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ABSTRACT 

The r e l a t i o n s h i p  of thermal discharges from Hanford r e a c t o r s  t o  

food and feeding of juveni le  chinook salmon ( ~ n c o r h ~ n c h u s  tshawyts cha) 

i n  t h e  c e n t r a l  Columbia River ,  Washington was s tud ied  i n  1968 and 1969. 

The primary ob jec t ives  were t o  (1) evalua te  the  food composition and 

feeding a c t i v i t i e s  of t h e  f i s h  and ( 2 )  determine i f  heated e f f l u e n t s  

inf luenced t h e i r  welfare.  Ehvironmental condi t ions ,  i . e .  seasonal  changes 

i n  r i v e r  temperatures and flow volumes, i n  r e l a t i o n  t o  thermal requi re-  

ments of young chinook a r e  d e t a i l e d .  Data on food organisms u t i l i z e d  

by t h e  f i s h  a r e  presented f o r  1968 and 1969, whereas analyses f o r  poss ib le  

thermal e f f e c t s  a r e  based on t h e  more extensive 1969 da ta .  

Young chinook a t  Hanford consumed pr imar i ly  various s t ages  of aqua t i c  

i n s e c t s ,  of which a d u l t  and l a rvae  Tendipedidae ( ~ i p t e r a )  were of dominant 

importance. Other major food organisms were t h e  order  Collembola and 

t h e  f ami l i e s  Notonectidae ( ~ e m i p t e r a )  and Hydropsychidae  richop opt era) . 
Small f r y  f ed  almost exc lus ive ly  on tendipedids.  The food composition 

w a s  e s s e n t i a l l y  s i m i l a r  i n  1968 and 1969. Over 95 percent  of food organ- 

i s m s  u t i l i z e d  org ina ted  i n  t h e  r i v e r  ecosystem. 

Analyses t o  de t ec t  thermal e f f e c t s  were made on parameters dea l ing  

with food, feeding and growth compiled from f i s h  c o l l e c t e d  a t  t h r e e  s i t e s  

above ("coldwater s t a t i o n s "  ) and t h r e e  s i t e s  below ( "warmwater s t a t i o n s "  ) 

t h e  e f f l u e n t  discharges. The following comparisons were made : (1 ) food 

organisms u t i l i z e d ,  ( 2 )  feeding a c t i v i t y ,  ( 3 )  mean i n s e c t s  pe r  feeding 

f i s h ,  ( 4 )  seasonal. increases  i n  f i s h  l eng th ,  ( 5 )  f i s h  length-weight 

r e l a t i o n s h i p s ,  ( 6 )  c o e f f i c i e n t s  of condi t ion ,  and ( 7 )  dry  weight of 



stomach contents .  A l l  d a t a  were charac ter ized  by considerable v a r i a t i o n  

between and within ind iv idua l  s t a t i o n s .  No cons i s t en t  d i f f e rences  a t t r i -  

butable  t o  thermal increments were ev ident .  The lack  of de t ec t ab le  

e f f e c t s  i s  apparent ly due t o  t h e  f a c t  t h a t  t h e  main discharge plumes occur 

i n  midriver  and t h e  e f f l u e n t s  a r e  we l l  mixed before reaching inshore 

feeding areas .  The t r a n s i e n t  na ture  of f i s h  at each sampling s i t e ,  

inf luenced by changes i n  regula ted  r i v e r  discharge,  and t h e  a v a i l a b i l i t y  

of food organisms i n  t h e  r i v e r  d r i f t  were eco log ica l  f a c t o r s  a f f e c t i n g  

c r i t i c a l  thermal eva lua t ion  i n  s i t u .  



v 

TABLE OF CONTENTS 

Page 

In t roduc t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Some Rela t ionsh ips  of Temperature t o  Feeding and 
Growth of  Salmonids . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Methods 

. . . . . . . . . .  Environmental Conditions i n  t h e  Cent ra l  Columbia 

. . . . . . . . . . . . . . .  Food Composition and Feeding A c t i v i t y  -14  

FoodOrganisrns . . . . . . . . . . . . . . . . . . . . . . .  -14  

. . . . . . . . . . . . . . . . . . .  Seasonal Changes i n  Diet  -19 

. . . . . . . . . . . . . . . . . . . . . . .  Early Die t  of  Fry -20 

. . . . . . . . . . . . . . . . .  Inf luence  of D r i f t  Organisms '23 

. . . . . . . . . . . . . . .  Analyses f o r  P o t e n t i a l  Thermal E f f e c t s  -24 

. . . . . . . . . . . . . . . . . . . .  Food Organisms U t i l i z e d  '25 

. . . . . . .  Feeding A c t i v i t y  ( ~ a n k  Cor re l a t i on  c o e f f i c i e n t s )  '28 

. . . . . . . . . . . .  Feeding A c t i v i t y  (pe rcen t  S i m i l a r i t i e s )  -31 

. . . . . . . . . . . . . . . . .  Mean I n s e c t s  Per  Feeding F ish  '36 

. . . . . . . . . . . . . . .  Seasonal Increases  i n  F ish  Length *40 

. . . . . . . . . . . . . .  Fish Length .. Weight Rela t ionsh ips  '42 

. . . . . . . . . . . . . . . . . .  Coef f i c i en t s  of Conditions -46 

. . . . . . . . . . . . . . . .  Dry Weight of Stomach Contents '47 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Discussion '52 

. . . . . . . . . . . . . . . . .  Food of  Young Chinook Salmon '52 

. . . . . . . . . . . .  Ecologica l  Aspects of Food and Feeding '54 

. . . . . . . . . . . . . . . . .  Ef fec t s  of Thermal Discharges '5 8 



TABLE OF CONTENTS (cont inued)  

Page 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Addendum 64 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Acknowledgements 64 

. . . . . . . . . . . . . . . . . . . . . . . . . .  L i t e r a t u r e  Ci ted  65 



v i  i 

LIST OF TABLES 

Table 1. 

Table 2. 

Table 3. 

Table 4. 

Table 5 .  

Table 6. 

Table 7. 

Table 8. 

Table 9 .  

Summary o f  s t a t i o n s  and number o f  j uven i l e  chinook 

pe r  sample i n  1969 food analyses  . . . . . . . . . . . . .  7 

Summary of  organisms consumed by juveni le  chinook (0-age 

group) i n  t h e  Hanford envi rons  o f  t h e  c e n t r a l  Columbia 

. . . . . . . . . . . . . . . . . . . . . . . . .  River.  .15 

ldonthly changes i n  feed ing  h a b i t s  of  juveni le  chinook at 

Hanford i n  1969, a l l  sampling s t a t i o n s  combined ( i n  

pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

Proport ions of major i n s e c t  groups u t i l i z e d  by juveni le  

chinook at "coldwater" and "warmater"  s t a t i o n s ,  a l l  

1969 d a t a  combined ( i n  p e r c e n t ) .  . . . . . . . . . . . . .  26 

Comparison of  major food organisms u t i l i z e d  by juven i l e  

chinook at co ld  and warmwater s t a t i o n s  by rank c o r r e l a t i o n  

. . . . . . . . .  c o e f f i c i e n t  ( r '  ) , a l l  1969 d a t a  combined 29 

Monthly v a r i a t i o n  i n  propor t ions  o f  major food organisms 

u t i l i z e d  by juven i l e  chinook at  co ld  and warmater 

s t a t i o n s  ( i n  p e r c e n t ) .  . . . . . . . . . . . . . . . . . .  32 

Mean numbers of  i n s e c t s  p e r  stomach of  feed ing  chinook at  

co ld  and warmwater s t a t i o n s .  . . . . . . . . . . . . . . .  37 

Summary: s t a t i s t i c a l  comparison of sample mean l eng ths  by 

Duncan's mu l t i p l e  range t e s t  (w i th in  co ld  and warmwater 

s t a t i o n s ) .  . . . . . . . . . . . . . . . . . . . . . . .  43  

Mean l e n g t h s ,  mean weights ,  and t h e  c o e f f i c i e n t  o f  condi- 

t i o n  (Q) f o r  d i f f e r e n t  10  mm s i z e  groups of  juveni le  

chinook a t  co ld  and warmwater s t a t i o n s ,  March-June 1969. . 48 



LIST OF FIGURES 

Page 

Fig. 1. Temperature and flow i n  the  c e n t r a l  Columbia River 

during the  spr ing  and summer of 1969, i n  r e l a t i o n  

t o  the  presence of juvenile  chinook salmon, and t h e i r  

prefer red  temperature and optimum growth (hatchery 

production) ranges. . . . . . . . . . . . . . . . . . . . .  10 

Fig. 2. Daily f luc tua t ions  i n  Columbia River flows due t o  

I regula t ion  a t  P r i e s t  Rapids D a m  (above Hanford) i n  

r e l a t i o n  t o  the  seasonal  discharge cycle  and monthly 

. . . . . . . . . . . . . .  temperatures , March-Augus t 19 69 1 3  

Fig. 3. Length frequency d i s t r i b u t i o n s  of juveni le  chinook 

co l l ec ted  a t  Hanford, 1969. . . . . . . . . . . . . . . . .  22 

Fig. 4. Rank cor re la t ion  c o e f f i c i e n t s  ( r '  ) f o r  major food organisms 

ingested by juvenile  chinook each month a t  cold and warm 

. . . . . . . . . . . . . . . . . . . . . .  water s t a t i o n s .  30 

Fig. 5. Diamond matrix comparisons of percent  s i m i l a r i t i e s  (PS ) 
C 

between and within cold ( A ,  B ,  C )  and warmwater ( D ,  E ,  F) 

s t a t i o n s  based on major food organisms of juvenile  

. . . . . . . . . . . . . . . . .  chinook, April-July 1969. 3 5 

Fig. 6. Numbers of i n s e c t s  per  stomach content i n  r e l a t i o n  t o  

s i z e  of juvenile  chinook from cold and warmwater s t a t i o n s ,  

March-July 1969 . . . . . . . . . . . . . . . . . . . . . .  39 



X 

LIST OF FIGURES (Continued) 

Page 

Fig. 7. Growth of juvenile  chinook co l l ec ted  from s t a t i o n s  above 

( coldwater) and below (warmwater) the  Hanford e f f l u e n t  

discharges,  iflarch-July 1969 . . . . . . . . . . . . . . . .  4 1  

Fig. 8. Growth of juvenile  chinook co l l ec ted  a t  cold and warmwater 

s t a t i o n s ,  March-July ,1969, i n  r e l a t i o n  t o  Columbia River 

. . . . . . . . . . . . . . . . . . . . . . .  temperatures. 44 

Fig. 9.  Length-weight r e l a t ionsh ips  of juvenile  chinook from cold  

. . . . . . . . . .  and w a m a t e r  s t a t i o n s ,  March-July 1969 45 

Fig. 10. Seasonal changes i n  dry weight of stomach contents  of 

juvenile  chinook from cold and warmwater s t a t i o n s ,  March- 

~ u l y  1 9 6 9 .  . . . . . . . . . . . . . . . . . . . . . . . .  50 

Fig. 11. Dry weight of stomach contents  i n  r e l a t i o n  t o  s i z e  of 

juveni le  chinook from cold and warmwater s t a t i o n s ,  March- 

. . . . . . . . . . . . . . . . . . . . . . . .  ~ u l y  1 9 6 9 .  51 



FOOD AND FEZDING OF JUVENILE CHINOOK SALMON 

I N  THE CEiJTRAL COLUPIBIA RIVER I N  RELATION TO THERMAL 

DISCHARGES AND OTHER ENVIRONMENTAL FEATURES 

C .  D. Becker 

INTRODUCTION 

F i e l d  s t u d i e s  on t h e  r e l a t i o n s h i p  of thermal  discharges t o  t h e  

food and feeding of juveni le  chinook salmon ( ~ n c o r h ~ n c h u s  tshawytscha) 

i n  t h e  Hanford environs of t h e  c e n t r a l  Columbia River ,  Washington were 

i n i t i a t e d  i n  1968 and expanded i n  1969. The primary ob jec t ives  were 

t o :  (1) evalua te  t h e  food composition and feeding a c t i v i t y  of  t h e  f i s h  

during t h e i r  temporary sojourn preceding seaward migrat ion,  and ( 2 )  

determine i f  heated r e a c t o r  e f f l u e n t s  d i r e c t l y  o r  i n d i r e c t l y  inf luenced  

t h e i r  welfare .  The i n v e s t i g a t i o n  was prompted by t h e  p o s s i b i l i t y  t h a t  

d i sposa l  of e f f l u e n t s  from opera t ing  plutonium product ion r e a c t o r s  and 

t h e  r e s u l t i n g  thermal  increments might e i t h e r  be de t r imenta l  t o  t h e  

food organisms upon which juveni le  salmon depended o r  e f f e c t  t h e i r  feeding 

a c t i v i t y  and growth. 

I n i t i a l  s t u d i e s  i n  1968 proved rewarding and provided d a t a  no t  

only on food organisms consumed ( ~ e c k e r ,  1969; 1970a) but  a l s o  on t h e  

b a s i c  autecology of  juveni le  chinook i n  t h e  Hanford a r e a  ( ~ e c k e r ,  1970b).  

An expanded sampling program was conducted i n  1969 t o  provide a f i rmer  

b a s i s  f o r  eva lua t ing  p o t e n t i a l  thermal e f f e c t s .  The r e s u l t s  of  t h i s  

i nves t iga t ion  a r e  combined with previous work and d e t a i l e d  here in .  



This  r e p o r t  i s  separa ted  i n t o  s i x  s e c t i o n s :  (1) a b r i e f  review 

of background l i t e r a t u r e  dea l ing  wi th  t h e  e f f e c t s  of  temperature  on 

feeding and growth o f  salmonid f i s h e s ;  ( 2 )  methods used i n  t h i s  s tudy  

f o r  c o l l e c t i o n  and ana lyses  of  samples; ( 3 )  environmental cond i t i ons  

i n  t h e  c e n t r a l  Columbia i n  1969, p r imar i l y  temperatures  and d ischarge  

volumes; ( 4 )  p r e s e n t a t i o n  of  da t a  on food composition and feeding a c t i v i t y ;  

( 5 )  ana lyses  of  d a t a  f o r  p o t e n t i a l  thermal  e f f e c t s ;  and (6) discussior i  

o f ,  f i r s t ,  e co log ica l  a s p e c t s  of  food and feed ing  and, second, r e s u l t s  

of eva lua t ion  f o r  e f f e c t s  of  thermal  d i scharges .  

SOME RELATIONSHIPS OF TEMPERATURE 

TO FEEDING AND GROWTH OF SALIlONIDS 

Poikilothermous v e r t e b r a t e s  and i n v e r t e b r a t e s  i n  aqua t i c  environments 

a r e  h igh ly  temperature  dependent. Popula t ions  a r e  r egu la t ed  by temper- 

a t u r e s  a c t i n g  upon va r ious  phases of  t h e i r  l i f e  c y c l e s ,  p a r t i c u l a r l y  

upon growth and reproduct ion.  The p r e c i s e  i n t e r a c t i o n s  and e c o l o g i c a l  

l i m i t s  of  m u l t i f a c e t  thermal  e f f e c t s  remain unknown f o r  t h e  ma jo r i t y  

of spec i e s .  Some e f f e c t s  of temperature  on feed ing  and growth o f  salmon- 

i d s ,  c u l l e d  from t h e  l i t e r a t u r e ,  a r e  d e t a i l e d  below. 

P r e f e r r e d  temperatures  f o r  j uven i l e  salmonids,  where cond i t i ons  

a r e  presumably near  optimum f o r  feed ing  and growth, were e s t a b l i s h e d  

i n  l abo ra to ry  a t  12-14Oc by B r e t t  (1952) and t h e  range f o r  maximum pro- 

duc t ion  of  f i n g e r l i n g s  i n  h a t c h e r i e s  (w i th  un l imi ted  supply of  a r t i f i c i a l  

food)  w a s  l i s t e d  as 10-15Oc (50-60O~)  by Burrows (1963) .  B r e t t  (1952) 

a l s o  gave 25.1°C as t h e  upper i n c i p i e n t  l e t h a l  l e v e l  (where 50% o f  t h e  



f i s h  d i e  a f t e r  one week of exposure) f o r  juveni le  chinook. However, it 

i s  now known t h a t  t h e  upper l e t h a l  l i m i t  of f i s h  i n  na ture  may be some- 

what l e s s  than determined under con t ro l l ed  l abora to ry  condit ions 

 ergus us on, 1958) ;  t h i s  appears t o  be t r u e  f o r  juveni le  chinook i n  t h e  

Columbia. F ish  a r e  s e n s i t i v e  t o  s m a l l  temperature changes (0 .05 '~ )  

and tend  t o  avoid a reas  heated i n  excess of t h e i r  thermal prefer renda  

(Alabas ter ,  1963; Bardach and Bjorklund, 1957; Bu l l ,  1936).  Yet young 

salmonids w i l l  e n t e r  thermal g rad ien t s  approaching t h e  l e t h a l  l e v e l  i n  

response t o  feeding s t i m u l i  under labora tory  condit ions ( ~ r e t t ,  1952).  

The d iverse  e f f e c t s  of temperature on a c t i v i t y  and metabolism of 

f i s h e s  have been summarized by B r e t t  (1956),  Fry (1964, 1967) ,  Mihursky 

and Kennedy (1967) and o the r s .  A s  noted by Allen (1941) i n  s t u d i e s  of 

young At l an t i c  salmon (Salmo -- s a l a r )  , temperatures apparent ly r e g u l a t e  

both t h e  amount of feeding and growth. Metabolic r a t e s  necessary t o  

maintain an organism genera l ly  increase  with a r i s e  i n  temperature' t o  

a poin t  below t h e  c r i t i c a l  thermal maximum. [ I 1  Of immediate i n t e r e s t  

f o r  evaluat ion of thermal e f f e c t s  on food and feeding of f i s h ,  t h e r e  

i s  a poin t  i n  t h e  upper range of thermal  to l e rance  but  below t h e  l e t h a l  

l e v e l  where feeding i s  r e s t r i c t e d .  F inger l ing  sockeye salmon (2. nerka)  

cease e a t i n g  under experimental condi t ions  when temperatures increase  

from 17.2 t o  25.6'C ( ~ o n a l d s o n  and Fos te r ,  1941) ,  and t h e  a b i l i t y  of  

brook t r o u t  ( s a l v e l i n u s  f o n t i n a l i s )  t o  capture  prey decreases a t  temper- 

a tu res .  from 17.2 t o  21°c ( ~ a l d w i n ,  1957).  For every 10' r i s e  i n  

-- 

[ l ]  The r a t e  of metabolism i s  acce lera ted  by hea t  i n  accordance wi th  t h e  
Van't Hoff p r i n c i p l e  t h a t  t h e  r a t e  of chemical r eac t ion  increases  
with r i s i n g  temperature. For example, B r e t t  (1965) found t h a t  t h e  
bas i c  metabolic r a t e  of juveni le  sockeye salmon was s i x  t imes h igher  
at 2 4 ' ~  than  a t  5 ' ~ .  



temperature  between 40°F ( 4 . k 0 c )  and G O O F  (15.G0c) ,  food consumption of 

j uven i l e  chinook inc reases  about 60% ( ~ u r r o w s  , 1963) .  

Diges t ion ,  a s  an index t o  metabolism, i s  s t r o n g l y  in f luenced  by 

inc reases  i n  water  temperature .  Digest ion o f  sof t -bodied i n s e c t  l a r v a e  

by brook t r o u t  proceeds more r a p i d l y  a t  l l O c  than  a t  ~ O C  ( ~ e s s  and 

Rainwater, 1939). The time requi red  f o r  rainbow t r o u t  ( ~ a l m o  g a i r d n e r i  ) 

t o  d i g e s t  half-gram meals ranges from 70 hours f o r  ch i ton i zed  i n s e c t s  

a t  0-0.6O~ (32-37 '~)  t o  12  hours f o r  sof t -bodied i n s e c t s  a t  9 .4 -11 .7°~  

(49-53O~)  , according t o  Heimers (1959) .  Rates of  g a s t r i c  d i g e s t i o n  

of  dragonfly na iads  by b l u e g i l l  (Lepomis macrochirus) show a major 

decaease with a temperature  drop from only 18.5 t o  1 7 . 1 ' ~  ( w i n d e l l ,  

1957) .  Digest ion of food by ~ i s c i v o r o u s  bass  ( ? ~ l i c r o ~ t e r u s  salmoides)  

i nc reases  r a p i d l y  with an increase  i n  temperature  from 5 t o  1 0 ' ~  ( ~ o l n & -  

and Ts lg ,  1962) .  

Ul t imate ly  a po in t  i s  reached at r i s i n g  temperatures  where a f i s h  

expends more energy than  it r ep l aces ,  d e s p i t e  a supergbundance of  food,  

and weight ga in  i s  s t a b i l i z e d  o r  even reduced. J u v e n i l e  chinook c u l t i v a t e d  

at 2b°C, even though a c t i v e  and feed ing  w e l l ,  d i sp l ay  lower growth 

r a t e s  t han  f i s h  r ea red  at lower temperatures  ( ~ r e t t  , 1952) .  Food consump- ' 

t i o n  of brown t r o u t  ( ~ a l m o  t r u t t a )  i s  g r e a t e s t  a t  10-lg°C, bu t  t h e  

f i s h  a r e  so a c t i v e  a t  t h e  high temperature  t h a t  a l a r g e  propor t ion  

of  i t s  food in t ake  i s  burned merely i n  maintaining body func t ions .  

For t h e s e  reasons ,  op t imm growth of  young sockeye (2. ne rka )  occurs  

near  1 5 O C ,  and no growth t akes  p lace  a t  about 23OC d e s p i t e  t h e  presence 

of excess  food ( ~ r e t t ,  Shelbourn and Snoop, 1970) .  



The above da t a ,  a l though not  i n c l u s i v e ,  sugges ts  t h a t  t h e r e  i s  

an optimum temperature f o r  meta7001ism, as  revea led  by feeding a c t i v i t y  

and growth r a t e s ,  f o r  each spec ies  of f i s h .  Furthermore, t h i s  temper- 

a t u r e  may roughly correspond t o  "prefer red"  temperature of i nd iv idua l  

spec ies .  Metabolic r a t e s  a r e  reduced at temperatures  below t h i s  theore-  

t ical  optimum and increased a t  temperatures above, both slowing t h e  

maximum growth r a t e .  Rainbow t r o u t  feed  r e a d i l y  a t  low temperatures ,  

but d iges t ion  t akes  2-3 t imes longer  a t  1 . 6 ' ~  than  a t  ~ O ' C  ( ~ e i m e r s  , 

1957).  The time f o r  complete d i g e s t i o n  o f  food p e l l e t s  by y e a r l i n g  

sockeye salmon decreases  from 147 h r s  a t  3OC t o  1 8  h r s  a t  23'C ( ~ r e t t  

and Higgs, 1970).  Young cen t r a rch ids  consume about t h r e e  t imes a s  

much food per  day a t  20' a s  a t  ~ O ' C   atha ha way , 1927 ) . Surviva l  t imes  

f o r  juveni le  salmonids may be s i g n i f i c a n t l y  increased  a t  low temperatures  

i f  t h e  food supply i s  l i m i t e d  and f i s h  a r e  s t a rved ,  a s  demonstrated 

f o r  brook t r o u t  ( ~ a t t a ,  1969) ,  presumably because of reduced metabol ic  

r a t e s .  S t a rva t ion  may a l s o  induce changes i n  t h e  p r e f e r r e d  temperatures  

of  young salmonids. For example, f i n g e r l i n g s  rainbow and brook t r o u t  

s e l e c t  lower temperatures  when s t a rved  whereas young A t l a n t i c  salmon 

s e l e c t  h igher  temperatures  ( ~ a v a i d  and Anderson, 1967).  

Small changes i n  temperature can be expected t o  a l t e r  responses 

of young salmon t o  water  c u r r e n t s  ( ~ e e n l e y s i d e  and Hoare, 1954) ,  and 

thus  in f luence  feeding  a c t i v i t y  and food consumption. Young s t ee lhead  

( ~ a l m o  g a i r d n e r i )  and chinook overwinter ing i n  Idaho streams o f t en  

h ide  i n  t h e  s u b s t r a t e  when temperatures drop below about 5 ' ~  (chapman 

and Bjornn, 1969) ,  and presumably reduce food in t ake .  



Young chinooks of t h e  0-age group were c o l l e c t e d  by hand o r  beach 

s e i n e s  i n  t h e  free-flowing Columbia Biver a t  s t a t i o n s  s i t u a t e d  above, 

below, and i n  t h e  v i c i n i t y  of hea ted  r e a c t o r  d i scharges  a t  Hanford. 

The ma jo r i t y  of t h e s e  f i s h  were progeny of  a d u l t  f a l l  chinook salmon, 

as de f ined  by Ful ton  (1968) ,  which spawn below P r i e s t  Rapids Dam dur ing  

October and November. 

Co l l ec t i ons  and stomach ana lyses  were made of 445 f i s h  taken 

from Apr i l  8 t o  June 28, 1968 and t h e s e  pre l iminary  r e s u l t s  were r epo r t ed  

by Becker (1969, 1970a) .  A more comprehensive sampling program w a s  

e s t a b l i s h e d  i n  1969, and stomachs of  769 f i s h  were examined from Fvlarch 4 

t o  J u l y  29  a able 1). The sampling span corresponded t o  t h e  annual 

per iod  of abundance and migra t ion  of  j uven i l e  chinook i n  t h e  c e n t r a l  

Columbia ( ~ a i n s  and Smith,  1964; Becker, 1970b) .  A l l  samples were 

c o l l e c t e d  dur ing  day l igh t  between 0900 and 1500 hours and preserved  

i n  10% buf fe r ed  formalin immediately a f t e r  cap tu re  t o  s t o p  d i g e s t i v e  

ac t i on .  The f i s h  were l a t e r  measured ( f o r k  l e n g t h )  and e v i s c e r a t e d .  

S ince  formalin causes  l i m i t e d  shr inkage ,  a l l  measurements were taken 

a f t e r  a t  l e a s t  7 days pos tp re se rva t ion  t o  ob t a in  cons is tency .  Organisms 

i n  t h e  stomach con ten t s ,  p r imar i l y  i n s e c t s ,  were i d e n t i f i e d  i n d i v i d u a l l y  

t o  t h e  lowest p r a c t i c a l  category under a d i s s e c t i n g  microscope with 

t h e  a i d  of app rop r i a t e  taxonomic keys,  c l a s s i f i e d  according t o  t h e i r  

developmental s t a g e ,  and enumerated.  r rag men tat ion, p a r t i a l  d i g e s t i o n ,  

and inadequate  r e p r e s e n t a t i o n  p r o h i b i t e d  i d e n t i f i c a t i o n  of  a  few food 

organisms.) I n s e c t s  represen ted  by i s o l a t e d  ch i t i nous  head capsu l e s ,  



Table 1. Summary of  S t a t i o n s  and Number of Juven i l e  
Chinook pe r  Sample i n  1969 Food Analyses 

Date 

March 4 

11 

2 5 

A p r i l  1 

8 

15 

2 4 

29 

May 5 

1 3  

2 0 

27 

June 3 

10  

16 

2 4 

J u l y  2 

7 

F i sh  p e r  
S t a t i o n  

Number of Chinook Examined 

 oldwa water" Stat ions ' ' )  I "Warmwater" S t a t i o n s  (1) 
D E F X Y Z  

19 

10 

3 

2 

20 20 15  5 

F ish  

Per  
Date 

19 

2 4 

3 

2 

80 

76 

57 

60 

0 

5 0 

60 

50 

5 0 

48 

5 7 
44 

3 3 

16 

2 0 

10 

(1) Cold and warmwater s t a t i o n s  were l o c a t e d  above and below t h e  
r e a c t o r  d i s cha rges ,  r e s p e c t i v e l y .  Coldwater s t a t i o n s  A ,  B 
and C and warmwater s t a t i o n s  D ,  E ,  and F were used f o r  a n a l y s i s  
and comparison of food h a b i t s  and growth. 



p a r t i c u l a r l y  l a r v a l  Tendipendidae, were counted a s  complete organisms 

whereas fragmented body ? a r t s  were l a r g e l y  excluded. Je thods  i n  1969 

were modified t o  inc lude  d a t a  on length-weight r e l a t i o n s h i p s  of  t h e  

f i s h  and d r i e d  weight of t h e i r  stomach contents .  F ish  were i n d i v i d u a l l y  

b l o t t e d  with absorbent paper t o  remove excess f l u i d  p r i o r  t o  weighing. 

Af te r  i d e n t i f i c a t i o n  and enumeration, t h e  e n t i r e  stomach contents  

of each f i s h  w a s  placed i n  a minia ture  watch g l a s s ,  air  d r i e d  a t  l e a s t  

24 hours i n  a c o n t r o l l e d  atmosphere, and weighed. 

Sampling s t a t i o n s  i n  1968 were incons i s t en t  and f i s h  were c o l l e c t e d  

from var ious  l o c a t i o n s  depending on t h e  p r e v a i l i n g  water l e v e l .  S i x  

primary s t a t i o n s  were e s t ab l i shed  i n  1969, t h r e e  above t h e  Hanford 

e f f l u e n t  d i scharges  ( A ,  B ,  C )  and t h r e e  below ( D ,  E ,  F )  , and t h e s e  

were sampled more o r  l e s s  c o n s i s t e n t l y   able 1). Supplemental samples 

were s c a t t e r e d  among fou r  secondary s t a t i o n s  (w, X ,  Y ,  z). A l l  samples 

were u t i l i z e d  i n  i d e n t i f i c a t i o n  of food organisms, but  only d a t a  from 

t h e  primary s t a t i o n s  i n  1969 were compared f o r  poss ib l e  e f f e c t s  of  

thermal  d ischarges .  S t a t i o n  f e a t u r e s  va r i ed  widely because of changing 

water l e v e l s  a s soc i a t ed  with sp r ing  runoff  ( s easona l )  and wi th  flow 

regu la t ion  ( d a i l y  and weekly) a t  P r i e s t  Rapids D a m ,  above Hanford. 

3 Changing water f lows,  which ranged from about 40,000 t o  280,000 f t  / sec  

over t h e  season,  handicapped cons i s t en t  i n t e r s t a t i o n  sampling. F i e l d  

records were kept on ambient su r f ace  water temperatures  and s u b s t r a t e  

c h a r a c t e r i s t i c s  a t  each s t a t i o n .  I n t e r s t a t i o n  f e a t u r e s  were subsequently 

judged t o  be of r e l a t i v e l y  minor importance t o  t h e  gross  eco log ica l  

p i c t u r e  i n  comparison with seasonal  changes i n  r i v e r  tem?erature and 

f l u c t u a t i o n s  i n  r i v e r  discharge.  



ENVIRONMENTAL CONDITIONS I N  THE CENTRAL COLUMBIA 

Hydroelectr ic  dams throughout t h e  Columbia River system have, 

a t  t h e  present  t ime, inundated many v i t a l  spawning areas  f o r  a d u l t  

salmon and l o t i c  feeding a reas  f o r  juveni le  salmon (Ful ton ,  1968). 

Only one sec t ion  of t h e  main r i v e r  channel remains i n  i t s  p r imi t ive ,  

free-flowing condit ion.  This s ec t ion  extends from Richland, Washington 

some 93  km upr iver  t o  P r i e s t  Rapids Dam and f a l l s  l a r g e l y  wi th in  t h e  

conf ines  of t h e  U.S. Atomic Energy Commission's Hanford Reservation 

where t h i s  study was conducted. A s u b s t a n t i a l  populat ion of a d u l t  

f a l l  chinook now spawns each f a l l  i n  t h e  Hanford environs  atso son, 1970) .  

The progeny of these  a d u l t s  r e s i d e  i n  the  r i v e r  during t h e  s p r i n g  

and e a r l y  summer before migrat ing seaward ( ~ a i n s  and Smith, 1964; 

Becker 1970b). Other young salmonids produced i n  up r ive r  t r i b u t a r i e s ,  

h a t c h e r i e s ,  and spawning channels pass  through t h e  Hanford a r e a  on 

t h e i r  way t o  t h e  sea.  

River temperatures and discharges a r e  two major phys ica l  f a c t o r s  

t h a t  inf luence  a v a i l a b i l i t y  of food organisms and feeding a c t i v i t y  

of juveni le  chinook i n  the  c e n t r a l  Columbia River.  Any study dea l ing  

with -- i n  s i t u  e f f e c t s  of thermal discharges must recognize these  f a c t o r s ,  

which change annually i n  a  well-defined cycle.  

Environmental condi t ions  i n  t h e  c e n t r a l  Columbia during t h e  sp r ing  

and summer of 1969 a r e  i l l u s t r a t e d  i n  Figure 1. Temperature and discharge 

f e a t u r e s  a r e  e s s e n t i a l l y  similar from year  t o  yea r .  Thermal l e v e l s  

respond t o  seasonal  v a r i a t i o n s  i n  atmospheric condi t ions ;  they  a r e  lowest 

i n  January and February, r i s e  during t h e  sp r ing ,  and peak during August 



and September. Temperatures a t  P r i e s t  Rapids (above Hanford) a r e  

somewhat lower than those  a t  Hichland (below Hanford) because of thermal  

increments from heated discharges a t  Hanford and, during t h e  summer, 

of s o l a r  r a d i a t i o n  i n  t h e  free-flowing r i v e r .  From t h e  s tandpoint  

of thermal requirements of juveni le  chinook, temperatures a r e  we l l  

below t h e  thermal preferenda of 12-14 '~  e s t ab l i shed  by B r e t t  (1952) 

i n  March and Apr i l  when most f r y  emerge from t h e  gravel .  Temperatures 

e n t e r  t h e  p re fe r r ed  range i n  !.lay and e a r l y  June, where condi t ions  

a r e  presumably optimum, and a re  sus ta ined  above t h i s  l e v e l  during 

Ju ly  and August. Maximum d a i l y  temperatures recorded a t  P r i e s t  Rapids 

and Richland i n  1969 were 19.7 and 20 .6 '~ ,  r e spec t ive ly .  These peaks 

were wel l  below t h e  apparent upper i n c i p i e n t  l e t h a l  l e v e l  of 25 . lOc  

( ~ r e t t ,  1952) ,  although t h e  upper l e t h a l  l i m i t  of juveni le  chinook 

i n  t h e  c e n t r a l  Columbia may be somewhat below t h i s  l e v e l .  Temperatures 

about 2 0 ' ~  and above, regard less  of l e t h a l  e f f e c t s ,  may wel l  be suboptimum 

f o r  young chinook because of high metabolic requirements and excessive 

expenditure of energy. 

The annual range i n  r i v e r  flow volumes through Hanford extends 

3 f'rom about 40,000 t o  280,000 f t  /sec.  Flows a r e  low during t h e  f a l l  

and win te r ,  but increase  and peak during Apr i l ,  May and June due t o  

t h e  annual runoff of t h e  sp r ing  f r e s h e t .  I n  1969, increased flows 

occurred about 6 weeks e a r l i e r  than usual  because of ope ra t iona l  r e l e a s e s  

at massive Grand Coulee Dam on t h e  upper Columbia. High flows were 

sus ta ined  about t h r e e  months, decreased sharp ly  i n  J u l y ,  and minimum 

flows were a t t a i n e d  i n  August and September. 



The d a t a  i l l u s t r a t e d  i n  Figure 1 a r e  based on weekly means and f a i l  

t o  adequately r evea l  t h e  ex tent  of e i t h e r  weekly o r  da i ly  f l u c t u a t i o n s  

i n  r i v e r  discharges t h a t  occur from flow regu la t ion  a t  P r i e s t  Rapids 

Dam above Hanford. Such f l u c t u a t i o n s  a r e  ind ica t ed  i n  Figure 2.  Generally 

flows a r e  reduced on weekends and increased during t h e  week in  response 

t o  consumer demands f o r  hydroe lec t r i c  power. S imi lar  but l e s s  extreme 

v a r i a t i o n s  a r e  induced da i ly .  During t h e  annual spr ing  s p a t e ,  r i v e r  

water i n  excess of r e s e r v o i r  capac i ty  i s  discharged over sp i l lways  

at P r i e s t  i3apids. Weekly f l u c t u a t i o n s  during high r i v e r  flows a r e  

l e s s  v a r i a b l e  than during t h e  summer and winter  when a g r e a t e r  need e x i s t s  

t o  conserve a v a i l a b l e  water i n  r e s e r v o i r s .  Summer flow regu la t ion  on 

weekends may r e s u l t  i n  changes of t he  water l e v e l  a t  t h e  sampling 

s t a t i o n s  of up t o  8 f e e t  i n  a 24 h r  period.  

A s  i nd ica t ed  i n  Figure 1, juveni le  chinook a r e  present  i n  shore- 

l i n e  areas from l a t e  March t o  mid-July. During t h i s  per iod ,  t h e  

f i s h  hatch and l eave  t h e  gravel ;  some a r e  c a r r i e d  downriver while 

o the r s  assemble i n  shore l ine  a reas  f o r  indeterminant periods of feeding  

and growth before depar t ing  seaward. It i s  theor ized  t h a t  t h e  combination 

of i nc reas ing  r i v e r  temperatures and increas ing  then decreasing r i v e r  

flows t end  t o  d i sp lace  most f i s h  l i n g e r i n g  at Hanford seaward by t h e  

end of J u l y  ( ~ e c k e r ,  1970b1, i n  combination with t h e  development of 

t h e  i n h e r i t e d  migratory i n s t i n c t .  
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Figure 2. Daily f luc tua t ions  i n  Columbia River flows due t o  r egu la t ion  a t  P r i e s t  
Rapids Dam (above  anf ford) i n  r e l a t i o n  t o  t h e  seasonal  discharge cycle and 
monthly temperatures , March-Augus t 1969. 



FOOD COMPOSITION AND FEEDING ACTIVITY 

Food Organisms 

A summary o f  organisms consumed by j u v e n i l e  chinook i n  1968 and 

1969 is  given i n  Table  2 .  Throughout t h e i r  s o j o u r n  i n  t h e  f ree - f lowing  

r i v e r ,  t h e  f i s h  f e d  p r i m a r i l y  upon va r i ous  forms of i n s e c t s  (>95% o f  

t h e i r  d i e t )  whereas o t h e r  organisms occu r r i ng  i n  t h e  stomach con t en t s  

( i n c l u d i n g  zooplankton)  were i nconsequen t i a l .  The forms i nc luded  

a d u l t ,  s ubadu l t  and l a r v a l  s t a g e s  of  semiaqua t ic  i n s e c t s ,  va r i ous  

developmental  s t a g e s  of aqua t i c s  , and winged a d u l t s  of  t h e  t e r r e s t r i a l s .  

The groups of  i n s e c t s  u t i l i z e d  were e s s e n t i a l l y  s i m i l a r  i n  b o t h  y e a r s ,  

thus  r e v e a l i n g  no major changes i n  f i s h  food h a b i t s  o r  a v a i l a b i l i t y  o f  

food organisms. 

The Tendipedidae (midges ) w a s  t h e  dominant i n s e c t  group u t i l i z e d  

by young chinook. Tendipedids a r e  important  i n  t h e  d i e t  of  many s p e c i e s  

of  salmonid f i s h e s  i n h a b i t i n g  b o t h  l e n t i c  and l o t i c  environments ;  

t h e  c e n t r a l  Columbia, a r e l a t i v e l y  l a r g e  and co ld  wate r  s t r e am,  proved 

t o  b e  no excep t ion .  High u t i l i z a t i o n  r e f l e c t s  t h e  wide d i s t r i b u t i o n  

and abundance of t h e  Tendipedidae i n  a q u a t i c  h a b i t a t s .  When subadu l t s  

emerged, r i s i n g  t o  t h e  s u r f a c e  o f  t h e  r i v e r  t o  t a k e  f l i g h t ,  t h ey  were 

r e a d i l y  cap tured  by f eed ing  chinook i n  t h e  Hanford a r e a  (64% i n  1968,  

58% i n  1969) .  Worm-like midge l a r v a e ,  l a c k i n g  p r o t e c t i v e  tubes  and 

t hus  appa ren t l y  a d r i f t  i n  t h e  w a t e r ,  were u t i l i z e d  l e s s  e x t e n s i v e l y  

(17% i n  1968, 18% i n  1969) .  But only a few of  t h e  normally a t t a c h e d  

midge pupae were t aken .  



Table 2 .  Summary of Organisms Consumed by Juven i l e  Chinook 
( 0 - ~ g e  ~ r o u ~ )  i n  t h e  Hanford Environs of t h e  Cent ra l  
Columbia River.  (435 and 769 Fish  Examined i n  1968 
and 1969, Respect ively ) . 

Food Organism 

INSECTA 

DIPTERA I 
Adults 

Tendipedidae (1 

Doli chopodidae 
Emphididae 
Simuli dae 
Culicidae 
Ephy d r i  dae 
Heleidae 
Stratyomyidae 
Dixi dae 
Unident i f ied  

Larvae 

Tendipedidae 
Doli chopodidae 
Emphididae 
Simuli dae 
Ephy dr idae  
Heleidae 
Mus c i dae 
Unident i f ied  

Pupae 

Tendipedidae 
Tipul idae 
Heleidae 
Unident i f ied  

TOTAL DIPTERA I 

1968 1969 
Number % Number % 



Table 2. ( c o n t ' d )  

Food O r  anism 

HEMIPTERA . 
Not one c t  i dae 
Me sovel  i dae 
Macrovelidae 
Corixi dae 
Saldidae 
Hebri dae 
Unident i f ied  

TOTAL HEMIPTERA 

COLEOPTERA I 
Adults 

Unident i f ied  I 
Larvae 

Dytiscidae 
Not e r idae  
Hydrophi li dae 
Elmidae 
P t i l o d a c t y l i d a e  
Unident i f ied  

TOTAL COLEOPTERA 

LEPIDOPTERA 

Adults 

Unident i f ied  ( 2 )  

Larvae 

Unident i f ied  ( 2 )  

1968 1969 
Number % Number % 



Table 2. ( c o n t ' d )  

1968 1969 
Number % Number % Food Organism 

TRICKOPTERA 

Adults 

Hydropsy ch i  dae 
Psy chomyidae 
Calamoceratidae 
Hydropt i l i d a e  
Unident i f ied  

Larvae 

Hydropsychi dae 
Psy chomyidae 
Phryganei dae 
Rhyacophilidae 
Unident i f ied  

TOTAL TRI CHOPTERA 

EPHEMEROPTERA 

Adult s 

Subimagos 
Unident i f ied  

Nymphs 

Bae t i dae 
Unident i f ied  

TOTAL EPHEMEROPTERA 

HYMENOPTERA 

Adults 

Unident i f ied  



Table 2. ( c o n t ' d )  

HOMOPTERA I 
Food Organism 

Adults I 

1968 1969 
Number % Number % 

Aphi didae 
Aleyrodi dae 
Unident i f ied  

TOTAL HOMOPTERA 1 90 
1.0 273 1 . 4  

COLLEMBOLA 

OTHER INSECTS I 
Hy-pogas t r u r i d a e  

Thysanoptera 
Megaloptera 
Unident i f ied  Adults 
Un iden t i f i ed  Larvae 
Unident i f ied  

115 1 . 2  974 5 . 1  

TOTAL OTHER INSECTS 1 201 2 .1  172 1 .0  

OTHER FOOD ITEMS I 
TOTAL INSECTS 

Fish Larvae 
Ac ar i 
Zooplankton 
Nemat oda 
Algae 
Arachni da 
P l an t  Seeds 

8,997 95.6 18,704 98.4 

TOTAL OTHER FOOD ITEMS 1 412 4 .4  311 1 .6  

1. Pr imar i l y  emerging subadul t s  . 
2. P r imar i l y  Pa ra rgy rac t i s  sp.  (F'yralidae ) 
3. Number of f i s h - c o n t a i n i n g  sma l l  q u a n t i t i e s  of Cladocera,  Ostracoda,  

Copepoda, o r  Amphipoda. 
4.  A quan t i t y  of  Anacyst is .  



The o rde r  Dip te ra ,  dominated by t h e  Tendipedidae, provided 83 

and 78% of the i n s e c t s  u t i l i z e d  i n  1968 and 1969, r e spec t ive ly .  A l l  

o t h e r  i n s e c t  o rde r s  were of  secondary importance i n  terms of  numbers 

b u t  no t  n e c e s s a r i l y  i n  volume o r  n u t r i t i o n a l  va lues  s i n c e  s i z e s  o f  

d i f f e r e n t  spec i e s  vary considerably.  The r e l a t i v e l y  l a r g e  Tr ichoptera  

o r  c a d d i s f l i e s  ( p r i m a r i l y  Hydropsyche c o c k e r e l l i  ) was numerical ly  

t h e  second most important o rder .  A s  with t h e  midges, most c a d d i s f l i e s  

ea ten  were winged a d u l t s  a s s o c i a t e d  with t h e  water-surface i n t e r f a c e .  

( ~ a r v a l  c a d d i s f l i e s ,  though abundant,  were presumably p ro t ec t ed  from 

chinook preda t ion  by t h e i r  s h e l t e r e d  h a b i t a t s  below s t o n e s . )  Other 

o rde r s  of importance were t h e  Hemiptera, p r imar i l y  s m a l l  Notonecta 

nymphs, and t h e  Collembolla ( s p r i n g t a i l s  ). 

Few Ephemeroptera (mayfl ies  ) and no P l ecop te ra  ( s t o n e f l i e s )  occurred 

i n  t h e  stomach conten ts .  These forms a r e  o f t e n  important  d i e t a r y  i tems 

f o r  salmonids i n  o t h e r  s t reams.  Unpublished d a t a  from l i m i t e d  bottom 

samples, sporad ic  d r i f t  samples, and t r a p p i n g  of a d u l t  i n s e c t s  by l i g h t  

a t t r a c t i o n  a t  n igh t  i n d i c a t e  t h a t  mayf l ies  and s t o n e f l i e s  a r e  p ropor t i ona t e ly  

low i n  abundance i n  t h e  c e n t r a l  Columbia. 

Seasonal  Changes i n  Diet  

The p o s s i b i l i t y  of a seasona l  s h i f t  i n  t h e  d i e t  of  juveni le  chinook, 

which showed a r e l a t i o n s h i p  t o  t h e  s i z e  of t h e  f i s h  b u t  w a s  not  c l e a r l y  

def ined ,  was noted i n  1968 ( ~ e c k e r ,  1970a) .  Addi t iona l  d a t a  were ob ta ined  

i n  1969. The propor t ion  of major i n s e c t  groups u t i l i z e d  each month i s  



l i s t e d  i n  Table 3,  and t h e  s i z e s  of a l l  f i s h  represent ing  monthly 

c o l l e c t i o n s  a r e  i l l u s t r a t e d  i n  Figure 3. The mean number of i n s e c t s  

per  feeding  f i s h  showed an increas ing  t r e n d  from March through J u l y ,  

i n  c o r r e l a t i o n  with growth. Diptera  ( i . e .  ~ e n d i ~ e d i d a e )  were heavi ly  

u t i l i z e d  each month, with t h e  g r e a t e s t  proport ion of  minute l a r v a l  

midges taken i n  e a r l y  sp r ing  when t h e  f i s h  were small. Hemiptera 

( i . e . Uotonecta nymphs ) and Collembolla, both small  forms, rece ived  

maximum u t i l i z a t i o n  during t h e  per iod  of r i s i n g  r i v e r  volumes (F igu res  

1, 2 )  when water inundated sho re l ine  a reas .  Large a d u l t  Tr ichoptera  

were taken p r imar i ly  i n  June and Ju ly .  Seasonal use of a d u l t  c a d d i s f l i e s  

may be a t t r i b u t e d  t o  n a t u r a l  s e l e c t i o n  of l a r g e  food organisms by 

growing f i s h ,  as we l l  as t o  seasonal  abundance of t h e  un ivo l t i ne  popula- 

t i o n s  during t h e i r  main period of metamorphosis and emergence. 

Early Diet  of  Pry 

Chinook f r y  a r e  r e l a t i v e l y  s m a l l  (35-40 mm FL) when they  emerge 

from t h e  g rave l  of t h e  r iverbed .  Apparently,  many of t h e s e  f i s h  a r e  

swept d i r e c t l y  downriver thereby g iv ing  r i s e  t o  t h e  e a r l y  "migration" 

of f r y  noted by Mains and Smith (1964).  I n  support of t h i s  conten t ion ,  

t h e  stomachs of 25 f r y  captured by midriver  t r a p s  i n  another  s tudy 

were found t o  be empty o r  nea r ly  so .  Ten f r y  i n  1968 and 39 i n  1969, 

a l l  c o l l e c t e d  i n  sho re l ine  a r eas  i n  A p r i l ,  had empty stomachs and 

incompletely absorbed yolk sacs .  The t r a n s i t i o n a l  per iod  when young 

salmonids l eave  t h e  g r a v e l ,  commence a c t i v e  feeding ,  and develop swimming 

a b i l i t y  i s  gene ra l ly  considered t o  be a c r i t i c a l  phase. ' I ie  d a t a  r e v e a l  



Table 3. Monthly Changes i n  Feeding Habi ts  of Juven i l e  Chinook a t  
Hanford i n  1969, a l l  Sampling S t a t i o n s  Combined ( i n  p e r c e n t ) .  - 

I n s e c t  Group 

*Diptera 

Food Organism 

Tendipedi dae , a d u l t s  67 .1  62.4 50.4 52.4 77.2 
Tendipedidae , l a r v a e  1 31.8 24.6 17 .4  22.8 6 . 3  

Consumption p e r  Month (pe rcen t )  
March A p r i l  May June J u l y  

Coleoptera  I T T T T T 

Lepidoptera I -- 
T T 3 .3  T 

Ephemeroptera I -- 
T - - T T 

Homoptera I -- 
T T 3.4 T 

Hymenoptera I -- 
T T T T 

A l l  Other I n s e c t s  I -- 
T T 1 . 3  T 

Unknowns 

~ o t a l  I n s e c t s  ( % )  1 99.5 97.6 97 2 99.4 97.8 

- - - - T T -- 

No. F ish  Examined 1 46 
275 160 199 89 

Fish S i ze  (mm) 

Mean 1 39.4 39.9 4 4 . 1  49.4 58.7 

Standard Deviation (5) 1 2.8 2.3 4.8 7.7 11 .2  

Note: "T" = "Trace," o r  l e s s  t han  1% by number i n  stomach conten ts .  

- 
X Insec ts /Feeding  F ish  

* = Major i n s e c t  groups u t i l i z e d .  

15.9 13 .2  32.7 28.9 43.9 



M E A N  

0 S T A N D A R D  D E V I A T I O N  

MARCH 

n = 4 8  

- 0 - 0 
JUIVE 

n = 3 5 4  

I I 

- 0 - 0 

J U L Y  

n = 1 0 2  

3 5  4 0  4 5  5 0  5 5  6 0  6 5  7 0  7 5  80  8 5  

F O R K  L E N G T H  ( M M )  

Figure 3. Length frequency d i s t r i b u t i o n s  of juveni le  chinook 
co l l ec t ed  a t  Hanford, 1969. 



t h a t  feeding o f t en  s t a r t e d  before  t h e  yolk was completely absorbed, 

when co ld  temperatures p reva i l ed ,  and t h a t  food organisms s e l e c t e d  i n  

March and A p r i l  were predominately smal l  forms. Emerging adu l t  and 

l a r v a l  Tendipedidae  a able 3)  were t h e  major food components of f r y .  

Inf luence  of D r i f t  Organisms 

Inve r t eb ra t e  d r i f t  i n  r i v e r s  and streams i s  acknowledged t o  be  

an important phenomenon inf luenc ing  t h e  food and feeding a c t i v i t y  

of many freshwater  f i s h e s  (Waters,  1969).  Considerat ion of t h e  develop- 

mental s t a g e s  and biology of i n s e c t s  inges ted  by young chinooks a t  

Hanford i n d i c a t e s  t h a t  most were f l o a t i n g ,  d r i r t i n g  o r  swimming i n  

t he  water  when captured.  This was apparent ly t h e  s i t u a t i o n  involv ing  

s e l e c t i o n  of most Tendipedidae and Tr ichoptera ,  Hemiptera nymphs and 

Collembola, t h e  four  main i n s e c t  groups u t i l i z e d .  Few i n s e c t  forms 

t h a t  normally adhere t o  ep ibenth ic  s u b s t r a t e s  o r  l i v e  wi th in  t h e  g rave l  

i n t e r s t i c e s  were found. 

Although semiaquat ic  and aqua t i c  i n s e c t s  predominated i n  t h e  

stomach contents ,  some t e r r e s t r i a l  forms were inges ted .  The orders  

Homoptera, Hymenoptera and Thysanoptera were almost e n t i r e l y  of t e r r e s t r i a l  

o r i g i n ,  and o the r  t e r r e s t r i a l s  occur among t h e  adu l t  Dip tera ,  Coleoptera 

and Lepidoptera ( o t h e r  than  Pyra l idae )   a able 2 ) .  Assuming t h a t  most 

of t h e  "adul t"  midges and "adul t"  c a d d i s f l i e s  were s e i z e d  while  emerging 

and on t h e  su r f ace  f i lm ,  t h e  remaining t r u e  t e r r e s t r i a l  i n s e c t s  comprised 

l e s s  than  4% of t h e  t o t a l  food organisms. A lbe i t  aqua t i c  and t e r r e s t r i a l  

i n s e c t s  form sepa ra t e  endogenous and exogenous components of t h e  d r i f t ,  



however, t h e  m a j o r i t y  of i n s e c t s  u t i l i z e d  by j uven i l e  chinook a t  Hanford 

c l e a r l y  o r i g i n a t e  w i t h i n  t h e  r i v e r  ecosystem. 

ANALYSES FOR POTENTIAL THERMAL EFFECTS 

Eva lua t ion  of p o s s i b l e  the rmal  e f f e c t s  on t h e  food and f eed ing  

of j uven i l e  chinook i n  t h e  Hanford env i rons  was based  on samples ob t a ined  

a t  t h r e e  s t a t i o n s  above t h e  d i s cha rge  a r ea s  ("coldwater"  s t a t i o n s )  and 

t h r e e  below ("warmwater" s t a t i o n s  ) . Since  f eed ing  a r ea s  occur red  

a long t h e  sho re ,  t h e  warmwater s t a t i o n s  were no t  d i r e c t l y  exposed 

t o  the rmal  increments  from t h e  midr iver  d i s cha rge  plumes. Thus temper- 

a t u r e s  a t  t h e  warmwater s t a t i o n s  were ,  a t  t h e  most,  only  a few degrees  

above tempera tures  i n  t h e  r i v e r  above Hanford. An excep t ion  was S t a t i o n  

D ,  which r ece ived  h e a t e d  e f f l u e n t  from i n t r a g r a v e l  seepage i n  e a r l y  

sp r i ng .  A l l  s t a t i o n s  r e ce ived  some warming from s o l a r  r a d i a t i o n  du r ing  

sunny days ,  p a r t i c u l a r l y  t h e  backwater and s lough a r e a s .  Heat increment 

from r e a c t o r  and s o l a r  sources  v a r i e d  a t  each s t a t i o n  i n  r e l a t i o n  

t o  ambient wa t e r  l e v e l s ,  which a f f e c t e d  cu r r en t  p a t t e r n s  and mixing 

w i th  coo l e r  wa t e r  i n  t h e  main channel.  

Analyses of  d a t a  t o  d e t e c t  any t he rma l  e f f e c t s ,  t h e r e f o r e ,  was 

conducted on t h e  b a s i s  of g e n e r a l  a s p e c t s .  Two broad  approaches were 

made. F i r s t ,  by comparison of food and f eed ing  paramete rs ,  and, second,  

by comparison of growth parameters .  

I n s e c t s  consumed by f eed ing  chinook were produced e i t h e r  at o r  

nea r  each s t a t i o n ,  o r  from t h e  r i v e r  above ( d r i f t  o rgan isms) ,  b u t  

t h e  p r e c i s e  p ropo r t i ons  could not be  determined. I n s e c t s  a t  coldwater  



s t a t i o n s  above t h e  r e a c t o r s  were assumed t o  have had no exposure t o  

hea t ed  e f f l u e n t s ,  whereas i n s e c t s  a t  warmwater s t a t i o n s  below t h e  

r e a c t o r s  may have been inf luenced ,  p a r t i c u l a r l y  i f  t hey  were conveyed 

i n  t h e  r i v e r  d r i f t .  

Groups of f i s h  a t  each s t a t i o n  appeared t o  vary a s  a  r e s u l t  of 

r a p i d  tu rnover .  Chinook from t h e  coldwater s t a t i o n s  presumably had 

l i t t l e  previous exposure,  d i r e c t l y  o r  i n d i r e c t l y ,  t o  e f f l u e n t  d i scharges  

s i n c e  t h e  d i r e c t i o n  of f i s h  movement i n  a  l a r g e  r i v e r  l i k e  t h e  Columbia 

i s  p r imar i l y  downstream. It i s  assumed t h a t  f i s h  from t h e  warmwater 

s t a t i o n s  may have been s u b j e c t  t o  added hea t  from e f f l u e n t  d i scharges ,  

bu t  t h e r e  was no way t o  determine t h e  "exposure durat ion" of i nd iv idua l s  

i n  such mobile and t r a n s i e n t  groups. 

Food Organisms U t i l i z e d  

The major food organisms u t i l i z e d  by juven i l e  chinook a t  each 

s t a t i o n  throughout t h e  season a r e  summarized i n  Table 4.  On a  propor- 

t i o n a l  b a s i s ,  considerable  v a r i a t i o n  occurred between s t a t i o n s  and 

some i n t e r s i t e  i n f luences  were ev ident .  Adult midges were h igh ly  

u t i l i z e d  a t  S t a t i o n  D (70 .1%) ,  a  backwater a r e a  s u b j e c t  t o  i n t r a g r a v e l  

seepage, b u t  not  l a rvae  midges (6 .1%) .  Notonecta nymphs were captured 

p r imar i l y  a t  S t a t i o n s  A (7 .3%)  and E ( 7 . 4 % ) ,  bo th  wi th  ex t ens ive  a r ea s  

of marginal  vege ta t ion .  Adult Hydropsyche were taken  p r imar i l y  a t  

S t a t i o n s  B (9 .2%)  and C ( 7 . 2 % ) ,  both wi th  rubble  bottoms and p a r t i a l l y  

exposed t o  flow of t h e  main channel ,  b u t  l a r v a l  c a d d i s f l i e s  were captured 

p r imar i l y  a t  S t a t i o n  C ( 9 . 0 % ) .  Collembola were u t i l i z e d  most heav i ly  
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at S t a t i o n s  A (16.5%) and D (6 .0%)  where extensive mud-water i n t e r f a c e s  

ex i s t ed .  

S t a t i o n  D, subjec t  t o  i n t r a g r a v e l  seepage over t h e  preceding 

winter  and during t h e  sp r ing ,  w a s  t h e  only s t a t i o n  exposed d i r e c t l y  

t o  heated e f f l u e n t .  Larvae Tendipedidae, which normally l i v e  on benthic  

s u b s t r a t e s  i n  tubes  of  sediment molded by body s e c r e t i o n s ,  apparent ly 

were numerically low a t  t h i s  s i t e .  However, a d u l t  Tendipedidae were 

abundant i n  t h e  stomach contents  of f i s h  c o l l e c t e d  at  S t a t i o n  D ,  i n d i c a t -  

i ng  t h a t  f l y i n g  adu l t  midges were a t t r a c t e d  t o  t h i s  warmed a r e a  i n  

e a r l y  sp r ing  when water (and a i r )  temperatures remained f a i r l y  low. 

As a whole, proport ions of adu l t  midges were higher  (64.4 versus  

41.3%) and l a rvae  midges were lower (13.5 versus 27.6% ) at warmwater 

s t a t i o n s  than  a t  coldwater s t a t i o n s .  This suggests  t h a t  t h e  r a t e  

of metamorphosis of t h e  Tendipedidae w a s  increased  by thermal addi t ion .  

Poss ib ly  t r u e  i n  theory ,  t h i s  i s  l i k e l y  a spurious co r re l a t ion .  In  

the  absence of demonstrable e f f e c t s  from e f f l u e n t  d ischarges ,  propor t ional  

v a r i a t i o n s  between s t a t i o n s  (except  f o r '  S t a t i o n  D )  must be assumed 

t o  r e s u l t  l a r g e l y  from i n t e r s i t e  f e a t u r e s ,  inc luding  (bu t  not  necessa r i ly  

r e s t r i c t e d  t o )  type of s u b s t r a t e ,  ex ten t  of  exposure t o  cu r ren t  flow, 

and poss ib l e  feeding preferences between ind iv idua l  f i s h .  

Since i n t e r s i t e  v a r i a t i o n s  appeared t o  occur independently of 
I 

thermal e f f e c t s ,  s t a t i s t i c a l  comparison' of food organisms on a numerical 

b a s i s  w a s  considered t o  be l a r g e l y  i r r e l e v a n t .  I n  add i t ion  t o  v a r i a t i o n s  

between and wi th in  s t a t i o n s ,  t h e  number and types  of i n s e c t s  ea ten  

devia ted  widely between ind iv idua l  f i s h  comprising each c o l l e c t i o n .  



Feeding A c t i v i t y  ( ~ a n k  Cor re l a t i on  ~ o e f  f  i c i e n t  ) 

A d e s i r a b l e  s t a t i s t i c  t o  compare g ros s  changes i n  f eed ing  a c t i v i t y  

should be independent of normal i ty ,  and be easy t o  compute and i n t e r p r e t .  

The nonparametric rank-cor re la t ion  c o e f f i c i e n t  ( r ' ) ,  a s  app l i ed  by 

Rodgers (1968) ,  was deemed t o  be s u i t a b l e .  The formula i s :  

where 6 is  a cons t an t ,  d  i s  t h e  d i f f e r e n c e  between two r anks ,  and 

n i s  t h e  number o f  c a t e g o r i e s  ranked. 

The r ank -co r r e l a t i on  c o e f f i c i e n t  i s  app l i ed  he re  p r imar i l y  a s  an 

index of  food s i m i l a r i t y  between t h e  t o t a l  of a l l  comparable samples. 

It i s  l a r g e l y  independent of t o t a l  numbers o f  i n d i v i d u a l  organisms. 

A value  of +1.0 i n d i c a t e s  t h a t  t h e  major food items were u t i l i z e d  

i n  t h e  same o rde r  of p re fe rence ,  and as r' approaches -1.0, agreement 

i n  food u t i l i z a t i o n  decreases .  Therefore ,  r' i s  a measure of s i m i l a r i t y  

( o r  d i s s i m i l a r i t y )  i n  feeding a c t i v i t y  of f i s h  c o l l e c t e d  above and 

below t h e  hea ted  e f f l u e n t  d i scharges .  

Comparisons of  major food items by rank-cor re la t ion  c o e f f i c i e n t s  

f o r  t h e  e n t i r e  1969 season a r e  presen ted  i n  Table 5 .  Since  r' = +0.93, 

t h e r e  w a s  a  s t r o n g l y  p o s i t i v e  r e l a t i o n s h i p  over  t h e  e n t i r e  season.  

Monthly comparisons a r e  i l l u s t r a t e d  i n  F igure  4.  arch i s  omi t ted  

due t o  l a c k  of samples from coldwater  s t a t i o n s ) .  P o s i t i v e  r e l a t i o n s h i p s  

are a l s o  shown f o r  each month ( A p r i l ,  r' = +O. 88; May, June ,  and J u l y ,  

r' = +0.95) ,  i n d i c a t i n g  t h a t  j uven i l e  chinook above and below t h e  





I I I I I I I I I I 
F E B .  M A R C H  A P R I L  M A Y  J U N E  J U L Y  A U G .  S E P T .  

2 0  

1 5  - 
o 

0 - 
W 
w 
3 
I- 
4 

1 0  
W 
CL 
z 
W 
F 

5  

Figure  1. Temperature and flow i n  t h e  c e n t r a l  Columbia River  d u r i n g  t h e  s p r i n g  and 
summer of 1969, i n  r e l a t i o n  t o  t h e  p resence  o f  j u v e n i l e  chinook sa lmon,  and 
t h e i r  p r e f e r r e d  t empera tu re  and optimum growth ( h a t c h e r y  p r o d u c t i o n )  r a n g e s .  

- 

- 

T E M P E R A T U R E S  
O F  M A X I M U M  

- 

D I S C H A R G E  
\---- 

- 

- 

- 2 5 0  

LA 
n 

- 2 0 0  
LA 
3 
0 
I 
I- 

Z 
M 

- 1 5 0  0 
W 
LA 
1 
LL 
0 

W 

- 1 0 0  2 
4 
I 
0 

LA M 

n 

5 0  



C O L D  WATER S T A T I O N S  WARM WATER S T A T I O N S  COLD WATER S T A T I O N S  WARM WATER S T A T I O N S  

-1 

I 3 - 2 - 4 

I 6 

I A P R I L  8 

I r '  = + 0 . 8 8  7  

I 5  

I 1 1 I I I 

1 1 

2 - 3 

4 - 2 

3 - 4 

6 I 6 

5  J U N E  5  

8 [ r '  = t 0 . 9 5  8 

7 I 7  

CATEGORY 

A  

B 

C  

D  

E  

F 

G  

H 

7 5 5 0  2 5 2 5  5 0  7 5  
I I I 

1 1  

3 I 4 

2 2 
4 - 5  

5  m 3 

8 I MAY 8 

7  I r '  = t 0 . 9 5  7  

6 ¤ 6 

I 1 1 I I 1 1 
1 1  

3 - 4 

2 2 

5  5  

7  I 6 

4 J U L Y  3 

6 r 1 = + 0 . 9 5  7  

8 I 8 

FIGURE 4. Rank c o r r e l a t i o n  c o e f f i c i e n t s  (r') f o r  major food organisms i n g e s t e d  by 
juven i l e  chinook each month a t  co ld  and warm water  s t a t i o n s .  



heated discharges were u t i l i z i n g  t h e  same kinds of foods. However, 

t he  r e l a t i v e  proport ion of t hese  foods va r i ed  throughout t h e  spr ing .  

Feeding Ac t iv i ty  (percent  S i m i l a r i t i e s )  

Although juvenile  chinook a t  a l l  s t a t i o n s  u t i l i z e d  t h e  same kinds 

of food according t o  rank,  Table 4 and Figure 4 suggest t h a t  t h e r e  

were s i g n i f i c a n t  d i f fe rences  i n  feeding on t h e  b a s i s  of r e l a t i v e  propor- 

t i o n s .  To explore these  d i f fe rences  more f u l l y ,  t h e  percentages of 

major food organisms i n  t h e  stomach contents  wi th in  and between s t a t i o n s  

were t abu la t ed  on a  monthly bas i s   a able 6 ) .  Since t h e  category " ~ i ~ t e r a "  

corresponds c lose ly  t o  t o t a l  Tendipedidae , it was el iminated from 

Table 6 and t h e  category " A l l  Other Insec ts"  was included t o  b r ing  

the  column t o t a l s  t o  uni ty .  

According t o  Whittaker and Fairbanks (1959) , t he  most widely 

used measurement f o r  comparing animal communities compares them by 

numbers of indiv iduals  of spec ies  wi th in  t h e  groups ( s t a t i o n s )  being 

s tud ied  by t h e  formulae: 

PS c  
= 100 - .5  C[a-b] = C min ( a , b )  

where a  and b  a r e ,  f o r  a  given spec ie s ,  t h e  percentages of samples A 

and B which t h a t  spec ies  represents .  The method i s  c a l l e d  "percentage 

s i m i l a r i t y  of community samples", and it q u a n t i t a t i v e l y  measures t h e  

r e l a t i v e  s i m i l a r i t y  of numerical composition i n  terms of spec ies  popula- 

t i o n s .  
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Table 6 .  ( c o n t ' d )  

1. Coldwater s t a t i o n s  ( A ,  B y  C )  and warmwater s t a t i o n s  ( D ,  E ,  F) were loca ted  above and below t h e  hea ted  r e a c t o r  
d ischarges ,  r e spec t ive ly .  w 

W 

Food Organism 

Hydropsy chi  dae 

~ d u l t s  
Larvae 

Collembola 

A l l  Other I n s e c t s  

A p r i l  May June Ju ly  

0.0 0.0 12.2 17.4 
0.0 0.0 0.0 0.0 

26 .1  4 . 1  2 .2  0.0 

5.7 1 . 3  9 .5  14.0 

Apr i l  May June Ju ly  

0.0 0.0 7.7 26.9 
0.7 0.0 0.2 0.0 

4.9 4 . 1  0.8 0.0 

2.7 3.4 14.9 10.4 

Apr i l  May June Ju ly  

0.0 0.0 1.1 3.2 
0.0 0.0 0.0 0 . 1  

0.0 1 . 5  1 . 7  0.0 

5 . 4  8.5 19 .7  0 .9  

A p r i l  May June J u l x  

0 .0  0 .0  7.2 6 .8  
0.2 0.0 0.2 0 . 1  

10.9 3.4 1 . 5  0 .0  

4 .7  4.0 14.6 3.7 



Direct computation of percentage s i m i l a r i t i e s  from Table 6 i s  

possible through e i t h e r  of two procedures. To i l l u s t r a t e ,  t h e  seven 

ca tegor ies  l i s t e d  f o r  Apri l  a t  S ta t ions  A and B a r e  compared: PS = 
C 

100 - . 5  C[a-b] = 100 - . 5  [ (70 .5  - 24.2) + (61.0  - 21.8) + (11.1 - 

. 5  x 95.1 = 52.4. O r ,  more simply, t h e  percentage values a r e  summed 

f o r  a l l  species  shared by the  two samples: PS = C min ( a ,  b )  = 24.2 + 
C 

21.8 + 5.1 + 0.0 + 0.0 + 0.0 + 1 . 3  = 52.4. 

Percentage s i m i l a r i t i e s  (PS ) f o r  a l l  poss ib le  combinations of 
C 

samples were compiled and entered i n  a diamond matrix ( ~ i g u r e  5 ) .  

Values of combined samples f o r  a l l  cold and a l l  warmwater s t a t i o n s  

ranged from a low of 58.5 i n  May, 68.8 i n  Apr i l ,  70.4 i n  June, t o  

75.5 i n  Ju ly  (shaded areas 1. Thus t h e  lowest s i m i l a r i t y  occurred i n  

May, t h e  g r e a t e s t  i n  July. Monthly computed f i cu res  wi th in  e i t h e r  

cold o r  warmwater s t a t i o n s ,  o r  between them, ranged above and below 

these  values. No consis tent  p a t t e r n  was evident .  A warmwater s t a t i o n  

( E ,  F, o r  G )  sometimes showed a high s i m i l a r i t y  value when compared 

with a coldwater s t a t i o n  ( A ,  B o r  C )  and sometimes a low value. For 

example, values f o r  S ta t ion  F versus A were high i n  Apri l  (77.7) , 

June (74 .8 ) ,  and Ju ly  (78.3) but low i n  May (49.2) .  These computations 

were concomittant with the  conclusion t h a t  i n t e r s i t e  feeding v a r i a t i o n s  

occurred l a r g e l y  independently of e f f l u e n t  discharges,  in  response 

t o  physical  f ea tu res  of each s t a t i o n  and feeding a c t i v i t y  of individual  

f i s h .  

Of p a r t i c u l a r  i n t e r e s t  a re  s i m i l a r i t y  values f o r  S ta t ion  D ,  a 

warmwater s t a t i o n  subject  t o  warm e f f l u e n t  v i a  in t r ag rave l  seepage 
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i n  e a r l y  spring.  Compared with a l l  coldwater s t a t i o n s  (CWS - averaged 

d a t a ) ,  t h e  values were low in  Apr i l  (61.91, May (54.0) and June (64.6)  

and high i n  Ju ly  (86 .2) .  This may r e f l e c t  gradual cessa t ion  of seepage 

a f t e r  spr ing  c losure  of the  C r eac to r .  

Mean I n s e c t s  Per Feeding Fish 

The mean numbers of i n s e c t s  per  stomach of  feeding f i s h  a r e  summar- 

ized i n  Table 7. Numbers a t  a l l  s t a t i o n s  revealed a  general  increase  

from March t o  J u l y ,  in  co r re la t ion  with both increasing water temperatures 

and s i z e  of f i s h .  During March and Apr i l ,  when r i v e r  temperatures 

were low (3-gOc) and f r y  measured about 35-45 mm, mean numbers of 

i n s e c t s  per  stomach were low (about l 0 / f i s h ) .  Mean numbers increased 

t o  38 i n  Nay, bu t  were influenced by high consumption of Collembola 

a t  S ta t ion  A (20 May sample). Mean numbers reached 47 i n  Ju ly ,  but 

were dominated by high consumption of adu l t  midges a t  S t a t i o n  F  (29 Ju ly  

sample),  when r i v e r  temperatures ranged from 16-20°c and t h e  sampled 

f i s h  were a t t a i n i n g  maximum s i z e .  

High v a r i a t i o n s  within and between samples precluded meaningful 

s t a t i s t i c a l  comparison between cold  and warmwater s t a t i o n s  on t h e  

b a s i s  of mean numbers of i n s e c t s  per  stomach. Although s l i g h t l y  higher 

means were recorded f o r  coldwater s t a t i o n s  ( 2 9 / f i s h )  than a t  warmwater 

s t a t i o n s  ( 2 5 / f i s h ) ,  t h i s  had l i t t l e  p r a c t i c a l  s igni f icance .  Feeding 

was most in tense  a t  one coldwater s t a t i o n  ( A )  and one warmwater s t a t i o n  

( F ) ,  both slough-like areas.  
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Juvenile  chinook were found i n  :!!arch only a t  S t a t i o n  D ,  sub jec t  

t o  heated e f f l u e n t  v i a  i n t r a g r a v e l  seepage. Presumably some of t h e  

f i r s t  emerging f i s h  were a t t r a c t e d  t o  t h e  s i t e  by the  warmed water  

when r i v e r  temperatures were near  minimum ( 3 - 5 ' ~ ) .  In  1968, numbers 

of i n s e c t s  per  f i s h  at S t a t i o n  D were low i n  e a r l y  Ilay i n  comparison 

with o the r  s t a t i o n s .  However, mean numbers i n  March, Apr i l ,  and [day 

of 1969 (before  c losu re  of t h e  C r e a c t o r )  d i d  not appear t o  d i f f e r  

g r e a t l y  from t h e  o the r  s t a t i o n s   able 7 ) .  The length  frequency d i s t r i -  

bu t ion  of f i s h  c o l l e c t e d  i n  March ( ~ i g u r e  3 )  was based e n t i r e l y  on 

indiv iduals  c o l l e c t e d  a t  S t a t i o n  D ;  growth of t h i s  e a r l y  group appeared 

t o  be r ap id  because f i s h  lengths  g r e a t l y  exceeded those  of f i s h  c o l l e c t e d  

i n  Apr i l  at o t h e r  s t a t i o n s .  

On t h e  b a s i s  of Table 7 ,  t h e  numbers of i n s e c t s  per  stomach m a y  

increase  with t h e  s i z e  of t h e  f i s h  and t h i s  r e l a t i o n s h i p  may be l i n e a r .  

The mean number of  i n s e c t s  per  stomach i n  r e l a t i o n  t o  mean s i z e  of 

f i s h  co l l ec t ed  a t  a l l  cold and a l l  warmwater s t a t i o n s  on each sampling 

da te  i s  i l l u s t r a t e d  i n  Figure 6. N o  l i n e a r  r e l a t i o n s h i p  w a s  apparent .  

Except f o r  some f r y  t h a t  c a r r i e d  remnants of t he  yolk s a c ,  a l l  f i s h  

contained food but  t h e  numbers of organisms va r i ed  widely (even between 

sample means). L e t t e r  ( a )  on Figure 6 r e f l e c t s  high consumption of 

Collembolla on 20 May ( s t a t i o n  A ) ,  while l e t t e r  (b) r e f l e c t s  i n t ens ive  

feeding of l a r g e  f i s h  i n  t h e  f i n a l  c o l l e c t i o n  of 29 J u l y  ( s t a t i o n  F ) .  

??umber of i n s e c t s  per  stomach under f i e l d  s i t u a t i o n s  i s ,  a t  b e s t ,  

a rough index t o  t h e  adequacy of feeding and subsequent growth. There 

a r e  s e v e r a l  reasons.  F i r s t ,  i n s e c t s  vary i n  s i z e  from minute midges 
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t o  l a r g e  c a d d i s f l i e s ;  a f i s h  can con ta in  l a r g e  numbers of small  i n s e c t s  

t h a t  would s t i l l  not  equa l  a few l a r g e  i n s e c t s  i n  terms of  energy 

suppl ied.  Second, t h e  r e l a t i v e  n u t r i t i o n a l  va lue  may vary  between 

l i k e  amounts of  d i f f e r e n t  kinds of  food organisms. Thi rd ,  stomach 

conten ts  r e v e a l  only feed ing  at  t h e  approximate time a sample w a s  

taken and not  t h e  preceding meals r e spons ib l e  f o r  growth. Four th ,  

d i g e s t i o n  r a t e s ,  metabolism and energy consumption t h a t  r e s u l t  i n  

growth a r e  h igh ly  temperature  dependent,  p a r t i c u l a r l y  over  a  March 

t o  J u l y  range o f  3 t o  20°C t h a t  occurs  i n  t h e  c e n t r a l  Columbia (F igu re  

1). F i f t h ,  changes i n  t h e  water  l e v e l s  i n f luence  c u r r e n t  p a t t e r n s ,  

t h e  a v a i l a b l e  food supply and, more o r  l e s s ,  t h e  expendi ture  of energy 

r equ i r ed  f o r  a f i s h  t o  ob t a in  a " f u l l  meal". 

Seasonal  Inc reases  i n  F i sh  Length 

Growth i n  l e n g t h  of j uven i l e  chinook, as revea led  by consecut ive 

i n t e r s t a t i o n  samples from March t o  J u l y ,  i s  i l l u s t r a t e d  i n  F igure  7. 

~ r o w t h - ( s a m p l e  means) w a s  r e l a t i v e l y  slow and uniform a t  each s t a t i o n  

dur ing  A p r i l  and e a r l y  May when recru i tment  t o  sho re l i ne  zones w a s  

i n i t i a t e d  and temperatures  were low. Var i a t i ons  i n  mean sample l eng ths  

appeared wi th  f u r t h e r  growth i n  l a t e  May, as temperatures  i nc reased ,  and 

became extreme wi th in  and between s t a t i o n s  i n  June and Ju ly .  These 

v a r i a t i o n s  suggest  cons iderab le  tu rnover  a t  each s t a t i o n ,  a s  might 

be expected i n  a  popula t ion  composed of t r a n s i t o r y  groups. I n t e r s t a t i o n  

tu rnover  probably r e s u l t e d  from i r r e g u l a r  movements a long t h e  sho re l i ne  

and migra t ion  i n  response t o  phys io log i ca l  s t i m u l i ,  f l u c t u a t i n g  water  
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(co ldwater )  and below ( w a m a t e r )  t h e  Hanford e f f l u e n t  
d i scharges ,  March-July 1969. 



l e v e l s  and r i s i n g  water temperatures.  

For t h e  above reasons,  s t a t i s t i c a l  comparison of mean f i s h  l eng ths  

between samples i n  r e l a t i o n  t o  s t a t i o n  and time w a s  deemed inappropr ia te  

f o r  eva lua t ion  of poss ib l e  thermal e f f e c t s .  Nevertheless ,  comparisons 

of group means were made by Duncan's Xu l t ip l e  Range Test and t h e  r e s u l t s  

a r e  given i n  Table 8. The t e s t  supports  deductions based on Figure 7 

by demonstrating s i g n i f i c a n t  d i f f e rences  between sample means, p a r t i c u l a r l y  

i n  l a t e  May, June,  and Ju ly .  Since sample means within and between 

s t a t i o n s  d i f f e r e d  widely, s t a t i s t i c a l  comparison of grouped means 

from cold and warmwater s t a t i o n s  would probably be meaningless. In s t ead ,  

comparison w a s  made on t h e  b a s i s  of length-weight r e l a t i o n s h i p s  i n  

t h e  fol lowing subsect ion.  

A c l e a r e r  p i c t u r e  of growth i n  r e l a t i o n  t o  t h e  seasonal  i nc rease  

i n  r i v e r  temperatures ,  however, i s  shown i n  Figure 8 where t h e  mean 

lengths  of all juveni le  chinook c o l l e c t e d  a t  co ld  and warmwater s t a t i o n s  

a r e  compared. The s l i g h t  cu rve l inea r  r e l a t i o n s h i p  i n d i c a t e s ,  as expected,  

t h a t  increased growth r a t e s  occurred under warming temperature regimes 

i n  June and Ju ly .  

F ish  Length-Weight Relat ionships 

Length i s  but  one parameter of growth. Another approach i s  t o  

explore length-weight r e l a t i o n s h i p  of juveni le  chinook c o l l e c t e d  a t  

all cold  and a l l  warmwater s t a t i o n s  ( i r r e s p e c t i v e  of t i m e ) ,  a s  i l l u s t r a t e d  

i n  Figure 9. The r e l a t i o n s h i p  w a s  e s s e n t i a l l y  l i n e a r  f o r  young chinook 

of t h e  35-80 mm s i z e  range. 



Table 8. Summary, S t a t i s t i c a l  Comparison of Sample Mean Lengths (mm) 
by Duncan's Mul t ip le  Range Test  (w i th in  Cold and Warmwater 
s t a t i o n s ) .  

Warmwater S t a t i o n s  ( 1 ) ( 2 )  Group Number Standard 

Date D E F  Me an Fish  Devi a t  i on 

Coldwater S t a t i o n s  (1) ( 2 )  Group Number Standard 
Date A B C Me an F ish  Deviation 

(1) Means i n  a  h o r i z o n t a l  l i n e  wi th  a  d i f f e r e n t  common l e t t e r  a r e  
s i g n i f i c a n t l y  ( p a .  05)  dev ia t ed  from o v e r a l l  mean. 

( 2 )  Corresponding d a t a  a r e  i l l u s t r a t e d  i n  F igure  5 .  
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P O W E R  F U N C T I O N  

FIGURE 9. Length-weight r e l a t i o n s h i p s  of juveni le  chinook 
from cold and w a m a t e r  s t a t i o n s ,  March-July 1969. 



For s t a t i s t i c a l  a n a l y s i s ,  s e v e r a l  models were f i r s t  f i t t e d  t o  

t h e  pooled length-weight d a t a  from t h e  two s t a t i o n  ca t egor i e s .  Both 

b i o l o g i c a l  and s t a t i s t i c a l  cons idera t ions  ind ica t ed  the  use of a nonl inear  

l e a s t  squares  f i t t e d  power funct ion t o  model t h e  da t a .  Some nonrandom 

dev ia t ions  of po in t s  from t h e  f i t t e d  l i n e  were evident  (as i n  a l l  

models t r i e d )  , bu t  "eyebal l  fit" w a s  exce l l en t  f o r  p r a c t i c a l  purposes.  

No s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r ence  was found f o r  t h e  f i t t e d  l i n e s ,  and 

t h e r e f o r e  p ropor t iona te  a l lomer ic  development w a s  a conclusion c o n s i s t e n t  

with a l l  da t a .  Length-weight r e l a t i o n s h i p s  of j uven i l e  chinook c o l l e c t e d  

at a l l  co ld  and a l l  warmwater s t a t i o n s  were approximately equal .  

Coe f f i c i en t s  of Condition 

Since no s i g n i f i c a n t  d i f f e r ences  appeared i n  s t a t i s t i c a l  comparison 

of length-weight r e l a t i o n s h i p s ,  it might be expected t h a t  t h e  c o e f f i c i e n t s  

of condi t ion  would a l s o  be nea r ly  equal .  I n  t h i s  s i t u a t i o n ,  it i s  

d e s i r a b l e  t o  compare t h e  condi t ion  of  f i s h  i n  10 mm s i z e  groups i n  

combined samples from a l l  co ld  and a l l  warmwater s t a t i o n s .  In  f i s h e r i e s  

b io logy ,  t h e  c o e f f i c i e n t  of condi t ion  (Q) i s  used p r imar i ly  as an 

a i d  i n  determining t h e  genera l  phys i ca l  s t a t u s  of f i s h  s tocks  i n  d i f f e r e n t  

environments. The equat ion,  as app l i ed  by F rase r  (19691, i s :  

where W i s  t h e  weight (gms) of t h e  f i s h ,  L i s  t h e  l eng th  (mm) of t h e  

5 f i s h ,  and t h e  f a c t o r  10 b r ings  t h e  va lue  of Q near  un i ty .  



Results of t h e  ca lcula t ions  a r e  given i n  Table 9 .  Q was low 

and equal (1.08) f o r  both 36-45 mm s i z e  groups. Fish a t  t h i s  s i ze  

were emerging from the  gravel  i n  e a r l y  spring and beginning t o  feed 

a t  low temperatures. Q was nearly s imi la r  f o r  t h e  l a r g e r  s i z e  groups 

a t  both cold and warmwater s t a t i o n s ,  ranging from 1.29 t o  1.39. No 

major d i f ference  was evident ,  even f o r  t h e  l a r g e r  f i s h  t h a t  presumably 

dwelled and fed  f o r  t h e  longest  period of time under somewhat d i s s imi la r  

thermal conditions above and below the  e f f luen t  discharges. 

Dry Weight of Stomach Contents 

The dry weight of stomach contents  r e f l e c t s  feeding i n t e n s i t y  

i n  t h e  hab i t a t  only within a shor t  time preceding co l l ec t ion .  Digest ion,  

metabolic r a t e s ,  and energy expenditures increase with a r i s e  in  r i v e r  

temperature. A l l  samples i n  t h i s  study were co l l ec ted  during t h e  

day and, except f o r  some f r y  r e t a in ing  remnants of the  yolk sac ,  a l l  

f i s h  contained some food organisms. Extreme va r i a t ions  between and 

within samples, however, precluded meaningful s t a t i s t i c a l  comparison 

between cold and warmwater s t a t i o n s  on t h e  b a s i s  of food biomass. 

(Similar  va r i a t ions  were evident i n  mean number of  insec t s  per  feeding 

f i s h .  ) 

Nevertheless, dry weight of stomach contents  provides an indica t ion  

of feeding a c t i v i t y  t h a t  i n t e n s i f i e s  with f i s h  s i z e  a s  temperatures 

r i s e  and t h e  season advances. This parameter i s  independent of number 

of i n s e c t s ,  because s i z e s  of d i f f e r e n t  i n s e c t s  vary ( i . e .  minute midges 

versus l a r g e  adu l t  c a d d i s f l i e s ) .  A comparison of food biomass by 





combining means a t  a l l  cold and a l l  warmwater s t a t i o n s  on successive 

sampling da te s  i s  given i n  Figure 10. Juveni le  chinook i n  k!arch were 

found only a t  S t a t i o n  D ,  sub jec t  t o  warm e f f l u e n t  v i a  i n t r a g r a v e l  

seepage, and feeding a t  t h i s  s t a t i o n  w a s  apparent ly s a t i s f a c t o r y .  

b y  weight of stomach contents  were minimum i n  Apr i l ,  when mass movement 

of f r y  i n t o  shore l ine  feeding a reas  w a s  i n i t i a t e d ,  but  increased during 

t h e  following months a s  t h e  f i s h  a t t a i n e d  g r e a t e r  s i z e s  and temperatures 

warmed. Considerable v a r i a t i o n  between consecutive samples was evident  

i n  June and Ju ly .  

The mean food biomass i n  r e l a t i o n  t o  mean s i z e  of f i s h  c o l l e c t e d  

a t  a l l  cold and all warmwater s t a t i o n s  i s  i l l u s t r a t e d  i n  Figure 11. 

Food biomass increased r ap id ly  with s i z e ,  but  t h e  r e l a t i o n s h i p  w a s  

not s t r i c t l y  l i n e a r  because of v a r i a t i o n s  even between t h e  grouped 

samples. S t a t i s t i c a l  comparison between samples c o l l e c t e d  at a l l  

cold and a l l  warm water s t a t i o n s  (Figure 11.) was made by c a l c u l a t i n g  

regress ion  l i n e s  with t h e  s tandard equat ion:  

where E is  t h e  es t imate ,  Y i s  t h e  dry weight of stomach contents ,  

X i s  t h e  length  of t he  f i s h ,  a i s  the  combined mean dry weight and 

B i s  t h e  s lope.  

Regression l i n e s  between cold  and warmwater s t a t i o n s  d i f f e r e d  

s i g n i f i c a n t l y .  Contained food biomass apparent ly increased more r ap id ly  

with f i s h  s i z e  a t  coldwater s t a t i o n s  than a t  warmwater s t a t i o n s .  However, 

t h e  s lope  f o r  warmwater s t a t i o n s  was lowered by t h e  f i n a l  sample of 



FIGURE 10. Seasonal changes i n  dry weight of stomach contents of  
juvenile chinook from cold and warmwater s t a t i o n s ,  
March-July 1969. 



FIGURE 11. Dry weight of  stomach contents  i n  r e l a t i o n  t o  s i z e  of 
juveni le  chinook from cold and warmwater s t a t i o n s ,  
March-July 1969. 



l a r g e s t  f i s h  ( x  78.1 mm) i n  l a t e  J u l y  a t  S t a t i o n  F  a able 1). These 

f i s h  may have moved downriver from areas above t h e  e f f l u e n t  d ischarges .  

For t h i s  reason,  and because of v a r i a t i o n s  between and wi th in  samples,  

t h e  d i f f e rence  was not considered t o  be eco log ica l ly  s i g n i f i c a n t .  

DISCUSSION 

Food of Young Chinook Salmon 

Published d a t a  on food and feeding of young chinook a r e  fragmentary. 

I n  an e a r l y  s tudy,  Rut te r  (1904) repor ted  t h a t  young chinook i n  t h e  

Sacramento River system, Cal i forn ia  f e d  pr imar i ly  upon f l o a t i n g  o r  

d r i f t i n g  i n s e c t s  and t h a t  immature s t ages  formed t h e  g r e a t e s t  po r t ion  

of t h e i r  food. Chapman and Q u i s t o r f f  (1938),  who examined juveni le  

chinook from t r i b u t a r i e s  of t h e  Columbia River above Hanford, a l s o  

found t h a t  t h e  f i s h  a l s o  f e d  almost exc lus ive ly  on i n s e c t s ,  although 

co l l ec t ions  were made during t h e  summer and f a l l  and t h e  f i s h  were 

r e l a t i v e l y  l a rge ,  up t o  152 mm (poss ib ly  yea r l ing  sp r ing  chinook). 

The order  Diptera  was of g r e a t e s t  numerical importance bu t  r e l a t i v e l y  

few midges ( ~ e n d i p e d i d a e ) ,  a  spec ies  of major importance a t  Hanford, 

were included. Breuser (1954),  i n  an unpublished t h e s i s ,  found t h a t  

young chinook i n  t h e  middle Willamette River ,  Oregon u t i l i z e d  mostly 

Diptera ( 3 9 % ) ,  pr imar i ly  midge l a rvae ,  and Ephemeroptera (40%) .  

Pe rusa l  of other  published records ( u n l i s t e d  here f o r  b r e v i t y )  

dea l ing  with food h a b i t s  of young salmonids o ther  than  chinook ( i . e .  

salmon, t r o u t  and c h a r r )  r evea l  t h a t  i n s e c t s ,  p r imar i ly  aquat ic  but  



a l s o  t e r r e s t r i a l  forms, a r e  t h e  predominant food organisms u t i l i z e d  

i n  l o t i c  h a b i t a t s .  Clemens (1934) a l s o  found t h a t  young chinook r e s id ing  

i n  Suswap Lake, B r i t i s h  Columbia fed  pr imar i ly  on t e r r e s t r i a l  i n s e c t s ,  

s m a l l  c rus tacea  and var ious  s t ages  of aquat ic  Tendipedidae. The l i t e r a -  

t u r e  i n d i c a t e s  t h a t  food h a b i t s  of young chinook a r e  s i m i l a r  t o  those 

of young coho salmon (0.  - k i su tch )  , a c lose ly  r e l a t e d  spec ies .  

Within aquat ic  h a b i t a t s ,  t he  production of i n s e c t  groups may be 

inf luenced by numerous environmental va r i ab le s  inc luding  water temperature,  

water q u a l i t y ,  cu r ren t  v e l o c i t y  and d ischarge ,  type of s u b s t r a t e ,  

water depth,  and predat ion .  I n s e c t s  a r e  but one l i n k  of t he  aquat ic  

food chain and they ,  i n  t u r n ,  f eed  upon o t h e r  i n s e c t s ,  a lgae ,  o r  d e t r i t u s  

(Chapman and Demory, 1963).  The production of t hese  smaller  food 

organisms, at a lower t r o p i c  l e v e l ,  a r e  i n  t u r n  inf luenced by a complex 

of environmental f a c t o r s  p a r t i c u l a r l y  temperature regimes. 

The d i s t i n c t i v e  f e a t u r e s  of  chinook feeding i n  t h e  c e n t r a l  Columbia 

appear t o  be fourfo ld :  f i r s t ,  r e l a t i v e l y  few i n s e c t  types  were exten- 

s i v e l y  u t i l i z e d ;  second, t h e  f i s h  had a high dependence on d r i f t i n g ,  

f l o a t i n g ,  o r  swimming organisms; t h i r d ,  they v i s u a l l y  s e l e c t e d  ob jec t s  

moving independently i n  t h e  water ;  and f o u r t h ,  they  appeared t o  b e  

oppor tunis t s  t o  a l a r g e  degree. These f e a t u r e s  a r e  not  necessa r i ly  

unique among young salmonids ( ~ u n d i e  , 1969 ) , but  demonstrate a s t rong  

r e l i a n c e  upon l i v i n g  components i n  t h e  r i v e r  ecosystem. 



Ecological Aspects of Food and Feeding 

The c e n t r a l  Columbia i s  a l a r g e  r i v e r  with a r e l a t i v e l y  vast  

water mass, rapid  current  flow, and minimum shorel ine hab i t a t  i n  r e l a t i o n  

t o  discharge volume. Living i n  stream environments requires  considerable 

expenditure of energy t h a t  must be a t  l e a s t  balanced by food consumption. 

Growth occurs only when energy provided by food exceeds energy expended 

i n  feeding and other  a c t i v i t i e s .  Mundie (1969) postulated t h a t  energy 

can be conserved i n  th ree  ways: by leaving stream conditions t o  e n t e r  

a lake o r  sea,  by l i v i n g  in  t h e  stream below the  main impact of t h e  

cur ren t ,  o r  by l i v i n g  predominantly i n  s lack water, i n  pools and i n  

marginal back eddys. He believed t h a t  young coho salmon i n  a B r i t i s h  

Columbia stream saved energy primari ly by l i v i n g  near the  stream margins. 

Chapman and Bjornn (1969) found t h a t  young chinook and steelhead i n  

Idaho streams were associa ted  with v e l o c i t i e s  and depths i n  r e l a t i o n  

t o  body s i z e ,  s h i f t i n g  t o  f a s t e r  and deeper water a s  body growth occurred. 

My observations ind ica te  t h a t  juvenile chinook i n  t h e  c e n t r a l  Columbia 

a l s o  l i v e  primari ly near t h e  stream margins o r  wherever currents  a r e  

reduced. A t  any r a t e ,  a l l  samples were obtained e n t i r e l y  from marginal 

areas  t h a t  could be e f f e c t i v e l y  seined,  thus r e f l e c t i n g  feeding i n  

these  hab i t a t s ,  and a possible s h i f t  of l a r g e  f i s h  t o  deep water would 

not be detected. 

Production of aquatic i n s e c t s  is known t o  vary widely among various 

types of subst ra te  and even within a given type of subs t ra te .  However, 

r e l i ance  of juvenile chinook on swimming o r  d r i f t  organisms i n  t h e  

cen t ra l  Columbia tends t o  reduce t h e  influence of subs t ra te  type on 



foods ava i l ab le  a t  each s t a t i o n  sampled. I n s e c t s  en ter ing  t h e  d r i f t  

a r e  produced i n  upr iver  a reas  as  well  a s  a t  each s t a t i o n ,  and the re fo re  

form a food complex presumably o r i g i n a t i n g  from d i f f e r e n t  subs t r a t e  

types.  The s ign i f i cance  of i nve r t eb ra t e  d r i f t  t o  stream f i s h  i s  t h a t  of 

increas ing  t h e  a v a i l a b i l i t y  of  food, and i n t e r s t a t i o n  l i m i t a t i o n s  

on in sec t  production a r e  supplemented by d r i f t  organisms. Moreover, 

under condit ions of high discharge (as occurs each spr ing  in  t h e  c e n t r a l  

~ o l u m b i a ) ,  t h e  quan t i ty  of  d r i f t  passing downriver pe r  u n i t  of t ime 

is higher  than  under low flow condit ions (waters ,  1969).  

D r i f t  organisms o f t e n  exh ib i t  d i e l  p e r i o d i c i t i e s  because many 

t a x a  a r e  night  a c t i v e ,  and t h i s  phenomena may have inf luenced food 

and feeding of young chinook at Hanford. Since my samples were c o l l e c t e d  

during dayl ight  hours ,  t h e  da ta  r e f l e c t  feeding at  t h i s  t ime. However, 

feeding is  presumably more in t ense  during t h e  day because v i s u a l  stimu- 

l a t i o n  is an important f a c t o r  i n  the  feeding of salmonids (chapman, 

1966).  According t o  Waters (1969) ,  f i v e  major aqua t i c  t a x a  a r e  prominent 

i n  exh ib i t ing  d i e l  p e r i o d i c i t i e s :  amphipods; t h e  i n s e c t  orders  Ephemer- 

op te ra ,  P lecoptera ,  and Tr ichoptera ;  and t h e  family Simuli idae ( ~ i p t e r a ) .  

Noticeably absent  i n  d r i f t  p e r i o d i c i t i e s  a r e  most burrowing forms, 

l a r g e  strong-swimming predators ,  molluscs,  stone-cased Tr ichoptera ,  and 

d ip t e rans  o the r  than  Simuliidae , p a r t i c u l a r l y  the  chironomidae ( ~ e n d i ~ e d -  

idae )  even though sometimes abundant. Thus midges, of major importance 

t o  Hanford chinook, were presumably equal ly  a v a i l a b l e  during t h e  day 

and n igh t .  



A major f a c t o r  inf luencing  t h e  magnitude of d i e 1  p e r i o d i c i t i e s  

i s  t h e  cu r ren t  v e l o c i t y  (waters ,  1969).  Thus an inc rease  i n  d r i f t  

organisms t h a t  presumably occurs during t h e  sp r ing  spa te  would inc rease  

t h e  quan t i ty  of  food a v a i l a b l e  t o  young chinook during t h e  per iod  

of t h e i r  maximum abundance. The en t r a in ing  f a c t o r  f o r  n ight -ac t ive  

d r i f t  appears t o  be decreasing l i g h t  i n t e n s i t y ,  whereas day-active d r i f t  

may respond p r imar i ly  t o  temperature (waters ,  1969 ) . Temperatures 

i n  a l a r g e  r i v e r  l i k e  the  c e n t r a l  Columbia, however, show l i t t l e  i f  

any cons i s t an t  f l u c t u a t i o n  wi th in  a 24 h r  period.  

No d a t a  on preference f o r  a p a r t i c u l a r  food organism by juveni le  

chinook w a s  ob ta ined  i n  t h i s  study. Determination of preference depends 

pr imar i ly  on t h e  concentrat ion r a t i o s  of i ng red ien t s  making up t h e  

food complex and t h e i r  occurrence i n  t h e  stomach of f i s h  ( ~ l l e n ,  1942b; 

Iv lev ,  1961). Although some i n v e r t e b r a t e  d r i f t  samples were taken ,  

which demonst r a t e d  an abundance of tendipedid  l a r v a e ,  t hey  were inadequate 

f o r  accura te  determinat ion of r a t i o s  over  t h e  e n t i r e  season. It i s  

assumed t h a t  feeding corresponded roughly t o  food organisms occurr ing  

f r e e  i n  t h e  water ( s i n c e  benth ic  forms were not  highly u t i l i z e d )  , but  

not necessa r i ly  i n  proport ion t o  what w a s  ava i l ab le .  Some s e l e c t i v i t y  

w a s  evident  i n  t h a t  s m a l l  f r y  u t i l i z e d  s m a l l  midges, both a d u l t s  and 

l a rvae ,  most ex tens ive ly  whereas f i n g e r l i n g s  tended t o  prey on l a r g e  

food organisms such as a d u l t  Tr ichoptera  i n  June and J u l y   able 3 ) .  

The r e l a t i o n s h i p  of increas ing  f i s h  s i z e  t o  increas ing  food s i z e  i n  

young salmonids has  been noted by o t h e r s  ( ~ i n d s t r i j m ,  1955; Hartman, 

1958). Foods u t i l i z e d  by young salmonids a r e  sub jec t  t o  l i m i t a t i o n s  

imposed by t h e  s i z e  of t h e  f i s h  whereas food u t i l i z e d  by l a r g e r  f i s h  



can be very d iverse   indi die , 1969).  However, d i v e r s i t y  i s  c l e a r l y  

l imi ted  t o  what i s  ava i l ab le  i n  t h e  ecosystem. 

Since warmer temperatures increase metabolism, a g r e a t e r  number 

of insec t s  must be consumed i n  order f o r  growth of f i s h  t o  continue 

as t h e  season advances. The increase in  number of insec t s  with f i s h  

s i z e   able 3) thus c o r r e l a t e s  not only with growth but a l s o  with 

r i s i n g  r i v e r  temperatures ( ~ i g u r e  1). Midge larvae  and a d u l t s  a r e  

individual ly  low in  n u t r i t i o n a l  value because of t h e i r  minute s i z e .  

Yet midges were u t i l i z e d  throughout the  season by juvenile  chinook 

a t  Hanford, and abundance compensated f o r  t h e i r  small  s i z e .  The l a rge  

adu l t  c a d d i s f l i e s  ingested i n  June and July  provided g rea te r  n u t r i t i o n a l  

value when temperatures were high and more energy was required t o  

maintain growth. (BY dry  weight, one adul t  Hydropsyche cockere l l i  was 

equal t o  35 adu l t  midges). 

A t  Hanford, u t i l i z a t i o n  of suspended organisms may wel l  r e f l e c t  

va r i a t ions  i n  r i v e r  flow. The annual increase i n  discharge i n  Apr i l  

and May ( ~ i ~ u r e  1 )  inundated shore l ine  areas  t h a t  were exposed t o  a i r  

t h e  e n t i r e  preceding winter.  Recolonization of flooded inshore areas  

depends pr imar i ly  upon insec t  l a rvae  i n  the  d r i f t  (which may occur 

r a p i d l y ) ,  and the  deposi t ion of eggs by adu l t  aquat ic  insec t s .  There 

a re  no ava i l ab le  da ta  on recolonizat ion r a t e s  of inundated areas a t  

Hanford. But E l l i o t t  (1967) s t a t e s  t h a t  detached animals spend only 

a shor t  time i n  the  d r i f t  and re-at tach as  soon a s  poss ib le .  The 

problem i n  t h e  c e n t r a l  Columbia i s  complicated by weekly and d a i l y  

flow var i a t ions  r e s u l t i n g  from regula t ion  of discharges a t  P r i e s t  

Rapids Dam, which pe r iod ica l ly  f loods and exposes shore l ine  areas  



(F'igure 2 ) .  On t h i s  b a s i s ,  it is  not  s u r p r i s i n g  t o  f i n d  food organisms 

i n  chinook stomachs t h a t  normally l i v e  near  o r  a long t h e  s h o r e l i n e ,  

such as Notonecta nymphs, adu l t  Collembola, and t h e  t e r r e s t r i a l  

Arachnida ( s p i d e r s  ) . 
Juven i l e  chinook commonly r e s i d e  i n  r e l a t i v e l y  small home a r e a s  

( eco log ica l  n i ches )  f o r  a per iod  of feeding and growth p r i o r  t o  seaward 

migrat ion (chapman and Bjornn, 1969) .  Permanance of  s t a t i o n  i n  sho re l ine  

a r eas  of t h e  c e n t r a l  Columbia, however, i s  l i k e l y  c u r t a i l e d  by weekly 

and d a i l y  f l u c t u a t i o n s  i n  r egu la t ed  water  l e v e l s  (F'igure 2 ) .  The 

d i f f e r ence  i n  d ischarge  volume between t h e  peak sp r ing  s p a t e  (up t o  

280,000 c f / s e c )  and t h e  summer per iod  of low flow (down t o  40,000 

c f / s e c )  sugges ts  t h a t  most l i n g e r i n g  chinook a r e  impelled from t h e  

Hanford a r e a  by f a l l i n g  water  l e v e l s  (F'igure 1). Theore t i ca l ly ,  t h e  

combination of  r i s i n g  then decreasing r i v e r  flow accompanied by r i s i n g  

temperatures  a r e  t h e  main environmental f a c t o r s  r e l a t e d  wi th  seaward 

migrat ion.  ( ~ t  any r a t e ,  nea r ly  a l l  juven i l e  chinook l eave  t h e  f r ee -  

flowing c e n t r a l  Columbia by mid-July. ) These f a c t o r s ,  occur r ing  annual ly 

s i n c e  recorded h i s t o r y ,  m a y  w e l l  have played an  evolu t ionary  r o l e  i n  

t h e  development of t h e  s p r i n g  migrat ion c h a r a c t e r i s t i c  ( ~ e c k e r ,  1970b).  

E f fec t s  of  Thermal Discharge 

The e c o l o g i c a l  a spec t s  reviewed above, p a r t i c u l a r l y  r i v e r  flows 

r egu la t ed  by hydroe lec t r i c  power demand, extend t o  eva lua t ion  of t h e  

e f f e c t s  of  heated e f f l u e n t s  on t h e  food, feeding ,  and growth of  j uven i l e  

chinook i n  t h e  c e n t r a l  Columbia. R e a l i s t i c  eva lua t ion ,  however, 



recognizes t h a t  temperature increments shown i n  Figure 1 a r e  v a l i d  

only f o r  1969. The h is tory  of Hanford operat ions shows t h a t  s i x  reac tors  

were operat ing from 1944 t o  1955, e igh t  from 1955 t o  1963, a maximum 

of nine in  1964, and s i x  from 1965 t o  1968 ( ~ a k a t a n i ,  1969). Due 

t o  curtai lment  of plutonium production, only four r eac to r s  were operat ing 

i n  1968 and e a r l y  1969. 

The main e f f l u e n t  discharges occur a t  f ixed subsurface locat ions  

i n  midriver ,  and the  mixing zones extend downriver i n  r e l a t i v e l y  narrow 

bands. The hor izonta l  d i s t r i b u t i o n  of the  mixing zones widens a t  

lower r i v e r  flows, but the  plumes remain well  away from the  banks 

3 even a t  minimum flows of 40,000 f t  /sec.  Consequently, juvenile  chinook 

feeding i n  inshore areas  a r e  not d i r e c t l y  exposed t o  midriver discharges.  

I n  addit ion t o  t h e  midriver discharges,  a few locat ions  along the  

south shore receive l imi ted  amounts of heated water v i a  in t r ag rave l  

seepage from shorel ine r e t en t ion  basins.  Only one s t a t i o n  ( s t a t i o n  D) 

was subjec t  t o  warming by seepage, and t h i s  was el iminated with t h e  

closure of t h e  C r eac to r  during t h e  spr ing  of 1969. Regardless of 

loca t ion ,  water a t  all sampling s t a t i o n s  ( inshore  a r e a s )  during June and 

July was heated somewhat above temperatures of midriver by s o l a r  r ad ia t ion .  

Proport ional  al lotment of heat from reac to r  and s o l a r  sources a t  t h e  

warmwater s t a t i o n s  was not poss ib le .  It i s  ecologica l ly  s i g n i f i c a n t  

t h a t  d i f ferences  i n  r i v e r  temperatures between P r i e s t  Rapids and Richland 

was r e l a t i v e l y  low (l?igure 1). k t  l e a s t  p a r t  of the  summer heat increment 

i n  t h e  free-flowing r i v e r  above Hichland (1-2 '~)  i s  due t o  s o l a r  r ad ia t ion  

t h a t  occurs independently of r eac to r  operat ions (Xoore, 1969). 



Analysis of length frenquency d i s t r i b u t i o n s  of f i s h  co l l ec ted  

a t  each sampling s t a t i o n  revealed considerable v a r i a t i o n  from week 

t o  week. Seaward migration apparently occurred in te rmi t t en t ly  over 

t h e  e n t i r e  sampling period. For t h i s  reason, groups of f i s h  ava i l ab le  

a t  each s t a t i o n  were in te rp re ted  as  being unstable and e x i s t i n g  i n  

dynamic equil ibrium with recruitment from the  gravel ,  d i r e c t  seaward 

migration, and i r r e g u l a r  movements along the  shore. Weekly and d a i l y  

va r i a t ions  i n  r i v e r  discharge induced a t  P r i e s t  Rapids Dam may implement 

population turnover by a l t e r n a t e l y  f looding and exposing shore l ine  

h a b i t a t s .  On t h i s  b a s i s ,  "exposure" of f i s h  t o  any e f f e c t  of heated 

e f f luen t  discharges w a s  l a r g e l y  temporary and was not  necessar i ly  

r e f l e c t e d  by gross changes i n  food, feeding a c t i v i t y ,  o r  growth. 

Measureable thermal increments occurred a t  S ta t ion  D from in t rag rave l  

seepage i n  the  spr ing  of 1969 before c losure  of the  C reac tor .  An 

ea r ly  group of chinook f r y  appeared a t  t h i s  s t a t i o n  i n  March. Feeding 

w a s  apparently s a t i s f a c t o r y  s ince  the  f i s h  revealed rap id  i n i t i a l  

growth. But t h i s  small group disappeared and representa t ives  were 

not col lec ted  a f t e r  mid-April. In  1968, mean numbers of insec t s  per  

stomach were lower i n  e a r l y  May a t  S t a t i o n  D than a t  two other  s t a t i o n s  

( ~ e c k e r ,  1969) but t h i s  e f f e c t  was not apparent i n  1969. 

A number of r epor t s  i n  the  l i t e r a t u r e  show t h a t  f i s h  acclimated 

t o  low temperatures of ten  invade warm water i n  l a rge  numbers. Ferguson 

(1958) noted t h a t  general ly the  prefer red  temperature of f i s h  l i v i n g  

a t  low thermal l e v e l s  is considerably higher than ambient, but  t h a t  

t h i s  d i f ference  decreases up t o  the  f i n a l  preferendum where both coincide.  

Presumably the  warmer water a t t r a c t e d  some chinook f r y  i n t o  S ta t ion  D 



a t  a season when r i v e r  temperatures were co ld  (3 -5 '~ )  and we l l  below 

p re fe r r ed  l e v e l s  (12-14'~)  f o r  young salmonids . 
Evaluation f o r  poss ib le  thermal e f f e c t s  was made by analyses 

of both food and growth parameters.  In genera l ,  food parameters va r i ed  

widely between and within s t a t i o n s ,  pr imar i ly  because of  i n t e r s t a t i o n  

f e a t u r e s  and changing water l e v e l s ,  and growth parameters va r i ed  s i m i l a r l y  

because of i n t e r s t a t i o n  populat ion turnover .  

Numerical v a r i a t i o n s  i n  i n s e c t s  consumed wi th in  and between s t a t i o n s  

were extreme, and presumably r e s u l t e d  i n  l a r g e  p a r t  from i n t e r s i t e  

c h a r a c t e r i s t i c s  t h a t  inf luenced a v a i l a b i l i t y  of food f o r  consumption. 

Comparisons by nonparametric rank c o r r e l a t i o n  c o e f f i c i e n t  (r') ind ica t ed  

t h a t  juveni le  chinook above and below t h e  heated discharges were u t i l i z i n g  

t h e  same kinds of  food each month (Table 5 ,  Figure 4 ) .  Comparison 

of food organisms by q u a n t i t a t i v e  percent  s i m i l a r i t i e s  (PS ) emphasized 
C 

v a r i a t i o n s  concomittant with i n t e r s i t e  f e a t u r e s ,  which apparent ly 

occurred independently of thermal e f f e c t s  in able 6 ,  Figure 5 )  . Varia t ions  

between and wi th in  samples precluded meaningful s t a t i s t i c a l  comparison 

of mean numbers of i n s e c t s  per  feeding f i s h  at the  d i f f e r e n t  s t a t i o n s ,  

although t h e r e  was a genera l  increase  from March t o  Apr i l  (Table 7 )  as 

t h e  f i s h  metabolism responded t o  warming temperatures and they  increased  

i n  s i z e .  Increases  i n  length  of juveni le  chinook were a l s o  v a r i a b l e  

within and between s t a t i o n s  on successive sampling d a t e s ,  p a r t i c u l a r l y  

i n  l a t e  May, June, and J u l y  (Figure 7 )  , and were i n d i c a t i v e  of populat ion 

turnover .  Growth tended t o  increase  throughout t h e  season as t h e  

r i v e r  warmed ( ~ i g u r e  8 ) .  



Iv lev (1961) noted t h a t  an insufficiency of food within broad 

limits does not a f f ec t  the  f i s h  population by decreasing t h e i r  numbers, 

but r a the r  by decreasing t h e i r  r a t e  of growth and a general decimation 

of s tarving individuals.  Obviously organisms encountered i n  the  stomach 

of a f i s h  reveal  only food components a t  the  time a sample was taken, 

and not continuity o r  adequacy of feeding. For these reasons, growth 

parameters a re  probably more va l id  than food parameters as  indicators  

of any e f f ec t s  of heated e f f luen t  on feeding of juvenile chinook. 

S t a t i s t i c a l  comparison of mean f i s h  lengths between all samples 

revealed some s m a l l  but s ign i f i can t  differences  a able 8). But these 

differences were assumed t o  be meaningless because of t he  wide v a r i a b i l i t y  

between samples on successive dates and an increase  i n  standard deviat ion 

with growth (Figure 7 ) . The length-weight re la t ionships  between chinook 

sampled at all cold and all warmwater s t a t i ons ,  when combined and 

t e s t ed  by nonlinear l e a s t  squares power function, revealed no s i gn i f i c an t  

differences (Figure 9 ) and supported a conclusion of proport ional  

allomeric growth. 

'Coefficients  of condition ( Q )  f o r  f i s h  col lec ted at cold and 

warm water s t a t i ons ,  grouped i n  10 mm s i z e  groups, were e s sen t i a l l y  

similar  a able 9 ) . Final  Q values f o r  groups of coho and steelhead 

f ry  reared a t  d i f fe ren t  population dens i t i e s  i n  experimental channels 

i n  B r i t i sh  Columbia (Frazer,  1969) were lower (1.13 - 1.21) than calcu- 

l a t e d  here f o r  juvenile chinook (1.31 - 1.39).  * Although the  th ree  species 

are  not s t r i c t l y  comparable, the  r e l a t i ve  Q values suggest t h a t  food 

and feeding conditions i n  the cen t ra l  Columbia a r e  favorable f o r  growth 

of young chinook. Data obtained by Benson (1953) indicate  a c lose  



r e l a t i o n s h i p  between c o e f f i c i e n t  of condi t ion ,  p e r i o d i c i t y  of growth 

and stomach content  volume f o r  brook t r o u t  a t  optimum temperatures;  

Q values f o r  t h i s  salmonid spec i e s  dropped r a p i d l y  under maximum temper- 

a t u r e s  of  t h e  summer and f a l l .  

Comparison of dry weights of stomach contents  of feeding chinook 

from cold  and warmwater s t a t i o n s ,  on t h e  b a s i s  of f i s h  l e n g t h ,  d i f f e r e d  

only s l i g h t l y  when compared by regress ion  a n a l y s i s  ( ~ i g u r e  11). This 

d i f f e r ence  w a s  not  considered t o  be of  p r a c t i c a l  importance. 

Consideration of a l l  d a t a  obta ined  i n  t h i s  s tudy r e v e a l  no gross  

e f f e c t s  from e x i s t i n g  e f f l u e n t  d i scharges  on food, feeding and growth 

of juveni le  chinook salmon i n  t h e  Hanford environs.  The p r i n c i p a l  

reason f o r  l ack  of de t ec t ab le  thermal  e f f e c t s  apparent ly i s sues  from 

t h e  f a c t  t h a t  t h e  main discharge plumes occur i n  midstream and t h e  

e f f l u e n t s  a r e  w e l l  mixed wi th  the  r ece iv ing  r i v e r  water  before  reaching 

inshore feeding a reas .  There a r e  inherent  d i f f i c u l t i e s  i n  eva lua t ion  

of thermal e f f e c t s  on food and feeding  i n  a r i v e r  with t h e  volume 

and phys ica l  f e a t u r e s  of t h e  c e n t r a l  Columbia. Moreover, t h e  f i e l d  

s i t u a t i o n ,  i n  con t r a s t  t o  t h e  l abo ra to ry ,  i s  sub jec t  t o  numerous 

uncont ro l led  n a t u r a l  va r i ab l e s .  The t r a n s i e n t  na tu re  of t h e  f i s h  

groups a t  each s t a t i o n  ( in f luenced  by weekly and d a i l y  f l u c t u a t i o n s  

i n  r egu la t ed  r i v e r  discharge volumes) and t h e  a v a i l a b i l i t y  of d r i f t  

organisms a s  food a r e  important eco log ica l  f e a t u r e s  a f f e c t i n g  c r i t i c a l  

thermal  eva lua t ion  i n  s i t u .  -- 



Addendum 

I n  r e t r o s p e c t ,  it i s  evident  t h a t  p r e c i s e  eva lua t ion  of p o s s i b l e  

thermal e f f e c t s  on food and feeding of young salmon would be most 

f e a s i b l e  under semicont ro l led  condi t ions .  Such s t u d i e s  would r equ i r e  

a r t i f i c i a l  channels t h a t  s imula te  t h e  r i v e r  ecosystem, rece ive  con t ro l l ed  

thermal increments ,  a r e  n a t u r a l l y  seeded by populat ions of aqua t i c  

i n s e c t s  and a r e  s tocked  wi th  known numbers of f r y .  However, d a t a  t hus  

obtained would not neces sa r i l y  r e f l e c t  a c t u a l  e f f e c t s  i n  t h e  f i e l d  

because of f i s h  movement and i n v e r t e b r a t e  d r i f t  a c t i v i t y .  
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