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THERMAL EFFECTS STUDIES ON THE IOWIIt COLUMBIA RIVER; 1968-TO0
George R. Snyder, Doncvan R. Craddock, and Ted H., Blahm

Fishery Biologlists, Bureau of Commercial Fisheries, Seattle

. INTRODUCTION .

In 1967, the Buresu of Ccmmercizl Fisheries (Prediction of Enviromment
Progras=, Biologicel Leboratory, Seattle, Waschington) initisted "on-site"
studies to assess the potential imract of rroposed thermal electric plants
on the aguatic environment of the lower -Columbia River. Initial work was
to be concerned with the limnoliogy of the study area near the sites of
two propssed plants (fig. 1) and the erlect of thermal increases on
indigenous species of fish. -

When weter temperature standards for Oregen and Vashington were submitted
to the DTepartrment of the Interior for review early in 1963, certain
discrerancies were noted between standards of the two states for interstete
wvaters of the lower Columbia River. Subsequently the Secreteary of the °
Derartrent of the Interior dirscted a study to definz the effects of water
tenpereture inereases on equatic orgeanisms In the Columbia River.
Inforzmation gained from this resesrch would be expected to form the basis
for & wiiforn set of water tenzerature standerds arplicable to interstate
vaters of the recicn. The lead egency designated for this study was the
Federal Water Pollution Control Administrziion (now Federal Water Quality
Ad=inis<traticn). The FYQA formed e al Advisory Cormittee of
industrial end rescurce protaction rec tatives to evaluate the research
needs end objectives of this study. The FWEA then enlisted the essistance
of the Atcmie Energy Commission and the Buresu of Comiercial Flsheries to
conduct rescarch reccomended by the Technicel Advisory Cormitiee. The
FWQA requested that the Burecu accelerate "on-going" studies and provided
partial funding for the research..

as
i A
N

2

Rescerch by the Bureau of Ccmmercial Fisheries was prograrmed into seven
rrejects that relate directly or indirectly to the effects of increased
toarnrerature on the aquatic biota of the Columbia River. This sumary
report covers resulis of the Iollowing precjlects:

(1) Limnological survey of the lower Columbia River

(2) Time of migration and occurrence of fish near
Prescott, Oregon

(3) Thermal tolerance of juvenile salzon and trout

(k) Thermel tolerance of non-salmonids
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Figure l.——Study erca for thermal effects research conducted by the

' Mau of Cczeercial Fisheries.
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(5) =Effect of thermal shock on Juvenile salmon and trout

(6) Effect of Np supersaturation on fish in the lower Columbia
River -

(7) Abundance, utilization by fish, and thermal tolerance of
zooplankton

The purpose of this report is to suzmarize the results of 2 years of
reseLrci. .

THE TEST FACILITY

In 1957, a floating laboratory (Snyder, Blatm, and McConnell, 1970) was
established on the Colimbia River at Prescoti, Oregon, to pursue
enviromcental studies and research on fish and othar orgenisms subjected
to thermal stress. The site was selected to exsmine the physical,
chexical, and biologicel features of the river before proposed themmal
‘electric plents are installed. In addition, "wild" and “hatchery" fish ,
could be teken directly from the river and be held and exposed to
temperzature increases in river water. ’

The laboratory was eauipred with biological and chemical laboratories as
well &5 two "wet" laboratories containing a total of forty-four 50-gallon
tanks. Quality of the river water could be monitored, end the water
could be heated or cooled for temperatwre experimenie. The lsboratory
8150 scrved &s a base for crevys employed in limnological and biological
surveys (fig. 2).

INMIRIOGICAL SURVEYS

R

The following is & sumuaticn of results from the physical, chemiceal, and
biological surveys conducted at the Frescott site throughout the study.
More ccxmplete and detsiled compilations of date are included in the
various reports cited.

Tcmpereture

Vater temperature of the lower Columbia River ranges from hichs of 24 C
during Avgust to lows cof 1.2 C during January. Diel fluctuation sapprox-
imates 1 C throughout the year (Smyder and BdeConnell, 1370). Annual
tempereture paticrns are typical of repulated rivers, i.e., graduel
inerceses and decreases that form smooth, bell-shaped distributions with
no vbrupt changes. A comparison with earlier surveys shows a general
upward trend in wster tempercture (previcusly noted by Mocre, 1968).
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Flow
E i

Average dally flow of the Columbia River at Prescott, Oregon, varied
from a low of 73,603 cubic feet ver second (c.f.s.) during August 1969,
to & high of 501,000 c.f.s. during dMay 1970 (U.S. Geological Survey,
1970). Velocity and direction of flow were constantly monitored during
the study, and negative or usstreem flow was common. A flow reversal
study, using Rhodamine-B dye as a mass water tracer, revesled that
reversals could be extensive at low river r'lows and high cceanic tides;
during a b-hour period water moved more than 3 miles upstresm. The
reversal study indicated that the effect of heated discharges from thermal
electric plants could mcre than trirle (3.5 times) during reversal as
compared to unresiricted dewnstrean flow (Clark and Snyder, 1970a).
Examinaticon of river flow and ticde records indicate that reversals are
predictable.

Chemical znalysis

Iimnologicsl data were collected at seven sanpling stations from above
the mouth of the Willsmette River to belcw Puget Island. Variables
monitored were pH, dissolved oiygen, rhosphate, silicate, calcium,
magnesium, and scdiwa. A complete and specific analysis of these
variables was made by Clark and Snyder (1970b). A comparison with
earlier surveys indicates a downward trend in dissolved oxygen levels.

Biological

Chloroplyyll a and zooplankton were sampled periodicelly at seven stations
from the Willamette River to below Puget Island. Chlorophyll a abundance
reaked in April-May and agsin in September-October. Zooplankton
ebundance pesked in Seplember, remained leow through the winter, and
slowly increased in early spring (Clark and Snyder, 1970b).

TIME OF MIGRATICH AND OCCURRENCE OF FISH

Sampling sites (fig. 3) were established sbove and below Prescott to
survey the distribution and abundance of fish in the river throughout the
Year. Fish vere captured with purse and beach seines, snd the numbers

of various spcecies in the catches were recorded. In addition, data were
taken on the occurrence of juvenile salmon and trout in relastion

to the proposed thermal plant sites. lMajor emrhasis was given to the
collection of Juvenile Pecific salmon and trout because they are particu-
larly vulnerable to temperature changes during their downstream migration
to the ocean. :
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The object of the sampling was to ascertain pericds of peak migrations
and to determine the relative abundance of &ifferent species of fish
during a2l months of the year. Such information is necessary because
temperature increases and the time of their oecurrence in the river
would be more critical to some specles than to others.

™me of mirration of Juvenile salmon and trout

Salmon and trout were taken in samples every month in 1968-69 (fig. 4),
but the pesk aburdance was in Nay. Juvenile chinook salmon (26,532 fish)
were dozinant, comrnrising 80 percent of the totzal catches (31,477 fish)
of salmon and trout (}2Connell and Suyder, 143 1970). The peak of the
chinookx outmigration ceccurred in Jure in 1968 and in May in 1969. The
peeks of ebundance of other salmon and trout were similar as shown in
figure k,

Marking experiments showed that some migrating Juvenile salmon move
glowly or remain in the lower river over long periocds. Downstream
.passage fron Bonrneville Dam to Prescott tekes 1 to 10 days, depending on
the velocity and volume of river flow. Cstch data indicate that scme
Cowlitz River fish (epring and fall chinook juveniles) remain in the
lover Coluwbia River for as leng as 6 months. Fish released from the
Cowlitz River Hatchery in September 1963 were recaptured from October
1959 throuzh Arril 1970 upstream from the confluence of the Cowlitz and
Columbia Rivers. .

Time of movement of other species of fish

Twenty~one species of fish other than salmon and trout were captured
(fig. 5). Scze species were present the entire yeer, but others were
captured in only one month. Peek abundance of more than helf of the
species was in the lay-July period. Ansdrcmous species included adult
eulachon end Juvenile American shad thet had migration peaks in February
and October respectively. .~

v

Distribution of juvenile salnsn and trout

The distribution of juvenile selmon and trout was sempled to

determine whether the fish preferred specific portions of the river in
their migrations. Preference of the fish for one side or for the middle
of the riwver would te a factor to be considered in the operation of
thermal electric planis.

Tie distributicn of the fish sempled at Prescott, Oregon, in 1968-69 is
shown in figure 3. During 1968, purse seine catches showed the fish were
diotributed relatively uniformly across the river, but in 1969 more fish
¥ere caupnt along the Washington side. Wigher flows end turbidity during
the 1968 outmigration may have influcnced the results that yvear.
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THERMAL TOLERASCE OF TISH

mhe objective or thermal tolerance experiments was to deirine the eflect
of temperature increases on tne fisk;found in the study area. The
efrects of short-term and long~term exposwre to elevated temperatures
were testel. ;

Tkernal tolerznce of juvenile szalmon and steelhead trout

Four species of salmon {chinook, chum, ¢oho, and soc:eye) and 2 species
of trout {cutti:roat and steelhead) are in the lower river. Thermal
tolerance tests were conducted on the § species of sulmon in 1968 and
155 at the Prescott laboratory. GSteelhcad trout also were tested in
1969, o

1268 tests.~-Test temperatures were established (using ambient
river temrerature as a base) above and below the 20 C (68 F) suggested
raxinum water temperature standard. Eight tests were conducted during
135€8. These preliminary tests were designed to establish the effects cf
exposure of the I'ish to elevated water temreratwres ({ig. 6) for various
periods of from 1 hour to 2 weeks. Rasults were as follows:

(1) With chinock salmon acclinated to 10 C, a 37-minute exposure
tc 26.7 C (1€.7 rise) cauced 10C% mortality; acclimated to
17 C 2131 8 C increase would result in a 59% mortality in
102 minutes.

(2) With chum salmon acclimated at 15.6 ¢, a 5C) mortality
occurred at 26.7 C; howvever, these tests did not establish
true lethal levels because of the trsnsiiory exposure
(1-hour) to the elevated temuperatures.

(3) The first mortality of juvenile coho was recorded at 26 C in
13 minutes; S0% and 10C% mortality et 26 C were 22.5 and 52
minutes respectively.

(L) Sockeye juvaniles scclimeted to 15.5 C reached a 5% mortality
at 20 C in 11,455 minutes.

1269 tests.--Eighteen tests were completed during 1509 and are
summarized in figure T. All fish were exjosed to test temperatures for
& naximum of twc weers. Hesults were as tollows:

(1) Sockeye szclmon (6 tests) reached 2 S0% mortaliiy at 22 C ard
1005 &t 24.5 C.  Nitr pen gas and discase were uajor
problens {lieCoanell and Blabm, LS 1970).
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(2) lethal levels for chinook salmon {12 tests) were at least
L C below previously published datas, with one exception
(Blalm and McConnell, 1S 197Ca; Snyder and Blahm, MS 1970a).

(3) Steelheed trout (2 tests) aprear to be the least resistant to
temperature increases--with fish acclimated to 10 and 1k C
a 50% mortality was reached at 17 € and 1CO% mortality at
22 C; nitrogen gas was high during these tests (Snyder and
Craddcck, M5 1970).

(4) Cmm salmon (2 tests) mortalities were recorded at 20 C and
above. The lethal level (2% C) was reached more rapidly then
expected (Blahm and Porente, MS 1370b); a 50% mortality of
276 minutes was recorded st 2% C at the Prescott Laboratory,
vherees, Erett (1352) indicated thet a 50% mortality was
reached with Juvenile chum salmon in 1200 minutes at 24 C.

(5) Coho salmon (4 tests) resched a 50% mortality at 22 C.
BErcessive mortality was noted in the control groups and
thought to be associated with high Np saturation in river
water. During the test De“iud, a ssmple of coho captured in
the river showad that 31% had symptcms of gas bubble disease
(Blahm and McConnell, MS 1970c).

It was concluded that: (1) water ahality (other than temperature)
ployed z critical role in these tolierance tests; (2) high “9 gas
gnturation trobably produced the nost ip rtant indirecet effect with
{mposed teapsrature increases; (3) resis ce levels were reduced in
most cases 3 to 5 C from previocusly oub 12d laboratory findings, and
in tests whare the leihal {emrera tL4e level was not reduced, time to
death was shortened, end (&) mortalities occurrsd at test temperetures
which were simller to nsturally occurrlné river water temperatures.

T

Thermel. tolerance of non-salmonids

The effects cf thermal increases were teated in 1968-69 on four species

of non-selronids: eulachon (Thale chihva roced ‘ficus), yellow perch
(Perea flovescens), threespinc ﬂthLl ock (Gesterosteus aculeatus), and
vhite sturgoon (Acitenser tronszeontanus) (T1g. 0). '

EulpcbOﬂ.--Euluchon, or Columbia River smelt, are numerous during
Dzcember thrcugh March. They constitute a2 velueble sport and commercial
fishery and are an important cart of the diet of spring chincok salmon
and sturgeon. Eulachon eggs appzar to be more tolerant than aedults to
tempereture incres es; eggs cen withstand U C increases without
appreciedle wortelity (Parente eand Ambrogetid, }MS 1970) but & 3 C increase
halis n;uu‘~*1on of adult females (Burceu of Ccormercial Fisheries,

M3 1970). A & C increase for 8 days caused 100% mortality emong adultis
testec. A S05 mortality rccurred when culacton were subjected to an
8 C irn:resse for 1 hour ( slabm ead MeConnell, NS 1970b).

,
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Yellow rerch.--Considered a predator and a competitor in the lower
Columbia River, yellow perch tested from control temperature (18 ¢)
to 34 C reacted 20, 50, end 100 percent mortality at 32 C (Blehm and
Parente, MS 1970a). :

Threesvine stickleback.,--The threespine stickleback, considered a
competitor to Juvenile salmon in the Columbia River, reached a 50%
rortality at 25 C end 100% at 30 C. They appear to be more resistant
than selmon to temperature increases (Blahm end Parente, S 1970a).

Juvenile white sturgecn.--Juvenile white sturgeon exhibited 50%
mortality at 25 C and 10C% et 29 C.

EFFICT OF THERMAL SHCCK ON JUVENILE SAIMON AND TROUT

Tests were conducted to represent the abrupt change of temperature
Juvenile salmon and steelhead trout could experience moving through a
thermal discharge. Tour to five hour flow reversals in the lower river
may compound the severity of temperature increases. Test temperatures
fron 26 to 30 C represent teaperatures that could be produced by a
conventional thermal nuclesr plant; these temperatures are 2 to 4 C
higher than the average maXimum temperature of the lower river. The
reactor plumes in the Hanford ares ere known to produce temperature
increases of 17 C (Coutant, 1959) in the Columbila River. In 22 separate
tests, 100% mortality of salmon was observed in less than 3 hovrs at 26 C.
A 50% mortality was recorded in less than 2 hours in the same tests with
the excegticn of one sockeye solmon. First death occurred in less than
2 hours in all tests at 26 C (fig. 9). The steelhead had 100% mortality
in sbout 4% hcurs.

At 29 C, the first death (in 21 tests of 20 fish each) occurred in less
than 2.5 minutes. A 50% mortelity was cbserved within 8 minutes, and
1C0% mortality occurred in a;l tests in less than 25 minutes (fig. 10)
(unyder and Blelm, ¥S 1970b). Individual variation was less evident with

Juvenile chinook salmon as: test tanpcratures increased fram 26 to 30 C
(fig. 11).

FEFFECT OF NITROGEN SATURATION
High levels of dissolved nitrogen are reached in the Columbia River from
Varch to August, the time of peek migrations of Jjuvenile salmon and

cteelhead trout. Fish supersaturated witl nitrogen have lower tolerance
for higher tempersture and suffer gas bubtle "disease" (Ebel, 1G69).
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Figure 10,--Yortality of Juvenile aanlmon and steelhead trout subjected

to 29 C frca designated control temperatures,
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nitrogen levels in laboratory and river water were comparable. An
increase in water temperature in the river results in an increase in
the percent of s saturation. When’the X¥» saturation was sbove 1109,
the temperature tolerance levels of the Tish were lower (fig. 7).

The exact saturation level that produces gas bubble disease has not
been esteblished. During April 1959, when No saturations were in the
range of 120-130+%, 13 checks were made at beach seine sites during e
3-week period to determine if river fish had symptoms of the "disease'.
A total of 172 chircok were exemined; 22 (12.7%) had symptoms. OF 373
ecoho juveniles checked, 67 (17.9%) had symptoms. In May one sample of

.eoho showed 31% had symptoms. .

Deaths that could be attributed to Np disease during thermal tolerance
tests were noted. There appesred to be no consistent percentage of
afflicticn (or death) that could be correlated with specific temperature
increases. In general, an inecreasing frequency of nitrogen disease
symptons was associated with increasing temperatures. Fish with gas
bubble symptoms were more susceptible to bacterial and fungus infections
which resulted in death.

ABUIDAICE, UTILIZATION BY FISH, AND THERMAL TOLERANCE
OF ZOOPLANKTOH

This study included three concurrent phases: (1) zooplankton abundance
in the lover river, (2) the utilization by Juvenile chinook salmon,

Yy

(3) the eflect of temperature increases on the most important zooplankter,

Zooplankton abundance was semrled on a regular basis; Daphnia was the
most abundant Cladoceran followed by Bosmina. Cyclopoids were the most
abundant ccperod folliowed by calanoids. Abundance of zooplanktcn
increased with increasing water temperature (fig. 12) (Craddock and
Parente, 1S 1970). - '

Utilization of zooplankton, as a food source, by juvenile chinook salmon
was esteblished through stcrmach sample analysise. Samples were collected
'3 - - -
during July through Cctober 1958 and March through December 1969.
Insects were the major part of the diet in spring and fell months, whereas
zooplankion were of mzjor importance from July through Octover. OCver 95%
of the zooplankicn contents of the stomachs in August-October 1968, and
June through Decexber 13569 were Darhnia; Jjuvenile chinock aprear to be
. . .—._A—-—_'._—..- .
selective for Darchnia (Craddock and Parente, MS 1970).
D

Thermal tolerance tests were conducted in the laboratory in Seattle, using

Daphnia “rom the Colimbia River (Prescott, Oregon) and from a small pond

neer Seattle. Maturing and day-old Darhnia pulex (acclimated to 15 c)
= . - ettt Ll A bl > -
had 5C% mortality in less than 2% hours and 10C% wortality in less than

48 hours at 30 C. liigher temperatures reduced survivel time, There was no

reproduction at 30 C or above. Davhnia that were nearly mature when
testing pegan had decreased reproduction as the temperature increesed,
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8 Flgure 12,--Average. number of zooplankton por cublc meter (solid line)
4 ond averege tempercturz (broken linz), Columbis River, Prescott,
Oregon, 1568.



wvhereas those thot were one dsy old vhen testing began and ratured
under t»at conditican ncreesgsd veprocduction up to the lethal
leval {abovs 27 C). A S C increass in cececlization terperature had
little errect in eplhiancing rezistanee to elevated temperatures. The
Colunbia River Dechnia swerad to b2 legs toleront to texperature
increases than tne LL_;l:n Trom Seattle. Greatest reproductlcn was
generally nsar the acelimation tempersture (Creddock, MS 197C).
Thermal shock tests (zcellnet - T e of 15 C) showed that a
15-ninute exposure to teggeratures of 30 C or lesz peemed to have little
efrect on the survival of D lex, A 30-zinute exposure of Daphnle
acclimatad a3 22-23 C ceunzad a 1004 mortality in less than 30 minutas
at 35 C, endyliesa than 2 dsys at 3b C.
"
sriments vith individuel Devhnis showed temperature (1) had & definite
i pT

e a el

effzet cn Time to first brood, {ﬁfjp acticelily elinmineted rosproduction
at 30 C aud above, znd (3) deC'f =& the liJe spen es temperstures
increased abvout 21 C (flga. 13 and 14},

, and Robert J. MeCeoanell, MS, 1970z, Effect of increassd
ratures on the umﬂ"‘val of spring and fell chinook salmon,

C mohu nerrvinehn) in he lover Columbia River. Bur. Commer,
Fizh., £iol. Lab., teattls, Wash. 12 p., ¥ figs. (Processed.)

M3. 197C0b, Mortelity of adult sulschon (Thnleichthve wacifizus)
subjJected to sudden Lncrons in wat Ceat

cer tegperature, Dur, Coeamsr.
- Fich., Biol. Lab,, Seattle, Wzsh. 11 p. {(Proczased.)

:X-.u’

M3, 197Cc., Survival of juvenils ccho szlmon exposed to esudden water
teapereture incrooses, Bur, Cemmer, Figh,, Bicl. Lad,, Seattle,
Vesh., 11 p. (Processed.) .

=, M5, 1970s. The effect of
the survival of sdult threeapine

i5) aad Juvenile yellow perch (Perca
Commer. Fish., Blol, Leb.,

f‘z"ascens)
’ ULE‘.utle 5 Ha.lho

©
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MS, 197C0b. Survival of Juvenile chun zazlmeon exposed to elevated
temperstures in Columbla River water. 3Bur. Commer, Fish., Biol. Lab.,
Seattle, Wash, 11 p. (Processed.)

. 1952. Tempersture tolersnce in young Pscific salmon, genus
hus. J. Fish, Res. 3d. Can., 9{(b}: 255-323,

Brett, J. R
Onyorh* e

Burcau of Ccumercial Filsheries, 1569. he effect of water temperature
incresse on spavwning of Coluzbia Biver smelt. (Working peper),

Bur, Comzer, Fish,., Blol. Leb., Seattle, Wash., 23 p. (Procesced.)
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Filgure 13.--Number of progeny of Daphnia pulex at various water temperatures.
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