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INTRODUCTION

During the spring of 1973, the National Marine Fisheries Service
{IMFS) under contract of the U.S. Army Corps of Engineers continued,
for a third year, an evaluation of fish protective facilities for juverile
salmonids at Little Goose Dam on the Snake River. As in 1972, emphasis
was placed on diverting, collecting, marking and transporting young salmonids
for release below Bonneville Dam with appropriate control releases for -
evaluation of operations. In addition, recovery efforts continued on adult
salmonids returning upriver after marking and transport during juvenile
migrations in 1971 and 72. More than 1000 marked adult steelhead trout
and nearly 200 spring and summer chinook salmon were recovered at Little
Goose Dam with the tag detectbr and fish trap operated En the ladder at
Little Goose Dam. Additional ,recoveries wére also made in the fisheries and
on the spawning grounds. Preliminary.analysis of data from these returns are
summarized, and effects of transport on survival and homing are indicated.
Further experimentation was made on rates, timing and survival of young
nigrants and on levels of dissolved gases in the Columbia and Snake Rivers

in relation to river discharge and operational procedures. This report

summarizes progress on these actions in 1973.



TRAVILLING SCREEN AND ORITICE BYPASS
STUDILES
Nine traveling serocens were operative auring the 1973 tingerling

salmon and stcelhead migration. Vertical barrier screens in the gatewells
were modificd according to recormendations made in the previous year;

(=] J b
per 36 feet of each screen was covered with solid baffles. Fingerling
eres g &
sassag n € atewells was moni with e troni ounters. An
passage from the gatewells was monitored h'electronic ¢ T A

air bubble device designed to divert fingerlings from a turbine intake was

also tested.

Traveling Screens

Intake traveling screen instellations commenced March 30. All nine
screens were installed and operating by April 21. Mechanical aspects of
the traveling screens were satisfactory. No major operational problems
were encountered-with the three original prototypes developed by MMES. A
gear box seal problem developed in some of the new models recently installed
by Corps contractors, but this problem is being corrected.

By the Tirst week of May, more fish were being collected than were
required for the transportation experiment. This, along with the rising

incidence of descalinz, prompied the decision to take six or the traveling

scrcens out of service on May 11. Three of the traveling screens were left
\

in operation and uszed for experiments attempting to pin down the causes of
dcscaling., On oceasion when greater nwibers oif rish were necced for
trangportation cxperinents, «additional fraveling scroens were buv into opera-

vion, The numvoer of traveling screeas in operation and the daily counts ol



fingerlings entering the fingerling collection facility are shown in

Figure 1. Samples of fish taken from the gatewells and collection facility
indicated descaling at times approached unacceptable levels. Subsequently,
detailed descaling examinations were conducted.

Results of these examinations indicated that the percentage of descaled
chinook fingerlings from the gatewells associated with traveling screens
ranged from a low of 1.3% to a high of 52.8% and averaged 13.9%. Descaling
checks made on fish from gatewells without traveling screens ranged from
0 to 9.2% and averaged h.l%. Sample size usually ranged from about 300-L4CO
fish. A total of 48,730 chinook fingerlings was examined during these
detailed observations.

Initially, the cause of descaling was assumed to be related to the
vertical barrier screen dividing the gatewell. The'basis for this hypothesis
was derived from last year's data which indicated a direct relationship
between length of time fingerlings remained in the gatewells and degree of
descaling. Prior to the 1973 field season, vertical barrier screen mod-
ifications were made to reduce the turbulent condition on the surface of
the gatewells where descaling appeared to occur. Various arrangements of
screens and panels on the vertical barrier screen were tested, including
the covering of the rough galvanized hardware cloth portion of the screen
with a smooth covering of perforated aluminum plate.

In the event that descaling was being caused by fish impingement on
the traveling screen, mesh size on one of the traveling screens was reduced
(less open area, hence reduced approgch velocity) and tested. Attraction
of fingerlings from lower regions of the gatewells to the bypass ports by

uga of submerged lights was aloo taated.
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Eftects of most of the foregoirg modifications on incidence of
descaling proved difficult to isolate and, as a result, little conclusive
evidence of a consistent reduction in descaling was found. We did find,
however, a relationship between turbine load and incidence of descalinz.
When turbine operation was maintained at a low level (less than 120 MG ),
descaling was appreéiably reduced. Results from use of the fine-mesh
traveling screen also appeared to reduce descaling. A comparison of
percentage descaling in theée tests 1is shown in Table 1.

To thoroughly examine the descaling problem, a much more sophisticated
test program will be required--one that will enable inspections of the
condition of natural migrants at various locations before and after they
enter the turbine intake as well as after they are in the gatewell. Plans
are underway to conduct such a program in the spring of 1974. Tests using
marked hatchery fish will be conducted this fall in an attempt to isolate
some of the areas of descaling so corrective actions can be taken prior

to the migration next spring.

Fish Passape I'rom Catewell Orifices

Lighted orifice inserts siﬁilar_to those used last year were employed.
In add;tion seven of nine orifices were equipped with electronic Tish
counting devices.

Prior to the field season all of the orifices were back-rlushed when
the gatewells were unwatered for vertical barrier screen modifications. To
determine the amount of descaling occurring in the fingerling bypass, test
fish werc released directly intp the orifices and recovered as they cantered

thio racoways of tho fingorling ¢olloction aystem. Jix porvont of thoao
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£ish were descaled. The severity of descaling in these tests was
ninor--slightly over 10% of the body area.

Overall, movement of juveniles through the gatewell orifices appeared
to be much improved over that of the previous year based on visuallobserva—
tions of Tish concentrations (much reduced in 1973) in surface areas of the
gatewells. Scuba observations at depth in the gatewells, however, indicated
that many fish were concentrated below solid panels on the vertical barrier
screens (36 feet+). Additional tests are planned, therefore, to devise means

of rapidly attracting the fish upward toward the orifices.

Bubble Screen Evaluation

Tests to determine whether an air bubble screen would prevent
fingerling salmon and steelhead from entering a turbineiintake were |
conducted during two periods of the fish migration. These tests were

—

undertaken to determine whether such a screen might be useful in diverting
downstream migrants away from slotted gates that have been constructed for
use in skeleton bays at dams in the lower Snake River. Although the slotted
gates have been effective in alleviating the problem of supersaturation of
nitrogen, mechanical injuries to fish passing through the gates have been
excessive.

A "V" shaped bubble screen was placed about 50 Teet deep and
"immediately in front of fturbine intake slots 2A, B, and C with the tip of
the "V" extending approximately 150 feet upstream. Automatic fish counters
were installed in the orifices of these three intakes as well as in adjoining
orifices of units 1C and 3A. Theoretically, an effective screen would then
logically divert r'lsh rrom 2A, B, and € into 1C and 3A. Counts threuw:l the

orifices I fish leavin; the gatewells would be expected to reflect this trex:
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Table 2 shows the results of a test conducted during =2 period when

larze numbers of fish were available. A total of 205,768 Tfish were

1\ 33

counted through the tive gatewell orifice counters during the T7-day tecst
seriod (about 30,000 fish per day).

Table 3 shows the results of a later tezst conducted by dipnettin

cQ

all of the Tish from the gatewells so that a speciles identification,
as well as“a total count could be made. In bota tests the gatewells were

dipped clean prior to the testing.

From the results of these tests, it would appear that the existing
2ir bubble screen was an ineffective device for diverting fingerling salmon
and steelhead from turbine intakes. Had there been a diverting eifect,
cne would have expected a marked increase in the proportion of fish entering
(and leaving) units 3A and 1C during the first test. Actually a reduced

proportion of fish passed from these gatewells during this test period.

Likewise, during the second test, gatewell dipping should have indicated

from the bubble screen. Normally gatewells LA and 1B nave the highest
concentrations of fish during the juvenile migration veriod. Ideally, t=z
second test would have again utilized gatewells IC and JA for the comparison

in first test), but these areas were inaccessi

i)
o
I:‘
b

not too surprising in view of previous,. findings. 3Batcs and

A AT R o B . e o s - e U T R B A L]
ound that the efficiency of an air dbubble sereci ig & Iuncuidn O a8 1.340°S



Table 2,--Effects of the air bubble screen
Bubble screen installed upstream

on fingerling guidance.
from unit 2 (A, B & C).

Average percent of total daily count by
gatbivell

Gatewell

§ 3G 2A 2B 2C 3A
igh &
Bubble Screen off 20.3 26.2 23.0 1.7 30.5

’ 2

Bubble Screen on & 19.4 27.9 22,4 23.6 DT,

}/ The

2/ The "on" period is for three consecutive days.

Table 3.--Effects of'the bubble screen on guidance of chinook
Figures represent a physical count by

fingerlings.
L8-hour period.

"off" period covers 2 days before the 2 days after the

and steelhead
species for a

Total numbers captured per gatewell
Species
No Bubble Screen Bubble Screen ,
|
1A 1B 24 2B
Chinook 608 919 1448 1628
Steelhead 212 A 53 S5TL 101
TOTAL 820 972 2019 1927




ability to see it i.c., guiding efficiency at night was morkedly lower
than in the day. An increase in approach velocity also tended to reduce
guiding. erficiency. Thus, in the recent Snake River application, limited
visibility and increasing approach velocities in the area of the turbine
intake may well have negated potential fish guilding capabilities that

might have prevailed under more favorable conditions.
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TRANSPORTATTON AND HOMING '

Progress in the transportation studies at Little Goose Dam during
1973 is swmmarized in this section of the report.

Objectives of the transportation research were: (1) continue
evaluaiion of the transportation system by marking and rgleasing 50,000
juvenile chinook as controls at Little Goose Dam and 50,000 as test
(transported) fish below Bonneville Dam, (2) mark and release 50,000
steelhead at Little Goose (contfols) and 50,000 for release below Bonneville
(test) to evaluate the effect of transporting juvenile steelhead, (3)
continue to test and evaluate fish facilities used at Little Goose Dam
for diverting, collecting, marking, and transferring fish to transport
trucks, (4) continue étudies to determine levels of stress in Tish at
various stages of handling and transporting, and (5) %begin preliminary
evaluation of the study by examination of marks on returning adult chinook

and steelhead.

General experimental design

Juvenile steelhead and chinook used for the transportation experiment
in 1973, were divided into five groups--three control ﬁnd two test or
transported gioupé. One control group was marked and released about 21 km
upstream from Little Goose Dam ét Central Ferry on the south shore of the
river; a second control was marked and released on the north shore, and
a third control group was marked and released directly into the tailrace

about 1 km downstream from the power house.



The test groups were hauled in tank trucks to two release sites
downstream from Bonneville Dam; one was at Dalton Pt., 17 km from
Bonneville on the Oregon shore arnd the other was at the Washington State
boat launching site about 2 lkm downstream from the spillway at Bonneville
Dam on the Washington shore. As in 1972, 1-3 ppm quinaldine was used in the
Yraneport eruck”to ' partially ancsthetize fish destined for release at
Dalton Pt.; fish released on the Weshington shore were not ancsthetized. The
two conditions provided a basis for comparing mortalities occurring during
and after transport. Separate magnetic tag codes and brands were designated
for each experimental group. Codes on the tags were changed twice during
the marking periods; the brands were changed weekly.

Evaluation of the survival and homing ability of these groups will
be based on adult returns to the commercial (iﬁbluding Indian fishery) and

sport fishery, Little Goose Dam, and the spawning grounds. A magnetic tag
detecctor and fish separator, similar to that used at Ice Harbor Dam, was
installed at Lititle Goose Dam for evaluation of adults returning to the dam.
Blood glucose and urea levels were agaln analyzed from several groups
Of juvenile chinook salmon during the migration period. Tish werc obtained
from the following locations: (1) gatewell with traveling screen, (2) gate-

4 la

well without traveling screen, (3) counter tunnels (after passage through th

1 .

oypass pipe and sorter), (M) holdinz box in marking facility after passage
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through pump, (5) exit of marking building (before entering transport
truck), and (6) release site. We sampled at these locations again this
year because we wished to compare stress levels measured last year when
only three traveling screens operated with stresses prevailing in the
current year when up to 9 screens were operating. In addition, we took
samples after each stage of marking (fin-clipping, branding, and wire-
tagging) to determine whether any particular marking operation produced
excessive stress. Delayed mortality was also compared among fish taken
at locations 3 and k.

Mortality during transport and delayed_mortality measurements were
compared among all groups transported downstream. These comparisons
included high vs low density loads, anesthetized vs loads not anesthetized,
and marked vs unmarked. In these comparisons, a high density load was
1.0 pound or more fish/gallon of water; low density was usually l/2-pound

fish or less/gallon of water.

Collection, marking, and transport procedures

Juvenile salmon entering the gatewells were all collected at the
end of the orifice bypass system; fish dipped from the gatewells were not
used this year as experimental fish for the transportation studies. Fish
obtained with the gatewell net were used only in determining stress levels
at that point in the system. Fish enpering the orifices from gatewells
continued on through the bypass pipe (Figure 2) to the holding area downstrean
from the tailrace deck. Before entering the holding area, the fish passed

through a grader and were sorted by cize. We adjusted the grades so Ihat
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Figure 2 ,--Fingerling bypass transport pipe (arrow)
and raceways for holding juvenile salmon and
steelhead at Little Goose Dam,
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most of the juvenile chinook would be separated from the steelhead before
entering the holding ponds. |

Fingerling chinook salmon and steelhead trout were pumped with a
S-inch Paco model fish pump into a tank in the marking building. Here
they were dipped from the tank, anesthetized and sorted. Previously
marked or injured and descaled fish were returned to the river in the
tailrace of the turbine discharge. Each of the remaining fish was cold-
branded with liquid nitrogen (Mighell, 1969), the adipose fin was excised,
and a magnetic wire tag (Jefferts, et als, 1963) wasvinserted in the snout.
Before discharge into the transport truck, the fish passed through a magnetic
field and detection'coil. Improperly tagged fish were automatically rejected
and returned to the marker for retagging. When steelhead and chinook were
hauled simultaneously, they were kept in separate compartments in the tank
truck whenever possible. Load densities were governed by the size of the
daily catch and ranged as high as 1.5 pounds of fish per gallon. A1l fish
were transported in a 5,000-gal capacity truck with aeration, refrigeration,
and filtration. .

Water chemistry measurements were made at the time of release for each
load of fish transported. Concentrations of ammonia, nitrogen, dissolved
oxygen, carbon dioxide, pH, and total alkalinity were gwecorded. Most releases
were made at dusk. Recordé of mortality of transported groups were also
determinéd by holding samples of fish from each load in cages for 48 or more
hours at the Bomneville hatchery.

Blood samples were obtained from fish token in gatewells (with and without
Lraveling sereens) and in the holding arca below the dam; blood zlucose and
urce values were determined by Scientia Labs using a tecnnicon SVA 1260

At basAnin] Yty
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Percentage descaling among groups of fish obtained in the gatewells and
‘)‘ - ~ . -
the holding area was determined during the marking process. Any fish witn

over 10% visible descaling was recorded as a descaled fish. No further

refinement of descaling categories was, made.

Marking and transport
]

A total of 253,411 chinook (110,849 controls, 142,562 test) and
120,762 steelhead (57,310 controls, 63,452 test) were marked as experimental
groups for the transportation studies (Table L4). Approximately 106,000
chinook and 113,000 steelhead were transported ummarked (Table 5). The
grand total of fish enumerated at Little Goose in 1973 was over l,?SO,COO;
about 500,000 fish were examined for previous marks or injuries. Of the
total number enumerated, about 1,000,000 fish were returned to the river in
the tailrace area without examination or handling.

' More chinook salmon (about 100,000) were marked than originally
plenned due to the long, drawn out migratory period brought about by extreme
low river flows. The number of steelhead marked barely exceeded the research
objective. Relatively small numbers of unmarked fish were hauled when avail-
able to determine if there was a differential delayed mortality between
marked and unmarked groups. Many more unmarked fish were returned to the
river at Little Goose Dam during the past spring than in the previous 2 years
because of the high collection efficiencies: due to increased screening, and
the discharge of virtually all river flows through the turbines. Also,
tecause of the absence of a gés supersaturation problem in 1973, the urgency
To transport large number of migrants ecnmasse (to avoid losses from 3zas

bubble disease) did not develop as in 1971 and 72.
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Table 4.--Continued.

Brand
Marking ¢ Release position}./
period site . and symbol .Chinook Steelhead
April 11 ' Dalton Pt. RA-J 923 5Tk
April 18 " . RA- < 5,389 169
Ainl 23-26 & 4 RA-C 7,688 2,591
April 30-May L4 " " RA- »  1k4,96k 5,549
May T-11 vy 12 RA-P 9,710 7,029
May 15-17 " 3 RA-+g 10,543 4,031
May 21-25 ". 2 RA-d 9,030 6,707
Subtotal. 58,247 26,650
Aoril 9 Bonneville Boat Launch RA-H 345 837
April 16-19 A & E RA- 10,059 968
April 2Lk-27 . AR PO RA-T 8,36k 3,449
May 1-5 5 i 4 RA-+F3 16,506 6,130
May 8-10 g " . RA- I 7,192 4,597
May 14-18 hy 3 : ¢ RA- g 13,482 7,091
May 22-24 - . ) RA-L 2,629 S oL3T
day 29-June 1 : ! " RA- 9,410 8,593
June 13-25 " nooow RA-T 13,052 —
July 13 g S RA- 3 3,276 g
Subtotal 84,315 36,802

Grand total 253,411 120,762

l/ A and RA indicste brand positions, i.e., left anterior and right

anterior.



Table 5.--Numbers of unmarked Jjuvenile chinook and s#heelhead collected
at Little Goose Dam and transported to release locations downstream
from Bonneville Dam--Spring 1973.

19

Release
Date site Chinook Steelnead
Aoril 27-May 5 Bonneville boat launch 18,400 2L 887
May 8 " iy 4 13. 510 480
May 14-18 3 g et 11,380 8,620
May 22-2k 4 i " 11,660 15,8L0
May 29-30 4 3 i 2,500 15,500
Subtotal 57,510 65,327
April 30-May k4 Dalton Pt. 6,000 10,000
May 7-11 W 28,067 11,1%
May 15-17 8 " 12,130 15,870
May 23-25 y: = 2,960 11,040
Subtotal 49,157 48,086
Grand total 106,667 113,413
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Transport and delaved mortality

A successful transport operation requires a collection system that
delivers Tfingerlings in good condition. Ogce collected in good condition,
fingerlings can be hauled long distances with rcasonable assurance that
survival will be high and transport benefits will be realized. At Little
Goose in 1973, descaling and subsequent stresses placed upon juveniles in
the collection system continued to be a problem. We assessed the problem
in verms of delayed mortality at Little Goose and at Bonneville Dam after
transport.

Mortality observed at the time of release of the transported groups
(transport mortality) indicated an overall average of 0.70% for chinook

ad 0.51% for steelhead. This is slightly higher than the 0.57% and 0.47%
mortality observed last year for chinook and steelhead respectively.
Samples Qf fish from each load were held for 48 hours at Bonneville Dam
o determine delayed mortality. A comparison of delayed mortality of
fish treated differently in the system included (l) marked and unmarked
chinook, (2) marked and unmarked steelhead, and (3) partially anesthetized
vs non-anesthetized chinook and steelhead.

Delayed mortality of marked chinook ranged from 2.9 to 43.0% with an

overall weighted average of 17.2%; delayed losses in marked steelhead

ranged from O to 16.6% with an overall average of 4.5%. Average delayed

mortality of unmarked chinook was 15.3% while losses of unmarked steelbead

vere Y4 L7, Among both species, unmarked losses were slightly less than
marked losses. These small differences are probably significant since

unmarred fish were pumped from raceways without inspection and probably
included substantial numbors of descalod 1ish whareus the marked groups

“ere incpected individually and descaled fish were removed.
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Average weighted delayed mortality of 12 loads of marked chinook
not anesthetized was 22.&%; mortality in 12 loads of partially anesthetized
fish was 11.9%. Delayed losses among marked steelhead were 5.8% for those
not anesthetized vs 2.9% in anesthetized loads. These data confirm our

findings in 1972 and definitely indicate partial anesthesia is beneficial.

Delayed mortality tests at Little Goose

Samples of chinook were held in live cars in the raceways at Little
Goose Dam to establish a relationship between known descaling (with associated
stresses) and the true mortality that may eventually be experienced. Three
groups of chinoox were~held in live cars 72 hours (Table 3 Mortality was
observed among (1) fish that were descaled but not marked, (2) fish that
appeared to be healthy but were marked as if to be transported, and (3) fish
that were not handled in any way. The first two groups were subjected to
the pumping operation, the third was not. Delayed mortality in the first
two groups was 17.6 and 21.8% whiéh is similar to losses noted in the Bonneville
post-transport tests (17.2%). Somewhat surprisingly the mortality of the
non-handled groups was less than 1% even though about EO% of these fish had
some measure of descaling. The latter resﬁlts would appear to indicate that
substantial losses may be avoided if fingerlings were gravity-fed into the

transport tank rather than pumped as we are now doing.

Blood “hemistry Reasurements of stress

Urca and glucose concentrations in the blood of juvenile chinook were
again measured to compare stress levels this year with those recorded last
vear. In addition, stress levels at the various stages of marking also were

measured.
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The general pattern of glucose and urea concentrations measured
sequentially at four locations (Fig. 3) in the diversion, bypass and
marking operation was similar to that noted last year, i.e., concentrations
incrcased as fish proceeded through the system. However, the condition of
fish taken on entry to the system--as evidenced by the concentratioﬁs of
glucose in the blood of fish taken from a gatewell without a traveling
screen--was not as good as last year. Higher levels of glucose indicate
that juvenile fish arriving at Little Goose Dam were in a more stressed
condition than last year.

Glucose levels measured at va?ious stages of marking (Fig. h)
indicated that the stress was cumulative; fish receiving three marks

(fin clip, cold brand and wire tag) were in a more stressed condition than |

those receiving only one mark. Blood glucose measurements taken from each
marking operation, when only one of the operations was done, indicated that

cold branding is less stressful to juvenile chinook salmon than fin-clipping

T REEIEIR T ' B AL TR PNk ¥ e LI e ve.

or wire-tagging (Fig. 5). The one-mark glucose measurements should be
repeated next season as the differences observed in the recent tests could
also be attributed to individual marking technique or variability within a

single raceway of fish.

Preliminary returns to Little Goose Dam of adult spring and summer chinook

salmon

Table 7 lists the number of adult (2-ocean) salmon successfully detectd
separated and indentified at the automatic separatorpin the ladder at Little
Goose Dam. It should be stressed that the current observed return represent

only part of the expected total return to Little Goose Dam of fisnhn marked in

1971, “The observed tally iz low Tor the following reasons: (1) approxima#
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Table 7--Adult recaptures of chinook salmon at Little Goose Dam from
transport (test) and control releases of juveniles in 1971.
Recovery period--April 20-August 14, 1973.

Release site and Observed

(in parenthesis) Number of Number return (%) Transport

experimental group juvenilesl/ recaptured of 2-ocean to control

of fish released = as adults adults benefit (%)

Little Goose Dam 34,719 45 0.130 -
(Control)

Bonneville Dam 35,252 83 0.235 81.0

(Transported)

Dalton Point 30,637 70 0.228 75.0

(Transported)

Total recovery: 198 ——- 78.0

1/

Adjusted for initial tag loss.
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30-50% of the fish reiurn after spending 3 years at sea and would -not be
expected until 197k; (2) the barrier gates at the entrance to the automatic
separator are open at night (9:00 p.m. to 5:00 a.m.); thus all fish passing
the detector station during these hours would escape detection; (3) passage
of fish through the navigation lock at Little Goose Dam alsc is a distinct
possibility; up to 15 percent of the run could have crossed the dam via
this route based on differences between fish counts at Lower Monumental and
Little Goose Dams; hence, these fish would also escape detection; (4) some
tag loss occurred between tagging and recovery; and (5) the tag detection
system was less than 100% efficient during passage of fish through the device.

The combined returns of 2-ocean spring and summer chinook salmon at
Little Goose Dam to August 1b, 1973, from juveniles marked in 1971 indicate
that survival from transported releases was greater than from the control

releases. Returns from the Bonneville release site indicated a transport to

4

e Q. - Eak b AR R = —_ . . - ] 2 Q= =
of ©l%; returns from the Dalton Point release site indicated

s

a 75% benefit (Table 7).

When the returns at Little Goose are divided into spring and summer
seasonal races and compared (Table 8), benefits from transportation are
defined by time. Returns from the Bonneville releases showed a transportation
benefit of 71% for spring chinook and 114% for summer chinook. Returns from
the Dalton Point releases had a transportation benefit of 7&% for spring

chinook and 60% for summer chinook.

Recovery of marked chinock salmon in the commercial and Indian fisheries

Recoveries of marked fish (released as Jjuveniles in 1971) in the

commercial gill net fisheries in the lower Columbia River (Table 9) are

based on the spring fishery only and again show a favorable transport to



28

Table 8-~A comparison by seasonal race (sprlng and summer chlnook) of

transported and non-transported (control) groups of chinook
salmon returning to Little Goose Dam as adults in 1973 from
releases of juveniles at Bonneville Dam and the Dalton Point

in 1971.
Release site (of j Numb r of salmon recaptured Transport to
juveniles) and as Z adults at Little Goose control benefit
seasonal race Dam e
of salmon 1/ - Transported  Non-transported
(Control)

Below Bonneville Dam

Spring chinook salmon 60 35 71.0 .

Summer chinook salmon 22 10 114.0
Dalton Point

Spring chinook salmon 61 35 74.0

Summer chinoock salmon 16 10 6C.0

Seasonal races of chinook salmon in the Columbia River system are
classified 3s spring, summer, or fall chinock depending on the time

of year that the adults enter the river to spawn. .We classified adult
salmon captured at Little Goose Dam prior to June 17 as spring chinook

and those taken from June 17 through August 14 as summer chinook.

Numbers recaptured adjusted in relation to numbers released (Table 7).
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Table 9--A comparison between transported and non-transported groups of
chinock salmon based on numbers of transported and non-transportec
juvenile fish (tagged in 1971) that were recaptured as adults by
Commercial and Indian Fisheries in the lower Columbia River,
spring, 1973.

Number of salmon recaptured as
adults from releases at --

Location of fisheries Bonneville Dalton Point Little Goose
(Transported) . (Transported) (Control)
Number of Number of Number of
Tags Tags Tags

Upstrean from
Bonneville Dam

(Indiar Fishery) 10 12 1

Dovnsiream from

Bonneville Dam 13 14 3
TOTAL 23 26 4

% Transport benefit 491 518
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control ratio. In this instance, however, for the Daltoﬁ Point releases,
the return benefit for transported fish was slightly greater than that for
the Bonneville releases which is tﬁe feverse of that shown for recoveries
at Little Goose Dam.

Although the differences between returns from releases at Dalton
Point and Bonneville are slight and not significant statistically, some
consideration should be given to the differences in treatment of the two
test groups and the possiblé effects of that treatment on eventual returns.
Possibly some loss of homing occurs when chinook are released at Dalton Point
which results in milling and hence longer availability for capture in the
nets. Timing of return of the two groups could also be involved. If the
fish released near Bonneville Dam tend to return earlier in the season than

those released at Dalton Point, possibly more of the Bonneville returns would

Tort?
[

pass through the lower river before the start of commercial fishery. Further
examination of returns by time will determine whether this, in fact, does
occur. Another factor that may have possible bearing on returns from the

two release sites is the effect of using anesthetic during transport of the
juveniles. It may be recalled that only those groups transported to Dalton
Point were treated with a mild solution of quinaldine, those transported to
the Bonneville release site were not treated. Further tests should, therefore,
be made to determine whether use of anesthetic may in any way affect homing
ability.

| Overall, recoveries of marked fish in the commercial fishery were
limited and should be aﬁgmented by additional recoveries in 1974 before any '

final conclusions can be made concerning returns from the 1971 experiment.



Preliminary returns of adult steelhead frout to Little Goose Dam

The first steelhead adults returning from control and transport
releases in 1971 appeared at Little Goose Dam in the summer and fall of
1972 after 1 year at sea. Additional l-ocean fish from the 1971 out-
migration also continued to pass the dam in the following spring (1973),
apparehtly having spent the winter below the dam. Beginning in the
summer of 1973, 2-ocean adults from 1971 releases and l-ocean adults fronm
1972 releases began appearing at Little Goose. To date, (October 24, 1973)
973 adult steelhead have been identified from releases in 1971. Benefits
derived from transported steelhead (Table 10) were 43% from the Bomneville
release, 44% for the Dalton Point release.

Preliminary returns of 409 l-ocean adults from the 1972 release
indicate a much greatér benefit than those from the 1971 releases; 206% for
the Bonneville release, 252% for the Dalton Point release. The ragio of

transport to control on these fish therefore ranges between 3 to 3.5:1.

Ceneral comments on adult returns
In general, the current transport to control ratios of adult steelhead
and chinook are encouraging. In addition, the estimated return (Table 10) of

only the l-ocean steelhead transported to Bonneville and Dalton Point

‘J‘

already cxceeds the average estimated perpent return of steelhead to Dworshak
Hatchery from all ocean age groups of a brood year. The observed percentage
return (about 0.2) of 2-ocean chinook from the transported releases does not
yet exceed the percentage return of Rapid River Hatchery, but‘when the
3-occan chinook returns are added next year, the average percentage return
(0.35%) achieved at Rapid River in 1973 should be cxcceded. ITf the provlem

of" excess stress lncurred during diversion, collection and marking of chinook

LdS
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Table 10.--Returns to Little Goose Dam of 1- and 2-ocean age adult steelhead

from control and transport releases of smolts in 1971. Recoveries made
f=om July 20, 1972 to October 24, 1973. :

Release Adult return
site and Number of Number of adults in percent Transporf
cxperimental juveniles recaptured of juveniles benefit=
aroups (in .releasedl/ 1-ocean 2-ocean Total released --percent
naren. ) age age (1+2's) Observed Estimatedf/
d ittle Goose Dam 55,293 111 203 31k 0.567  0.945 =N
¥ {control) g
5 Eonneville Dam ﬁh,939 186 Lriggglie 1365 0.812 1353 W7 .0
(trensport) ' 4
Dalton Point 35,97 golel iggot iggl - T 0, BLT 1.361 62.0
(transport)
Total 136,199 ko1 572 973 -- -- Ave. kb

1/ Adjusted for initial tag loss.

g/ Based on comparison of the known recovery of fish with magnetized wire tags
8t Little Goose Dam and the subsequent recovery of these and other marked fish at
Déorshak Nationdl Hatchery upstream from Little Goose. Returning fish identified at
the dam were marked with dart and jaw tags and released to continue their migration
upstream. Numbers of externally-tagged fish erriving at Dworshak Hatchery were
Compared with the recovery of other wire-tagged fish not previously detected and
identified at Little Goose Dam.

3/ Based on obgerved return.
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can be eliminated, the percentage return shown now for both transported
and control lots of chinook could.double. We will therefore concentrate
most of our effort next year on this problem.

Data from recovery of tagged chinook and steelhead on the spawning

grounds is incomplete at this time and will be reported on later.
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SOLVED NITRCGEN IN TilE COLUMBIA AND SNAKE RIVERS

DIS
ITil OBSERVATIONS OF EFFECT ON STEELHEAD AND CHINOOK

W
Dissolved gas levels in the Columbia and Snake Rivers were again

monitored in 1973 to (l determine the effect of an expected low flow year
on nitrogen levels (2) test effects on gas saturation levels of protot&pe
3pillsray deflectors (With and without dentates), (3) assess effect of Tlow
i load control on nitrogen levelé below Bonneville Dam, and (h) compare
survival of juvenile and adult steelhead and chinook migrants under
prevailing saturation levels.

g ] ; Methods

;,uhods used for collection and analysis of nitrogen samples in 1973
were nearly identical to those reported by NMI'S in 1972 except that tailrace
staticas ﬁere discontinued at all dams except McNary and Bonneville.
Additiocnal stations in the Columbia River at Washougal and Vancouver were
cazen along with a station in the mouth of the Willamette River at Portland.
The dissolved gas data are listed in Appendix Table 1. Dissolved gas
measurements to determine the effect of the prototype spillway deflector
without dentates were made at Lower Monumental Dam. These measurements

were madé below both the deflector with dentates and the deflector without
dentates under identical conditions to.ensure direct comparison petween the
wo dcf cctors and with other data previously obtained.

Effects of nitrogen saturation levels on fish were based on techniques
Similar 4o those used in 1972. One fish holding test was conducted even
though- gas levels were low, to establish mortality rates under a control
Situation with normal gas levels. Examination of the condition of juvenile
Steelhicad and chinook arriving at Icc larbor Dam was occasionally made again

W oantablish a condltlon factor under a "control" nituation whara low cas
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saturations prevail. Survival estimates based on recapture of marked

juveniles rrom upstream locatlions were continued. These are discussed in
another section of this report.
Information on condition of mature adults was based on data from

Rapid River natchery and spawning ground surveys made by NMFS and Idaho

Fish and Gane.
Results

Nitrocen concentvratlons and effect of flow control

Concentrations of dissolved gases (Appendix Table 1) were the lowest

recorded for any spring season that dissolved gases (primarily nitrogen)

have been monitored. Concentration rarely exceeded 110% saturation except
in the tailrace of the spillways at Bonneville and McNary Dams when occasiona:

pilling did occur. The mixed value downstream, however, remalned below llO%

(&1

T

saturation. Low flow in the Columbia and Snake Rivers was,.of course, the mﬁg
factor in returning the gas levels to normal. Peak flows were less than
300,600 ¢fs in the Columbia at Bonneville and rcmained below 100,000 cfs in tg
Snake at Ice Harvor Dam.

The low flow of the Columbia enabled the Corps of Engineers to reduce
spilling at Bonneville Dam from mid-April until about mid-May, which resulted
in tailrace concentrations below 118% downstream from the spillway. The mixe
value at Washougal thus remained below 105% saturation. The low concentratic
of dissolved gases should have benefited downstream migrants as well as adult

migrating upstream. Counts of adult spring and summer chinook over John Day

o~

Dom suggecst that survival of upstrcam migrants was improved. More fish
nusced over John Day this year than lact year (72) in spite of the faet thav

lcos fich were available as cvidenced by lower counts over Bonnmeville Dan.



Bffect .of orototvre flow dellectors, with and without den—--. -

On March 29 nitrogen concentrations produced by SPLyGmras dey
with and without dentates were compared with a control spillway --
volumes-=-4,600, 9,700, and 14,900 cfs (Fig. 6). The most marzed
of gas saturation levels occurred at 4,500 cfs. In 1972,wren only
deflector with dentates was tested, maximum control of gas levels «l.
occurred at 4,600 ¢fs. The spillway defiector without dentates apr: ..
produce slightly less gas entrainment than the deflector with denta.co
2ll three discharges. Based on these oobservations (and fish surviwo.
of Tish passing throﬁgh the modified spillways) it would appear that vi.:

cdeflector without dentates would be the preferred mcdification.

YiEfecs of nitrosen supersaturation on fish

Because supersaturation of nitrogen rarely occurred in 1973, evidano:
of gas bubble disease in juveniles and adults was nil. Condition of juwin.lo:
arriving at Ice Harbor was generally better than that noted in otner jozro.

Condition of adults arriving at Little Goose Dam, Rapid River =atzacry,
and on the spawning grounds was generally excellent. A higher than norma.
incidence of kidney disease was noted, however, at Rapid River Hatcrery.
Record numbers of adult chinook arrived at Rapid River Hatchery this j
percentage return--based on number released--was about 0.39%, less than in
1971 and T72.

A live cage study was begun at Ice Harbor Dam on HMay 29 and terminatcd
on June 5. This study was done to compare morialities that occur during
periods of normal saturation with past mortality data obtained during years of

1lsh supersaturation. Three cages were used: one held at the surface, a
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volitional cage allowing the fish to sound tc 15 feet of depth, a=i

) e -

control eage held at 20 feetv. ' Twenty-three To 25 naturallymigrosiziy chinesi

o= v mia c—a

obtained from the gatewells at Ice Harbor Dam were placed in eacx cage.

av ke

Tnirteen percent mortality occurred in the surface cage after T dazys nollin;.

Similar mortalities occurred in the other cages including the coantrol {d=zn)

cage. Examination of these fish indicated that mortalities were caused by
previous injury which resulted in later infection by fungus and other

disease organisms. DNo mortality occurred as a result of gas bubble diseczse.

o futher tests were conducted because we felt increasing water tex

'
()
H

would accelerate the disease problems already noted in fish confized to the

cage.



TIMING, TRAVEL TIME, AND SURVIVAL OF JUVENILE CHINOOK
SALMON AND STEELHEAD TROUT MIGRATING IN THE SNAKE AND
COLUMBIA RIVERS

szthod

~~_—In past years our measurements of timing and survival of juvenile

chinook salmon have been based on recoveries at Ice Harbor Dam of fish

collected, marked and released at Riggins on the Salmon River. In 1973

we were able to assess only timing as sampling problems were encountered

the process of estimating survival and relative abundance. The latter

imates depend in vart on recoveries of releases made in the forebay of

Ice Haroor Dam. Returns from these releases were considerable below the

exvected rate based on sampling efficiencies obtained in previous years

during comparable water flows. We suspect that fish were stressed uanduly

at the time of handling, primarily due to overcrowding in the collector

trap. In addition, the chinook assessment problem was compounded by th

necessity of sorting out some 33,000 marked coho recovered from releases

made upstream at Lower Monumental Dam to evaluate bulkhead and flow deflector

structures. To summarize, handling facilities at Ice Harbor Dam in 1973 simg

would not permit rapid processing of Jjuvenile chinook needed for the sampling

efficiency tests. As similar problems are expected in conjunction with

additional proposed tests at Lower Monumental Dam in 1974, we plan to overcer

the fish handling aspect by closing off the orifices at Ice Harvor and

[l

ionetting the fish directly from the gatewells rather than concentrate

all “the Wish in the collector trap.

During the past season, we did, however, sample the juvenile outmigras:
o F - 3 J ) > J

sy

at Tne Dalles Dam as a part of the peaiting effects study program svonsored by

Q

or

3

3 of Zngineers., NO spilling occurred at The Dalles in 1973. Conseguent

>



trhe sampling efficiency remained between 3-5% as predicted--a recovery
adaquate to obtain measures of timing and survival to that dam. Thererore,

in 1973 we shifted our assessment of survival to encompass the reach from

3

the Salmon River to The Dalles bam rather than.only to Ice Harbor Dan. -
Using this approach, we were able to obtain a measure of survival in 1973
reiative to pre-dam survival (before John Day, Lower Monumental and Little
Goose Dams) and to compare this with survival during years of comparable
river flows in 1966 and 1967. We also were able to compare the above
results with data from 1968, the year in which John Day Dam was completed
(no turbines operating). Additional data were available from releases of
markxed fish at hatcheries and in the forebay and tailrace of Little Goose
Dam. Numbers of fish marked at Individual locations and subsequently
recovered at Little Goose, Ice Harbor, McNary and The Dalles Dam are
given in Table 11.

Assessment of steelhead migrations from the Salmon River have never
been possible due to the low captqre efficiency of this species at Riggias.
Otner detail on timing of steelhead at various dams and on population
estimates at Little Goose Dam was obtained from sampling and marking
prograrms at these sites. As with chinook, no population estimates could

be made at Ice Harbor Dam.

Timing and travel time--chinook

The 1973 outmigration of chinook from the Snake River was the latest
since sampling started at Ice Harbor Dam in 1964. Very few chinook migrants
wers collected at Ice Harbor Dam until early May; the peak of migration

occurrad on May QL. DBy contrast, during comparable low river flows in 1906-G8
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_--Number of fish marked and subsequently recovered at Little Goose,
1vor, McNary, and The Dalles Dams.

(, L.J

Nurmber recoverenq

Release- area Species No. Little Tee McNary . 'The
and stocki/ marked Goose Harbor Dalles
Rizgins (wild) ch 79,000 7,534 322 16k 1#7
Rapid River (hatch.) Ch 200,000 1k,401 129 438 525
Whitebird (wild and Ch 45,000 Sy 516 20k 197 105
hatch.)
Kooski (hatch.) 351 100,000 4505 Ta 39 6
Dworshak (hatch.) (Sthd) 158,000 17,565 1,293 * 562
Little Goose (forebay) Ch 64,000 8,862 601 689 316
& ” " (sfhd) 31,000 8,425 1,226 * 115
% Wes (tailrace) “Ch 22,000 -- 355 LLO 129
W " . (sthd) 15,000 -- 616 * Ly
Ice Harbor (forebay) Ch - 2,000 -- 1,102 145 32
o  ca 3 (sthd) 12,000 - 8L * 28
Ry (tailrace) Ch 10,000 -- da 165 Lo
o o g (stid) -- - ® 30
McNary (tailrace) Ch 31,000 s = ot 269
i > (stha) 12,000 - -- * 109
The Dalles (forebay) Ch 17,000 o ol Iy 51T
B " (Sthd) - 8,000 e e i 392

T/ A1l fish marked at locations from Little Goose Dam and downstrezm
are presumed to be a mix of hatchery and wild stocks from upriver sources.

¥ Steelhead marks not recorded at McNary Dam.




chinook migrations pcaked in late April (Tablel2). Travel time from the
Salmon River to Ice Harbor in 1973 averaged 23 days, comparable to that 1n

1570 but much slower than the 14 days measured in 1966 and 15 days in

Timing and travel time were also compared as far downstream as The
Dalles Dam in the 1966-73 period (Table 13). Migrations in 1566-67 through
three dams and reservoirs (Ice Harbor, McNary and The Dalles) were compared
with passage through four projects in 1968 (John Day Dam added) and six
projects in 1973 (Lower Monumental and Litile Coose Dams added). River
flows during the period when migration rates were measured in each of the
L years (1956, 67, 68, and 73) were generally comparable (Tebleil:). During
1966-67, fish took 24 days to travel from the Salmon River to The Dalles
compared to 32 days (8 additional days) in 1968 when John Day was added and
41 days (17 additional days)vin 1973 when two additional dams were operating.
The data substantially agree with those previously documented by Raymond
(1968 and 69); i.e.,chinook move only about one-third as fast through the
reservoirs as through free-flowing stretches of river. As would be expected,
arrival time in 1973 was correspondingly later than in the earlier years.
(June 5 wvs early and mid-May). The slower migration may have contributed
to the apparent loss or holdover of fish from the Salmon River to The

Dalles Dam in 1973, which is discussed next.

Survival--chinook

}’\
Relative ‘survival to The Dalles Dam (Table 15) of chinook released at

Whitebird on the Salmon River in 1973 was approximately 1/12th that measured

during comparable flows and sampling effort in 1966 and 67 (5% vs 60%). Only



Table 12--Average travel time to Ice Harbor Dam and dates of peak
migration of juvenile chinook salmon from the Salmon River, 1966-73.

’

Travel time Pagk of Tater flowg/ cfs)
Year (days) nmigration at peak of migration
1966 14 L/27 48,000
1967 iy 5/3 42,000
1568 16 L/26 | 37,000
19693/ - L/25 129,000
1970 i 5/13 88,000
1971 . g 5/4 188,000
1972 16 5/12 125,000
1973 23 5/21 87,000

;/ Trap on Salmon River not operated in 1969.

g/ Snake River discharge at Ice Harbor Dam.



Talin 13--Timing aand travel time of yearling chinook

balles Dams for ccmparable water years of 1966-68

— . e e B S+ B e e e

1960

Timine Trayvel tima

1967

Stiresly cferiven

Salzaw River to 4/5

14 ds= 4/15 phe -
Ice Harbor Daw 4/19 s 16 days

5/

Ic2 Havbor to 4/19 10" dave 5/1
The Dalles Dam 4/29 5/11 9 days

aing : ma Tiwineg Travel tima

from the Salmon River (Whitebird) to Ice Hacbor and The
and 1973.

1968

P S 5/18

511 V7 deos 5/18
5/17 o 6/5

1973

xkiviing o Yrgvel ting — 4° Tinide

Totel (4729) 24 days (5/11)

25 days
(Yo 1ne Dalles)

- ~ ——a e e {2 bt s

(5/17) 32 days (6/5)

Teaval

23-d

Li

ays

18 days

41 days

16056-67 Ice Harbor and McNary Daas only,
1928 John Day Dam addad,

After 1969 Lower Honuwzntal and Little Goosc Dams added.

N
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Table 15--Relative survival of yearling chinook salmon from the Salmon River
(Whitebird) to The Dalles Dam--1966-68, and 1973.

Recoveries from releases Recoveries from releases | Estimated
in Salmon River in The Dalles forebay surviva
Year
N Percentd N Percent Percert
1966 186 1.8 142 2.9 62
1967 194 2.k & 4.0 : 6C
1968 303 223 996 L.5 51
1973 105 0.2 320 3.8 05
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slizht decline in survival could be atiributed to the addition of Joza

fo

R

Day Dam in 1968 (61-51%) when no turbines were opercting at that projec
Sampling efficiency in the four years at The Dalles was comparabie (2.9-4.5%).
Recoveries at The Dalles (1.8 to 2.4%) from Whitebird releases were also
comparcble during the 1966-68 period, but dropped one order of magnitude to
0.2% in 1973.
What accounted for the apparent low survival of fingerlings in 1973°?

Scme possible hypotheses are listed below:
(1) Low river flows prevailed throughout most of the chinook outmigratiozn.
Only minimal spilling occurred at Snake River dams and none at Columbiz
dams. As a consequence most of the migration was confined to passage tarough
the powernouses and was subjected to turbine-related losses which, at times
can be significant. For example, the differential in recovery raie at ice
Harbor, McNary and The Dalles Dams of forebay and tailrace releases of
chinook at Little Goose Dam indicated that migrants passing tﬁis dem suffered

50% loss. Long (1908) showed a 30% turbine related loss at Ice Harbor Dam
in 1969, If similar losses prevailed at Lower Monumental, McNary, and John
Dey Dems and the estimated loss of 20—30% in the area from the Salmon Xiver
to Little Goose Dam is added to the total, we would arrive at a net survival
of 12% to The Dalles which is within limits of our measure@ survival (5%).
(2) The apparent low survival may not all be related to mortality. Increased
noldover (residualism) may have occurred in reservoirs due to the delaying
action of low river flows and reduced velocities in the impoundments. As

indicated previously, travel time nearly doubled over that in the 1956-38

period.
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(3) Owing to low runoff, water clarity was much higher in 1973 than in

a normal flow year. Conceivably, then, the migrants were afforded less
protection from predator fish and birds than would have occurred in years
of turbid flow. Purse seining in the Snake River during the recent summer

3

and fall has revealed a large population of squawfish is present in this
area.

Thus, a combination of the above mentioned factors might well
account for the marked reduction in the measured survival of Jjuvenile
spring chinook in 1973. Future studies currently being developed in
relation to effects of‘power peaking in the Snake and Columbia Rivers
should result in additional data that will enable a more precise determina-
ticn of losses associated with the aforementioned factors. Such information
could then be used in subsequent declsion-making processes concerning uses
and gpplications of turbine intake screens and fingerling bypass and

transportation systems.

teelhead trout

The outmigration of steelhead trout passing Ice Harbor Dam peaked on
May 24, 3 days later than the peak of the chinook outmigration. In past
years steelhead have peaked about 10 days later than ghinook. Recently,
novever, large early releases from Dworshak Hatchery ﬁé;éﬁgoved the peak
ahead. Timing and migration rate from Ice Harbor Dam to The Dalles Dam

1 . . A b1 . L] ;. - =
approximated that of chinook. As with chinook, no popﬁlatlon estimate could

e made at Ice Harbor Dam.
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SUMMARY AND CCNCLUSIONS

Mechanical operation of 9 traveling screens installed at Little Goose

Dam was satisfactory, but during certain periods, excessive descaling

of collected fish was noted.

A thorough examination of the descaling problem was not possible, but

a definite relationship between turbines load and descaling was noted.

At turbine loads less than 120 mgw, descaling was 4ppreciably reduced.

Use Qf the fine mesh traveling screen also appeared to reduce descaling.
Modification to the verticai barr;er screens (placement of solid panels
in the upper 36 feet) and installation of permanent-type lighted orifice
inserts greatly improved passage of juveniles through the orifices.
Tests to determine whether an air bubble screen would divert fingerling
salmon and steelhead from a turbine intake indicated that the device,

as installed at Little Goose Dam, was ineffective. Fish readily passed
through the bubble screen and entered the turbine intakes.

About 1,750,000 juvenile chinook and steelhead were enumerated at Little
Goose Dam during the past spring migration in conjunction with Ihe
evaluation studies. Overall, 425,000 (250,000 chinook and 175,000
uteeLneau) were transported downstream and released below Bonneville

Dam. About 253,000 chinook (111,000 controls, 142,000 trensport) and
121,000 steelhead (57,000 controls, 64,000 transport) were marked for
evaluatioh of the bypass and transportation system.

Mortality during transport was again low--less than 1 percent for chinook
about .5 percent for steelhcad. Delayed moritality (determinz by holding
after transport) was higher than last year (17.2% for chinook and 4.5%
ior steelhcad). Delayed mortality of anesthetized loads o

and chinook was sipnificantly lowar than lowdds not anethebtized. Doscallrn




from passage through the bypass system (frcm tursine insoailes

olding area) and stress incurred during the DUmMpDLAg: anz j=na i

1

ppeared to be the primary cause of the high post-release mcor-. . -

chinook.

¢ Llttle Goose Dam'wita i vl

-

cl
Lt

LDelayed mortality tests conducted a
juvenile chinook indicated that mortality of non-handled grouns

that had not been pumped or marked) was less than 1 percent aven

though 20 percent of these fisn had some measure of descaling. T:.l.
indicates that gubstantial losses may be avoided if fingerlingc wir:
not marked and gravity-fed into the transport truck rather than zuamn:.
and nmarked as we are now doing. Blood zlucose measurements (indicators

e e

of stress) from fish sampled at various points in Che bypass system znd
during various stages of handling and marking also seem ©to veriry Tnis
conclusion.

Returns of adult (1- and 2-ocean) steelhead Tfrom those released as
controls and transports in 1971 and 72 are excellent. The ratio of
transport to controls varied from about 1.7:1 from those released in
1971 to 3:1 for those released in 1972. Return ratios of adult (2-ocean)
chinook are also encouraging. The average racio of transport to control
was 1.6:1. A total of 1382 adult steelhead and 198 chinook have been
recovered at Little Goose Dam to date (November 22, 1973).
Concentrations of dissolved gases were the lowest recorded in any spring

<y
fects

h

season since dissolved gases have been monitored. Thus, adverse e
of supefsaturation on fish were nil.

Evaluation of the spillway deflectors, with and without dentates, indicated
that the spillway deflector without dentates was superior to tlat with
dentates. Survival of 'figh passing. through. the medificd spillvay without

3 v

dentates was higher tvhan the curvival recorded from fich passing throuch
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the spillway with dentates and gas entrainment appeared to be lower
below the spillway deflector without dentates.

re peak of outmigration of chinook from the Snake River occurred on Hay
21, the latest timing of dowmstream movement since sampling startedAin
196k, Travel time from the Salmon River to Ice Harbor Dam in 1973
averaged 23 days compared to 1& days in 1966 and 16 days in 1965. During
the 1966-67 period chinook from the Salmon River took 24 days to travel
to The Dalles Dam arriving in early May; in 1973, they took L1 days,
arriving in early June.

Relative survival to The Dalles Dam of chinook from the Salmon River in
1973 was 1/12th that measured during comparable river flows in 1965-88.
Possible causes include turbine losses, residualism, and predacion.

The outmigration of steelhead trout passing Ice Harbor Dam peaked on

May 24, 3 days later than the chinook.

Based on data obtained in 1973, it would appear that there is more <o
protecting downstream migrants than simple Né abatement alone. If these
data prove out, it may be more imperative to transport fingerlings during

low flow (no spill) years than during high flow (high spill and N,) years.
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Appendix Table l.--Dissclved ges saturation data for
Columbia River and tributaries, April - July 1973.
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