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. production of these facilities in 1970 resulted in the,

INTRODUCTION

One of the most valued salmonids inhabiting the waters of the

J':Pacific Northwest is the steelhead tront (Salmo gairdneri)- Held in

g the highest regard by the sports fishermen, the steelhead is perhaps

" one of the most ‘avidly sough£ fish of the area. Over the years, however,
“:;fi‘thelnumbers of steelhead occurring in the rivers of the northvest have

~;¥ nd fo be augmented by hatchery reared fish. The construction of
}i;fhydroelectrlc dams on the Snake'and Columbia Rivers have severly

|';hampere§ the natural spawning of the species. Each dam that was installed

:ﬁt:oreated vest reservoirs of slow moving waters which inundated the gravel
Jaébeds requifed by the fish for spawning. The reduction in spawning sites:
.f!jresulted,in reduced.nuﬁbera of native steelhead. A aecon&, but no less
";fimportant result of the dams has caused further serious loss of steelhead
;;fiand other.épecies."This second loss is due to gas supersaturated water
"' - created by entnainment of air as water passes over dam spillways. This '’

" ocecurs in the sprlng and early summer when the steelhead are mmgratlng

downstream and large numbers of fish are lost t0 gas bubble disease

. (Boel, 1970).

To counterbalance the loss of these flsh the states of Washlngton

" and Oregon have gone to cxtensive hatchery rearing- of flsh which are

" then relessed in the rivers. Weshington State has fourteen hatcheries’

and ten semi-natural vearing ponds used in steelhead production. The’

Irelease of

ii:5-3 million steelhead (Ayerst, 1971). The smolt-sized steelhead are
" released at multiple sites along the Columbia River in April and May

. each year.“'The spize of the fish at release time is approximately ten
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7ish per pound. Until recently, two years were required to raise
steelhead to this size. Advancements in artificial diets have reduced ' .
rearing time to one year.

With the release stocks of fish originating from twenty-four

} .. different sites spread out over the state it is obvious that a complexity-

.| of thermal histdries is represented. Water supply for these hatcheries '

and ponds is teken from a variety of rivers, streams, and wells. The -

' range in rearing temperatures can be considerable. . In some cases fish

; " are incubated in a hatchery and then the fry are moved to one of the.

semi-natural rearing ponds for a period of time prior to release. The

“i point here is thax'stocks from different hatcheries can represent different

'v:~long term thermal histories. ,Preiious thermal experience'is vastly -

important to the ability of a fish to cbpe with thermal stress (Brett,

{ ,1952; Hart, 1947, Morris, 1962)." If fish 'stocks should meet, a thermal

B challenge as they pass downstream, e.g., a.nuclear reactor outfall,

thermal history may pléy an important role in their survival. Steelhead -
stocks from a hatchery with water slightly warmer ihan a second hatchery
nay be significantly;more resistant to'high température stress. it is
the purpbse‘of this study to evaluate the effect‘of'lbng term thermal
@istory on the resistance of steelhead trout to thermal stress.:
MATERTALS AND METHODS :

The Steelhead trout used ip this exﬁegiment were two years old at
the time the thermal iests were performed. The: stocks were obtained:froml
the Naches, Washington hatchery as fry in Spring 1969.: They ﬁefe

transported to the Pacific Northwest Laboratory at Richland, Washington

ff‘ where they were divided into four equal groups.. The young fish were

reared with one'of the four groups at each of the following tempera-

‘tures: ambient Columbia River temperatwre, 1.7° C, 2.2° C, and
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2.6° C above the ambient river temperature. These thermal increments

were accurately maintained over the seasonal fluctuations of the river

" water temperature. The methods used in handling,‘incdbation,.and

- maintenance were all according to normal hatchery operation routines.

" After maintenance for two years on the deécribed thermal regime the

... fish were prepared for thermal tolerance testing according to thé‘plan

:}Z.displayed in Figure 1. A total of two hundred and férty fish, sixty

';from each temperatufe class, were needed for the complete test series.
“fﬁuTo aid‘in identifying the temperature class of a fish all fish were
f giveh an identifying hark. 'The fish were first‘aﬁesthetized with methyl 

- pentynol and then marked by the cold branding technique. The location

of the brand indicated the temperature class of the fish, e;g., fish
from class 1 (ambient river temperature) were branded on the right

side, between the head and dorsal fin, above the lateral line; class 2

. (river temperature plus 1.7°.C) right side, below dorsal fin and above

. the latersal line;‘etc. Following the branding, one week was allowed the

" fish for recovery and to assure that the brand had become clearly

- Avisiblef At the end of the week the fish were anesthetized agaih and,

. carefully weighed. Then each temperature class was divided in half};

each half composed of equal body weight distridbution. One half of each

'[ témperature class was returned to the original holding tanks to await

commenqement of the thermal tolerance tests while the_second half of .

each class was placed in a common acclimation‘tank. Tpe water in tﬁe

acelimation tank at the time the fish were introduced was slightly ebove '

i - ‘river temperature and over a five day period was raised to 12° C. Once

o

this ‘temperature was reached the fish were held there for three weeks;

i
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after which these fish were subjJected to thermal tolerance tests.j In

the remainder of this paper the fish used in the first set of ﬁests'aré

_referred to as Group I, while those fish acclimated to 12° C prior to thé,wi-

~tests are referred to as Group II.

The thermal tolerance tests were conducted in a fiberglass trough i"'

measuring ‘4' x 15" x 15"; filled to a depth of 12", To obtain the

:1 desired water temperature for the various tolerance tests, heated and

'}f‘chilled.water were suppligd at constant pressure to a mixing valve. This .

”1f;vglve ailcwed the investigator‘to accurately select the water temperature

i 'required. Once set, the mixing valve would hold that temperature for
7f” several hours without requiring adjustment. Normally the test

.. tempersature fluctuations were held within + 0.1° C. Before the water

'ﬂ';eptered the test trough it ,was passed over a bubble tray which thoroughly}

;  frothed the tempered water and assured that it was air equilibrated. -
'-The flow rate of the water through the test trough was set at 8 gallons.

"per minute., Thus a total exchange of the water in the trougﬁ occﬁred

“every h{7 minutes. To eliminate thermal stratificétion the water in the .

trough was thoroughly mixed.
The thermal tolerance of the fish from Groups I and Il were tested

©.'in the same menner, i.e., by recording the time until loss of equilibrium

‘and the time until death at three lethally high water temperatures.’ The -

. lethal temperatures used were 25, 27, and 29° ¢, Loss of equilibrium is

.”, here defined as that point at which the fish could not, coordinate its

movements sufficiently to remain upright. The time of death was defined .

" ‘as the cessation of observeble movement of the operculum, mouth, or finsﬁ -

N At this point each. fish was gently proded in the peduncle area and was‘

wsaatf i



considered dead if there was no response. in all tests the events
n:‘were timed on an electric elapsed time clock and read to the neamst“
:Etenth of alminute. |
| The tests were conducted in blocks, i.e., four fish, one from each:;‘
}f_temperature claes‘were tested at one time:; This was done to reduce
: ;irregularities between the testing of the four different temperature
"¥ ciasses;3 As‘fouf fish were selected for a test block care. was taken

'ilvw'to chose fish-of the same size.  After the last. flsh in .each block dled

wlfﬂi;the four flsh were welghed and measured.

!
r RESULTS

The temperature of the incoming water to the laboratory for the -

-:i month previous to the commencement of the tests averaged L.0° C'with

»:fiﬁ'a minimum temperature of 2.T7° C and a maximum of 6.0° C. These

‘ temperatures were recorded between mid-December and mid~-January; a time: -

" of the year when the Colnmbia River»temperatureeeare-nearing their
seasonal:minimum. | |
'The mean postmortum weights of all the fish testes in both
Groups I and II appear in Table 1, along with the standard error ef the
?'.means.: The weights are stated in grams and each mean represents 10 fish.
The'total weight range for Greup I was U8 grams to 612‘grams{ Group II-
' fish ranged from 61 grams to 796 grams. Analysis of yarience was -
" performed fon the twelve combinations of test temperatures and rearing
1 temperatures in both Groups I and. II and no significenﬁ differences.were
‘found.' The‘mean welght of all fish in.Group I was 300 + Ll grams..and ,
the Group II mean was 319 + 49 grems. No significent difference was.

'lf‘demonstrdble here.

B T R R L R Rttt S B actad

s g - v ¥ ahadd

R i s A ahdmatin B e b o e “3!.':!?‘;“'»’9%‘“7;‘7‘7!?‘!‘r“*—"" e mm o s es m G mms e e grh e ST 3 Tp R s S pmesorewers= o
H
N

h

e



e . . g U
VRIS N NN VI SN AP TP T A

The geometric mean times to loss of equilibrium and the 95% confidence
limits afe presented in Table 2. The table showé-tﬁe results for all
tolerénce testé performed. To test for sigﬁifiéant differences between,
the ﬁhermal resistance of the four rearing temperature classes the
i: Dunéan Multiple Range Test was applied. In thé table the result of -

- thié.teét appears as & letter for each test‘coﬁbinamiﬁn.‘ Of the. four
meens corresponding to one test temperature withih a éfoup, those means
with commion letters are not significantly different. In only one series..
of testg, those at 25° C was there a signifiéant difference within yhe

‘series. Those fish reared at river temperature plus 2.6° C showed

‘. significantly‘longer times to loss of equilibrium. The data. seen in Table. .

‘:2 are presentedfin gréphical form in Figure,2. The general lack of
tsignificant differences is more readily apparept when graphed out in
ithis manner; &s is‘the one significant point. While no significant
'difference; were found before aqclimation, the figure does reveal that
Athé range in thermal resistance was. considerably nafrowed by therﬁal”
acclimation;'

Table 3 contains the data for the geometric mean times to déath.»
: for all fish in the experiment. Eéch mean repreéents ten fishf As |

- before, the Duncan Multiple Range test was applied. In Group. I

"' there are a series of significant'differences.. At test temperatures -

of 25 and 29° C those fish reared at river tempersture plus 2.2 and 2.6° C

survived longer than those maintained at river temperature and at river
. ‘temperature plué 1.7°<C. Basically the same result was found at the
lethal temperature 27° C-but the differences were not quite so obvious.

There appears to be a graduated geries of death times, _



[T

T LI PRI TR S CE P e o e

. which are weight related. Fry ct al (1946) indicated a relationship

between fish size and their sensilivity to thermal stress. ' It was.

Group II geometric mean death times show no significant differences.

Within each test temperature series'each‘xearing group. falls within the .

same Duncan category.

The data presented ;n,Table 3 has been treated graphically iﬂ Figure .3. .
Again, the result of 12° C'acclimatioh is cieaf,. The differencés'in. '
thermal tolerance.dﬁe fo rearing temperature are remdvéd;

An sttempt was made to determine the relationship'of fish weight to

:‘.the timé to thermal death and the relationship of:timelto loss ‘of equilibrium
‘ii~and to éhermal death. The.calculated correlation éoefficients appear in
‘:{:Table h;. Inspectibn of the table reveals that the only significant

;;: correlation between fish weight and time to thermal death is found at the
<§-ihigh.test temperature, 29.0° C. This reiationship is found in all foﬁr
:j}”temperature classes in both Groups I ﬁnd IIi In fegérd_tb the relationship -
giff of time té loss of equilibrium and time to death the results are less |
clear. No significant correlation was found at thé highest test temperature,'
‘;:.f25°'C. A very strong positive -correlation was found at this temperature

- in Group II.

DISCUSSION

One of the characteristics of fish growth is the striking disparity"

.in the size of individuals of the same. age. As the fish increase_in age -

the variance in the size frequency dlstribution increases'(Brown, 19ﬁ6,'

'1 1951). The two year old steelhead used in this study demonstrated this

size depensation. Their body size ranged from L8 to 612 grams in Group I’

und. from 61 to 796 grams in Group II. A‘large size range presents a

problem to the investigator when‘dealing with physiological processes .




~ successful.

Aactually occurs shortly after the actual point of equilibrium loss. *-

i+ death timca, as seen in Table 3 and Figure 3. Although the fish had

important therefore thet in this investigation-care be takén to select

fish for test blocks according to their size. If this had not been the.
case possible biasing of the results may have occurréd. The results
presented in Taeble 1 show that for each.combinaﬁion of rearing temperaturé f
and test tempersture, for boths Grbupé I and Ii'these efforts were .
The geometric meaﬁ times to loss of.equiiibrium for Grouwp I fish, .

l.e., fish'tested directly from the four rearing temperature classes, were - ‘

"ghown in Table 2. No significant differences were demonstrable in these

means and thus it would appear that the thermal histories played no role

" -in this portion of the thermal tolerance of the steelhead. Inspection of .

1

Figure 2, however, reveals there was a change that occured in the geometric

mean times following acclimation to 12° C. It is the opinion of the

. author that the explanation for the lack of significant differences in .the

e Groups I means is the result of the unclear nature of the actual point .

of loss of equilibrium and the variebllity in the individual response’

of the fish. These two factors introduce variebility into the data

and makes any demonstration of differences difficult at these slight‘ 
differences in thermal history.

The time of equilibrium loss was noted when the fish become

"'.inverted and was powerless to right itself. ‘The time of "roll-over"

Since equilibrium loss 1s not an instantaneous occurance and can only'be noted
' H

- after the fact a more precise measure of equilibrium loss is nee&ed if it

. is to be used in thermal tolerance tests.

The effect of thermal history did become epperent in the thermal

i



veeu experiencing the normal temperature fluctuations that occur in
natural waters the average temperatures for the four thermal’classes
'remained bn.fhé fhermal regime described above. The day to day
‘hluctuations-of water'ﬁemperature are very slight and offér the fish

“.no chellenge; early data of Brett (19LY) indicates that fish can make
f‘»acclimatgry changes at the rate.of 1° C per day.. Although the differences
in thermal history were sliéht, as they might be for fish from different

ﬁg' hatcheries, the'fish demonstrated differences in their abilities.to cope

H:§ lwith thermal stress. Acclimation of the fish to a common temperature of

112 C for three weeks removed the differences.

| The results of this study indicate fhat hatchery reared stocks of .
'Isteelhead cultured under slight thermal differences respond to thermal

.i%:stresses differently; According to the data presented here an average

te@peratuﬁe,difference'of 2.2° ¢C in.thg thermal history is required.

If steelhead originating from two hypothetical hazéheries,-whose water .

: ;éupplieS'différed in a&erage temperature by this amount, were released
~ab the.same site in the Columbis and éubsequently_faced a thefmal

challenge, those from the warmer history would be.signifigantly ﬁore

resistant. After the two stocks of fish had been in the river for a

' period of three weeks the differepées due to thermal history would have

.. been eliminated.

Significent correlstions were found between fish weight snd time to
thermal death in both Groups I and II at & test temperﬁture of 29° C.
The correlation coefficients were all‘positi?e; one was significant at .

the 0.05 level and the remaining seven were significant at the 0.0l level.

.. These results are interpreted to mean that the larger fish are able to

. survive longer at the higher lethal temperatures. The explanation for -

"‘thie‘is that the large fish‘deriVes protection against the large AT°C

st AT T M e A A ve eyt



by virtue of its mass. When the fish is placed in the test chamber 1ts
'f body.is essentially at the temperature of the holding tank from which it
came; After it enters the test chamber there is a time lag while the body "
'mass~equilibrates with the test temperature. The large fish'take |
"_sufficienfly'longer to reach equi%ibrium‘and tﬁereby are somgwhat‘
'protéqted from the'écute lethal tﬁefmal effecﬁs as &a.result of their mass
At the lower lethal temperatures the correlation is not evident..
o 'The.cofrelatioh coefficients calculated‘fér the relationghip befﬁeén
i 1fime ta_loss'of equilibrium and time to thermalldeath revealed an apparent
jtendency for significant positive relgtionshié at the lower 'lethal temper-
:atures.;_There is considerable variebility in the mean timefto death at
,";‘:the,various lethal temperatureS‘uséd and, as:was pointed ouf earlier, this '
h ﬁ?"ié also ‘true of the loss of equilibrium timés.. At thé‘highAteét'tempergtufes‘
| "the two events happen in very rapid succession and the ;catter iﬁ the data |
‘mekes it difficult to find:any.relationship.‘ As the time scale of the
~7"évents leading to thermal'death is expanded by using lower test temperaturés
.'”_the relationship bétﬁeén loss .of equilibrium time and thefmal death. time

|
" becomes clear. ‘

* SUMMARY -

Steelheéd trout eggs were héxched and the fish réisea foi two yeafs
i. aécording to the<temperafure regime: ambient Columbia'Riv;f temperature,'”d
aMbien£ river femperature_plué 1.7, 2{2, and 2.6° C. At the-“end of the |
two year period the fdu; temperature classeé were'tegtéd for'thérmal :
:: resistance to three.lethal‘temperaturesjA25.0,,2710,-and.29,0° C.
Signifiéént differences were found between temperature classes in the -

" time to thermal death but not in the time to loss of equilibriumif



. . heclimation of a portion of each. temperature class to a common 12° c

; o i . _ . i '
. .. . removed the differences in thermal death times. "
R s . . . : ] § ' ' N .
L L L , I ;
"f ’ i ‘- B ' . . :
. . ! .
Lot ‘ . ' - ,
i N ' : ‘
. : . . . ' : o
[ ! n -
° I( ‘. ‘. . ' L ' — .,X . : .
" ; .f ' A . '
e ; ‘ . : ' ' t '
. ' . ) .
5 . : . o '
A 0 1 * .
.;‘ s . . s R ) .
> o ‘ . S _
. ' . ' . [ R ,
I T f‘ . . ' ' ) ‘ .

t
L R T L St vemiee T..m A pere P S Bt g S AR SR i

T Truvspppenpy e Y ST L R LTI ¢ A0 g

rp——




ACKNOWLEDGEMENTS

]1We would'like to express our appreciation to R.G.'Genoway,

; E.G. Téngen, and E{W. Lusty for the teclinical assistance during.the .

Eétudy and the cooperation of the Washington State Department of Game
f)in procurring the steelhead trout eggs. We also wish to acknowledge

‘Rl Q1sbnAfor assistanée‘in'the statistical analysis of the data.:
R R o N




BIBLIOGRAPHY

Game, 1971.

Brett, J. R. Temperature tolerance in young PaC1f1c salmon, genus
; . Oncorhynchus. J. .Fish. Res. Bd. Canada, 9 265-323, 1952.

Brett, J. R.: Some lethal temperature relations of Algonguln Park
.. fishes. Univ. of Toronto Studies #52. Ontario Fish. Res.
Lab. Pub. #63, L9 pp., 194k, : '

:Brown, M. E. - The growth of brown trout (Salmo trutta, Linn.) I. Factors.

o 1946.

Brown, M. E. The growth of brown trout (Salmo trutta Llnn ) IV.
» ' The effect of food and temperature on the. survival and growth
- of fry. J E;ptl Biol. 28:473-k91, 1951

nfEbel W J.. Supersaturatlon of nitrogen in-the Columbla River and its:
" effects on salmon and steelhead trout. U S Dept of Int. Flsh
- Bull. Vol. 68(1):1~1T, 1969.

Fry, F. E. J., Hart, J. S., and Walker, K. F.. Lethal temperature -
RN relatlons for a sample of young speckled trout, Salvelinus '
- fontinalis. Univ. .of Toronto Studies Biol. Ser. #5& Fish.

Res. Lab. Pub. #66, 35 pp-, 19h6

‘AT;Hart, Jd. S.<'Lethal temperature relation of certain fish "of the Toronto
. region. Irans. Roy. Soc. Can. hl 57=T1, 194T.

Morrzs, R. W. Body size and temperature sensitivity in the cichlid
» flsh, Aeguldens Eortalegren51s. Am, Nat 96 35 ~50, 1962.

,‘. . ‘.
.}.,l.v‘.“ :

Ayerst, J. Personal communication.: Washington State Departmerit of':f%eéiff-f”

influencing the growth of trout fry. J. Exptl. BlOl 22 118-129,.=.,f"

A epppaee o 120 DYTTE LY

Cpran R g ® RPRHIN [ 0 1S SRS ey | e VS IR L34S SR S g e g S804 T S e g e SR ey



e F

w4

>»Table'lt Mean weights of Adult Steelhead trout acute thermal resistance groups. f5
T h{'~.(lQ fish per test, weigbts”in grams i_standard error of the mean). o

ket S i B

PN B . IR A e T Ve - R

ol e T e " Test Temperatures

Group

 Rearing temp. °C I ¢ 21° ¢ , 22 ¢

~ River temﬁé” ' 256'if2h R 315 + 48

RT + 1.7 . o 28T B 337 _+_59: ' ' 308 + Sk

2.6 b ez - 309 +51 . 301___4_&0' j

e or.

1T

1T

1T

I

- 12 tests in Group I or II.

River temp. | soese | serer | 259 + 36
RT + 1.7 | . 33 +32 | “"3’4915i R 27k + 38

2.2 | . moxse - 59+ k9 - | 269 + b2 .

" Overall Means Group I 300 + bk, Group IT 319 +h9.
Analysis of variance revealed no significant differences -

2.6 N 31,3'3:65 . 4327'_+_‘1;3 .  " ﬁ .286i‘h5°'4ii"



Table 2. Geometric mean loss of equlllbrlum times for steelhead trout acute thermal

CAr L e _resistance tests. (10 fish per test, times in minutes, with 95% confidence -
T - . limits) Group I reared at temperatures 1nd1cated Group II after 12° c
accllmatlon. : R S - ST
Test Teoperaturee
Zroup |Rearing Temp, °oc 1 | - 25° ¢ A N 27° C . T - . - 29° ¢
I AVRiver temp. 13.3° (9:3-19{1); A¥ k.6 (3.2-6.5) A 3.1._.; (2.4-3.9)
I.‘ RT + 1.7°°C '-él,o' ‘ (;of3-h2{7)- A .| 5.1 - (ko0-6.6) e 2.9"‘ (2.h73f6):~
1 - 23.0  (10.351.3) A | b9 (3.66.6) A | 33 (2.9-3.8)
I. 2.6 42.9 '(19 8-92. 8) B | 5.1 (4.5-7.3) A 3.8 (3.h-.3
II | River temp. | b1l (.223—756)". A | 19 (15226)' A 4.3 "(3.545.2)
il RT + 1.7° C W7 (286-814) - A | 1T - (13-22) | A Chs (3.7-5.1)
11 2.2 nas . (e2s-@43) A |1 (1en) A | w3 (3.65.2)
11 | 2.6  |uws.  (e16-888) . A | 19 (14-26) - A |- b5 (b.0-5.1)
. .

Duncan'multlple ranée test. Wlthln a group of four means those w1th a common letter are not
51gn1f1cantly dlfferent (0.05 level) - :




Table 3.

SN

Geometric mean death times for adult steelhead trout acute thermal resistance'_
test 5.
Group I reared at_temperatures indicated, Group II after 12° C acclimation.’ .

(10 fish per test, times in minutes with 95% confidence limits) -

’

Test Temperatures

&

'Rearing Temp, °C.

25° ¢ -

27° C

29° ¢

 River temp.
RT + 1.7
2.2

2.6

'h6;9' A

sh.2

- (33.7-87.1)-

9h12 .

i0l.1

(32.1-68.6)

(74.3-119.5) -
(66.8-152.9)

A%

112.0

1h.3"

AT

20.2

_(819-16.1)
(11.6-17.5) -
. (1Hf3—2o.5)4

(18.5-2220}_

BC

6.0
6.8

1.1

(4.5-7.0)
(5.1-7T.1
(5.7-8.0) .

(5.9-8.6)

=i

=

River temp.
RT + 1.7
2.2 -

26

L9

116"

kss

w2

Duncan multiple range test.
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