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ABSTRACT

Tests have been conducted at the Prescott Fleld Facility of the
Netional Marine Fisheries Service (IMFS) to determine effects of dissolved

-

gas supersaturation on the survival of fish indigenous to the Columbia
end Sanake Rivers. o

Bicassay tests have provided information necessary to rank several
specieé of fish by tolerance to gas supersaturation. Increased swim—dépth
enhances survivel; therefore, the depth distribution of fish ih the river
was examined to accurétely estimate fish‘mortality. A sonic détection
array was developed and has been used to determine the swim-depth patterns
of migrating juvenile salmonids.A

Tesfs conducted to determine if fish can detect and avoid gas super-
saturated conditions indicated species variation in salmonid stocks.

Exposurs of selecued species of fish to gas supersaturated and equil~
ioratzd water on an intermitient time basis indicated all species had

beitver survivel than those exposed to constant high saturation conditions.

et

Various physiological tests were condtected to determine effects of
gas supersaturation on: 1) stamina, which was adversely affected, and
2) oxygen consunmption, which increased under high gas concentrations,

indicating siress.




INTRODUCTION

In 1965, the Bureau of Commercial Fisheries (now Haﬁion&l karine
Fisneries Service, NMFS) initiatéd a monitoriﬁgvprogram for disséived
nitrogen gas (Npj in the” Columbiz and Snake Rivers to determine sea~
scnal verisations ixn concentraxiqés.(Beiningen'et al., 1971). Nitrogen .
gz3 levels as hig; &s lh5% were. noted (Beiningen and Ebel, 19705. Ebel

1969 and 1971) publiéhedVobservations of the general effects of nitrogen
supersaturation on salmonids in the Columbia Basin. Specific tests, how-
ever, haveAbeen,conducte& on'the‘effect of nitrogen saturation on wvarious
individual srtecies ol juvenile salmonids (Ebél et al., 1971; Snycder and
Craddock, 1972; Biahm et al., 1972). In 1972, a base of information was
needed to establish regulatofy ériteria for survival‘of.fish that were

& to seasonal variations of dissolved gases.

(o3
1
[
13
1]
o
o4
[ &%?
(]
2]
'3
43

in 1§73 <he Corps of Engineers, Bonneville Power Administration, and
Burezu of Recleazation provided funds (to the National Marine Fisheries
Service) for research on effects of supersaturétion of dissolved gases.
Tnis repbrt surmarizes the results of field studles done at the Prescott
Pacility (Snyder et al., 1970) {(Pigure 1) of the Environmental Conservation

Division, Northwest Fisheries Center, Seattle, Washington.
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BICASSAYS

Two types of dissolved gas bioaséays-wereA&one at the Prescott
Facility: (1) a series using deep (2.5 n) and shallow (1 m)
supolied with ambient Columbia River water'(unaitered except for gas
lidreted coatrols) and (2) tests in 175 liter tanks (0.35 = water

wY Lera 4o o o - s ¢ os s '
depia, witk nitrogen ges levels that were artificielly created at 130,

3
Deep exnd Sihallow Tanx Studies-Prevailing River Conditions
Tre osjective ol these tests was to determine if fish survival
increased if the option to soﬁnd was proVided by use of deep test tanks.
Summarizaed in Tabls 2 are the: (l) nuﬁberg;éize and Qﬁecies of test fish
(2) number of days held during test and (3) ranges and average nitrogen
levels. Also included in Table 1 is the percent.mortaiity that occurred
in the <tenks. The Xp levels as indicated were the namurally pre&ailing
Columbie River levels during the tests; The shallow control tank was
suppiied wiih air'equilibr"ted Columbia River water. With the exception
of Np, ell parameters rexzzined within safe blological ranges throughout
. . » .
Survivel was betiter in the deep tanks (Table 2). This is what one
would expect xnowing that as hydrostatic pressure'increaSes (with water
depth) the percent of nitrogen supersaturation decreases. In these tests
. . i
rappie and squawlfish were the most tolerant while smelt were the least
tolerant (scientific names of test fish are iisted in Appéndix Table 1).
Tals ranking may'have been affected by the difference in behavior of test

animals; squawfish itended to reside on the botitom of the test tank compared

2o mid-depth distributions by other species.
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Table 1 -~ Summary of {he mumbers of test fish for each species and the percentage of mortalily
that occwrred in the three fLonks (2 each 1 m deep and a 2,5 m deep lank) uscd Lfor

biocassays at the Prescoll Foellity. Included in the Lable is the nmuanher of days the
fish werce held and Lhe l, sabuvations.

: TEST TANK WATER DEPLI PERCENT Nop
Average
Rumber Length of (Equil) : Days Range
Species of Fish Fish wm 1n 1l m 2.5 m Tish leld During Tést Avg.
‘ | | Percent Mér%aiity.
Cﬁtthroaﬁ Y 50 252 10 - 60 hb 59 - 119 - 136 12h
Cutthroat 50 250 8 o 27 “g 112 ~ 130 120
Steclhead 80 o 10 80 6. 55 112 - 129 120
Chinook 95 T2 | 0 80 1 55 112 - 129 120
’Crappie" : 50' : 214 ,; o ',2 oji 0 0. A: 20 . 117 - 123 120
Squavfish | 20 367 g | 0 0 o 35 115 ~ 12h 120
Suckers. | 58 i 65 »;15', .;33;‘ 2 46 116
CSmelt 75 ;j. ’ 181 ‘{ 30 - 100 Lo 12 119 - 122 121

)

1/ Scientific names of fish utilized in tests are listed in Appendix Table 1.



zxeept Tor smell, salmonids were the least tolerant of the species

vested. Cutihroat trout were slightly more tolerant than either chinoox

or stee*“e G. These general conclusions apzly only to tne Ny levels as

‘Shallow Tanxs - Iu& uced SaserSaturaulon

V - : s !
Tests were conducted in 175 liter tanks to provide biological infon-
mation on the effect of specific and constart levels of dissolved gas on
ish survival. .Grou@s oyil from 5.t0 20 fish were held in separate tanks at

130, 120, 110 and 100% gitrogen:(Ng) saturation; tests continued for 192
nours during which time mortality ﬁas recorded. Water quaiity paramete}s
remgined in exceptiable biological raﬁges with the exception of Né. The
oime { s) to 507 mox a;Lty at 130 120, axd liQ% ¥p saturation is suumar-
izeé in table 2 for indicated species and size; ‘Mortality did not occur in
the coatrol tanks containing equilibrated (100% saturation) water.

Zess and crappie were the most uoleranu of the species tested while
smelt were least tolerant. Rainbow trout were the most tolerant of the
saimonid species while steelhead were the least tolerant at the 130% level.

The 50§ wortality level Tor salmonids exclad;ng rainbow trout, appears to

be grouped around 24 hours exposure waen tested at 130% N, saturation.
. x

DETECTION AND AVOIDAXCE

. P
Tests were designed to determine if juvenile salmonids would respond

laterally to a choice of supersaturated and equilibrated nitrogen levels.
Information of this nature would indicate if fish could detect, and atitempt

to avoid, areas in the river where gas supersaturation prevailled.
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Table 2 -- Time (in hours) to 50% mortality for groups of fish held at 130, 120, 110, and 100%
N, saturation for 192 hours (species ranked in order of tolerance at lhe 130%4 level).

Average ) PERCENT No SATURATION

: Fish Length » v v
Species - wum : 130 120 110 100

Hours to 50% Mortality

Crappie 66 (20)1/ 192.0 (1)2/ * % %
Crappie V 222 » 55.0 % % %
Largemouth bass 68 220.0 (2) * * %
Largemouth bass T2 102.0 * * %
Largemouth bass , 12 93.5 # * *
Rainbow , 63 N 70.5 (3) 192.0 % ¥
Rainbow - (O 47.0 1.5 * *
Rainbow - : : 61 . 31.0 : % * %
Chinook - S 100 - 6h.0 () * * *
Chinook .~ 3 w2 - 24,0 % * %
Coho o . - 19 f - 26.0 (5) 59.0 * *
Coho o " - 82 - 22.0 . © 118.0 %* %
Cutthroat » : .99 24,0 119.0 % *
Waitefish . 218 - 23.0 50.0 * %
Vnitefisn =~ 243 23.5 (1) . 95.5 % %
Whitefish = . . 228 ¢ . 21.5 . 69.5 * %
Steelhead :. T ) D 6.0 (8) - T2.0 * *
Steelhead - i R = R 16.0 N/T 3/ N/T N/T

» * *

Smelt T 165 .. . 5.5 (9) 30.0

% = No 50% mortality o

1/ 20% mortality in 192.0 hours ' -
2/ Number in parenthesis ranking of tolerance
3/ NT - No Test



Two homogeneous groups of juyenilersélmonids were introduéed into &
Test tenx proyiding whenm achoiéeof bhannels'carrying either super-
saturaved waver (130% Np) or gas equilibrated water (100% No saturated).
Replicete tests were conducted, by switching the "high" No and "low" No
charnels. A twenty fish sample of steelnead trout (avg. 137 mm) or chinook
salmon (avg. llOimﬁ) WasApéeé for each test.
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st with steelhead, 50% died in 42.5 hours; in the
replicates test a 50% mortality was reached in L3 hours. Survivors. from

- “

poth tests rad external gas bubble diséase symptoms.
chinook and only 107 showed external Np symptoms.

Test results indicate that juvenile steelhead did not avoid the high
gas concentration while fzll chinook salmon did. Results from other ex-
posure tests show juvenile steelhead to be less tolerant to dissolved

nitrogen than chinook. - These tests indicate the possibility of speciles
variatics in lateral response to nitrogen; however, additional tests should

be done to ccafirm txhis conclusion. .

INTERMITTENT EXPOSURE

As Tiow conditions change at hydroelectric ,projects on the Columbia
and Snake Rivers the dissolved gas content varies in relation to the volume
of water spilled. Information was needed to determine if daily changes in
<
dissolved gas content affects the survival of indigenous fishes. If signi-

ficant changes in survival were apparent then coordination of water flows

the river could be accomplished to either increase or decrease fluctu-

o)
8]

stion of spill volume for the desired effect i.e., protection of aquatic

resourcees.,
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Tesus were conducted to assess the efect of intermittent! 1y expcsing

-

then equilibrated levels (100%) of

}. The ternating cyclie was continued for

{ne resulis o the intermiititent exposure tests are summarized in
teble 3; included is the tire (in hours) to 50% mortality when test fish

s -

were exzcsad to 130% or 1205 N, for 24, 16, and 8 hours. Tests at 110%

are notv inc uded as vhe zorvality 1evel was not general y reached; however,

some forial uring tests with bass and whitefish. At the 130%
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level steelhead.and whitefish, exposed on the intermititent time bvase, did
not recelve signilicant Tenelits when returned to equilibrated water.
At the levels tested, and the time frame used, intermittent exposure

to sunersauuraued and eguil arated water enhanced I’Sh survi ival over that

P

recordsd for & ccnstant (25 nour) exposure to the supersaturated condition.

Eowever, 23 is dowstdul irnet a time frame of intermittent spill at lower

-

Snake River Sams coull s creeted that would alter the gas saturation levels

by

to the extsnt thael woulld provide a Gramatic increase in fish survival. The
*

possibility of effective interwittent spilling might exist at other dams,

ith a larger storege to power output ravios, such as Libby or Brownlee.

VERTICAL DISTRIBUTION OF FISH BY USING DEPTH SOUNDING GEAR <

In 1972 a Beamar —/ depth sounder was modified to determine the depth

distridvution of juvenile salmonids in a 3 m laboratory test tank. A

vrinter/counter system in conjunction with electronic gates provided a

eadout of number of fisha in ezch 0.6 m interval of water in the 2.5 m tank.

La]
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Flgure 2 «-Nltrogen percen saturation and time base used for intermittent exposure tests. Test
g£roups were. 1nterm1ttently exposed to either 130, 120 or 110% Né for either 8 or 16 hrs
then returned to 100% N, {equilibrated) for the remainder of each 24 hr period. Comparison
groups were exposed continually to the supersaturated condition until 50% mortality
occurred or until test termination. at 192 hvs. Conurol groups were held throughdut the
test parlod in 100% N, water. '
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Table 3 ~-

192 hour E}’Ll,(‘liieltlt il expocuro
salurated condition

Time in hours to 50% mortality for Juvenile salwonids and non--
130 and 120% N,

solmoids sulijected to

satucallon for either 2h, 16, or 8 hours of cach 2h hour cycle during
The fish were allornulely exposced

~Average length

test.

130

Numboyr
fish were subjected to

and cguilibrated wuter.

PERCERN'T

of hours duri

No» SAPURATION

to the supoer-

120

ng cach 2 hour cycle
supersaturation

E: J—
53

= No 50% mortality

of fish
Test Species mm 24 - 16 8 2l 1.6 8
, Time in hours to 50% mortality
White crappie 66 . 5 * * — * *
Largemouth bass T2 93.5 % * * * *
Largemouth bass = 102.0 * * ® % %
Chinook ' 1.00 6h.0 ' % * *® % %
Chinook - 103 24h.0 120.0 * % % *
Rainbow trout O TT h7.0 69.5 * 1h1.s »* *
Rainbow trout 61 31.0 # % * % %
‘Coho 79 26.0 46.0 102.0 59.0 * *
Ccho 82 22.0 * * % 9h.0 %
Cutthroat trout .99 24,0 72.0 103.0 *x * *
Whitefish 2&3 23.5 23,5 * 95.5 * %
Whitefish 228 21.5 21.5 99.0 69.5 145.5 181.5
Steelhcad 12k 16.0 16.0 % 72.0 %* o ®



"

o JER T S T Er) Ea4 F-X ey e
0 TAE Welv vanK, WiIva the Ca&DLAVEe 11384, LWO Transducers were LSQQ, one

urlace and one on the botiom. After examining tapes of several
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we determined ihat the fish were ge“ rally below the nidiine,
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{1.25 m water depth) this would ve“e“a*lj ennance their survival from that

The next logical step was to Test This equipment in the river. The

o Trensiucer grrangenent was modified to & lu transducer array waere all

ot
%]
w
13
(0]
£
I
0
o
3]
w
5
[
5]
(s 8

e positioned (Figure 3) on the bottom of the river (array
has now been modified to & 20 transdtcer unit). This configuration has

been used at two locations near Prescott Tor a total of 75 hours during
dey and nig‘t. i é L sumerizes the results; of 776 fish detected,
proximately 727 were locaued beaween .9 and 2. l n (3 ana 7 feet). Mb%e‘
fish were detecied during darkness then éayllént.. Although species could
not be differentiaied by the sounder‘a minimum seine effort (2 sets) at
the beéches heﬁ%eé 37 *uvenlle chinoock, 21 crappie, 17 perch, 16 sticklg—
‘oack G flounder, 2 peszmouih chun an& & whitefish. This indiéates that the
"sounder" results can be approximately guantifi ied for species coumposition
with 2 zinimum beach seining effort. We feel this method of determining
verticel Tish distributiion &ill prove fruitful (studies are continuing at

Prascott during 1676) and eliminate some problems associated with gill

e e o ®
neveing.

PHYSIOLOGICAL EFFECTS . - , o

Pish Stenina

P_[J

ifty juvernile chinook (avg. 103 mm) were timed swimming against a

water velocity of L45.7 em/sec (1.5 fps) in gas supersaturated (128 +o
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Water Was less than that recorded for the control (eguilibrated Np) grouz.
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An aversge swimnming time of 17 minutes was measured at superssturated RQ

& T e ymee oy ~ e et A Minn mamia™ o 4w ES ey ke B Y $
S0G 2,4 LLALUTes av efulilgraved Na. | UAg resuwts Andiceve taav ilsa stanin

thet fish Cild nov coperete efficiently irn an eavironment which was super-

-
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»

zses, coasequently, the ability of fish to

le

.

feed, resproduce, and escape preditors would be adversely aflected.

Oxy en Consweptlon

Cxrgen conswuption of Tish is used by many investigaiors as an index
of stress. We used this parameter to indicate the indirect (sublethal)
effects of nitrogen su‘ers;u* ration on juveanile salmonids.’

- -

A Zlow through respircmeter (Figure 6) was attached to constant head

-

resarvicrs walch conteined alr egquilibrated and gas supersaturated Col amoia

09
¥

were maintained in & darkened cover and manipula-
sion of supersaturatsd water waes done by rexoie valving so as to eliminate
k4
Trree species of uvenile salmonids were tested: (1) coho salmon

{2) chinock salmon end (3) cutthroat trout. A brief summary of one test

L. Oxygern consumption ol eight cono salmon {(evg. 12.5 g and 97 mx)

in equilivrazed waver (103% Ng) averaged 0.121 cc of oxygen per gram of
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ver nour (Op/z/nr) ard varied very little over

VWaen tois same group of fisnh were sudbjected <o 123% Jo saturated watler
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The Oxylen consumpiion increased and averaged 0.181 cco/g/ur. over the next -
87 hours. AL the end o inlis period Oy consuzpiicn decreased <o 0.120
cel/gfie. end one fish died) the remaining seven had external zas bubble
llsease sizns.

2. Two grouns of 10 each, juvenile chincok (avg. 56 g and 79 mm)
were wested simulteneously; one in eguilibrated water (control group),
the otner in Np superseturated water. Oxygen consuuption of the control
group casnged litzle and everaged 0.181 ce/g/ar. during 230 hoﬁrs cf ex-
sosure; Lo mortalisy occurred. Fifté?percent mortality oceurred within
50 nours I1a the test grovn w-¢ca was held in supersaturated water (127%
Ng). Zead Tish were removeld and consunmption calculations wefe adjusted
accordingly. Consumption reached a high of 0.276 cc/g/hr;

3. Following Is e brief table showing time 2 consumption and
vercent N, saturaticn for a group of 10 juvenile cutthroat trout (avg.

oo

Chodode At

12.5 g

\\_ v.- Colo:

2

97 mm) tested

R

02 Consumn ion

ce/gram/hour

in a menner similar to that used during

N2 Saturation

Percent

the tests

0553 -0.1k9 109

1383 0.1k2 108

1315 Inizieved supersavuration with nitrogen gas

1:00 0.310 " 133

1500 0.112 1ko

16¢0 0.076 152

1900 (Mortality occurred) 0.06L 150

In all tests 02 consuxption increeased subsequent to supersaturated
water being introduced into the chambers; then declined until death oce
Tre deal Tish exalbited .suffication sympioms end blood vessels supplying
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