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EFFECT OF THERMAL SHOCK ON V U L N E R A B I L I T Y  

TO PREDATION I N  J U V E N I L E  SALMONIDS 

11. A DOSE RESPONSE BY RAINBOW TROUT 

TO THREE SHOCK TEMPERATURES 

C h a r l e s  C. C o u t a n t  

ABSTRACT 

Increased vulnerabi  Z i t y  t o  predation o f  juveni Ze rainbow t r o u t  

thermally shocked a t  t h ree  temperatures was shown t o  depend upon the  

thermal dose (temperature and durat ion)  rece ived .  A t  30 OC, a 0.55 rnin 

durat ion  o f  exposure produced an i d e n t i f i a b z e  e f f e c t ,  while  2 rnin was 

required a t  28 OC. The predation response paral le led  dose responses o f  

v i s i b  Ze equi  Zibriwn Zoss and death. 



EFFECT OF THERMAL SHOCK ON VULNERABILITY 

TO PREDATION I N  JUVENILE SALMONIDS 

11. DOSE RESPONSE BY RAINBOW TROUT 

TO THREE SHOCK TEMPERATURES 
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INTRODUCTION 

Therma l l y  shocked j u v e n i l e  ra inbow t r o u t ,  Salmo g a i r d n e r i  (R icha rdson)  

and Chi nook salmon, Oncorhynchus tshawytscha (Wal baum) , were found by  

Coutant  (1969, and manusc r ip t  i n  p r e p a r a t i o n )  t o  be s e l e c t i v e l y  preyed upon 

by  l a r g e r  f i s h e s  when b o t h  shocked and unshocked ( c o n t r o l )  f i s h  were 

o f f e r e d  s i m u l t a n e o u s l y .  I n c r e a s e d  v u l n e r a b i l i t y  t o  p r e d a t i o n  was observed 

a t  sma l l  o f  t h e  l e t h a l  and equ i  1 i b r i u m  l o s s  doses, and v u l n e r a b i  1  i t y  

i n c r e a s e d  w i t h  d u r a t i o n  o f  s u b l e t h a l  exposure t o  t h e  a r b i t r a r i l y  s e l e c t e d  

l e t h a l  temperatures ,  28 " C  f o r  Chinook and 31.5 " C  f o r  ra inbow.  I n  o r d e r  

t o  use t h i s  i n f o r m a t i o n  i n  p r e d i c t i n g  t h e  l i k e l i h o o d  o f  f i s h  demise f r o m  

t h e  f l u c t u a t i n g  tempera tu res  o f  a  thermal  m i x i n g  zone o r  "plume," as 

d e s c r i b e d  by Jaske -- e t  a l .  ( i n  p r e s s ) ,  i t  i s  necessary  t o  know t h e  i n t r i n s i c  

c h a r a c t e r  o f  f i s h  response t o  thermal  shock o v e r  a  range o f  shock tempera- 

t u r e s .  A  c l a s s i c  "dose response" wou ld  be i n d i c a t e d  i f  t h e  e f f e c t  ( i  .e. ,  

d i f f e r e n t i a l  p r e d a t i o n )  i s  demonst ra ted t o  be a  f u n c t i o n  o f  shock tempera- 

t u r e  and d u r a t i o n  o f  exposure ,  where t h e  t i m e  r e q u i r e d  i s  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  temperature .  

The o b j e c t i v e  o f  t h i s  s t u d y  was t o  de te rm ine  i f  t h e  hypo thes i zed  "dose . 

response" was, i n  f a c t ,  e x h i b i t e d  b y  j u v e n i l e  ra inbow t r o u t  exposed t o  

v a r i o u s  d u r a t i o n s  o f  exposure t o  t h r e e  l e t h a l  t empera tu res :  26, 28 and 30 O C .  



MATERIALS AND METHODS 

The t e s t  f i s h ,  j u v e n i l e  rainbow t r o u t  (S. - g a i r d n e r i ) ,  were r a i s e d  a t  t he  

P a c i f i c  Northwest Labora to r ies  ' aqua t i c  ecology f a c i  1  i t i e s  f rom a  brood s tock 

mainta ined f o r  severa l  generat ions.  The s tock  o r i g i n a l  l y  came f r om the  

Naches Hatchery operated by the  Washington S ta te  Department o f  Game. Our 

f a c i l i t i e s  were supp l i ed  w i t h  un t rea ted  Columbia R i ve r  water.  Dur ing these 

experiments, i n  t h e  f a l l  o f  1969, t h e  f i s h  averaged 16.26 grams (S.D. 6.97) 

i n  weight  and 95.03 mm (S.D. 15.74) i n  l e n g t h  f rom snout t o  hypura l  p l a t e .  

They were acc l imated  t o  15 O C  f o r  severa l  weeks p r i o r  t o  t e s t i n g .  

Experimental  methods and t h e i r  r a t i o n a l e  were descr ibed  p r e v i o u s l y  

(Coutant, Nov. , 1972). B r i e f l y ,  t h e  methods were as f o l  lows. Juveni 1  e  

f i s h  were f i r s t  removed f rom a  common s tock  tank and both t e s t  and c o n t r o l  

groups were marked w i t h  a  c o l d  brand. A f t e r  a  recovery p e r i o d  o f  a t  l e a s t  

72 hours,  each group was t r a n s f e r r e d  t o  i t s  t e s t  exposure, one be ing  heated 

and t he  o t h e r  unheated water  a t  the  acc l ima t i on  temperature. Upon comple- 

t i o n  o f  t h e  t imed exposures, shocked and c o n t r o l  f i s h  were r e u n i t e d  a t  t h e  

acc l ima t i on  temperature and o f f e r e d  s imul taneously  t o  t he  p reda to rs  i n  a  

c i r c u l a r  f i b e r g l a s s  tank  1.2 m i n  d iameter  w i t h  65 cm water  depth.  Predator  

a d u l t  rainbow t r o u t  were a l lowed a  maximum o f  15 min t o  remove approx imate ly  

50% o f  t h e  prey. The remainder was then removed, and t e s t  and c o n t r o l  f i s h  

were counted. The s t a t i s t i c  d  = 
P 

l1 was used t o  express t he  d i f f e r e n c e  
i 2 

i n  ins tantaneous p reda t i on  r a t e s  upon t he  two groups ( a f t e r  Bams, 1967). 

The ch i -square a n a l y s i s  was used t o  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s .  

The o n l y  s i g n i f i c a n t  d e v i a t i o n  f rom the  es tab l i shed  procedure was d i c -  

t a t e d  by t he  l a r g e r  s i z e  o f  prey f i s h  d u r i n g  t he  f a l l  o f  t h e  year ,  f o l l o w i n g  

about 7 months growth. Because o f  t he  inc rease  i n  s i ze ,  o n l y  t h e  sma l l es t  

i n d i v i d u a l s  were used. Non-random s e l e c t i o n  f o r  s i z e  p r i o r  t o  experimenta- 

t i o n  i s  cons idered t o  be un impor tant  t o  t e s t  r e s u l t s ,  f o r  i t  occur red  p r i o r  t o  

random separa t ion  o f  shocked and c o n t r o l  groups. Predators  were the  same 

a d u l t  rainbow t r o u t  (now 3 years o l d )  used p r e v i o u s l y  i n  t e s t i n g  j u v e n i l e  

Chinook. No recovery  p e r i o d  a t  a c c l i m a t i o n  temperature was a l lowed f o l l o w i n g  

thermal exposure t o  1  e t h a l  temperatures. 
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RESULTS AND DISCUSSION 

2  Heterogenei ty  x c a l c u l a t i o n s  f o r  a1 1  t e s t  groups ( i  .e. , s p e c i f i c  

combinat ions o f  shock temperature and t ime)  i n d i c a t e d  t h a t  t e s t  r e s u l t s  

f o r  each group were c o n s i s t e n t  (Table 1  ) . Conclusions regard ing  s i g n i  f i -  

cance o f  d i f f e r e n t i a l  p reda t i on  could thus be made on t h e  "combined" da ta  

f o r  each group. 

A t  t h e  h i ghes t  t e s t  temperature o f  30 "C, a  one-minute exposure 

y i e l d e d  a  group ch i -square (3.373) t h a t  was o n l y  s l i g h t l y  below t h e  0.05 

l e v e l  o f  s i g n i f i c a n c e .  Preda t ion  d i f f e r e n c e  was h i g h l y  s i g n i f i c a n t  

(25.043) f o l l o w i n g  an exposure t ime o f  1.5 minutes. The t r end  i n  d  r a t i o s  
P  

(F igu re  1  ) suggests t h a t  t h e r e  was an inc rease  i n  r e l a t i v e  v u l n e r a b i l i t y  t o  

p reda t i on  ( i  .e., t h e  r a t i o  became g rea te r  than 1 )  near 0.55 minutes. 

The supply  o f  small t e s t  f i s h  was exhausted be fo re  t h e  lowes t  

exposure t ime r e s u l t i n g  i n  increased v u l n e r a b i l i t y  a t  28 "C cou ld  be 

determined. Tests  a t  4, 8, and 16 min y i e l d e d  h i g h l y  s i g n i f i c a n t  d i f f e r -  

ences i n  p reda t ion  (Table 1  ) .  The t r e n d  i n  d  r a t i o s  suggests t h a t  t h e  
P  

l e n g t h  o f  shock exposure r e q u i r e d  t o  i l l i c i t  increased v u l n e r a b i l i t y  t o  

p reda t i on  may be near  2  min ( d o t t e d  1  i n e  i n  F igure  1  ) . 
The lowes t  o f  t h e  t e s t  temperatures, 26 "C, induced s i g n i f i c a n t l y  

d i f f e r e n t  p reda t i on  r a t e s  a f t e r  an exposure o f  64 min, b u t  n o t  a f t e r  16 o r  

32 min (Table 1 ) .  There were h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  a f t e r  90 and 

120 min exposures. The t r e n d  i n  d  r a t i o s  (F igu re  1  ) i n d i c a t e s  t h a t  an 
P 

exposure t ime o f  about 32 min f i r s t  induced changes i n  f i s h  behavior o r  

performance t h a t  r e s u l t e d  i n  an increased v u l n e r a b i l i t y  t o  p reda t ion  by 

l a r g e  t r o u t .  

The r e l a t i o n s h i p  o f  shock temperatures t o  t he  descr ibed "end p o i n t s "  

f o r  p reda t i on  e f f e c t s  a re  shown i n  F igure  2. Al though t h ree  t e s t  tempera- 

t u r e s  a re  inadequate t o  d e f i n e  t he  e n t i r e  r e l a t i o n s h i p  ( t h e  dashed l i n e  

was p laced by i n s p e c t i o n ) ,  t h e r e  i s  evidence t h a t  t h i s  thermal shock 

response i s  s i m i l a r  t o  t he  p a t t e r n  o f  thermal r e s i s t a n c e  w i t h  death as 

t he  p r imary  c r i t e r i o n  (such as B r e t t ,  1952) o r  w i t h  l o s s  o f  e q u i l i b r i u m  as 

t h e  p r imary  c r i t e r i o n  (Coutant and Dean, Nov., 1972). The t h r e e  



c r i t e r i a  f o r  thermal shock e f f e c t s  a r e  i l l u s t r a t e d ,  a l l  based upon data 

f rom t e s t s  us ing  t h e  same s tock  o f  j u v e n i l e  rainbow t r o u t .  Regression 

l i n e s  were c a l c u l a t e d  f o r  e q u i l i b r i u m  l o s s  and death. F igure  2 i s  arranged 

accord ing t o  t h e  p a t t e r n  es tab l i shed  by Fry,  H a r t  and Walker (1946) and 

f o l l owed  subsequent ly by o t h e r  workers i n  t h i s  f i e l d ,  d e s p i t e  t h e  reversed 

o r i e n t a t i o n  o f  dependent and independent va r i ab les  f rom general s t a t i s t i c a l  

p r a c t i c e .  The end p o i n t s  f o r  d i f f e r e n t i a l  p reda t i on  e f f e c t s  averaged 10.9% 

o f  t he  dose r e q u i r e d  t o  k i l l  t he  f i s h  d i r e c t l y  by heat. 

These r e s u l t s  i n d i c a t e  t he  f e a s i b i l i t y  o f  q u a n t i t a t i v e  d e s c r i p t i o n  o f  

t he  thermal dose ( i  .e., temperature admin is te red  f o r  a  l e n g t h  o f  t ime )  

r equ i  r ed  t o  inc rease  the  vu lnerab i  1  i ty  o f  young f i s h  t o  p reda t i on  immediate ly  

f o l l o w i n g  t h a t  exposure. The amount o f  da ta  now a v a i l a b l e  i s  inadequate t o  

complete t h i s  d e s c r i p t i o n ,  which must a w a i t  f u r t h e r  t e s t i n g .  Q u a n t i t a t i v e  

r e l a t i o n s h i p s  between thermal changes and var ious  c r i t e r i a  f o r  eco log i ca l  

e f f e c t s  have been shown t o  have u t i l i t y  i n  d e f i n i n g  boundary c o n d i t i o n s  f o r  

des ign ing  sa fe  thermal discharges i n t o  r i v e r s  (Jaske e t  - -  a l .  i n  p ress) .  
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TABLE 1. Resu l ts  o f  Preda t ion  on Thermal ly  Shocked J u v e n i l e  
Rainbow T rou t  by Adul t Rainbow. Accl  i m a t i  on temperature, 
15 "C; shock temperatures i nd i ca ted .  The number o f  f i s h  
i n  each group a t  s t a r t  o f  p reda t i on  was 25. 

[ i  = -log ( su rv iva l  proport ion) ; d = i shocked 
e p i c o n t r o l  I 

Length of Number Surviving Chi Square i 

Exposure (min) d Shocked Control (1 d , f .  ) Shocked Control q 

30 C SHOCK TEMPERATURE 

0 - 5  14 15 0.034 0.579 0.510 1.135 

15 16 0.032 0.510 0.446 1.144 

16 12  0.571 0.446 0.733 0.608 

14 14 0 0.579 0.579 1.000 

Combined 59 57 0.034 0.527 0,562 0.938 

2 Heterogeneity X. 0 .603 

Combined 44 63 3.373 0.820 0.462 1.776 

Heterogeneity x 2 2.888 



TABLE 1 . (contd)  

Length of Number Surviving Chi Square i 

Exposure (min) d Shocked Control (1 d . f . )  Shocked Control q 

3 11 4 571 2.120 0.820 2.582 

8 19 4.481 1.139 0.274 4.151 

Combined 40 99 25.043 1.321 0.415 3.181 

Heterogeneity x 2 1.568 

28 C SHOCK TEMPERATURE 

10 16 1.384 0.916 0.446 2.053 

8 22 6.533 1.139 0.127 8.913 

1 20 17.190 3.218 0.223 14.425 

4 24(a)  14.285 1.832 0.040 44.891 

Combined 23 82 33 152 1.469 0.198 7.405 

Heterogeneity x 2 6.24 

Combined 18 6 3 25.000 1.427 0.174 8.185 

Z Heterogeneity x 4.94 



TABLE 1 .  ( c o n t d )  

Length of Number Surviving Chi Square i 

Exposure (min) 
d 

Shocked Control (1 d . f .  ) Shocked Control q 

16 3 22 14.440 2.120 0.127 16.586 

Combined 15 69 34.714 1.609 0.083 19.302 

Heterogeneity x 2 0,707 

Combined 

2 
Heterogeneity x 

32 

26 C SHOCK TEMPERATURE 

15 9 1.500 0.510 1.021 0.500 

18 17 0.028 0.328 0,385 0.851 

13 7 1.800 0.653 1.272 0.513 

17 16 0.030 0.385 0.466 0.864 

Combined 3 0 3 2 0,065 0 .510 0.446 1.144 

Heterogeneity x 2 0,088 



TABLE 1 .  (contd)  

Length of Number Surviving Chi Square . i 

Exposure (min) 
d Shocked Control (1 d.f.  ) Shocked Control q 

64 10 2 1 3 .go3 0.916 0.174 5.255 

9 1 5  1.500 1.021 0.510 2.000 

Combined 19 36 5.254 0.967 0.328 2.945 

Heterogeneity x 2 
0.149 

90 

Combined 

z 
Heterogeneity x 1.098 

120 

Combined 

2 
Heterogeneity x 0 -797 

a .  No fish e a t e n ,  b u t  one assumed ea ten  f o r  purposes of c a l c u l a t i o n .  



TIME, M I N U T E S  

FIGURE 1. Pa t te rns  o f  d  Rat ios  f o r  Timed Exposures o f  J u v e n i l e  Rainbow 
T r o u t  t o  26, 5 8 and 30 "C.  S o l i d  p o i n t s  a re  r a t i o s  f o r  
i n d i v i d u a l  t e s t s ;  open p o i n t s  a r e  f o r  "combined" t e s t s  f o r  
t h e  exposure t ime. 
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FIGURE 2. Re la t i onsh ips  Among Three E f f e c t s  o f  Acute Thermal Shock on 
15 "C-Acclimated J u v e n i l e  Rainbow Trou t :  Death, E q u i l i b r i u m  
Loss, and Increased V u l n e r a b i l i t y  t o  Predat ion.  Regression 
equat ions a r e  shown f o r  e q u i l i b r i u m  l o s s  and death ( t  = t ime, 
T = temperature) .  
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