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INTRODUCTION 

b 

. 8 One of the  most valued salmonfds inhab i t ing  the  waters of t h e  
. .  . . . .  

, . Pac i f i c  Northwest i s  t he  s teelhead t r o u t  ( ~ a l m o  ga i rdne r i ) .  Held i n  
8. - 

9 

.' ' t he  highest  r e g w d  by t he  spo r t s  . f i shemen,  t h e  s teelhead i s  perhaps . . . . 
. . ! . .:.' 
,!: one of t he  most 'avidly sought f i s h  of the  area .  Over the '  years ,  however, 

. . .  . . ,  , . , 

. ,  . . t he  numbers of s teelhead &curring i n  t h e  r i v e r s  of t he  northwest have : 
. . .  

1 

, . 
' . . . ";. had t o  be augmented by hatchery reared , f i sh .  The constructioh of , , 

( . . . . .  , 
. . 

. . a . ,... - 
: .. . hydroelect r ic  dams on t h e  Snake: and Columbia Rivers have sever ly  , 

, . i/' . . 
' I ,  

I . ., : 
, , . .  . . 

. , : I ,  hampered t he  na tu r a l  spawning of the  species., Each d& t h a t  w a s  i n s t a l l e d  
, I . ,  I ., 

. a , , ; , , '  
I 

I , ,  ! 
:... .. created vas t  rese rvo i r s  ,of slow moving waters which inundated t h e  gravel' . ~ 

. I  ; . I -  , . I I .  . . 
1. :. I ,,. ' ! : > .  

: ,I . - , .  ... beds required by the  f i s h  ' for  spawning. Thereduc t ion  i n  spawning s i t e s  , 
. ' . . .  , .  . "  . . 

. 
., . ; : r e s u l t e d ,  i n  reduced n p b e r s  of na t ive  steelhead.  A second, bu t  no l e s s  
. '+ i < . '  

. . 
' . . : important r e s u l t  o f  t h e  dams has caused fu r the r  sa r ious  l o s s  of s teelhead . 
. . ,  . . 

, ' . . 
. .:.. and o ther  ipecies .  , This second l o s s  is due t o  gas supersaturated water ' . 

, . ,  . .  . . t . .  . , 

. . ' '  . created by entrainment of a i r  as water passes over'. dam. spil lways.  This ' . , ' . _ .  ... ,. . 8 
' 1: . _ . .  , . . . .  . .  

. ,  . : .  , occurs i n  t h e  spr ing ,and  ear ly  summer when t h e  s teelhead a r e  migrating 
. . 

. . 
' 

downstream and l a rge  numbers of f i s h  , a r e  l o s t  t o  gas bubble disease  . '  

.. , (Eb,el, 1970). . . . . 
9 . .  , . . . 
I .  . " I .  

. . To counterbalance t he  l o s s  of these  f i s h  t he  s t a t e s  of Washington 
. . . , 

8 .  

. , . 
and Oregon 'have gone Co cxteneive hatchery r e a r i n g , o f  f i s h  which a r e  

. . 
. . 

then re leased i n  t he  r i ve r s .  Washington S t a t e .  has fourteen ha tcher ies  ' : ' 
. I . . 

, . 
' , ! ' . . , , 

I . , , and t e n  semi-natural zear ing ponds used i n  s teelhead production.  he' . , ' , 
. . 

, . 
,: . , I ' . . : production o f  these  f a c i l i t i e s  i n  1970 r e su l t ed  i n  t h e  r e l e a s e  of 
. .  , 

A .  

' ! .. : 5.3 mil l ion s teelhead (Ayerat, ' 1971). The smelt-sized steelhead a r e  , 

. . 
. re leased a t  mul t ip le  s i t e s  a long  t h e  Columbia River i n  Apri l  and May 

!> ; each year.,, The s i z e  of t h e  f i s h  at r e l e a s e  t i m e  i e  approximately t e n  , 



f ish per  pound. Un t i l  r ecen t ly ,  two years were required t o  r a i s e  

t 

s teelhead t o  t h i s  s i z e .  Advancements i n  a r t i f i c i a l  d i e t s  have reduced,  . - . 

: . . rea r ing  time t o  one year.  . . . . 
.. , , 

'* . . . With t he  r e l ea se  stocks of f i s h  o r ig ina t ing  from twenty-four 
3 .  

, . ' : , d i f f e r en t  s i t e s  spread out over t he  s t a t e  it i s ,  obvious t h a t  a complexity 
. . . . ;, i .: 

. , 

: .  of thermal h i s t o r i e s  i s  represented. Water supply f o r  these  hatcher ies  ' .  
. . 

. . . . 
. . .  
. $  . .  ' . , and ponds is  taken from a va r i e ty  of r i v e r s ,  s treams, and wel ls .  The . 

. . I  @ 

, .  6 ' range i n  rea r ing tempera tures  can be considerable.  . I n  some cases f i s h  . 9 

i .  . , I '  . , 

. , , , ' .  Ti. .  are  incubated i n  a hatchery and, then t h e  f r y  a r e  moved t o  one of t h e .  
. . . .. 
i ' , I ,  

. semi-natural rea r ing  ponds' f o r  a per iod of time p r i o r  t o  re lease .  The 
. I I. 

t 
, . " i '  . ; .  

: . . I  point  'here i s  t ha t '  s tocks from d i f f e r e n t  hatcher ies  b a n  represent  d i f f e r en t  
. . . . .:, . , . . 

. 
. . long term thermal h i s t o r i e s .  , ~ r e v i o u s  thermal exper ience i s  v a s t l y  

important t o  t h e  a b i l i t y  of a f i s h  t o  cope with thermal s t r e s s  ( ~ r e t t ,  

: 1952; Hart ,  1947; ~ o i r i s ,  1 9 6 2 )  If f . i s h s t o c k s  should meet., a thermal 
. . . ,. 

. ' :  challenge as they pass dawnstream, e,.g., a n u c l e a r  reac tor  o u t f a l l ,  
. . 

thermal h i s t o ry  may play ap important r o l e  i n  t h e i r  su rv iva l .  Steelhead 

. stocks from a hatchery with water s l i g h t l y  warmer than a second hatchery 
. . .  

, . ,  , ' may be s i g n i f i c a n t l y  more r e s i s t a n t  t o  high temperature s t r e s s .  It i s  . 

t he  purpose of t h i s  study t o  evaluate t h e  e f f e c t  of .long term thermal . . 

. . h i s t o r y  ,on t h e  res i s tance  of s t e e l h e a d  t r o u t  t o  thermal s t r e s s . ,  
.i. . .  

MATEGTALS f , AND METHODS : 

, . 
. , I .  . . , . The s teelhead t r o u t  u s e d j g  t h i s  expe,riment were two years  old  a t  

4 . .  
. .  , ' . . I  

1 

s , , ,  t he  time t h e  thermal bes t s  were performed. The; stocks I were obtained 'from 
. . , . 

. . 
I 

, the  Naches, Washington hatchery as f r y  i n  Spring 1969. They were 
I .  

' t r a n ~ p ~ r t e d  t o  the  Pac i f i c  N~r thwes t  Laboratory at  Richland, Washington 
' I 

: : where they were divided i n t o  four  equal  groups. 
L "  . 

The young f i s h  were 
6 .  . , . , 

i '  

I . ' ,. 
reared with one of t he  fou r ,  groups at  each of t h e  following tempera- , 

. , .  

; ' tures: &&rent CoLwnbia River t e n p e r s t w e ,  1.7' C , 2.2' C and 

' I  . . 



2.6O C above the  ambient r i v e r  temperature. These thermal increments 

were accurate ly  maintained over the .  seasonal f luc tua t ions  of t h e  r i v e r  . . . , 

, . 

; . ! " '  water temperature. !Fhe methods used i n  handling, .incub.ation, .and 
. + 

. . ' .  maintenance we're a l l  accord ing , to  normal 'hatchery operation rout ines .  
1 

I ' 

' #  , '  
After  maintenance f o r  two years on t he  described thermal regime t h e  

.. , . 

. . . .  . . f i s h  were prepared f o r  thermal to le rance  t e s t i n g  according t o  the.  p lan . . 
. I , '  

. , .  . . displayed i n  Figure 1. A d o t a l  of two hundred and forty f i s h ,  s i x t y  
. . . . . . 

. . - . ; .  . from each temperature c l a s s ,  were needed f o r  t he  complete t e s t  s e r i e s .  
8 .  ' , . . !  ' 

, . . . ,  

.. . . ' 1 ' .:&..:.To I .  a i d  .in i d e n t i e i n g  the  temperature c l a s s  of a f i s h  a l l  f i s h  were 
, . i .  , 

, I . ;. 
I .  . ,  , . I 4  given an iden t i fy ing  mark. The f i s h  were f i r s t , a n e s t h e t i z e d  With methyl . 

' , , , .'. . .  . , ( I .  , .  . .  
.. :. , . .  :.',:' . pentynol and then marked by t he  cold branding.technique. '  The loca t ion  

j 

. . I  I 

' . I./ . . 
< , L C  

of t he  brand indicated,  t h e  temperature c l a s s  of t he  f i s h ,  e . g . ,  f i s h  

: . . 
, from c l a s s  1 ('ambient r i v e r  t eagera ture )  were branded on t he  r i g h t  . . . . 

. I .  . 

: . , s ide ,  between' t h e  head and dorsa l  f i n ,  above t he  l a t e r a l  ' l ine  ; clas's 2 
. , 

. ( r i v e r  temperature plus  I , . ~ ~ . C )  r i g h t  s i d e ,  below do r sa l  f i n  and above 
, , 

. ' . ! , i  t he  l a t e r a l  l i n e  ; e t c .  Following t he  branding, ' one week was allowed the  . 
. ,  , . 

)I 

, .  ' f i s h  f o r  recovery and t o  assure t h a t  t h e  brand had become c l e a r l y  
' 

. . 

. 8 

, , . .  . '  , ' v i s ib l e .  A t  the  e n d  of t h e  week t h e  f i s h  were anesthet ized again and: 

ca re fu l ly  weighed. Then each temperature c l a s s  was divided i n  h a l f ;  . I 

, . , ( '  ' 
t .  

" . :. . . each ha l f  composed of equal  body weight d i s t r i bu t i on .  One' ha l f  of each 
. .  . 

1 .  I <  

: temperature c l a s s  was r e tu rned  t o  t h e  o r i g i n a l  holding tanks t o  await 
. . 

i , ' ., . '  commencement of the  thermal to lerance t e s t s  while t h e  second ha l f  o f .  
) .  I , . 

' I  . 
. . 

, . 
: . each c l a s s  was placed i n  a common acclimation t ank .  The I water i n  t'he 

. .  & .  aioolimation tank at the  t , d &  the , f i sh  were introduced was s l i g h t l y  above ; 
. . . . .  . .  . 

* *  , : r i v e r  temperature and over a f i v e  day per iod was r a i s ed  t o  12' C .  Once 
I . .  5 . . . .  

: ; : t h i s  'temperature was reached t h e  f i s h w e r e  he ld  t h e r e  f o r  t h r ee  weeks; 
.c . / .. . .  , . , 



: a f t e r  which t h e s e . f i s h  were subjected t o  thermal to lerance t e s t s .  I n  . 
. , . .  

, '  . : the  remainder of t h i s  paper t he  f i s h  used i n  t he  f i r s t  s e t  of t e s t s  a r e  . . 
. . 

# re fe r red  t o  as Group I ,  while those f i s h  acclimated t o  12' C p r i o r  t o  t he  ;,I . ; ,;: . ..  , . . 
. . 

, t e s t s  a r e .  r e f e r r ed  t o .  as Group 11. , .  . 
8 '  , .  . .  
. ,  The thermal to lerance t e s t s  were conducted i n  a ' f i b e r g l a s s  trough . , . , 

< ' .  . . 

1 ' 

measuring 4' x 15"' x 15"; f i l l e d  t o  a depth of 12". To obtain the  . . 
. . . , .  . ,  

. . . , . .  . . 
. .: , desired 'water  temperature f o r  t he  various tolerance t e s t s ,  heated and . . . , 

' 8  . . 
, . 

. . ' : ' . : .  c h i l l e d  .water were supplied a t  constant pressure t o  a mixing valve. This . , I .  

I .  
' ', 

' , .". I 
, , 

4 ,  . '  
I ' . ' ! .._ ;. .. i valve allowed the  invest igator '  t o  accurately s e l e c t  the.  water temperature 

... 
;I . . . 

! .  
, required. Once s e t ,  the  mixing valve would'hold t h a t  temperature f o r  . 

, ,  I , . ' , ' ,  ,-, 
, I .  . I 

.. . 
I . . .  : 

I .  . a i . , . ; , severa l '  hours 'without requir ing adjustment. Normally t h e  t e s t  
. . '... ' . ., ' :  . 1 ;  , . ' .. . . 

'.. . . . temperature f luctuat ions  were held  wi th in  + 0.1' C. Before t h e  water . ' ' .  
.,I ?,. . < '  

, . .  ' . < , , . , 
, , .. : . .  . ' . '  . i entered t he  t e s t  trough it ,was passed over a bubble t r a y  which thoroughly . . ,  , 

. .  . , .  . 
. , . ,. . , . ' , , 
. . .  f rothed the  'tempered water and assured' t h a t  it was a i r  equi l ib ra ted . .  . . . . 

. . . 
, . 

' . , The flow r a t e  of the  water through the  t e s t  trough was s e t  a t  8 gallons.  
I i . ... . . , / 

! '  . . 
. . .  . . . . . . . . . . . , , . ' per  minute.: Thus a t o t a l  exchange of t he  water i n  t h e  trough occured . 

, . 
. . every 4.7 minutes. To eliminate thermal s t r a t i f i c a t i o n  the  water i n  t h e  ; , 

. . . . . . 
I . .: 

trough' was thoroughly mixed. 
. . 

The thermal tolerance.  of the  f i s h  from Groups I and I1 were t e s t e d  
. .  . . . .  . . . . . . 

, . - . - .  . i n  t h e  same manner,. i. e. , by .recording the  time u n t i l  l o s s  of equilibrium ' . : ~ 

' .  
' . - .  ' . and the  time, u n t i l  death a t  t h r ee  l e t h a l l y  high water temperatures.' The ' .  " 

; ! '  , l e t h a l  temperatures used were 25, 27, and 29' C.  Loss of equilibrium i s  . ' ' 

. , ,  . . 

' .  " ' ,  here defined as t h a t  point  a t  which t he  f i s h  could not,  coordinate i t s  , '  
, , , . 

' movements s u f f i c i e n t l y  t o  remain upright.  ,The time of death was defined : ' ' 
' 'as  t he  cessat ion of observable movement of the  operculum, mouth, o r  f i n s .  I .  . , 

a A t  this ,  point  each fi'sh was gent ly  proded i n  t he  peduncle a rea  and was 



consiaered dead i f  the re  was no response. i n  a l l  t e s t s  t h e  events . . 

, ' : .  were timed on e l e c t r i c  elapsed time clock and. read t o  t h e  nea r s t  
' , ;, ,>, 

. ,  . . .  . . . :, . . 
.. t en th  of a minute. , ,. . 

. . 
. . 
,. .. . . The t e s t s  were conducted i n  blocks,  i . e . ,  four f i s h ,  one from each .; 

. " .  temperature c l a s s  were t e s t e d  at one time.' This was done t o  reduce ' . 
, , .  . . , 

, . 

, . . i r r e g u l a r i t i e s  between t he  t e s t i n g  of t h e  four  d i f f e r en t  temperature 
. . 
. , 

, . 
. : ' S ,  c lasses.  . As 'four f i s h  were s e l ec t ed  f o r  a t e s t  block care .  was taken 
. . . . . , 3 : .  

. , , , !  . :' t o  chose f i s h . o f  t h e .  same s i z e . .  After  t h e  l a s t :  f i s h < . i n  .each'block d i e d .  
i. I I . . 

c , . . I  I . . . . 
: ? .  ,!; ::  : the  we,ighed ' a n d  measured,, -. . . 

I . . . , .  . . .  , 
, , , , : , ' . !  ;;, * .  . e '. , . ,  . . 

' . I  ; ;;: ,,; i, ,! :, 
; ;,.I. .... .. 

. * .  1'. 
1 I 

. . 
., . , i;,!? 1 ' ' .  ' 

mSULTS 
. I '  . . .  ."  l i  

,. , ' 2 
'.I.. : . .  

I .  . . ,,. . . , ..'; , . , The temperature of t he  incoming water to .  t h e  laboratory f o r  t h e  ' 
, I . .  . 

i ., : .  . , .. 
I '  ' 

..: ;! j ,  month previous t o  t he  commencement of t h e  t e s t s  'averaged 4.0° C '  with 
. ' . . .  . . . . . .  . . - .  . . 8 .  . ,.I( . . .  , ;  ; : .  a minimum temperature of 2.,T0 c and a maximum of 6.0' C .  These 

. , . .  
_'  I . :  . . . . .  4 '  temperatures were re'corded between, mid-December and mid-January; a time : . . ' ! # .  ,!. 

. . .  . , . 1  . , . , . . . . 

. .':. ' of t he  year  when. t h e  Columbia R i v e r  temperatures. a r e .  nearing t h e i r  : ' 

. . .  
, . . .  

' . , ,!: 
. .  , :I . .,, 

. . seasonal minimum. . . 
2 ' .: 

5 .  . .  , , . '  . . .  I . .  d 
I . .  . . 

.. . . . .. 
, .  , 

' , The mean postmortum weights of a l l  t he  f i s h  testeB i n  both , 

, J . . 
, 

, ' '  Groups I and I1 appear , i n  Table 1, along with t he  s tandard e r r o r  of t he  
' !  

1 . .  . .  . .  . 

, , : I .  means.. The weights a re  s t a t e d  i n  grams and each mean represents  10 f ish . .  . . .  . - 
, . .  . :, 

' . '  ,:, The t o t a l  weight range f o r  Group I was 48 @;rams t o  612 grams. Group'.II! . . 
, . 

. . , . 
f i s h  ranged from 61 grams t o  796 grams. Analysis of variance was : . . 

, . ,  
I '  
8 I 

. .: I .  . perfonmed f o r  t h e  twelve combinations of t e s t  temperatures and rea r ing  

. i .  

. I ,  

: :  , .  temperatures i n  both Groups I a n d  I1 and no significant , '  d i f ferences  were ' 

, '  

. !  
' i 

' 

found, The mean weight of a l l  f i s h  i n .  Group I was 300 f, 44 granis. .and , 
. * .  

. I '  
, , *  

' '  ' . . the  Group I1 mean was 319 2 49 'Brans.. No s i g n i f i c a n t  d i f fe rence  was . 
: :  

. . 
. I .  

- .  
. I  . 

: I ' .  . demonetr,able here. , ' . . ' 



The geometric mean times t o  l o s s  of equil ibrium and t h e  95% confidence 

, 
l i m i t s  a re  presented i n  Table 2. The t a b l e  show& t h e  r e su l t s  f o r  a l l  

to lerance t e s t s  performed. To t e s t  f o r  s , ignificant  d i f ferences  between, 

' :  t he  thermal res. istance of t he  four  rea r ing  temperature c lasses  t h e  . . 

, '  Duncan Multiple Range Test  was applied.  I n  t h e  t a b l e  t he  r e s u l t  of . 
. .  . 

' ' t h i s  t e s t  appears as  a l e t t e r  f o r  each t e s t .  combi'nation. ' Of . t h e  four  

' ' .  means corresponding t o  one t e s t  temperature withifl a group, those means . . . . 
, , 

' . . .  . with common l e t t e r s  are not s i g n i f i c a n t l y  d i f f e r en t .  I n  only one s e r i e s  . . 
I ! 

I 

. . ,  of t e s t s ,  those a t  25O C was t he r e  a s i g n i f i c a n t  d i f ference wi th in  t h e  
' . ,  

, , 
I ' ., . . 

, : s e r i e s .  Those f i s h  reared a t  r i v e r  temperature plus  2.6' C shared ' 

. . ' . 
. . , ,  . . s i g n i f i c a n t l y , l o n ~ e i  times t o  l o s s  of equilibrium. The da t a .  seen i n  Table 

. , 

' 2  a r e  presented : in  graphical  form i n  Figure 2. The general  lack of 
. s .  . . .  , 

, .  ,. , . a . s ign i f i c an t  d i f ferences  i s  more r ead i l y  apparent' when graphed out i n  ' 

. . . . 
. . t h i s  manner; as i s  the  one s i g n i f i c a n t  point .  While no s i g n i f i c a n t  . 

, . 

' . '  , , differences  were found before acclimation,  t he  f igure  does reve.al t h a t  , .  

.. . - .  

: the  range i n  thermal res i s tance  y a s  considerably narrowed by thermal , I  . . 

' : acclimation. 

Table 3 contains. t he  da t a  f o r  the,  geometric mean, times t o  death.  . ' ,  

' . 
. '  f o r  a l l  f i s h  i n  t h e  experiment. Each mean represents  t e n  f i s h .  As . .  . . 

. . . . 
.. . 

. . . . 
. '  . . , before ,  the  Duncan Multiple Range t e s t  was applied.  I n  Group. I 

, . 

. . 
: the re  a r e  a s e r i e s  of significant'differences. ~ t '  t e s t  temperatures.  . , , 

, . 
of 25 and 29' C those f i s h  reared a t  r i v e r  temperature plus  2.2 and 2.6O C ',, 

I .  . survived longer than those maintained at  r i v e r  temperature and a t  r i v e r  

: . . ' . . .  temperature plus 1.7' C .  Basical ly  t h e  same r e s u l t  was found at t he  
, , 

. l e t h a l  temperature 27' C but  t h e  differenc'es were not qu i t e  s o  obvious. 

There appears t o  be a graduated s e r i e s '  of death times. 



. . 

Group I1 geometric mean death times show no sJgni f ican t  di f ferences .  
. . 

\ 

Within . . each t e s t  temperature s e r i e s  each  rear ing  group f a l l s  w i t h i n  t he  . ,, . , 

same Duncan category. 

The da ta  presented i n ,  Table 3 has been t r e a t e d  graphically i n  Figure .3. 

Again, t h e  r e s u l t  of 12' Caccli 'mation is  clear.: The differences i n .  

thermal to lerance ,due t o  r ea r ing ,  temperature a r e  removed. 
. , 

An attempt was made t o  determine t h e  re la t ionsh ip  of f i s h  weight t o  . 
1 .  

, " 
, . 

! , the  time t o  thermal death and the  re la t ionsh ip  of time t o  l o s s  o f  equilibr'ium 
, . , , . , , t s  , . I 

. . , , ' , ' .  I . . and  t o  thermal death. The calculated co r r e l a t i on  coef f ic ien ts  appear i n  
, .  . 

. . (. 

. . , .  ' '  

I , I  ' . . . . , 

: .  table , .  4. , Inspection of the  t ab l e  reveals  t h a t  the, only s ign i f i can t  
. . : .  . , 

, I . ' . ; . cor re la t ion  between fi,sh weight and time t o  thermal death i s  found a t  t he  4 

. . , . - .:: . high t e s t  temperature, 29.0' C. This re la t ionsh ip  i s  found i n  a l l  four 
* 8 . . .. . * '  '. 

. . . , 

: .  temperature c lasses  i n  both Groups I and 1.1. I n  regard t o  t he  re la t ionsh ip  
, . . < . . ,  

, . ' 

' o r  time ti l o s s  of equil ibrium and time t o  death t he  r e s u l t s  a re  l e s s  
: . a  3 . .:. . 

'.. . . .. clear .  No s ign i f i can t  cor re la t ion  w a s  found a t  t he  highest  t e s t  temperature, 
I .  

. . . .  . . , 

. . .  . '2.5O.C. A very s t rong  positi've~correl&tion~was found a t  t h i s  temperature 
. . I. 

. i n  Group 11. . .  .. 
. . . . 

' .. ' DISCUSSION 
. . . . 

One of t he  cha rac t e r i s t i c s  of f i s h  growth is the  s t r i k i n g  d i spa r i t y  ' ,  

. . : . i n  the  s i z e  of individuals of the  same. age. As . t he  f i e h  increase i n  age . . ' . 

. . 

' , 
the variance i n  t he  s i z e  frequency d i s t r i b u t i o n  increases ( ~ r o w n ,  1946, , . ' ,  

. . ' 1 1951). The two year  o ld  s teelhead used i n  t h i s  s tudy '  demonstrated t h i s  
. . . I 

s i z e  depensation. Their body s i z e  ranged from 48 t o  612 grams i n  ~ r o u ~  I' 

turd. from 61  t o  796 grams i n  Group 11. A l a f g e  s i z e  range a  ,, . , , ' , 

. . 
problem t o  t h e  inves t iga tor  when de,aling with physiological  processes' , : , :  

. . which w e  weight re la ted .  Fry c t  al,,.(1946) indicated a  re la t ionsh ip  ' , '  

, . , . . ,  . . . 
. I  ' 

. . .  , * 1 , 1 .  , 

. ,:I; . I  I 

. . I  . : . .  , between fieh size &rid t h e i r  tieriui.Li~lty t o  thermal s t r e s s .  ' It was. . , , . , ... 
. .  . , -  ::. 



, important the re fore  t h a t  i n  t h i s  i n v e s t i g a t i o n ~ c a r e  be taken t o  s e l e c t  

f i s h  f o r  t e s t  blocks according t o  t h e i r  s i i e .  I f  t h i s  h a d n o t  been t h e  

.' case poss ible  b ias ing  of t he  r e s u l t s  may have occurred, The r e s u l t s  
. ., 

, , .  presented i n  Table 1 show t h a t  f o r  e a c h  combination of rea r ing  temperature ,. 

' 

. '  and t e s t  temperature,' f o r  boths ~ r o u p s  I and 11, these  e f f o r t s  were 

I 

successful .  

. The geometric mean times t o  l o s s  of equil ibrium fo r  Gro,up I f i s h , .  
> .  

a . i . e . ,  f i s h  t e s t e d  d i r e c t l y  from t h e  four  rea r ing  temperature c l a s se s ,  were 
' .  I .  I 

, . . . , 

, . ' .  . ; . :  shown i n  Table 2. No s i g n i f i c a n t  d i f ferences  were demonstrable i n  these  
I ; 

. , 

. ,  , ,  , ' I :  means and thus it would appear t h a t  t h e  thermal h i s t o r i e s  played no ' ro le  
i I 

, 
; i n  t h i s  Iportion of t he  thermal to le rance  of t h e  steelhead.  Inspection of . . ' 

. , 
i , , , .  

Figure,  2,  however, reveals  the re  was a change t h a t  occured i n  t h e  geometric : 

. mean times followi,ng acclimation t o  12' C. It i s  t h e  opinion of t h e  
. , . . 

~, 
' . author t h a t  t h e  explanation f o r  t h e  lack of s i gn i f i c an t  d i f ferences  ' in . the . . '  

. . ) .  

, ,  , . . 
Groups I means i s  t he  r e s u l t  'of t h e  unclear nature of t he  ac tua l  p o i n t ' .  . . 

, . 

. . of l o s s  of equil ibrium and t h e  v a r i a b i l i t y  i n  t h e  ind iv idua l  response 
. , 

I .  

. . 'of t h e  f i sh .  These two f ac to r s  introduce v a r i a b i l i t y  ' i n t o  t h e  da t a  . 
. .  . , 

. . . . 

. ' and makes any demonstration of d i f ferences  d i f f i c u l t  at  these  s l i g h t ' . .  . . ,, . 

- differences  i n  thermal h i s to ry .  
, . . % . . 

The time;of equil ibrium loss  was noted when t h e  f i s h  become 

inver ted and was powerless t o  r i g h t  i t s e l f .  The time of "roll-over" 
, . 
I , ac tua l ly  occurs sho r t l y  a f t e r '  t he  ac tua l  point  of equil ibrium l o s s .  ' . . . . 
, , . . 

Since ,equil ibrium loss  i s  not an instantaneous occurance and can only be noted . I 

. a f t e r  t he  f a c t  a more p rec i se  measure of equil ibrium lo s s  i s  needed if it 

* . '  
i s  t o  be used i n  thermal to lerance t e s t s .  

. , 

. . . . !be e f f e c t  of thermal h i s t o r y .  d id  become apparent i n  t h e  thermal ' , , , . . . ,  
. . *  . . 

I .  ' .  i : .  ' .  . . : .  death timca, as  seen in Table 3 and Figure '  3. . Although the . . f i sh '  had 
. . 



uee i~  experiencing t he  normal temperature f luc tua t ions  t h a t  occur i n  

. , na tu ra l  waters t h e  average temperatures f o r  t he  four  thermal c lasses  . ,  
, . 

. . 
' . remained & . t h e  the 'mal  regime described above. The day t o  day 

. . 

. " ' I )  hluctuations .of water temperature a r e  very s l i g h t  and o f f e r  t h e  f i s h  
. . 

. ' ,  no challenge; e a r ly  .data of B re t t  (1944) ind ica tes  t h a t  f i s h  can make . . 
. - 

$ .  : acclimatory changes. a t  the  r a t e . o f  lo C per  d a y .  Although t h e  di f ferences  

. . i , i n  thermal h i s t o ry  were s l i g h t ,  &a they k g h t  be f o r  f i s h  from d i f f e r en t  
, . 

' 4 ,  

b ,  

: : : ha tcher ies ,  t he  f i s h  demonstrated di f ferences  i n  t h e i r  a b i l i t i e s .  t o  cope 
, . .  . . . .;. 

, . 
'.. ' i i  ' with thermal stress'.. Acclimation of t he  f i s h  t o '  a. common temperature of 

:,' ! 4 

I ,  
, I  ' 

+ I , . ;  12q C f o r  t h r ee  weeks removed t he  di f ferences .  
: 

1 b I .  

. ,  . , : 
The r e s u l t s  of t h i s  s t udy ' i nd i ca t e  t h a t  hatchery rea red  s tocks  'of 

;:I, I 
, , 

..! a ;: - s teelhead cul tured under s l i g h t  thermal di f ferences  respond t o  thermal 
3 :  

. . .  . .. . . 
, , , ; s t r e s s e s  d i f fe ren t ly .  According t o  t h e  da ta  presented here.  an average .. . . . . .  . 

.. , . . '  temperature .difference .of 2,. 2' . C i n  . the  thermal h i s t o r y  i s  required.  
. .. 

, . , , ' .  

, f f s teelhead or ig ina t ing  from two hypothet ical  ha t che r i e s , ,  whose water .. 
I ,  . , . . 

. . 
. : .  supp'lies . d i f f e r ed  i n  average temperature by t h i s  amount, were re leased '  

. .  ' .: . . 
j ' 

, , . . . '  . a t  t h e  same s i t e  i n  the  Columbia and subsequently. faced a thermal 
' 5  

. . .  
, . 
', challenge, those from the  :warmer h i s t o ry  would be s i g n i f i c a n t l y  more 

. .  , . . 

r e s i s t a n t .  After  t h e  two stocks of f i s h  had been i n  t h e  r i v e r  f o r ' a  
. . 

( .  . 
. :: period of th ree  weeks t he  di f ferences  due t o  thermal h i s t o r y  would have 

I .  .I a 

. . , . . . been eliminated,, 

S ign i f ican t  cor re la t ions  were found between f i s h  weight and time t o  1: 
thermal death i n  both Groups I and I1 a t  a t e s t  temper t u r e  of 29' C.' . . 7 
The corre,lat ' ion coeff ic ient6  were a l l .  pos i t ive ;  one was s i g n i f i c a n t  a t  

' , .  
. *  

I ' '  the  0.05 l e v e l ,  and t h e  remaining seven were s i g n i f i c a n t  a t  t h e  0.01 l eve l .  
_. ' I. 

:. 
:.: . Theee r e s u l t s  are i n t e rp re t ed  t o  mean t h a t  t he  l a r g e r  f i s h  a r e  ab le  t o  

' I .  
, ,  . survive  longer at  t h e  higher l e t h a l  temperatures. The explanation f o r  . 

( I ' .  

I '. 
' 

t h i s  i s  t h a t  the large f i sh  derives pro tec t ion  against  the l a rge  AT% 



by v i r t u e  of i t s ,mass .  When t h e  f i s h  i s  placed i n  the .  t e s t  chamber i t s  

, '  body i s  e s s e n t i a l l y  a t . ' t h e  temperature of t he  holding tank from which it 
. . . . 

came. After  it en te rs  t h e  t e s t  chamber t he r e  i s  a  time l a g  while t h e  body , 

, '  . . . 
. mass . equ i l i b r a t e s  with' the  t e s t  temperature. . The la rge  f i s h ' t a k e  , . 

( I  . . 
. .  s u f f i c i e n t l y  longer t o  reach equil ibrium'and thereby a re  somewhat 

! . 

protected from the  ' acute l e t h a l  thermal e f f e c t s  as  a .  r e s u l t  of t h e i r  mass, 

A t  t h e  lower l e t h a l  temperatures the  co r r e l a t i on  i s  not evident.  
I. . 

. a  

, .  I ' The , co r r e l a t i on  coe f f i c i en t s  calcula ted f o r  t h e  re la t ionsh ip  between ) I  

! . I '  
, 

, . : time t o  l o s s ' o f  equil ibrium and time t o  thermal death revealed an apparent 

I tendency f o r  s i gn i f i c an t  pos i t i ve  re la t ionsh ip  a t  t h e  lower ' l e t h a l  temper- 
. . 

' 

' a tu res .  ! There i s  considerable v a r i a b i l i t y  i n  . the mean time : to  death a t  
, , I '  

. . 
' t h e ,  yarious l e t h a l  temperatures  used and, as was pointed out e a r l i e r ,  t h i s  !. 

4 ' (  . . : . .  
, .  . 

, ,  ' . .,I i s  a l s o t r u e  of t h e  l o s s  of equil ibrium times. A t  t h e  high t e s t  temperatures 

, . ' t h e  two events happen i n  very rap id  succession and t h e  s c a t t e r  i n  t he  da ta  . 
. . 

. . 
' 1  ,makes it d i f f i c u l t  t o  f i n d '  any. re la t ionsh ip .  ' As t h e  .time s ca l e  of t h e  

: events leading t o  thermal death i s  expanded by us'ing lower t e s t  temperatures 
. ,  , ,  . . 

' .  the  r e l a t i onsh ip  betwedn lo s s  .of  equil ibrium time 'and thermal death, time 
I 

becomes c lea r .  ' 3  

. .  ' 

SUMMARY. . . 
, . 

I .  

. . s teelhead t r o u t  eggs were hatched and t h e  f i s h  r a i s e d  fo r  two years 
. ' >. ~ . , , 

I ' 

, according t o  t he t empera tu r e  regime: ambient Columbia River temperature, . , 

4 .  

ambient r i v e r  temperature , p l u s  1 .7 ,  2.2, and 2.6' C. A t  the-'end of t h e  . , . . . ' ' . . '  

I , . ' , '  

. two year  period the  four temperature c lasses  were  t e s t e d  f o r '  thermal j : 
. . . res i s tance  t o  t h r e e  l e tha l t empera tu r e s ;  25.0, 27.0 ,  a n d  29 . O O  C .  

s i gn i f i c an t  d i f ferences  were found between temperature c lasses  i n  t h e ,  . 

. . 
I . : time t o  thermal 'death bu t ,  not i n  t h e  time t o  l o s s  of equilibrium. ' .  . . 

I '  1 ,  , . i 
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