DSM where capture and exam nation of sanples is nearly

I nstantaneous after entry into the bypass channel and short term
nortality from descaling had not yet occurred.

A large percentage of nortalities examned in DSM 2 have
obvi ously been dead for several days. These deconposing

14



snolts are seldom noted on the water surface of gatewells in
power house 2. A possible explanation is the cul-de-sac,
conprising at |east 21 feet of the south end of the DSM 2

channel, upstreamfromorifice 11A  This is the only large slack
water section in the DSM channel and sanpling system that can not
be inspected on a regular basis. Channel dewaterings after the
m gration season have reveal ed | arge accunul ations of debris and
juvenile shad in this area. Krcma, et al. (1984) noted that fish
rel eased near the upper end of the DSM 2 channel " cul - de-sac took
| onger (up to 15 days for yearling chinook) to be recaptured in
the raceways than groups released in other parts of the system

Three diel tests were conducted in DSM1 in May and three in

July. This sanmpler was operated and the resulting catch
enunerated on an hourly basis for 24 hours. The results of these
tests are presented in Appendix D, Figures 25 - 41. No graph is
provided for sockeye on May 1 due to insufficient nunber
collected. The collection data represented in each graph does
not account for changes in powerhouse flow |t is therefore
inportant to consider the percentage of river flow through the
power house (provided on each grapﬁ% when conparing hourly and
daily capture data.

Peak passage for npbst species Eenerally took place at or just
after sunset with a |lesser peak near sunrise. |Increased hourly
passage occurred during the night time hours. Sone species show
substantial variation in diel capture pattern when the three test
dates are conpared. (the proportion of the 24 hour collection of
yearling chinook intercepted during our normal 8 hour sanpling
period varied from 23 to 32 percent.) Visual observations of the
diel graphs and 24 hour river flow patterns suggest that this
variability is not entirely accounted for by changes in

power house operation or total river flow Simlar observations
were reported in 1987 by Gessel, et al. (1988). The effect of
this level of variability on the daily index should be eval uated.
If necessary, the precision of the daily index could be greatly

i nproved by sanpling on a continuous (24 hour/day) basis.

Fry (<60 mm) conprised 12% (I ndex total = 53,494) of the spring
m grating subyearling chinook capture at DSM 1 .

Juvenil e American shad nunbers began increasing at the DSM 1
sanpler in late August and peaked in early Novenber (Appendix D,
Figure 43). The overall nunmber of juvenile shad captured in 1989
was six times higher than in 1988, a possibe result of the 63%
greater 1989 adult run (from Bonneville fish |adder counts).
Juvenile pacific lanprey (Entosphenus tridentatus) catch rose
sharply in late March and declined in earTy April with a smaller
peak in md My (Appendix D, Figure 44).
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SUMMARY

The 1989 snolt nonitoring project of the National Mrine

Fi sheries Service provided data on the seaward m gration of
juvenile salnon and steel head at Mwnary, John Day, The Dalles and
Bonneville Dams. Al pertinent fish capture and condition data
as well as dam operations and river flow data were provided to
the FPDIS for use by FPC in devel oping fish passage indices and
mgration timng, and for water budget and spill nanagenent.
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PERCENT —X<———— FLOW IN KCFS

I

PERCE NT OF SPECI ESIND EX

RIVER

FLOW VERSUS UNIT 3 DISCHARGE

PASSAGE PATTERN

8.0
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PILGURE 44
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PERCENT OF SPECIES INDEX

PERCENT OF SPECIES INDEX
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PERCE NT OF SPECI ESINDEX

PERCE NT OF SPECH ESIND EX
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RIVER, SAMPLED UNITS, SPILL

THE DALLES CamM, 1889
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APPENDIX D
BONNEVILLE DAM 1989

TI TLES

TOTAL Rl VER FLOW & SPI LL;
EARLY SEASON
LATE SEASON

PONERHOUSE DI SCHARGE
EARLY SEASCON
LATE SEASON

DSM#l  CAPTURE PATTERNS
YEARLI NG CHI NOOK, EARLY SEASON
YEARLI NG CHI NOOK, LATE SEASON

SUBYEARLI NG CHI NOOK, EARLY SEASON
SUBYEARLI NG CHI NOOK, LATE SEASON

STEELHEAD, EARLY SEASON
STEELHEAD, LATE SEASON

COHO, EARLY SEASON
COHO, LATE SEASON

SOCKEYE, EARLY SEASON
SOCKEYE, LATE SEASON

DSM#2 CAPTURE PATTERNS
YEARLI NG CHI NOOK, EARLY SEASON
YEARLI NG CHI NOCOK, LATE SEASON

SUBYEARLI NG CHI NOOK, EARLY SEASON
SUBYEARLI NG CHI NOOK, LATE SEASON

STEELHEAD, EARLY SEASON
STEELHEAD, LATE SEASON

SOCKEYE, EARLY SEASON

CUMULATI VE CAPTURE - SPRING M GRANTS
CUMULATI VE CAPTURE - SUBYEARLI NG CHI NOCK,
EARLY SEASON
LATE SEASON
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31
32
33
34
36

37
38
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44

D EL CAPTURE PATTERN - DSM PH 1

YEARLI NG CHI NOOK

MAY 1, 1989
MAY 8, 1989
MAY 15, 1989
SUBYEARLI NG CHI NOOK
MAY 1, 1989
MAY 8, 1989
MAY 15, 1989
JULY 3, 1989

JULY 10, 1989
JULY 31, 1989

STEELHEAD
MAY 1, 1989
MAY 8, 1989
MAY 15, 1989
COHO
MAY 1, 1989
MAY 8, 1989
MAY 15, 1989
SCCKEYE
MAY 8, 1989
MAY 15, 1989

JUVEN LE SHAD
JOHN DAN DAM

BONNEVI LLE, DSM PH

CAPTURE PATTERN,

JVENI LE LAMPREY,

BONNEVI LLE DSM PH
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TOTAL RIVER FLOW & SPILL-BONNEVILLE DAM

MARCH @ - JUNE 30
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POWERHOUSE DISCHARGE-BONNEVILLE DAM
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CAPTURE PATTERN, YEARLING CHINOOK
BONNEVILLE DAM, PH#1D8M SAMPLER

8 Hr. INDEX COUNT (X1000)

26
INDEX TOTAL - 432,046

207 GARSBON AND L. WHITE 8GALMON

NFH RELEASES \

16

0‘-4
MAR Q Y APR1 MAY 1 JUN 1 JUN 30
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¢ NO SAMPLE MARCH 22.
FIQURE 6

CAPTURE PATTERN, YEARLING CHINOOK
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14

12 LUTE S8EASON HATCHERY RELEASES —
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JUL 1 AUG 1 SEP 1 OCT 1 NOV 1 NO'V 30
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. PARTIAL SAMPLE SerT 8 a NOV 28. —
o FIGURE 6 D—3



CAPTURE PATTERN, SUBYEARLING CHINOOK
BONNEVILLE DAM, PH#1DSM SAMPLER

y 8 Hr. INDEX COUNT (X1000)
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FIGURE 7

CAPTURE PATTERN, SUBYEARLING CHINOOK

BONNEVILLE DAM, PH#1 DSM SAMPLER

8 Hr. INDEX COUNT {X1000)

18
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CAPTURE PATTERN, STEELHEAD
BONNEVILLE DAM, PH#1D8M SAMPLER

8 Hr. INDEX COUNT {(X1000)

10

INDEX TOTAL - 206,304
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« NO SAMPLE MARCH 22.
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FIGURE 10 NH—5
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CAPTURE PATTERN. COHO

BONNEVILLE DAM, PH#1 D8M SAMPLER

8 Hr. INDEX COUNT (X1000)
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16
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04

INDEX TOTAL - 491,182
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1888 MONITORING SEASON (SPRING)

« NO SAMPLE MARCH 22.

FIGURE 11

CAPTURE PATTERN, COHO
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8 Hr. INDEX COUNT {X10)

2

INDEX TOTAL - 327
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CAPTURE PATTERN, SOCKEYE

BONNEVILLE DAM, PH#1 DSM SAMPLER

8 Hr. INDEX COUNT (X1000)
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MAR O
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FIGURE 13
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CAPTURE PATTERN, YEARLING CHINOOK
BONNEVILLE DAM, PH#2 DSM S8AMPLER

COLLECTION COUNT (X100)
120

COLLECTION TOTAL=167,6683
100 T

80-1
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40

20 1
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1988 MONITORING SEASON (SPRING)
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APR 14-18,MAY |Q-21,JUN 6,22,28. PIGURE 18

CAPTURE PATTERN, YEARLING CHINOOK
BONNEVILLE DAM, PH#2 DSM SAMPLER
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CAPTURE PATTERN, SUBYEARLING CHINOOK
BONNEVILLE DAM, PH#2 DSM SAMPLER
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CAPTURE PATTERN, STEELHEAD

BONNEVILLE DAM. PH#2 DSM SAMPLER
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CAPTURE PATTERN, SOCKEYE
BONNEVILLE DAM. PH#2 DSM SAMPLER
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CUMULATIVE CAPTURE - SPRING MIGRANTS

BONNEVILLE DAM, PH#1 DSM SAMPLER
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CUMULATIVE CAPTURE - SUBYEARLING CHINOOK

BONNEVILLE DAM, PH#1 DSM SAMPLER
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DIEL CAPTURE PATTERN - YEARLING CHINOOK

BONNEVILLE DAM, P.H.1 D8M, MAY 1, 1989
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DIEL CAPTURE PATTERN - YEARLING CHINOOK

BONNEVILLE DAM, P.H.1 DSM, MAY 8, 1989
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DIEL CAPTURE PATTERN -

YEARLING CHINOOK

BONNEVILLE DAM, P.H.1 DSM Y 15, 1989
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DIEL CAPTURE PATTERN -SUBYRLG CHINOOK

- BONNEVILLE DAM, P.H.1 DSM MAY 1, 1989
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DIEL CAPTURE PATTERN - SUBYRLG CHINOOK

BONNEVILLE DAM, P.H.1 DSM, MAY 8, 1989
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DIEL CAPTURE PATTERN - SUBYRLG CHINOOK

BONNEVILLE DAM, P.H.1 DSM, MAY 18, 1989
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- DIEL CAPTURE PATTERN - STEELHEAD

BONNEVILLE DAM, P.H.1 DSM, MAY 1, 1989
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DIEL CAPTURE PATTERN - STEELHEAD

BONNEVILLE DAM, P.H.1 D8M, MAY 16, 1989
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DIEL CAPTURE PATTERN - COHO

BONNEVILLE DAM, P.H.1 DS8M, MAY 1, 1989
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DIEL CAPTURE PATTERN - COHO

BONNEVILLE DAM, P.H.1 DSM, MAY 8, 1989
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DIEL CAPTURE PATTERN - SOCKEYE

BONNEVILLE DAM, P.H.1 DSM, MAY 8, 1989
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DIEL CAPTURE PATTERN - SUBYRLG CHINOOK
BONNEVILLE DAM, P.H.1D8M, JULY 3, 1989
PERCENT OF TOTAL COLLECTION PERCENT OF RIVER FLOW THROUGH P.H.1
12 100
N-16.386
10 L 50
s I
- 80
-
6 — ]
40
20
-0

1 ¥

.,HH“HHWT..,

2
T 7
00 01 020304060607 0809 10 11 12 13 14 16 18 17 18 19 20 21 22 23

1 1 I LI
TIME
— FLOW

0 T 1
1 SUBYEARLING CHINOOK

¢ APPROXIMATE SUNRISE AND SUNSET.
FIGURE s

DIEL CAPTURE PATTERN = QUBYRLG CHINOOK
BONNBVILLE MM, P.H.| D8M; JULY 10, 1989

T

PERCENT OF TOTAL COLLECTION PERCENT OF RIVER FLOW THROUGH
7 120
N=5,840
8 —
— - — - 100
- - d T ] !
b — R o % H
— i j - 80
] i
4 \ /
= 5 f
o f - 60
D | H
8 3 {
" 7]
VoA | o
2 % !
| [ HH ] H )
l1T'1rl—l[|_‘|l'l:llllllTllllrlrll0
00 01 020304 060807080010 1112 13 14 16 16 17 18 19 20 21 22 23
’ TIME ’
FLOW

0
[T SUBYEARLING CHINOOK

o APPROXIMATE SUNRISE AND SUNSET.
FIGURE 40

N
N



DIEL CAPTURE PATTERN = SUBYRLG CHINOOK

BONNEVILLE DAM, P.H.1 D8M, JULY 31.1989
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- CAPTURE PATTERN, JUVENILE SHAD

JOHN DAY DAM, 1989
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CAPTURE PATTERN, JUV. PACIFIC LAMPREY
BONNEVILLE DAM, PHI DSM SAMPLER, 1889
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DELAYED MORTALI TY TEST RESULTS - BONNEVI LLE DAM 1989"

METHODS

Fish used in this test were fromthe hourly capture (1600 to 2400
hours) at the Bonneville dam First Powerhouse Downstream M grant
trap described by CGessel et. al. (1988). Since there are no hol ding
facilities at the first powerhouse, all test fish had to be
transported to a raceway in the second powerhouse. Due to the
limted raceway space and the conplexities of noving and ho?d|ng
the test fish, only subyearling and yearling chinook and steel head
were tested. Yearling chinook and steel head were captured from 30
April to 18 May and subyearlings from2 July to 20 July.

The treat ment %roups consi stedof fish captured and processed during
our normal nightly sanpling. These fish were anesthetized in a 50
ppm solution of tricaine (Ms-222), inspected for brands and
condition, counted, and put into transport tanks. To provide
sufficient replication and sanple size for statistical conparison

three replicates per species of approximately 35 fish were taken
on three nights each week for three weeks. This resulted in 27
replicates and approximately 945 fish for each treatnment group and
spread the capture days over the peak passage period.

The control group for each species conprised 27 replicates of
between 50 and 100 unsorted fish. Since this group could not be
handl ed, it was hoped that by taking this many. fish, enough of the
target species would be collected for conparison with the treatnent
group. These fish were captured in a separate sanmple concurrently
with the treatment fish and transferred in water via sanctuary nets
éhﬁghems et. al., 1986) fromthe holding tanks to the transport
anks.

Al'l groups were transported bK truck to net pens placed in a raceway
and Teft undisturbed for 48 hours. A flow of river water was kept
at approximately 65 Pallons per mnute through the pacemag. WL er
tenperature ranged from 12 to 14.5 degrees C. during the spring
tests and 18 to 22 degrees C. during the summer tests. At the end
of this period each group was anesthetized, counted and inspected
for condition and all nortalities were counted and inspected for a
possi bl e cause of death.

1/ Test plan and conpletion by Gary L. Fredricks and David B.
Jepsen.
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RESULTS AND DI SCUSSI ON

A total of 924 treatnent and 1447 control yearling chinook were
tested with a respective nortality rate of 1.95 and 1.45 percent
(Attachnent, Table 1), 946 treatnment and 1168 control subyearling
chinook were tested with nortality rates of 1.8 and 1.63 percent
(Attachnent, Table 2) and 940 treatnment and 835 control steel head

produced nortality rates of only 0.74 and 0.48 percent respectively
(Attachnment, Table 3).

Al t hough higher for the treatnent groups, the differences between
these average nortality rates appear quite small at 0.50, 0.17 and

0.26 of a percent for yearling, subyearling chinook and steel head
respectively.

To determne the significance of the difference between nortality
rates of the treatment and control groups, an appropriate
statistical test was needed. Since the conparative data were
obt ai ned over a period of three weeks and consisted of |ive and
dead fish of each replicate of treatment and control groups, the
data were arran?ed In 2x2 contingency tables. A test sensitive in
detecting overall differences of data from grouped 2x2 tables is
descri bed by Snedecor and Cochran (1980). Results of this test are
given for each species in Table 1.

Tabl e 1. Results of Cochran's test for grouped 2x2 contingency
t abl es.
Year | ing Subyearling
Chi nook Chinook Steelhead
Test criterion (z) 0.87 0.48 0. 62
P value (two tailed) 0.38 0.63 0.53

In this case the null hypothesis assunes that there is no difference
between the treatnent and control groups of each species. Because
the test criteria in Table 1 are below the critical value of 1.96
at the 5% level, the null hypothesis is not rejected. Thus, using
our normal handling nethods, there appears to be no significant
difference between nortality rates of handl ed verses non-handl ed
yearling and subyearling chinook and steelhead. Not only was the
difference between nortality rates statistical”y I nsignificant but
also the actual nortality was only 2% or |ess for each group.

Physi cal condition played an inportant role in snolt survival in
both the treatment and control groups with nuch higher incidence
of descaled fish occurring in the nortalities of eac (Proup (Tabl e
2). Sixty five percent of all nortalities were descaled as conpared
to an overall descaling of only 3.4%

E-2



TABLE 2. Percentage of descaled fish occurring in the group
totals and nortalities for each species. Sanple
size in parentheses.

Treatment Treatment  Control Cont r ol
Tot al Mortalities Tot al Mrtalities
Chi nook
Yearling 5.2%(924) 83.3%(18)  4.0%(1447) 81.0%(21)
Chi nook
Subyear!ing 1.4%(946) 47.1%(17) 2.5%(1168) 31.6%(19)
St eel head 3.5%(940) 85.7%(7) 3.6%(835) 100%(4)

hbarly_279©of all descaled fish died. This high incidence of
nmortality is reflected in Table 3.  Steel head denonstrated the
hi ghest tolerance for scale |oss while subyearling chinook appear
to be the nost sensitive to handling while descal ed.

TABLE 3. Mortality and % nortality for each group of descaled fish

Chinook Chi nook
YearlingT Subyear | ing Steelhead
Test Control Total Test Control Total Test Control Total

Total
Descal ed 47 59 106 13 29 42 32 30 62

Mortalies
Descal ed 15 17 32 8 6 14 6 4 10

%Mort. 31.9 28.8 30.2 61.5 20.7 33.3 188 13.3 16.1

In conclusion, based on these data the present handling nethods at
the Bonneville dam first powerhouse sanpler appear to have no
significant effect on short-term survival of healthy yearling and
subyear|ing chinook and steel head. Descaled fish have a much Tower
chance for survival irrespective of how they are handl ed. No change
i s recommended in handling nmethods at this time but care should be
taken to insure that sanpling related scale |oss be kept at a
m ni mum

It should be kept in mnd that these studies in no way attenpt to
assess long termsurvival, nor do they attenpt to address other
issues such as stress related increases in nortality due to
predation.

We wish to thank Tom Berggren of the Fish Passage Center for help
with the statistical analysis. E 3
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ATTACHVENT
DELAYED MORTALITY TEST RESULTS - BONNEVI LLE DAM 1989

TABLE TI TLE
1 YEARLI NG CHI NOOK DELAYED MORTALITY TEST
2 SUBYEARLI NG CH NOOK DELAYED MORTALITY TEST

3 STEELHEAD DELAYED MORTALITY TEST



Attachnment Table 1. Nunber of fish captured and statistical
data for yearling chinook delayed nortality test.

CAPTURE TEST CONTROL
DATE REPLI CATE TOTAL MORT % MORT TOTAL MORT % MORT
4-30 1 33 1 3. 030 76 0 0. 000
2 37 0 0. 000 56 0 0. 000
3 32 1 3. 125 45 2 4.444
5-2 1 34 1 2.941 56 1 1.786
2 34 0 0. 000 62 0 0. 000
3 32 0 0. 000 73 0 0. 000
5-4 1 34 3 8. 824 56 2 3.571
2 35 1 2. 857 80 2 2.500
3 34 0 0. 000 54 3 5. 556
S5-7 1 35 0 0. 000 84 1 1.190
2 35 1 2. 857 77 1 1.299
3 35 1 2. 857 86 2 2.326
5-9 1 33 0 0. 000 25 0 0. 000
2 35 1 2. 857 37 0 0. 000
3 35 1 2. 857 40 0 0. 000
5-11 1 35 2 5. 714 65 3 4.615
2 35 0 0. 000 45 1 2.222
3 35 0 0. 000 53 2 3.774
5-14 1 35 0 0. 000 80 0 0. 000
2 34 0 0. 000 96 0 0. 000
3 29 1 3. 448 61 0 0. 000
5-16 1 35 1 2. 857 12 0 0. 000
2 34 1 2.941 17 0 0. 000
3 35 0 0. 000 34 1 2.941
5-18 1 34 1 2.941 25 0 0. 000
2 35 0 0. 000 31 0 0. 000
3 35 1 2. 857 21 0 0. 000
TOTALS 924 18 1447 21
MEAN 34.22 0.67 1.95 53.59 0.78 1.45
STANDARD DEVI ATION 1.48 0.73 2.15 23.32 1.01 1.77
VEDI AN 35 1 2. 86 56 0 0
M NI MUM 29 0 0 12 0 0
MAXI MUM 37 3 8.82 96 3 5. 56



Attachnment Table 2. Nunber of fish captured and statistical
data for subyearling chinook delayed nortality test.

CAPTURE TEST CONTROL
DATE REPLI CTE TOTAL MORT % MORT TOTAL MORT % MORT
7-2 1 35 0 0. 000 41 0 0. 000
2 35 1 2. 857 42 1 2.381
3 35 0 0. 000 58 0 0. 000
7-4 1 37 0 0. 000 43 1 2. 326
2 35 1 2. 857 51 0 0. 000
3 35 2 5.714 53 1 1.887
7-6 1 35 0 0. 000 37 1 2.703
2 33 1 3. 030 60 4 6. 667
3 37 1 2.703 69 2 2.899
7-9 1 34 0 0. 000 39 0 0. 000
2 36 0 0. 000 46 3 6. 522
3 35 1 2. 857 34 0 0. 000
7-11 1 37 1 2.703 38 0 0. 000
2 34 0 0. 000 36 0 0. 000
3 35 0 0. 000 41 2 4.878
7-13 1 35 1 2. 857 42 1 2.381
2 35 0 0. 000 40 0 0. 000
3 35 1 2. 857 43 0 0. 000
7-16 1 35 1 2. 857 46 0 0. 000
2 35 1 2. 857 47 0 0. 000
3 35 2 5.714 39 0 0. 000
7-18 1 35 0 0. 000 40 0 0. 000
2 33 0 0. 000 33 2 6. 061
3 34 2 5. 882 35 0 0. 000
7-20 1 29 0 0. 000 38 1 2.632
2 41 0 0. 000 40 0 0. 000
3 36 1 2.778 37 0 0. 000
TOTAL 946 17 1168 19
MEAN 35.04 0.63 1.8 43.26 0.7 1.63
STANDARD DEVI ATl ON 1.93 0.69 1.97 8.48 1.07 2.21
VEDI AN 35 1 2.7 41 0 0
M NI MUM 29 0 0 33 0 0
MAXIMUM 41 2 5. 88 69 4 6. 67



Attachment Table 3. Nunber of fish captured and statistical
data for steelhead delayed nortality test.

CAPTURE TEST CONTROL
DATE REPLI CATE TOTAL MORT % MORT TOTAL MORT % MORT
4- 30 1 30 0 0. 000 17 0 0. 000
2 41 1 2.439 26 0 0. 000
3 31 0 0. 000 26 0 0. 000
5-2 1 34 0 0. 000 26 0 0. 000
2 40 0 0. 000 26 0 0. 000
3 31 0 0. 000 22 0 0. 000
5-4 1 35 1 2. 857 29 0 0. 000
2 32 0 0. 000 30 0 0. 000
3 34 1 2.941 16 0 0. 000
5-7 1 33 0 0. 000 17 0 0. 000
2 35 0 0. 000 21 0 0. 000
3 36 0 0. 000 26 0 0. 000
5-9 1 34 0 0. 000 17 0 0. 000
2 32 0 0. 000 23 0 0. 000
3 35 0 0. 000 24 1 4.167
5-11 1 38 1 2.632 50 0 0. 000
2 35 1 2. 857 31 1 3. 226
3 35 0 0. 000 24 1 4.167
5-14 1 38 0 0. 000 51 0 0. 000
2 35 0 0. 000 55 0 0. 000
3 35 0 0. 000 66 1 1. 515
5-16 1 35 0 0. 000 41 0 0. 000
2 36 1 2.778 32 0 0. 000
3 35 0 0. 000 53 0 0. 000
5-18 1 35 1 2.857 22 0 0. 000
2 35 0 0. 000 31 0 0. 000
3 35 0 0. 000 33 0 0. 000
TOTALS 940 7 835 4
MVEAN 34.85 0. 26 0.74 30.93 0.15 0.48
STANDARD DEVI ATl ON 2.49 0.45 1.24 13.18 0. 36 1.25
MEDI AN 35 0 0 26 0 0.00
M NI MUM : 30 0 0 16 0 0. 00
MAXI MUM 41 1 2.94 66 1 4. 17



