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INTRODUCTION 

The need fo r  standards fo r  regulation of water temperatures 
I 

became acute when therma1,nuclear e l ec t r i c  plants were proposed f o r  s i t e s  

on the Columbia River. Because of apparent inconsistencies i n  Washington 

and Oregon State  temperature standards for  the Columbia River, a 
1 

cooperative study was i n i t i a t e d  by the  Federal Water Quali ty  Administration 

with part ic ipat ion of the ~ i r e a u . o f  Commercial Fisheries and the'Atomic 

Engery Commission. The objective of the study was t o  determine 

temperature requirements of anadromous species of . f i sh  found i n  the 

Columbia River. The gathered information would be applied t o  establ ish 

prac t ica l  standards fo r  protection of water quality.  

Work plans for  a 2-year study were approved by a Technical Advisory 

Advisory Comittee of s t a t e ,  federal,  and private agency representatives. 

One of the goals of participants of the Bureau of Coimnercial Fisheries was 

t o  determine the effect; of increases i n  water temperature on species of 
-. 

anadromous f i s h  native t o  the lower Columbia River. 

This report describes the e f fec t  of increased water temperature 

on juvenile steelhead t rout  (~a lmo  gairdneri i )  tested i n  water of the lower 

Columbia River. . . 

1:' . 
$ WATER TEME'ERATURE LABORATORY 

In  1957 a f loat ing laboratory (snyder, B l a h ,  and McConnell, 1970) 
. . 

was established a t  Prescott, Oregon ( f ig .  1). The la'tjoratory and water 

temperature control. equipment has been described by B l a h  and  McConnell 
.. 





TEST STEEllIEAD 

. . 

Juvenile steelhead t rou t  were obtained from the Big Creek Hatchery, 

near Knappa, Oregon, i n  April  1969 and were held pr ior  t o  tes t ing  i n  

untreated Columbia River water. These f i s h  had a mean length of 164.5 mm. and 

a mean weight of 38 g. They were held i n  large redwood tanks supplied with 

a complete interchange of r ive r  water each hour. Temperatures i n  the 

holding tanks corresponded t o  the normal seasonal increase i n  r iver  
- 

temperatures. It was ass-d t h a t  during th2 pre- test  holding period the 

f i sh  would become acclimated t o  ColumSia River water. One group, tested 

May 5 ,  was held 4 weeks pr ior  t o  tes t ing  and a second group, tested 

May 28, was held 9 weeks. 

THERMAL EFFECTS TESTS 

Techniques for  thermal tolerance t e s t s  conducted a t  the 

laboratory have been outlined by Blahm and McConnell (1970a, 1970b). 

The methods are essent ial ly  the same as  those recommended by Fry (1947) 

and used by Brett  (1952). Samples of 20 f i s h  each were placed i n  t e s t  

tanks containing 188 l i t e r s  of water a t  the  t e s t  temperature. The f i s h  

remained i n  the t e s t  temperature f o r  2 weeks and time t o  death of each 

individual f i s h  was recorded. 



The t e s t s  were conducted during May 1969 coincident with the 

peak migration of juvenile steelhead ( ~ c ~ o n n e l l  and Snyder, 1970). On 

May 5 when the r ive r  temperature was 10 C, a t e s t  ser ies  was i n i t i a t z d  using 

t e s t  temperatures of 10, 17, 20, 21, 22, 23, 24, 25, 26, and 29 C. This 

was repzated on May 28 when the r iver  temperature was 14 C. 

EFFECT OF IMF'OSED TKERMAL LNCWES 

The r e s i l t s  oT the t e s t s  are summarized i n  figures 2 and 3. In 

the May 5 t e s t  group ( f ig .  2) 50$ of the f i s h  died a t  17 C.  The lowest 

temperature leve l  a t  which 1 0 6  martali ty occurred was 22 C.  ~emperatures 
. . 

of 20.and 21 C caused 958 mortality. All f i s h  tested a t  25, 26, and 29 C died 

i n  l e s s  than 1 day. 

In  the t e s t  ser ies  beginning May 28 ( f i g ,  3) a 50$ mortali ty 

occurred a t  17 C and above, as  i n  the f i r s t  t e s t s ,  and 10& a t  22, 25, 26, 
.- 

and 29 C. 

A comparison of survival  time i n  the two tests is shoy~n i n  

figure 4. In  the May 28 t e s t s ,  mortali ty was l e s s  a t  22 C and below 

than i n  the May 5 t e s t s .  In  both se r i e s  a t  l e a s t  65% of the f i s h  died 

within 2 weeks a t  a l l  t e s t  leve ls  above the control temperature. 

Apparently the higher base temperature (14 C)  of the May 28 t e s t  group 

increased the survival time a t  t e s t  temperatures of 17 t o  22 C, but  not a t  

tempratures  above 22 C .  
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. ~ i g u r e  2.--Percent mortality of juvenile steelhead t rout  acclimated t o  10 C and subjected t o  
various water temperatures. Tests conducted M.ziy 5 - May 19, 1969, a t  Prescott, Oregon, 
on the lower Columbia River. 
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Figure 3.--Percent morta l i ty  of juvenile steelhead t r ou t  acclimated t o  1 4  C and subjected 'to 
various water temperatures. Tests  conducted May 28 - June 12, L969, a t  Prescot t ,  Oregon, 
on the lower Columbia River. 





Mortali t ies i n  both cont ro l  groups during the second week of 

each t e s t  period suggested the presence of harmful fac tors  other than 

I tempe ature .  Water qua l i ty  i n  the t e s t  tank was monitored. Oxygen (a2) 7 
and a h o n i a  (NH ) were a t  acceptable leve ls .  The f i s h  then weye examined 

I 
I 

3 
anatonically t o  a t t enp t  an explanation of the unexpected m ~ r t a l i t i e s .  

I 
During the tes t ing  the  sa-1;uration l eve l s  of nitrogen gas i n  the lower 

Columbia River were between 112 and 13&. Supersaturation of r i v e r  water 

with atmospheric nitrogen has been described i n  the Columbia River by 

Ebel (1970) and Beiningen and Ebel (1970). Odr inspections determined 

t h a t  some of the f i s h  used i n  these t e s t s  showed the ex terna l  symptons 

described f o r  nitrogen "gas bubble disease." These were i n  the form of 

the typ ica l  t iny  subcutaneous bubbles on body and f in s .  These may have 

escaped notice on other of the f i s h  tes ted,  because such bubbles often 

disappear a f t e r  death. 

CONCLUSIONS 

The steelhead t rou t  used i n  these two t e s t  s e r i e s  displayed 

l i t t l e  resistance t o  increases i n  water temperature. I Ior ta l i t i es  i n  

both control groups suggzsted t h a t  a l l  f i s h  were 'stressed by som- " common 

fac tor .  This probably was due i n  p a r t  t o  the e f f ec t  of supersaturation 

of the r ive r  water with atmospheric nitrogen gas, and the ten6ency of the 

gas t o  come out of solut ion i n  the seasonally increasing - -. tempzrature of thz 

r iver .  Since lr( C was tile f i r s t  temperature increase wheremortali t ies occurred 
. . 

i n  both t e s t s ,  it is l i k e l y  t h a t  higher mor ta l i t i es  would have ozcurred a t  

much lower temperatures than those described i n  the l i t e r a t u r e .  



~ n ~ e l o v i c  ,' Sig le r  , and Newhold (1961) found the optimum temperature for  

rainbow t rou t  was 18.4 C and the upper l e t h a l  temperaBure about 24 C. 

Our t e s t s  showed t h a t  i n  the  present r i v e r  environment, a mortal i ty  of 

5% of the  f i s h  tes ted  could occur a t  temperatures of 17 C, and possibly 

lower, due t o  synergis t ic  e f f ec t s  of environmental fac tors  other than 

temperature. Such e f f ec t s  might have escaped not ice  within a shorter  

i n t e rva l  of t es t ing .  
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