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INTRODUCTION 

Excessive mor t a l i t y  of juveni le  salmonids migrat ing downstream i n  the  

Columbia River were i d e n t i f e d  i n  t he  e a r l y  1960's by Cleaver (1968); t hese  

l o s s e s  approximated 70% of f a l l  chinook salmon juveni les ,  Oncorhynchus 

tshawytscha, re leased  from two conserva t ion  h a t c h e r i e s  on t h e  lower r i v e r .  

I n  t h e  1960's h a t c h e r i e s  produced 5% of t h e  t o t a l  salmon product ion i n  t h e  

Columbia River;  now, h a t c h e r i e s  produce approximately 50%. One of t he  

major expansions s i n c e  t h e  19.60's has  been t h e  product ion of coho salmon, 

0. k i s u t c h ,  (Wahle and Smith 1979); e.g., juveni le  production has increased  - 

from 7 t o  30 m i l l i o n  f i s h  from 1960 t o  1976. Today, over 80% of t h e  coho 

salmon i n  t h e  Columbia River Basin o r i g i n a t e  a t  ha t che r i e s .  Although 

product ion of coho salmon juveni les  has  increased  a t  t h e  conserva t ion  

h a t c h e r i e s ,  t h e  r e t u r n  of a d u l t s  has  not  increased i n  proport ion t o  

juveni le  production (product ion  peaked i n  1970, and has been a t  a high 

l e v e l  but gene ra l  dec l ine  s i n c e  t h a t  t ime (Gunsolus 1978). 

However, 20 years  l a t e r  t h e  bas i c  problem remains--excessive l o s s e s  of 

downstream migrants.  The sources of t h e s e  m o r t a l i t i e s  have not  been 

i s o l a t e d  and quan t i f i ed .  Ebel (1970) demonstrated t h a t  s u r v i v a l  could be 

improved by t r anspor t ing  f i s h  around Bonnevil le  Dam, which suggested t h a t  

passage through dams was a major m o r t a l i t y  f a c t o r .  E l l i s  and Noble (1960) 

repor ted  l o s s e s  of f a l l  chinook salmon of 12 t o  29% i n  64 km of t he  

K l i c k i t a t  River but did not  i d e n t i f y  t h e  source of mor t a l i t y .  A t  t h e  

present  time t h e r e  i s  j u s . t i f i c a t i o n  f o r  a hypothesis  t h a t  s t a r v a t i o n  i s  one 

of t he  causes of m o r t a l i t y  of juveni le  salmon i n  t h e  Columbia River;  t h e  

r a t i o n a l e  f o r  t h i s  hypothesis  fol lows:  



1. Adult  coho salmon p r o d u c t i o n  i s  d e c l i n i n g  i n  s p i t e  of I n c r e a s e d  

h a t c h e r y  p r o d u c t i o n  of j u v e n i l e s ;  t h e r e  i s  ev idence  t h a t  t h e  l i m i t i n g  

f a c t o r  i s  not  o c e a n i c  p r o d u c t i v i t y .  F a v o r i t e  and Laevas tu  (1979)  s t a t e  

t h a t  t h e  "apparen t  c a r r y i n g  c a p a c i t y "  of t h e  North P a c i f i c  Ocean i n  r e s p e c t  

t o  salmon can e a s i l y  s u s t a i n  a  t e n  t imes  h i g h e r  s t a n d i n g  s t o c k  of salmon 

t h a n  a t  p r e s e n t .  

2. Royal (1972) found t h a t  food and s p a c e  were l i m i t i n g  f a c t o r s  i n  

t h e  Columbia River  f o r  t h e  p r o d u c t i o n  of s t e e l h e a d  t r o u t ;  h i s  f i n d i n g s  

s u g g e s t  t h a t  t h e  l i m i t i n g  f a c t o r s  a r e  a s s o c i a t e d  w i t h  t h e  j u v e n i l e  p o r t i o n  

of t h e  l i f e  c y c l e  of sa lmonids  i n  f r e s h  wa te r .  

3.  Only 20% of t h e  coho salmon r e l e a s e d  from h a t c h e r i e s  a r e  ready t o  

"smol t"  (NbIFS, P r o j e c t  817,  1979). This  i n d i c a t e s  t h a t  t h e  remaining 80% 

a s  p resmol t  ( o r  t r a n s i t i o n a l )  f i s h  a r e  n o t  p h y s i o l o g i c a l l y  p repared  t o  

m i g r a t e  downstream, and a r e  de layed  f o r  some t ime. 

4. Dawley e t  a l .  (1979)  measured t h e  mean passage  t ime  of j u v e n i l e  

migran t s  from r e l e a s e  a t  h a t c h e r i e s  t o  a  c a p t u r e  p o i n t  a t  Jones  Beach R i v e r  

Ki lomete r  (RKm 7 4 ) .  The mean passage  t ime f o r  coho salmon i s  approx imate ly  

20 d a y s ,  bu t  t h e r e  i s  ev idence  t h a t  t h e s e  a r e  o n l y  t h e  " smol t ing  f i s h , "  

i . e . ,  " t h e  o b s e r v a t i o n  t h a t  m i g r a n t s  c a p t u r e d  a t  Jones  Beach n e a r l y  always 

e x h i b i t e d  h i g h  N~+-K+ ATPase a c t i v i t i e s  r e i n f o r c e s  t h e  concep t  t h a t  

a c t i v e  seaward m i g r a t i o n  and e l e v a t e d  g i l l  ~ a + - K +  ATPase a c t i v i t i e s  a r e  

c o n c u r r e n t  e v e n t s ,  " (NMFS, P r o j e c t  817, 1979).  Th i s  s u g g e s t s  t h a t  s m o l t i n g  

f i s h  a r e  found m i g r a t i n g  downstream, p r e s m o l t i n g  f i s h  a r e  no t .  

5. Sanborn (1975)  found low b e n t h i c  p r o d u c t i v i t y  i n  t h e  Columbia 

R i v e r  from RKm 168 (mouth of t h e  W i l l a m e t t e  R i v e r )  t o  t h e  e s t u a r y  i n  a  

p redomina te ly  f ine-sandy h a b i t a t .  Craddock e t  a l .  (1976)  i n d i c a t e  t h a t  

zoop lank ton  l e v e l s  i n  t h e  lower  Columbia R i v e r  a r e  r e l a t i v e l y  abundant  b u t  



seasonal .  This sugges ts  t h a t  t h e r e  could be a  r e s t r i c t e d  and s e l e c t i v e  

food supply a v a i l a b l e  t o  migrat ing coho salmon. 

6. There i s  a  r e l a t i v e l y  h igh  inc idence  of empty stomachs from 

salmonids and o the r  spec i e s  of f i s h  captured from RKm 168 (Durkin e t  a l .  

1977) t o  t h e  lower r i v e r  (Durkin e t  a l .  1979; Blahm e t  a l .  1979; McConnell 

e t  a l .  1978). Although t h e s e  food u t i l i z a t i o n  s t u d i e s  were p r imar i ly  aimed 

a t  benth ic  f i n f i s h ,  t h e  pe l ag ic  coho salmon inadve r t en t ly  captured revealed 

an inc idence  of empty stomachs a s  high a s  19 t o  60%. The d i e t  of f i s h  wi th  

food i n  t h e i r  stomachs cons i s t ed  of l a r g e r  food i tems l i k e  aqua t i c  i n s e c t s ,  

not  zooplankton. 

7. Presmolting coho salmon r e l eased  from h a t c h e r i e s  a r e  u sua l ly  over  

1 year  old (I+).  Wahle and Smith (1979) i n d i c a t e  t h a t  l a r g e r  juveni les  

a r e  being re leased  now than  i n  t he  1960's. The l a r g e r  coho salmon 

appa ren t ly  move out of t he  r i v e r  through a narrow period of time from 5 May 

t o  25 May (Durkin and Sims 1975); presmolts  remain i n  t h e  r i v e r  a s  

s e l e c t i v e  feeders .  It appears  t h a t  coho salmon ( I+ )  p r e f e r  l a r g e r  i n s e c t s  

o r  small f i s h  ( smal l  f a l l  chinook salmon) a s  prey and do not feed 

e f f e c t i v e l y  nor with any degree of success  (based on stomach con ten t s )  on 

sma l l e r  zooplankton. 

The r a t i o n a l e  e x i s t s  t h a t  s t a r v a t i o n  'could be a  p o t e n t i a l  t h r e a t  t o  

downstream migrants ,  and proof i s  needed t h a t  s t a r v a t i o n  i s  a  source of 

mor t a l i t y .  There i s  a  need t o  recognize s t a r v a t i o n  i n  presmolting coho 

salmon. Juven i l e  f i s h  t h a t  a r e  forced  t o  e x i s t  on a  s t a m a t i o n  d i e t  may 

have s e r i o u s  a l te ra tLon8 i n  h e a l t h  s t a t e .  An a l t e r a t i o n  i n  t h e  h e a l t h  

s t a t e  of t h e s e  a c t i v e  f i s h  could r e s u l t  i n  an  impairment of d i sease  

r e s i s t a n c e  mechanisms, a  s u s c e p t i b i l i t y  t o  preda t ion ,  o r  mani fes ta t ion  of 

o t h e r  f a c t o r s  which could account f o r  t he  demise of t h e  f i s h  but not 



n e c e s s a r i l y  r e f l e c t  t h e  cause.  A review of t h e  l i t e r a t u r e  i l l u s t r a t e d  t h a t  

t h e  e f f e c t s  of s t a r v a t i o n  (on presmolt ing juveni le  salmonids from the  

Columbia River )  has  not  been i n v e s t i g a t e d  . Consequently, a  l abo ra to ry  

s tudy ,  funded i n  p a r t  by t h e  NMFS Northwest Regional Off i c e ,  Environmental 

and Technica l  Se rv i ce s  Div is ion ,  Po r t l and ,  Oregon, was i n i t i a t e d  wi th  t h e  

fol lowing o b j e c t i v e s :  

1. Conduct a  l i t e r a t u r e  review of t h e  e f f e c t s  of s t a r v a t i o n  on f i s h  

with s p e c i a l  emphasis on presmolt ing coho salmon. 

2. E s t a b l i s h  how t h e  problem of s t a r v a t i o n  could apply t o  t h e  

s p e c i f i c  problem of m o r t a l i t i e s  found i n  t h e  lower Columbia River .  

3. Determine what changes occur during s t a r v a t i o n  of presmolt coho 

salmon i n  s e l e c t e d  hematological  and chemical v a r i a b l e s  and cond i t i on  

f a c t o r  by time, temperature ,  s i z e ,  and t rea tment  ( f ed  vs unfed).  

4. I n v e s t i g a t e  t h e  e f f e c t s  of s t a r v a t i o n  on swimming performance of 

presmolt ing coho salmon. 

5. Compare t h e  s u s c e p t i b i l i t y  of fed  and unfed presmolt coho salmon 

t o  n a t u r a l  p reda tors .  

METHODS AND MATERIALS 

The r e sea rch  was conducted i n  t h r e e  phases.  Phase I was i n i t i a t e d  i n  

August 1978; t h e  goa l  was t o  e s t a b l i s h  time and temperature  l i m i t a t i o n s  f o r  

the l a t e r  phases. A l i t e r a t u r e  review was conducted concur ren t  wi th  Phaee 

I t o  determine what hemotological ,  chemical ,  and phys i ca l  f a c t o r s  should 

be included i n  Phase I1 and 111. 

Phase I1 was i n i t i a t e d  i n  January 1979 t o  i n v e s t i g a t e  cond i t i on  f a c t o r  

changes, and dev ia t i ons  i n  s e l e c t e d  hemotological  and chemical v a r i a b l e s  i n  

presmolt i ng coho salmon juveni les .  Var iab les  measured o r  c a l c u l a t e d  

inc luded:  cond i t i on  f a c t o r ,  hematocri  t ,  hemoglobin, red blood cel l  count ,  



whi te  blood c e l l  count ,  and d i f f e r e n t i a l  whi te  c e l l  counts ,  mean 

co rpuscu la r  volume (MCV), mean co rpuscu la r  hemoglobin concen t r a t i on  (MCHC), 

mean corpuscular  hemoglobin (MCH), blood urea  n i t r o g e n  ( B U N ) ,  t o t a l  

p r o t e i n ,  albumin, g lobu l in ,  t h e  g l o b u l i n  f r a c t i o n s ,  and the  

a l b ~ m i n / ~ l o b u l i n  (A/G) r a t i o .  Time, temperature ,  s i z e ,  and t reatment  

(fed-unfed) were t he  independent v a r i a b l e s  imposed. 

I n  Phase I11 of t h e  s tudy ,  one s i z e  range of presmolt ing coho salmon 

was t e s t e d  a t  optimum temperature  t o  determine t h e  swimming performance of 

f ed  vs  unfed f i s h  over  t i m e .  P reda t ion  tests, u t i l i z i n g  presmolt ing coho 

salmon a s  prey, were a l s o  conducted dur ing  t h i s  phase--June through October 

1979. 

Tes t  F a c i l i t y  

A l l  phasas of t h i s  s t udy  were conducted a t  P r e s c o t t ,  Oregon, on t h e  

Nat iona l  Marine F i s h e r i e s  Serv ice  test f a c i l i t y  descr ibed  i n  d e t a i l  by 

Snyder e t  a l .  (1971). The t e s t i n g  f a c i l i t i e s  a r e  housed on two covered 

barges  (33.5 by 10.4 m) moored on t h e  Columbia River a t  RKm 115.8. Test  

water  i s  pumped from t h e  Columbia R ive r  and i s  hea t ed ,  cooled,  and f i l t e r e d  

a s  requi red .  The covered barges  housed t h e  s p e c i a l i z e d  equipment and work 

space necessary  f o r  t h e  conduct of t h i s  s e r i e s  of experiments.  A 

diagrammatic view of t h e  f i s h  ho ld ing  and t e s t i n g  a r e a s  i s  shown i n  Figure 

1. 

Experimental Design 

The goa l  of Phase I was t o  determine i f  a  measurable change i n  

cond i t i on  f a c t o r  would occur  wi th  f i s h  he ld  f o r  6 weeks on r e s t r i c t e d  food 

i n t a k e ,  a t  temperatures  t y p i c a l  of those  occur r ing  dur ing  downstream 

migrat ion.  Twenty presmolt j uven i l e  salmon were placed i n  each of s i x  test 

tanks  wi th  t h r e e  r e p l i c a t e d  water  temperatures:  12O, 15", and 18°C. F ish  



Chemical 
laboratory 

Phase I I 

analysis 

Figure 1.--Diagrammatic view of the  f i s h  holding and t e s t i n g  areas  on two 
covered barges moored on the  Columbia River a t  P r e s c o t t ,  Oregon (River 
Kilometer 115.8) which serves  a s  a f i s h e r i e s  research  t e s t  f a c i l i t y  f o r  
the  National Marine F i she r i e s  Service,  Northwest and Alaska F i she r i e s  
Center, S e a t t l e ,  Washington, and was the  s i t e  f o r  the  research conducted 
i n  t h i s  s tudy.  

Office E n  



i n  one s e t  of t h e  pa i red  tanks  were fed  a  maintenance d i e t ,  t h e  o the r s  were 

unfed. The f i s h  were observed twice each day, and t h e  m o r t a l i t i e s  were 

documented and removed. A t  t h e  end of t h e  f i f t h  and s i x t h  weeks, 2 0  f i s h  

( o r  t he  number of su rv iv ing  f i s h )  were anes the t i zed ,  weighed, and measured 

f o r  length.  

Phase I1 was designed t o  examine length  of holding time, water  

temperature,  f i s h  s i z e ,  and t rea tment  (fed-unfed) d i f f e r e n c e s  through 

a l t e r a t i o n s  i n  cond i t i on  f a c t o r ,  hematology, serum chemistry,  and s u r v i v a l .  

The experimental  des ign  f o r  Phase I1 i s  shown i n  Table 1.  

The e f f e c t s  of s t a r v a t i o n  on swimming performance and s u s c e p t i b i l i t y  

t o  preda t ion  were i n v e s t i g a t e d  i n  Phase 111. I n  t h e  swimming performance 

t e s t s ,  fed and unfed coho salmon juveni les  were subjec ted  t o  s i m i l a r  and 

cons t an t  water  v e l o c i t i e s  each week f o r  6 weeks a t  18OC t o  t e s t  f a t i g u e  

l e v e l s .  Twenty fed  and unfed coho salmon juveni les  were o f f e red  a s  prey t o  

p reda to r s  each week f o r  6 weeks a t  18OC t o  t e s t  s u s c e p t i b i l i t y  t o  

predat ion.  . . 

Test  F i sh  

When t h e  Phase I p o r t i o n  of t h e  s tudy  was s t a r t e d ,  t h e  f i s h  a v a i l a b l e  
. , .  

were sp r ing  chinook salmon subyear l ings .  The chinook salmon were obtained 

from t h e  U.S. F ish  and W i l d l i f e  Serv ice  ha tchery  a t  L i t t l e  White Salmon, 

Washington and were t r anspor t ed  t o  P r e s c o t t ,  Oregon on 21  August 1978. The 

sp r ing  chinook salmon averaged 92.5 mm (SD 7.5) and 9 ! 8  g (SD 2.0) a t  t h e  

s t a r t  of t h e  study. 

Two s i z e s  of presmolt ing coho salmon were obtained f o r  t h e  second 

s tudy  phase. Large coho salmon were obtained from t h e  Lower Kalama 

Hatchery (Washington Department of F i s h e r i e s ) ;  small coho salmon were 



Table  1. --Experimental  d e s i g n  of s t u d y  t o  de te rmine  e f f e c t s  of s t a r v a t i o n  
on p resmol t  coho salmon, i n  t h r e e  phases .  

Phase I ( P i l o t  S tudy)  
Fed Unfed 

Temperature Week 0 Week 5 Week 6 Week 0 Week 5 Week 6 

X = 10 f i s h  sample--measured c o n d i t i o n  f a c t o r  and m o r t a l i t y  

Phase I1 Measured C h a r a c t e r i s t i c s  of S t a r v a t i o n  

Fed Unfed 
Large Smal l  Large Small  

Week 0 1 2 3 4 5 6  0 1 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5 6  

12°C x x x x x x x  x x x x x x x  x x x x x x  x x x x x x  
x x x x x x x  x x x x x x x  x x x x x x  x x x x x x  

15°C X X X X X X X  X X X X X X X  X X X X X X  X X X X X X  
x x x x x x x  x x x x x x x  x x x x x x  x x x x x x  

18°C X X X X X X X  X X X X X X X  X X X X X X  X X X X X X  
x x x x x x x  x x x x x x x  x x x x x x  x x x x x x  

X = 5 f i s h  pooled sample--measured o r  computed v a r i a b l e s  inc luded  
Condi t ion  F a c t o r ,  RBC, CJhite Blood C e l l  coun t  and d i f f e r e n t i a l ,  Hematocr i t ,  
IIemoglobin, MCV, MCIIC, MCH, BUN, T o t a l  P r o t e i n ,  Albumin, G l o b u l i n  (and 
components), and Albumin/Globulin Ra t io .  

Phase I11 Swimming Endurance and P r e d a t i o n  

A .  C r i t i c a l  f a t i g u e  l e v e l s  
Fed Unfed 

Temperature 18°C Week 0 1 2 3 4 5 6  1 2 3 4 5 6  

X X X X X X X  X X X X X X  
X X X X X X X  X X X X X X 
X X X X X X X  X X X X X X  

X = 6 f i s h  sample 

R. P r e d a t i o n  (Cd/coho salmon a s  p rey)  
Fed Unfed 

Temperature 18°C Week 0 1 2 3 4 5 6  1 2 3 4 5 6  

X = 20 f i s h  sample 

X X X X X X X  X X X X X X  



obtained from t h e  Kalama F a l l s  Hatchery (WDF). The f i s h  were t r anspo r t ed  

t o  P r e s c o t t  i n  February 1979. F ish  from t h e  upper ha tchery  averaged 104 ram 

(SD 5.8) and 12.3 g (SD 2.2); f i s h  from t h e  lower ha tchery  averaged 128 mm 

(SD 5.3) and 21.5 g (SD 2.7). The f i s h  were from t h e  same brood. 

Coho salmon f o r  t h e  swimming performance po r t i ons  of Phase I11 were 

obtained from t h e  Lower Kalama Hatchery i n  June,  1979. The f i s h  averaged 

71 mm (SD 7.2) and 5.1 g (SD 1.2) a t  t h e  i n i t i a t i o n  of t h e  study. 

Prey f i s h  (presmolt  coho salmon) f o r  t h e  Phase I11 preda tor /prey  

s t u d i e s  were obtained from t h e  Kalama F a l l s  Hatchery J u l y ,  1979; t h e  f i s h  

were smal l ,  averaging 58 mm (SD 6.5) and 2.9 g (SD 0.5). 

I n i t i a l l y  t h e  preda tors  chosen f o r  Phase I11 were brood s tock  

c u t t h r o a t  t r o u t  (Salmo c l a r k i )  t h a t  were obta ined  from t h e  Beaver Creek 

Hatchery (Oregon Department of F ish  and Wi ld l i f e ) .  The f i s h  were l a rge  

( a l l  over 1000 g ) ,  but d id  no t  prove t o  be s a t i s f a c t o r y  p reda to r s ;  they 

were replaced by "wild" c u t t h r o a t  t r o u t  obtained through purse s e in ing  i n  

t h e  Columbia River e s t u a r y  ( a t  RKm 22.5). The wild c u t t h r o a t  (20  were used 

f o r  t h e  p reda t ion  t e s t s )  ranged i n  l eng th  from 282 t o  457 mm. 

F i s h  Hauling And Handling 

A l l  f i s h  u t i l i z e d  during t h e  s tudy  were t r anspo r t ed  t o  t h e  f a c i l i t y  i n  

a  1 ,500 - l i t e r  tank. Hatchery water  and supplemental oxygen were used 

during t r a n s p o r t a t i o n .  Hauling time d id  not exceed 3 hours f o r  any of t h e  

f i s h  u t i l i z e d .  Transported f i s h  were placed i n  a redwood holding tank f o r  

approximately 1 week t o  provide f o r  proper  acc l ima t ion  ( B r e t t  1952). In  

a l l  c a se s ,  f i s h  were handled a s  l i t t l e  a s  p o s s i b l e  i n  t h e  conduct of each 

s tudy.  



Test ing and Holding Tanks 

Fish were i n i t i a l l y  held i n  1.8-m diameter redwood tanks suppl ied  with 

water  a t  a flow r a t e  of 75 l i t e r s l m i n ;  water  depth was maintained a t  1.2 m. 

F i sh  were t r a n s f e r r e d  t o  t e s t  t anks  (cons t ruc ted  of wood, ~ l e x i ~ l a s s  ,a/ 
and s t a i n l e s s  s t e e l )  t h a t  were 8 0 x 6 0 ~ 6 0  cm f i l l e d  t o  a capac i ty  of 175 

l i t e r s .  Water was suppl ied  t o  each t e s t  tank a t  a r a t e  of approximately 1 

l i t e r l m i n ;  a complete interchange of water  occurred about every 3 hours. 

Experimental Conditions 

Water throughout t he  experiment was maintained a t  2 O.S°C of t e s t  

temperatures .  Lights  were provided i n  t h e  holding and t e s t i n g  a reas .  

Oxygen was maintained a t  90-95% s a t u r a t i o n  through a once-through g r a v i t y  

system employed a t  t he  f a c i l i t y ,  and through t h e  placement of a i r - s tones  i n  

each holding and t e s t  tank. Although holding tank loading was optimum 

throughout t h e  experiment, water q u a l i t y  was normally checked twice each 

week. During feeding ,  observa t ion ,  and t e s t i n g ,  personnel  movements were 

minimized. 

Acclimation And Conditioning 

When necessary,  temperature acc l imat ion  was accomplished a t  a r a t e  of 

1°C every 24 hours a s  recommended by B r e t t  (1952). A l l  f i s h  were fed 

maintenance d i e t s  u n t i l  acc l imat ion  was f i n a l i z e d .  Then during t h e  

experiment groups of l a r g e  f i s h  were fed 4.4, 5.4, and 6.4% body weight a t  

a /  Reference t o  t r a d e  names does not  imply endorsement by t h e  National  - 
Marine F i s h e r i e s  Serv ice ,  NOAA. 
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temperatures  of l Z O ,  15", and 18"C, r e s p e c t i v e l y ;  smal l  f i s h  i n  groups were 

fed  5.8, 7.2, and 8.4% body weight a t  temperatures  of l Z O ,  15", and 18OC. 

F i s h  were fed a  d i e t  of Clarks  dry food twice each day. 

Presmolt coho salmon were condi t ioned  t o  t h e  resp i rometer  j u s t  before  

t h e  t e s t i n g  of swimming performance. F i sh  t o  be t e s t e d  were ne t t ed  from 

test tanks  wi th  f i n e  mesh d i p  n e t s ,  placed i n  p l a s t i c  con ta ine r s  f i l l e d  

wi th  water ,  c a r r i e d  t o  t h e  r e sp i rome te r ,  and c a r e f u l l y  poured i n t o  t h e  

t e s t i n g  chamber. Fish were allowed t o  o r i e n t  themselves f o r  10 min before  

being subjec ted  t o  flowing water  (approximately 0.5 m pe r  second).  The 

c u t t h r o a t  t r o u t  from t h e  e s t u a r y  were no t  fed 1 week before  smal l  coho 

salmon were placed i n t o  t h e  tank. The c u t t h r o a t  were fed small coho salmon 

only  once p r i o r  t o  t h e  s t a r t  of t h e  p reda t ion  t e s t s .  

Water Qual i ty  

Water q u a l i t y  parameters germaine t o  t h e  s tudy  were analyzed once each 

week by t h e  s t a f f  of t h e  NMFS P r e s c o t t  F a c i l i t y .  Routine a n a l y s i s  included 

water  temperature ,  t u r b i d i t y ,  pH, oxygen, n i t rogen  gas (N2), carbon 

d iox ide ,  t o t a l  d i sso lved  s o l i d s ,  and ammonia. Water q u a l i t y  was optimum 

f o r  t he  holding of salmonids throughout t h i s  s tudy.  

P repa ra t i on  Of Blood Samples 

Blood a n a l y s i s  was conducted dur ing  Phase I1 of t h i s  s tudy.  Two 

groups of f i v e  f i s h  each were anes the t i zed  i n  a a o l u t i o n  of t r i c a i n e  

methanesulphonate (MS222) buf fe red  wi th  sodium bicarbonate  (Wedemeyer and 

Yasutake 1977). The f i s h  were measured f o r  f o r k  l eng th  and weighed, t h e  

cauda l  peduncle of each f i s h  was severed and blood was c o l l e c t e d  from f i v e  

f i s h  with hepranized microhematocri t  tubes  and pooled (Newcomb 1974, Amend 

& Smith 1974) i n  a  smal l  v i a l  and mixed by g e n t l e  invers ion .  Two blood 



smears were prepared from two f i s h  randomly s e l e c t e d  from each f i v e  f i s h  

sample; s l i d e  impr in ts  were made from t h e  kidney, l i v e r ,  and sp l een  of t he  

two f i s h .  Two subsamples were c o l l e c t e d  i n  c a p i l l a r y  tubes from t h e  pooled 

v i a l  f o r  c e l l  counts  and chemistry,  and two a l i q u o t s  were removed f o r  

hemoglobin measurements. Two microhematocrit  tubes  were then f i l l e d ,  

plugged, cen t r i fuged ,  and used t o  measure packed c e l l  volume; t h e  two 

hematocr i t  tubes  were then c h i l l e d  and t h e  plasma used f o r  chemical 

ana lys i s .  

Hema to logy  

Hemoglobin was determined by t h e  cyanmethemoglobin method (B laxha l l  

and Dais ley  1973). Blood counts  ( r e d  c e l l )  were done using Rees-Ecker 

d i l u t i n g  f l u i d  (Klontz  1979), and a Hemocytometer. Mean corpuscular  volume 

(MCV), mean corpuscular  hemoglobin concen t r a t i on  (MCHC), and mean 

co rpuscu la r  hemogloblin (MCH) were c a l c u l a t e d  from red c e l l  counts ,  

hemoglobin and hematocr i t  measurements according t o  formulas provided by 

Wintrobe (1932). Morphological hematology was conducted on t h e  blood f i l m s  

( c i r c u l a t i n g  system) wi th  a b a s i c  c l a s s i f i c a t i o n  of c e l l s ,  Table 2. 

C l i n i c a l  Chemistry 

Blood Urea Nitrogen (BUN) was determined by t h e  Hycel d i r e c t  serum 

urea  n i t rogen  method (Coulombe and Far reau  1963). 

To ta l  plasma p r o t e i n  was determined by t h e  Biure t  method (Kingsley 

1939). Serum albumin and g l o b u l i n  were measured and sepa ra t ed  by t h e  serum 

e l e c t r o p h o r e s i s  c e l l u l o s e  a c e t a t e  technique (Kohn 1958). E l ec t  ro- 

pharagrams were made of a l l  pooled subsamples. P ro t e in s  were separa ted  by 

i n c i d e n t  d i v i s i o n  using e s t a b l i s h e d  nomenclature def ined f o r  p r o t e i n  

e l e c t r o p h o r e s i s ,  i .e. ,  albumin and g l o b u l i n  where g lobu l in s  a r e  d iv ided  



Table  2 . - - C l a s s i f i c a t i o n  of blood c e l l s  used i n  t h i s  s t u d y ,  Phase 11; blood 
smears made from f e d  and unfed coho salmon ( p r e s m o l t s )  ( f rom Klon tz  1979). 

E r y t h r o c y t i c  s e r i e s  

Hemocytoblas t 

Smal l  lympohoid 
hemob l a s  t 

P r o e r y t h r o b l a s t  

E r y t h r o b l a s  t 

Polychroma t o c  y t  e  

Ret i c u l o c y t e  

E r y t h r o c y t e  

G r a n u l o c y t i c  s e r i e s  Lymphocytic s e r i e s  

Hemocytoblast  Hemocytoblas t 

Large lymphoid 
hemoblas t 

G r a n u l o b l a s t  

P rogranu locy t  e  

Granu locy te  

J u v e n i l e  Neu t r o p h i l  

Rand Neu t r o p h i l  

Small  lymphoid 
hemoblas t 

Lymphoblas t 

Prolymphocyt e  

Lymphocyte 

Segmented ' N e u t r o p h i l  



i n t o  Alpha I ,  Alpha 11, Beta I, and Gamma; t h e  Beta I1 symbol suggested by 

Amend and Smith (1974) was u t i l i z e d  f o r  t h e  s lowest  mobi l i ty  f r a c t i o n  i n  

p lace  of t h e  s tandard  Gamma symbol. 

Swimming Pe r f  o rmance 

Studies  t o  determine t h e  e f f e c t  of s t a r v a t i o n  on swimming performance 

were conducted i n  a r e c i r c u l a t i n g  respirome t e r  ( B r e t t  1964). A tachometer 

on the  pump s h a f t  allowed t h e  s e l e c t i o n  of r epea t ab le  v e l o c i t i e s ,  which 

were v e r i f i e d  wi th  a cu r r en t  meter. Coho salmon presmolts  were t e s t e d  a t  

18OC - + 0.5OC7 which is  below t h e i r  optimum swimming performance l e v e l  

( B r e t t  e t  a l .  1958). Flow was p rog res s ive ly  changed from 0.20 mps ( 5  min) 

t o  0.30 mps (10 min) then t o  0.45 mps; a f t e r  1 hour i n  0.45 mps, flow was 

increased  t o  0.60 mps and he ld  u n t i l  50% of t h e  f i s h  were impinged. F ish  

were t e s t e d  f o r  c r i t i c a l  f a t i g u e  l e v e l s  (Flagg & Smith 1979) i n  t h r e e  

r e p l i c a t e s  of s i x  f i s h  per  r e p l i c a t e  f o r  t h e  fed and unfed condi t ion  from 0 

through 6 weeks. The t e s t  was terminated when one-half of t h e  f i s h  were 

impinged on non-e l ec t r i f i ed  end screens .  Time was tabula ted  f o r  a l l  

impingements, but only the  time of t h e  t h i r d  f i s h  impingment ( i . e .  50%) was 

considered i n  these  c a l c u l a t i o n s .  

Water was con t inua l ly  added t o  t h e  reepirometer  t o  change t h e  normally 

c losed  c i r c u i t  t o  a flow-through system. Water temperature and d isso lved  

oxygen were maintained a t  18OC and 8.0 ppm during t h e  experiment. Before 

and during each t e s t ,  t h e  water  v e l o c i t y  was measured wi th  an O t t  cu r r en t  

meter;  v e l o c i t y  l e v e l s  were ad jus t ed  with a manual c o n t r o l  l e v e r  and 

checked wi th  the  pump s h a f t  tachometer. 

Af t e r  impingment of 50% of t h e  f i s h ,  t h e  t e s t  was terminated and t h e  

f i s h  were anes the t i zed ,  weighed, and measured f o r  length.  For convenience 



t h e  t ime /ve loc i ty  r e s u l t s  were converted t o  meters t rave led .  F ish  were 

he ld  2 days f o r  obse rva t ion  of delayed mor t a l i t y .  

P reda t ion  Study 

Presmolt coho salmon used i n  t h e  t e s t  were d iv ided  i n t o  two groups,  

t hen  f r e e z e  branded (Mighell  1969); fed  f i s h  on the  r i g h t  s i d e ,  unfed f i s h  

on t h e  l e f t  s i d e .  I n i t i a l l y  and a t  1-week i n t e r v a l s ,  20 fed and 20 unfed 

f i s h  were introduced s imul taneous ly  i n t o  a  holding tank conta in ing  

approximately 20 a d u l t  c u t t h r o a t  t r o u t .  A f t e r  3 hours ,  t h e  water l e v e l  i n  

t h e  p reda to r  tank was drawn down, and t h e  su rv iv ing  f i s h  were removed. The 

brands provided f o r  p o s i t i v e  i d e n t i f c a t i o n s  of t h e  fed/unf ed presmolts.  The 

s tudy  was based on prev ious  p reda t ion  s t u d i e s  conducted by Barns ( 1966) and 

Coutant (1973). 

Analysis  Techniques 

Phase I da t a  were no t  analyzed s t a t i s t i c a l l y  bu t  were used a s  t h e  

model. f o r  Phase 11. A l l  d a t a  from Phase I1 were en te red  manually from a 

desk t e rmina l  t o  a  computer (Burroughs, B-6800) a t  t h e  Northwest and Alaska 

F i s h e r i e s  Center.  A 4-Way Analys i s  of Variance using time, temperature ,  

s i z e ,  and t rea tment  (fed-unfed) was conducted on each v a r i a b l e  measured i n  

Phase 11. 

Phase 111 d a t a  were processed d i f f e r e n t l y  f o r  t h e  swimming performance 

and p reda to r  prey s t u d i e s .  For convenience, r e s u l t s  from the  c r i t i c a l  

f a t i g u e  l e v e l s  of swimming performance were converted i n t o  meters 

t r a v e l e d  by 50% of t h e  sample. Distance t r a v e l e d  ( a f t e r  cond i t i on ing )  and 

cond i t i on  f a c t o r  of fed and unfed f i s h  were compared by p r e d i c t i v e  sample 

reuse  (Ge i s se r  and Eddy 1979); a  method t h a t  was used t o  compare t he  sum of 

square of t he  d i f f e r e n c e s  between observed and pred ic ted  va lues .  

~ r e d a  t o r / p r e y  s tudy  r e s u l t s  were analyzed by r eg re s s ion  a n a l y s i s .  



RESULTS 

Phase I 

Condi t ion  F a c t o r  

Condi t ion f a c t o r  was computed i n i t i a l l y  f o r  each f i s h  of t h e  5 - f i sh  

pooled sample u s ing  t h e  forumula K = W 
L 3  

Where K = Condi t ion  F a c t o r  ( o r  c o e f f i c i e n t  of c o n d i t i o n )  

L  = f o r k  l e n g t h  i n  mm 

and W = weight i n  g  

Condi t ion f a c t o r  remained f a i r l y  s t a b l e  a t  lZ°C, bu t  i nc r ea sed  from 

t h e  i n i t i a l  sampling pe r i od  then  s t a b i l i z e d  a t  15O and 18OC f o r  f ed  f i s h  

dur ing  t h e  s t u d y  per iod .  Condi t ion f a c t o r  of s t a r v e d  f i s h  decreased  w i th  

t ime and i nc r ea sed  wate r  t empera ture  l e v e l s  ( s e e  Table  3a) .  

S u r v i v a l  

S u r v i v a l  was e f f e c t e d  a t  t h e  h i g h e r  t empera ture  l e v e l s  dur ing  t h e  5 t h  

and 6 t h  weeks f o r  fed and unfed f i s h  ( s e e  Table  3b).  A 60% m o r t a l i t y  

occur red  at  6  weeks and 18°C. 

Phase I1 

Twenty-two p h y s i c a l  and hemato log ica l  c h a r a c t e r i s t i c s  measured o r  

computed du r ing  Phase I1 were t a b u l a t e d  by ho ld ing  t i m e ,  wa te r  t empera ture ,  

f i s h  s i z e ,  and t r e a tmen t  ( f e d ,  unfed) .  A four-way a n a l y s i s  of va r i ance  was 

computed f o r  each measured ( o r  computed) c h a r a c t e r i s t i c ,  and s i g n i f i c a n c e  

was determined a t  t h e  0.05 l e v e l .  A t a b l e  was prepared t h a t  summarizes t h e  

main i n t e r a c t i o n s  between v a r i a b l e s  s t u d i e d  i n  Phase 11, a t  t h e  0.05 l e v e l  

of s i g n i f i c a n c e  (Table  4).  The mean and s t anda rd  d e v i a t i o n  of each 

s i g n i f i c a n t  c h a r a c t e r i s t i c  was t h e n  computed and t a b u l a t e d  f o r  ho ld ing  

t ime ,  water tempera ture ,  f i s h  s i z e ,  and t r e a tmen t  ( ~ a b l e s  5, 6 ,  7 ,  and 8) .  



Table 3. 

a .  Weight, l e n g t h ,  and cond i t i on  f a c t o r  (K) of presmolt sp r ing  chinook salmon 
i n i t i a l l y  and a t  5 and 6 weeks i n  a fed o r  unfed c o n d i t i o n  (Phase I ) .  

I n i t i a l  cond i t i on  5 Weeks 6 Weeks 
W t .  Lgth K W t .  Lgth K W t .  Lgth K 

Condi t ion (-g) (mm) ( ~ 1 0 ' ~ )  (g )  (mm) ( x ~ o - ~ )  (g )  (mm) ( x ~ o - ~ )  

12Oc 
Fed 9.8 94.6 1.17 10.4 95.8 1.18 11.7 98.5 1.17 
Unfed 9.6 94.4 1.14 8.2 91.6 1.06 9.9 96.3 1.11 

15OC 
Fed 9.2 90.0 1.26 10.9 91.3 1.43 10.0 94.2 1.20 
Unfed 9.8 90.8 1.31 7.7 86.0 1.22 9.3 94.5 1.10 

18OC 
Fed 10.1 92.9 1.26 10.4 89.7 1.44 13.4 101.4 1.29 
Unfed 9.9 92.5 1.25 8.9 91.6 1.16 7.7 92.1 .96 

b. E f f ec t  of s t a r v a t i o n  f o r  5 and 6 weeks on s u r v i v a l  (Phase I ) .  

No. of f i s h  
Temperature i n i t i a l l y  

M o r t a l i t i e s  
5 weeks 6 weeks Condition 

0 0 (10)  fed 
0 (10) 0 (10) unfed 

1 (10) 1 (10) fed 
2 (10)  0 (10)  unfed 

1 (10)  0 (10)  fed 
2 (10 6 (10) unfed 

a Number of f i s h  i n  sample. 



Table  4.--Summary of main i n t e r a c t i o n s  between t ime ,  t empera tu re ,  s i z e ,  and 
t r e a t m e n t  ( f e d  v s  unfed)  and v a r i a b l e s  measured o r  computed d u r i n g  Phase 
11, t h a t  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.05 - l e v e l  of p r o b a b i l i t y .  

V a r i a b l e  
Holding Water 

t ime tempera tu re  

Condi t ion  F a c t o r  X 

Hematocr i t  

Hemoglobin 

Red Blood C e l l  Count 

MCV 

MCHC X X 

MCH X 

White Blood C e l l  Count 

Band N e u t r o p h i l  

Segmented Neutrophi l  

Prolymphocyte 

Lymphocyte 

Mac rophage 

BUN 

T o t a l  P r o t e i n  

A 1  bumin 

Globul in  

Alpha I 

Alpha I1 

Beta  I 

Beta  IT: 

Albumin/Globulin R a t i o  

F i s h  
s i z e  Treatment 
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Table 7.--Mean and standard deviation of condition factor and blood 
characteristics measured or computed from all fish held at three 
temperatures, over a 6 week period that were significantly different at the 
0.05level of probability for size in a 4 way analysis of variance conducted 
on 22 variables during Phase 11. 

Variable Unit Small Large - 
Fed Unfed Fed Unfed 

Condition 
Factor x1 o4 1.07 (.04)* 1.01 (.05) 

.89 (.05) .88 (.06) 

Hematocrit % 

Hemoglobin g/100 ml 6.1 (.6) 6.7 (.4) 
6.3 (.3) 6.7 (.4) 

RBC 6 3 X10 mm 1.22 (.12) 1.32 (.11) 
1.23 (.09) 1.35 (.13) 

MCV lJ 3 309 (26) 284 (21) 
288 (22) 275 (21) 

MCHC % 

Segmented 
3 3 Neutrophils XI0 mm 2.5 (2) 4.7 (3.9) 

2.4 (2.1) 2.7 (1.8) 

BUN mg/ 100 ml 5.8 (5.5) 6.1 (2.6) 
4.8 (2.1) 5.9 (.3.4) 

Albumin g/100 m l  .85 (.09) .75 (.lo) 
.55 (.20) .56 (.15) 

Alpha I1 g/100 ml .66 (.19) .57 (.16) 
.49 (.13) .47 (.17) 

Beta I g/100 ml .43 (.12) .43 (.12) 
.28 (.09) .37 ( . 1 3 )  

*( ) standard deviation 



Table 8.--Mean and standard deviation of condition factor and blood 
characteristics measured or computed from all fish, large and small, held 
at three temperatures for 6 weeks, that were significantly different at the 
0.05probability level, for treatment (fed vs unfed) in a 4-way analysis of 
variances conducted on 22 variables from coho salmon. 

Variable Unit Fed Unfed 

Condition Factor 

Hemoglobin 

M c v  

MCHC 

WBC 

Band 
Neutrophils 

Segmented 
Neutrophils 

Prolymphocyte 

Macrophage 

Total Protein 

Albumin 

Globulin 

Alpha I 

Alpha I1 

Beta I 

A/G Ratio 

*( ) standard deviation 



Condi t ion  F a c t o r  

The a n a l y s i s  of v a r i a n c e  was computed wi th  t h e  mean of t h e  c o n d i t i o n  

f a c t o r  f o r  t h e  f i v e  f i s h  pooled sample (Tab le  9) .  

Condi t ion f a c t o r  was h i g h e r  f o r  f e d  f i s h  (Tab le  8), s m a l l  f i s h  (Tab le  

7 )  , and a t  12' (Table  t i ) .  Fed f i s h  i n c r e a s e d  i n  weight  throughout  t h e  

s t u d y  whereas t h e  weight of unfed f i s h  decreased  (Tab le  10).  

Hematology 

Hematocri t  was h i g h e r  f o r  l a r g e  f i s h ,  and decreased  over  t i m e  (37.0 t o  

35.0%). 

Hemoglobin was s i g n i f i c a n t  f o r  t ime,  t empera tu re ,  s i z e ,  and t r e a t m e n t  

(Tab le  4 ) .  Hemoglobin was h i g h e r  f o r  unfed f i s h ,  f o r  l a r g e  f i s h ,  i n c r e a s e d  

wi th  t empera tu re ,  and was r e l a t i v e l y  c o n s t a n t  over  t ime  (6 .5  g/100 ml).  

There  was no s t a t i s t i c a l  d i f f e r e n c e  between red blood c e l l  c o u n t s  of 

fed and unfed f i s h .  Red blood c e l l  c o u n t s  were g r e a t e r  f o r  l a r g e  f i s h ,  

h i g h e s t  a t  15OC and s l i g h t l y  decreased  o v e r  t ime (1.35 t o  1.26 x 

6  3  10 mm 1. 

Three e r y t h r o c y t e  i n d i c e s  were computed and compared t o  independent  

v a r i a b l e s ;  t h e y  i n c l u d e  MCV, MCHC, and MCH. The MCV was s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  t h e  0.05 l e v e l  f o r  t r e a t m e n t  f i s h .  MCV was h i g h e r  f o r  fed  

f i s h  and f o r  s m a l l  f i s h .  The MCV ranged i n  v a l u e s  from 221 t o  416 m3 f o r  

a l l  f i s h  i n  t h e  s tudy .  The MCHC was s i g n i f i c a n t  f o r  a l l  t h e  independent  

v a r i a b l e s  i n  t h e  s t u d y ,  1.e.  h o l d i n g  t ime ,  wa te r  t empera tu re ,  f i s h  s i z e ,  

and t r e a t m e n t .  MCHC was h i g h e s t  f o r  t h e  unfed f i s h ,  t h e  l a r g e  f i s h ,  a t  

18OC, and t h e  5 th  and 6 t h  weeks of t h e  s t u d y .  Values of MCHC ranged from 

13.6 t o  21.0% f o r  a l l  f i s h  measured. MCH was s i g n i f i c a n t  on ly  f o r  ho ld ing  

t ime;  v a l u e s  were h i g h e r  a t  t h e  5 t h  and 6 t h  week of s t u d y  (Week 1 ,  48.6 t o  

Week 6 ,  52.1). 
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Table 10.--Mean, s t anda rd  d e v i a t i o n ,  and c o e f f i c i e n t  of v a r i a t i o n  (CV) of 
l eng ths  and weights  of coho salmon juven i l e s  u t i l i z e d  i n  s t a r v a t i o n  
experiments  dur ing  Phase 11. 

Fed F i sh  Unfed F i s h  
Small  La rer e  Small Large 

Length Weight Length Weight Length Weight Length Weight 
(mm) ( g )  (mm> (s) (mm> ( g >  (mm) (g>  

Week 0  -il 
S  D 
cv 

Week 1  ?r 
S  D 
cv 

Week 2 X 
S D 
cv 

Week 3 
SD 
cv 

Week 4 X 
SD 
cv 

Week 5 
S  D 
cv 

Week 6 X 
S  D 
cv 

T o t a l  l o s s  
o r  ga in  
from 
Week 0 +19 +10.2 +14 +9.1 - 1 -2.9 +4 -1.8 



D i f f e r e n t i a l  counts  were made on major whi te  blood c e l l  groups from 

blood f i lms  of two randomly s e l e c t e d  f i s h  from each f i v e - f i s h  pool. Visual  

counts  were made of juveni le  n e u t r o p h i l s ,  band neu t roph i l s ,  segmented 

neu t roph i l s ,  prolymphocytes, lymphocytes, and macrophages. 

The number of t o t a l  white  blood c e l l s  were h ighe r  f o r  fed f i s h  and 

were s t a t i s t i c a l l y  s i g n i f i c a n t .  

Juven i l e  neu t roph i l s  occurred i n  only 11  of t h e  120 blood f i l m s ,  were 

found i n  fed and unfed f i s h ,  and were not  s t a t i s t i c a l l y  analyzed. Band 

n e u t r o p h i l s  were h ighe r  f o r  fed f i s h  (0.45 x  103mm3), f o r  l a r g e  f i s h ,  

and during t h e  3rd week of t h e  s tudy .  Band n e u t r o p h i l s  were s i g n i f i c a n t l y  

d i f f e r e n t  ( a t  t h e  0.05 l e v e l )  f o r  t ime, temperature ,  and t reatment .  

There was a  s i g n i f i c a n t  d i f f e r e n c e  i n  numbers of segmented n e u t r o p h i l s  

between fed and unfed f i s h  (2.5 x  103mm3 f o r  unfed f i s h ,  3.6 x 

103mm3 f o r  fed  f i s h ) ;  numbers of n e u t r o p h i l s  were h ighe r  f o r  l a r g e  

f i s h .  Numbers of prolymphocyte c e l l s  were s i g n i f i c a n t l y  d i f f e r e n t  f o r  

holding time and between fed and unfed f i s h  (0.71 x 103mm3 f o r  fed  f i s h  

and 0.44 x  103mm3 f o r  unfed f i s h ) ;  prolymphocytes were h i g h e s t  a t  Week 

2  of t h e  s tudy .  Lymphocytes were not  s t a t i s t i c a l l y  s i g n i f i c a n t  but  were 

t h e  most numerous of t h e  whi te  blood c e l l s .  There was a  s i g n i f i c a n t  

d i f f e r e n c e  i n  numbers of macrophages between f ed  and unfed f i s h ;  numbers 

were h ighe r  i n  fed f i s h .  

C l i n i c a l  Chemistry 

BUN was h ighe r  f o r  l a r g e  f i s h ,  a t  12OC, and a t  Week 1 of t h e  

experiment;  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between fed  and unfed 

f i s h .  

To ta l  p r o t e i n  was h i g h e s t  f o r  fed f i s h  and dur ing  Week 4  of t h e  s tudy.  

There was a  s i g n i f i c a n t  d i f f e r e n c e  i n  l e v e l s  of albumin and albumin was 



h i g h e s t  f o r  fed f i s h ,  smal l  f i s h ,  a t  12OC, and a t  Week 2; albumin l e v e l s  i n  

t he  blood decreased from 0.74 g/100 m l  a t  Week 1  f o r  unfed f i s h  t o  0.30 

g/100 m l  a t  Week 4. 

The amount of t o t a l  g lobu l in  i n  t h e  blood was s i g n i f i c a n t l y  d i f f e r e n t  

f o r  holding time and between fed and unfed f i s h ;  i t  was h ighes t  f o r  fed 

f i s h  and a t  Week 5.  Weekly means of t o t a l  g lobu l in  ranged from 1.9 g/100 

r n l  a t  Week 1  t o  2.4 g/100 m l  a t  Weeks 3, 4,  and 5 f o r  t h e  fed f i s h ,  and f o r  

t he  unfed f i s h  reduced from 1.9 g/100 ml a t  Week 1  t o  1.3 g/100 ml a t  Week 

6. 

The amount of Alpha I g lobu l in  measured i n  t h e  blood was s i g n i f i c a n t l y  

d i f f e r e n t  between fed and unfed f i s h  and holding time; Alpha I was h i g h e s t  

f o r  t he  fed f i s h  and var ied  over time. The amount of Alpha I1 g lobu l in  was 

s i g n i f i c a n t l y  d i f f e r e n t  f o r  holding time (var ied  over  t ime) ,  f i s h  s i z e ,  

( h ighes t  f o r  small  f i s h ) ,  and between fed and unfed f i s h  (h ighes t  f o r  fed 

f i s h ) .  -Be ta  I g l o b u l i n  was h ighes t  f o r  fed f i s h ,  l a r g e  f i s h ,  a t  12OC, and 

a t  Week 1  of t h e  study. 

Beta 11, t h e  l a s t  f r a c t i o n  t o  show on the  electropherogram, was 

s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t ime and temperature .  This g l o b u l i n  f r a c t i o n  

was h ighes t  a t  18OC and a t  Week 6. 

The albumin-globulin (A/G) r a t i o  was computed, averaged, and 

s t a t i s t i c a l l y  analyzed;  i t  was s t a t i s t i c a l l y  d i f f e r e n t  f o r  t ime, 

temperature ,  s i z e ,  and condi t ion .  The A / G  r a t i o  was h i g h e s t  f o r  fed f i s h ,  

f o r  smal l  f i s h ,  a t  12OC, and a t  Week 1  of t h e  experiment (cons ider ing  

o v e r a l l  means). Weekly averages of t h e  A/G r a t i o  f o r  unfed f i s h  dec l ined  

from 37% dur ing  Week 1  t o  21% dur ing  Week 6 (Table 5) .  



Phase 111 

Swimming Performance 

I n  t h i s  po r t i on  of t he  s tudy ,  t h e  d i s t a n c e  swam and c o n d i t i o n  f a c t o r  

of presmolt coho salmon were measured a t  18°C over  a  6-week per iod.  

Condi t ion f a c t o r  (K) was computed using t h e  f i s h ' s  f o r k  l e n g t h  (L) and 

weight  (W) i n  t he  formula K = W / L ~  and is shown i n  Table 11; ya lues  

(means) ranged from 1.4 t o  1.8 f o r  t h e  fed  f i s h  and 1.1 t o  1.5 f o r  t h e  

unfed f i s h  dur ing  t h e  6 weeks of t h e  s tudy.  The cond i t i on  f a c t o r  was 

d r a s t i c a l l y  reduced f o r  t h e  unfed f i s h ,  a s  expected,  dropping sha rp ly  from 

Week 1  ( s e e  Figure 2).  P r e d i c t i v e  sample reuse  r eg re s s ion  a n a l y s i s  was 

u t i l i z e d  t o  compare t h e  models u t i l i z e d  f o r  t h e  c o n d i t i o n  f a c t o r  of t h e  fed 

and unfed popula t ions .  The models considered were M1 : y = a+bx no 

m a t t e r  whether t h e  f i s h  were fed o r  unfed, and 

M2:  y  = a l  + blx 

i f  t h e  f i s h  were fed 

y  = a 2  + b 2 x  

i f  t h e  f i s h  were unfed 

Where y  r ep re sen t s  t he  cond i t i on  f a c t o r ,  x  r ep re sen t s  t ime, and a  and 

b  a r e  cons t an t s .  Model M1 a s s e r t s  t h a t  t h e  r e l a t i o n s h i p  between 

c o n d i t i o n  f a c t o r  and time i s  t h e  same f o r  both t h e  fed and unfed 

popula t ions ,  and Model 112 a s s e r t s  t h a t  t h e  r e l a t i o n s h i p  is  d i f f e r e n t .  

The sums of squares  a r e  computed f o r  Models M1 and M2 and a r e  c a l l e d  

D l  and D2,  r e s p e c t i v e l y ,  then 

D l  = 0.8904 and 

D2 = 0.3485 

Thus s i n c e  D2 < Dl t h e  model p r e f e r r ed  by the  da t a  i s  M2 which 

i n d i c a t e s  a  d i f f e r e n t  cond i t i on  fac tor - t ime r e l a t i o n s h i p  f o r  t he  fed  and 

unfed popula t ions .  



Table  11.--Distance and c o n d i t i o n  f a c t o r  of f e d  and unfed ,  presmol t  coho 
salmon measured d u r i n g  a  6-week p e r i o d ,  July-Sept ember, 197 9. 

Week R e p l i c a t e  Fed Unfed 
~ i s t a n c e ' l  Condi t ion  Dis tance  Cond i t i o n  
(mete r s )  f a c t o r  (mete r s )  f a c t o r  

(xio-5) (XI 0'5) 

Mean d i s t a n c e  of a 50% impingement of a  6 - f i s h  sample.  

<2 Mean c o n d i t i o n  f a c t o r  of t h e  6 - f i sh  sample.  



Weeks of starvation 

Figure 2.--Mean condit ion factor  of 18 fed and unfed coho salmon u t i l i z e d  
i n  the swimm&ng endurance t e s t s  during Phase 111, f i s h  were held and 
t e s t e d  a t  18 C i n  Columbia River water. 



Swimming endurance of s t a r v e d  and f e d  f i s h  was reduced dur ing  t h e  1 s t  

week of t h e  s t u d y ,  f o r  s t a r v e d  f i s h  swimming a b i l i t y  con t inued  t o  d e c l i n e  

t o  Week 4  and remained a t  t h i s  low l e v e l  through Week 6  (Tab le  11). Fed 

f i s h  g e n e r a l l y  i n c r e a s e d  performance from Week 2  t o  Week 6, Again, 

p r e d i c t i v e  sample r e u s e  r e g r e s s i o n  a n a l y s i s  was u t i l i z e d  t o  s e l e c t  and 

compare t h e  model s u i t a b l e  f o r  t h e  f e d  and unfed r e g r e s s i o n  l i n e s  f o r  

swimming endurance d e p i c t e d  i n  F i g u r e  3. The fo l lowing  models were 

c o n s i d e r e d :  

M1 : y  = a + bx+ c x  2  

no m a t t e r  whether  t h e  f i s h  were f e d  o r  unfed 

and 

M2 : y  = a ebx 

i f  t h e  f i s h  a r e  unfed 

y = a + b x  

i f  t h e  f i s h  a r e  f e d  

Where y  r e p r e s e n t s  t h e  c o n d i t i o n  f a c t o r ,  x r e p r e s e n t s  t ime ,  and e  i s  a  

mathemat ical  c o n s t a n t  2.718. 

Model M1 a s s e r t s  t h a t  t h e  r e l a t i o n s h i p  between d i s t a n c e  and . t i m e  i s  

t h e  same f o r  both  t h e  fed and unfed p o p u l a t i o n s ,  and Model M 2  a s s e r t s  

t h a t  t h e  r e l a t i o n s h i p  i s  d i f f e r e n t .  The sums of s q u a r e s  a r e  computed f o r  

models M1 and >I2 and a r e  c a l l e d  Dl  and D2 ,  r e s p e c t i v e l y ,  then :  

Dl  = 21,393,514.66 and 

D2 = 4,813,009.20 

S ince  D2 < D l ,  ' t h e  s e l e c t e d  model i s  M2. The Model M2 

s u g g e s t s  t h a t  t h e r e  i s  a  d i f f e r e n t  d i s t a n c e - t i m e  r e l a t i o n s h i p  f o r  t h e  fed  

and unfed p o p u l a t i o n .  



Figure 3.--Effect of starvation on the swimming endurance at the 50% 
impingement level of pre-smolt coho salmon, Columbia River, 1979. 

2500 

2000 

1500 

1000 

500 

- 

- 

- 
, , 

1 
unfed , 

- \ 
\ 
\ 
\ 
\ 
\ 

- \ 
\ 
\ '\ -- ---------- 

I I I I I I J 
0 1 2 3 4 5 6 

Weeks of starvation 



Preda t ion  

Numbers and percentages of fed and unfed coho salmon presmolts  t h a t  

surv ived  i n t r o d u c t i o n  i n t o  a  p reda to r  tank during t h e  6-week s tudy  a r e  

shown i n  Table 12. 

Using t h e  r eg re s s ion  a n a l y s i s  model y  = b t  where y  = y*-1 (y* 

represen ted  the  r a t i o  of number of unfed su rv ivo r s  t o  t h e  number of fed 

s u r v i v o r s ) ,  and t = t ime,  a  hypothes i s  was t e s t e d  t h a t  on t h e  average t h e  

r a t i o  of unfed t o  fed i s  cons t an t  over  t ime ( o r  t h a t  s t a r v a t i o n  has  no 

e f f e c t  on p reda t ion ) ;  t h e  hypothes i s  could not be r e j ec t ed  a t  t h e  0.05 

l e v e l  of s i g n i f i c a n c e ,  (95% C I  f o r  b  was -0.1030 - < b - < 0.212). 

DISCUSSION 

To s t a r v e  means t o  p e r i s h  with hunger o r  t o  d i s t r e s s  o r  subdue by 

famine. A review on t h e  e f f e c t s  of d e p l e t i o n  ( s t a r v a t i o n )  on f i s h  was 

presen ted  by Love (1970). In  t h i s  review, Love considered mainly t h e  

e f f e c t  of n u t r i t i o n a l  d e p l e t i o n  as  a  temporal phenomenon with marine 

s p e c i e s ,  (where d e p l e t i o n  occurs  i n  a s s o c i a t i o n  with spawning and/or  a  

s ea sona l  drop i n  food a v a i l a b i l i t y )  and changes i n  a d u l t  salmon a s  they 

migrate  from t h e  ocean t o  n a t a l  spawning grounds. Love ind i ca t ed  t h a t  

s t a r v a t i o n  produced involu ted  thymus and sp l een ;  enlargement of t h e  g a l l  

b l adde r ;  phys i ca l  weakness; reduc t ion  i n  t h e  concen t r a t i on  of blood serum 

p r o t e i n ;  glycogen decrease ;  and g ros s  changes i n  t h e  blood, i . e . ,  s p e c i f i c  

g r a v i t y  changes, reduc t ion  i n  red and white c e l l  counts ,  red c e l l  volume, 

and reduc t ions  of immature c e l l s .  Love i n d i c a t e d  t h a t  t h e  thyro id ,  b r a i n ,  

h e a r t ,  and vascu la r  system show l i t t l e  change during s t a r v a t i o n .  

Phys ica l  and chemical changes occurred i n  t h e  presmolt coho salmon a s  

a  r e s u l t  of imposed s t a r v a t i o n  over  a  per iod of 6  weeks. The length  and 

weight r e l a t i o n s h i p ,  r e f l e c t e d  by condi t i o n  f a c t o r  was d r a s t i c a l l y  reduced 



Table  12.--Results of p r e d a t o r l p r e y  s t u d i e s  where f e d  and unfed coho salmon 
( p r e s m o l t s )  were p laced  i n  p r e d a t o r  t a n k s ,  August-October, 1979. 

Date  
S u r v i v o r s  

Fed Unfed 
Week 

0 

1 

2 

3 

4 

5 

6 

T e s t e d  N Number P e r c e n t  Number P e r c e n t  



i n  t h e  s t a r v e d  f i s h ;  swimming s tamina  was s e r i o u s l y  impaired.  The 

morphological  hematology changed, i. e. ,  volume of t h e  red  blood c e l l s  

decreased  and t h e  whi te  blood c e l l  numbers were reduced. Albumin and 

g l o b u l i n  were markedly reduced. S e p a r a t e l y  any of t h e s e  changes cou ld  

impose s e r i o u s  l i m i t a t i o n s  t o  t h e  f u t u r e  s u r v i v a l  of f i s h  i n  a  very  a c t i v e  

and c o m p e t i t i v e  environment ,  n o t  w i t h s t a n d i n g  t h e  r i g o r s  of t h e  

p h y s i o l o g i c a l  changes induced by "smol t ing . " Bams (1966) proposed t h a t  

u n l e s s  s e v e r e  environmental  c o n d i t i o n s  impose a s e r i o u s  c o n s t r a i n t ,  t h e  

most impor tan t  component of s u r v i v a l  i s  s tamina.  S t a r v a t i o n  s e r i o u s l y  

weakens f i s h  and l i m i t s  and i m p a i r s  s tamina.  

Condi t ion  F a c t o r  

The c o e f f i c i e n t  of c o n d i t i o n  o r  c o n d i t i o n  f a c t o r  i s  a n  e x p r e s s i o n  of 

t h e  r e l a t i v e  w e l l  being of f i s h  and f i s h  p o p u l a t i o n s  (Hoar 1939; Everhar t  

e t  a l .  1976),  and i s  based on t h e  weight- length  r e l a t i o n s h i p  of t h e  f i s h  

and t h e  cube law. The cube l a w  s imply s t a t e s  t h a t  masses of s i m i l a r l y  

shaped bod ies  va ry  as t h e  cubes of t h e  dimensions ,  provided t h a t  t h e  

d e n s i t i e s  of t h e  masses a r e  c o n s t a n t .  A  f u n c t i o n a l  exponent b  = 3  ( i n  t h e  

b  formula W = K 1  ) i n d i c a t e s  t h a t  i s o m e t r i c  growth i n  weight i n c r e a s e s  as 

t h e  cube of l e n g t h  as r e s t a t e d  by Ricker  (1975).  

Apparent d i f f e r e n c e s  i n  c o n d i t i o n  f a c t o r  i n  Phase I r e i n f o r c e d  t h e  

assumption t h a t  t h e  c o n d i t i o n  of an  unfed presmol t  f i s h  would change 

markedly i n  6  weeks. S i g n i f i c a n t  d i f f e r e n c e s  were found i n  c o n d i t i o n  

f a c t o r s  between f e d  and unfed f i s h  i n  Phase I1 and Phase 111. The 

d i f f e r e n c e s  i n  c o n d i t i o n  f a c t o r s  t h a t  were c o n s i s t e n t  throughout  t h i s  s t u d y  

f o r  fed and unfed f i s h  cou ld  form t h e  b a s i s  f o r  i n i t i a l l y  c a t e g o r i z i n g  

p resmol t ing  coho salmon i n t o  t h e  p o t e n t i a l l y  c h r o n i c a l l y  s t r e s s e d  c o n d i t i o n  



of s t a r v a t i o n .  Condition f a c t o r s  changed not iceably  a f t e r  2 weeks of 

s t a r v a t i o n :  fed f i s h  gained weight and unfed f i s h  l o s t  weight;  small  fed 

f i s h  gained more weight than l a r g e  fed f i s h  and small  unfed f i s h  l o s t  more 

weight than l a r g e  unfed f i s h .  

Hema tology 

In  h i s  c l a s s i c a l  review of dep le t ion ,  Love (1970) s t a t e d  t h a t  probably 

t h e  most profound changes during s t a r v a t i o n  occur i n  t h e  blood of f i s h .  

However, Blaxhal l  (1972) commented t h a t  i n  f i s h  hematology, progress  only  

seems t o  have been made i n  t h e  d iagnos is  of anemia. Anemia is we l l  known 

among f i s h  c u l t u r i s t s ,  and i s  e a s i l y  de t ec t ed  by in spec t ing  g i l l  c o l o r  

(Kawatsu 1966). Two types of n u t r i t i o n a l  anemia of f i s h  were pos tu la ted  by 

Snieszko (1972), i . e . ,  normochromic ( acu te  o r  subacute)  from a lack  of 

elements permi t t ing  f i s h  t o  produce blood, and macrocytic (chronic)  from a 

l ack  of hema topoet  i c  func t ion .  Kawatsu (1966) i nd ica t ed  t h a t  when 

e ry th rocy te s  became sma l l e r  i n  s t a r v i n g  brook t r o u t ,  Sa lve l inus  f o n t i n a l i s ,  

t h e  symptoms ind ica t ed  microcyt ic  anemia. Blaxhal l  and Daisley (1973) 

s t a t e d  t h a t  e ry th rocy te  counts  when done v i s u a l l y  a r e  not p rec i se  because 

of i nhe ren t  e r r o r s  and so a g r e a t e r  r e l i a n c e  i s  placed on hematocri t  and 

hemoglobin e s t ima t ion  a s  i n d i c a t o r s  of anemia. In  t h i s  s tudy,  red blood 

c e l l  count and hematocri t  d id  not d i f f e r  s i g n i f i c a n t l y  between fed and 

unfed f i s h ,  but  hemoglobin did.  Using t h e  r e l a t i o n s h i p  between red blood 

c e l l  counts ,  hematocr i t ,  and hemoglobin t o  compute red c e l l  i n d i c e s ,  a 

b e t t e r  understanding of t he  red blood c e l l  can be obtained. 

MCV i s  t h e  average volume of t h e  i n d i v i d u a l  red blood c e l l ;  t h e  PlCV 

was s i g n i f i c a n t l y  d i f f e r e n t  between l a r g e  and small  f i s h  and f o r  fed and 

unfed f i s h .  The volume was l a r g e r  f o r  t h e  smal l  fed  f i s h  than the  l a r g e  



fed f i s h ,  and i n  t h e  unfed f i s h ,  t h e  volume was reduced i n  both l a r g e  and 

small  f i s h .  

The MCHC i s  t h e  average hemoglobin concen t r a t ion  per  100 m l  of packed 

red c e l l s  i n  percent .  The MCHC demonstrated s i g n i f i c a n t  d i f f e r e n c e s  

between holding t imes,  water  temperatures ,  f i s h  s i z e s ,  and between fed and 

unfed f i s h .  However, i n  gene ra l  va lues  were l a r g e r  f o r  Week 6, a t  h ighe r  

temperatures ,  f o r  l a rge  f i s h ,  and f o r  t h e  unfed f i s h .  

The MCH i s  t h e  amount of hemoglobin by weight i n  t he  average 

e ry th rocy te ;  MCH was not s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  f i s h  s i z e  o r  between 

fed and unfed f i s h .  

Anemia can be defined a s  a reduct ion  i n  t h e  number of c i r c u l a t i n g  red 

blood c e l l s ,  o r  a cond i t i on  i n  which t h e  red c e l l s  of t h e  blood a r e  reduced 

i n  number o r  a r e  d e f i c i e n t  i n  hemoglobin (oxygen car ry ing  capac i ty  i s  

reduced).  Thus, i n  t h i s  s tudy,  anemia a s  def ined above d id  not  appear  t o  

occur i n  6 weeks, but  d id  r e s u l t  i n  anemia a s  observed i n  f i s h  and defined 

by Kawatsu (1974) ( t h e  e ry th rocy te s  became sma l l e r  i n d i c a t i n g  

microcytos is )  . 
The leukocyte d i f f e r e n t i a l  count expresses  t h e  r e l a t i v e  number of 

blood c e l l s  p re sen t  i n  t h e  blood. Love (1970) i nd ica t ed  t h a t  immature 

blood c e l l s  were reduced and even f a i l e d  t o  be produced a f t e r  4 weeks of 

dep le t ion .  Juveni le  neu t roph i l s  were not numerous on t h e  blood f i lms  

examined, and were not a s soc i a t ed  exc lus ive ly  with fed o r  unfed f i s h .  

Prolymphocytes d i f f e r e d  s i g n i f i c a n t l y  between fed and unfed f i s h  (and 

t ime) ;  lymphocytes were t h e  most numerous white blood c e l l s  and were not 

s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h i s  s tudy.  Macrophage c e l l s  were 

s i g n i f i c a n t l y  d i f f e r e n t  between fed  and unfed f i s h ,  and were reduced i n  t h e  

unfed f i s h .  The t o t a l  white  blood c e l l  count was reduced i n  t h e  unfed 

f i s h .  



C l i n i c a l  Chemistry 

The impact of s t a r v a t i o n  i s  measurable sooner i n  a c t i v e  than  s lugg i sh  

f i s h  and seems t o  produce changes a f t e r  s e v e r a l  weeks (Love 1970). 

Urea i s  t h e  p r i n c i p a l  ni t rogenous end product  of p r o t e i n  metabolism 

and amino ac id  degrada t ion ;  BUN i s  a  l a b o r a t o r y  express ion  of t h e  urea  

n i t r o g e n  con ten t  of t h e  blood. BUN ranged from 0.5 t o  15.5 m l l d l  and was 

v a r i a b l e  throughout t h e  s tudy.  

Love (1970) s t a t e d  t h a t  l i v e r  syn thes i ze s  albumin from p r o t e i n s ,  and 

albumin i s  t h e  p r i n c i p a l  v i c t i m  of s t a r v a t i o n .  

Albumin p l ays  an  important  p a r t  i n  t h e  d i s t r i b u t i o n  of body water  

because of i t s  c o l l o i d a l  osmotic p re s su re .  Albumin f r a c t i o n s  a r e  p r imar i l y  

r e spons ib l e  f o r  maintenance of plasma volume, and because of i t s  e l e c t r i c a l  

c h a r a c t e r i s t i c s ,  binds sma l l e r  o rganic  molecules and s a l t s ,  and i s  

e s p e c i a l l y  important  i n  osmosis (Hoar 1975). Albumins were s e r i o u s l y  

reduced i n  t h e  unfed f i s h  i n  t h i s  s tudy  ( s e e  Table 5) .  

Plasma p r o t e i n s ,  a s  a  group, f u n c t i o n  i n  s e v e r a l  d i f f e r e n t  ways: 

b u f f e r  a c t i v i t y ,  oxygen t r a n s p o r t ,  osmotic p re s su re ,  blood coagula t ion ,  and 

immune responses  (Hoar 1975); they  a l s o  func t ion  t o  weakly bind hormones 

and enzymes (Donaldson e t  a l .  1979). A low l e v e l  of t o t a l  serum p r o t e i n  

commonly occurs  when both t h e  albumin and g lobu l in s  a r e  depressed;  t h i s  

occurs  commonly i n  humans with p r o t e i n - c a l o r i e  ma lnu t r i t i on .  

Severa l  i n v e s t i g a t o r s  have suggested t h a t  p r o t e i n  f r a c t i o n s  p lay  a n  

important  p a r t  i n  an t ibody  product ion f o r  a n  immune response. Klontz e t  

a l .  (1965) suggested 'hat c e r t a i n  p r o t e i n  changes i n  serum macroglobins may 

be of immunological s i g n i f i c a n c e  i n  sockeye salmon, -- 0. nerka,  fol lowing 

i n f e c t i o n  with i n f e c t i o u s  hematopoiet ic  n e c r o s i s  (IHN) v i r u s .  Amend and 

Smith (1974) found t h a t  i n  rainbow t r o u t ,  Salmo g a i r d n e r i ,  i n f e c t e d  with 

I H N V  a lpha  f r a c t i o n s ,  t h e  serum p r o t e i n  was a l t e r e d .  



Love (1970) i n d i c a t e d  t h a t  d i f f e r e n t  f r a c t i o n s  of p r o t e i n  i n  t h e  blood 

decrease  dur ing  s t a r v a t i o n  with t h e  s o l e  except ion  of t h e  s lowes t  f r a c t i o n ,  

which shows a  r e l a t i v e  i nc rease ;  i n  my s tudy ,  i nc reases  i n  Beta I1 were 

ev ident  f o r  t h e  s m a l l e r  f i s h ,  but  Beta  I1 decreased f o r  t h e  l a r g e r  unfed 

f i s h .  The imp l i ca t i on  is  t h a t  t h e  l a r g e r  f i s h  may be more s u s c e p t i b l e  t o  a  

l o s s  of Beta I1 during s t a r v a t i o n  and have l e s s  r e s i s t a n c e  t o  d i seases .  I n  

gene ra l ,  t h e  o t h e r  g l o b u l i n  f r a c t i o n s  (Alpha I, Alpha 11, and Beta I )  a l l  

decreased dur ing  s t a r v a t  ion  and were in f luenced  i n  s p e c i f i c  cases  by 

holding time, water  temperature ,  and f i s h  s i z e .  

It was suggested t h a t  the  examination of serum p r o t e i n s  i n  ha tchery  

reared  f i s h  may be important i n  p r e d i c t i n g  outbreaks  of d i s e a s e  i n  f i s h  

( P h i l l i p s  e t  a l .  1960); s p e c i f i c a l l y ,  t h e  A/G r a t i o .  The A/G r a t i o  i n  

brown t r o u t ,  Salmo t r u t t a ,  a f f e c t e d  w i t h  kidney d i s e a s e  was t h e  r eve r se  of 

t he  va lue  obtained from f i s h  no t  a f f e c t e d  by t h i s  d i s ea se .  Snieszko (1972) 

repor ted  t h a t  t h e  A/G r a t i o  i s  very important  i n  d i agnos i s ;  hea l thy  carp ,  

Cyprinus ca rp io ,  wi th  an  A/G r a t i o  of 40% were compared t o  very s i c k  c a r p  

w i th  an  A/G r a t i o  of 12%. In t h e  p re sen t  s t udy  on presmolt coho salmon, 

unfed f i s h  a t  Week 1 had a  mean A/G r a t i o  of 37% ( a s  did fed  f i s h ) ;  a t  Week 

6  t h e  mean A/G r a t i o  of unfed f i s h  was 21% ( a s  opposed t o  an  A/G r a t i o  of 

fed f i s h  a t  31%). 

Swimming Performance 

Swimming performance is  an  important  component of v i a b i l i t y  a s  i t  

r e l a t e s  t o  a  f i s h ' s  capac i ty  t o  main ta in  s t a t i o n  a g a i n s t  c u r r e n t ,  avoid 

p reda to r s ,  and acqu i r e  food (Beamish 1978). Bams (1966) proposed t h a t  

u n l e s s  s eve re  environmental cond i t i ons  impose a  s e r i o u s  c o n s t r a i n t ,  t h e  

most important  component of s u r v i v a l  i s  [swimming] stamina. Beamish (1978) 



c l a s s i f i e d  progress  of f i s h  i n  water  a s  sus t a ined ,  prolonged, and b u r s t  

swimming; sus t a ined  is  g r e a t e r  than  200 minutes without  muscular f a t i g u e ,  

prolonged i s  20 s e c  t o  200 min and ends i n  f a t i g u e ,  b u r s t  i s  a  per iod  of 

l e s s  than  20 sec.  Lindsey (1978) pointed out  t h a t  two d i f f e r e n t  muscle 

systems were involved i n  f i s h  locomotion, i . e . ,  red and white  muscle. Red 

muscle i s  u s u a l l y  slow, with low c o n t r a c t i l e  power, and is  used f o r  

prolonged a c t i v i t y  sus t a ined  by ae rob ic  metabolism; whi te  muscle i s  f a s t e r ,  

more powerful, and i s  capable  of b u r s t  speed a c t i v i t y  which may be 

anaerobic .  Prolonged swimming speed was chosen t o  measure changes i n  

stamina between fed and unfed coho salmon. 

G r i f f i t h s  and Alderd ice  ( 1972) t e s t e d  swimming performance of juveni le  

coho salmon a t  var ious  temperature  l e v e l s  and found t h a t  optimum ( u l t i m a t e  

maximum) performance occurred a t  a  combination of acc l imat ion  and t e s t  

temperatures  near  20°C. Glova and McInerney ( 1977) i nves t i ga t ed  swimming 

speeds of coho salmon from f r y  t o  smolt s t ages .  They showed t h a t  coho 

salmon a r e  capable  swimmers on a  s i z e - r e l a t e d  b a s i s  i n  f reshwater  and 

e s t u a r i n e  cond i t i ons ;  t h e i r  apparent  f a i l u r e  t o  surv ive  premature seaward 

migra t ion  cannot be explained by t h e i r  i n a b i l i t y  t o  perform important 

locomotor dependent behavior.  

In  t h i s  s tudy ,  t he  swimming endurance of unfed f i s h  measured by 

c r i t i c a l  f a t i g u e  during prolonged swimming dec l ined  s t e a d i l y  u n t i l  Week 4 

and remained a t  a  l e v e l  of about 4% of t h e  output  of t h e  fed f i s h .  Tl~e 

unfed f i s h  were simply unable t o  main ta in  t h e i r  p o s i t i o n  i n  0.45 m/sec 

v e l o c i t y  f o r  over 8 minutes ( f e d  f i s h  maintained p o s i t i o n  f o r  over  60 

minutes) a t  and a f t e r  Week 3. This reduced stamina could have many 

imp l i ca t i ons  inc luding  t h e  i n a b i i i t y  t o  forage  f o r  food, avoid 

o b s t r u c t i o n s ,  and escape from preda tors .  



Predator-Prey Study 

Bams (1966) and Coutant (1973) have developed the design of a  

predator-prey s tudy t o  determine the  e f f e c t  of a  s t r e s s o r  on the  prey f i s h .  

In t h i s  s tudy,  t h e i r  design was adopted and adapted t o  determine the  

e f f e c t s  of s t a r v a t i o n  on presmolting coho salmon. This s tudy design 

pr imar i ly  inves t iga t e s  the  e f f e c t  of s t a r v a t i o n  on the bu r s t  speed muscles 

(white  muscle). S t a rva t ion  apparent ly  did not place presmolting coho 

salmon a t  a  disadvantage t o  predators ;  t he re  was no s i g n i f i c a n t  d i f f e rence  

between fed and unfed prey. Observation a t  t he  time of t e s t i n g s  did revea l  

t h a t  the  unfed f i s h  were "pinheads," and were not a c t i v e  when placed i n  the  

predator  tank--in f a c t ,  they were so s t i l l  they resembled s t i c k s .  The more 

aggress ive ,  fed presmolts u sua l ly  dar ted  and f lashed  producing a  feeding 

f renzy  i n  the  predators .  It was evident  t h a t  more f i s h  were ea ten  by the  

predators  each week the experiment progressed,  and t h a t  both fed and unfed 

f i s h  were ha rd ly  a  chal lenge t o  the wild c u t t h r o a t  predators .  

Addit ional  Fac tors  

The r a t i o n a l e  e x i s t s  t h a t  s t a r v a t i o n  could be a  p o t e n t i a l  t h r e a t  t o  

p re sho l t  f i s h  i n  the  Columbia River,  and t h i s  remains t o  be f i e l d  t e s t ed .  

It i s  a f a c t  t h a t  l i t t l e  i s  known about the e f f e c t  of s t a r v a t i o n  on 

salmonids, although many f i e l d  b i o l o g i s t s  have suspected t h i s  t o  be a  

problem i n  the lower Columbia River. F ish  c u l t u r i s t s  and f i s h  

n u t r i t i o n i s t s  know the importance of a  proper d i e t  f o r  salmonids, and have 

r ecen t ly  reviewed the  subjec t  (Halver 1972). In t h a t  review, Ashley (1972) 

r e f l e c t e d  t h a t  impoverished and unbalanced d i e t s  r e s u l t  i n  g r e a t e r  

s u s c e p t i b i l i t y  t o  d i sease  and i n a n i t i o n  (exhaust ion from lack o r  

nonassimulation of food-emptiness), and consequently g r e a t e r  l o s ses  from 



n a t u r a l  p r eda t ion ;  he  suggested more research  regarding l o s s e s  resu1tin.g 

from f i s h  ma lnu t r i t i on .  Inadequate d i e t s  o f t e n  r e s u l t  i n  lowered 

r e s i s t a n c e  t o  i n f e c t i o n  and t o  degenera t ive  d i s e a s e s ;  t h i s  synergism may 

r e s u l t  i n  g r e a t e r  damage t o  t he  organism than would r e s u l t  from t h e  sum 

of uncombined i n f e c t i o n s  and degenera t ive  d i s ea se s .  

Snieszko (1972) def ined  n u t r i t i o n a l  f i s h  d i s e a s e s  a s  those  which can 

be a t t r i b u t e d  t o  de f i c i ency ,  excess ,  o r  improper balance of components 

presen t  i n  t h e  food a v a i l a b l e .  Snieszko s t a t e d  t h a t  such d i s e a s e s  u s u a l l y  

have a  gradua l  onse t ,  because symptoms do not appear  u n t i l  one o r  more of 

t h e  components of a  d i e t  drop below t h e  c r i t i c a l  l e v e l  of t h e  body 

r e se rves .  Fu r the r ,  he noted t h a t  very  l i t t l e  i s  known about f i s h  d i s ea se s  

caused s o l e l y  by malnut r i t ion .  

F i sh  feed more i n t e n s e l y  and food i n t a k e  is increased  fol lowing 

per iods of s t a r v a t i o n  ( P e t e r  1979). Thus, d e f i c i t s  i n  t he  body r e se rves  of 

f i s h  a r e  made up a s  qu ick ly  a s  pos s ib l e  when provided t h e  opportuni ty .  

However, when dep r iva t ion  proceeds beyond a  c e r t a i n  p o i n t ,  compensation by 

increased  food i n t a k e  i s  no longer  pos s ib l e .  This  was i l l u s t r a t e d  by t h e  

s t a r v a t i o n  and re feed ing  experiments done wi th  young sockeye salmon f r y  by 

B i l t o n  and Robins (1973).  Fry s t a rved  3  weeks, then fed  f o r  8 weeks were 

a t  c o n t r o l  l e v e l s .  Fry s t a rved  f o r  4 weeks o r  longer  were no t  a b l e  t o  

overcome t h e  d e f i c i t s  and t o  grow r a p i d l y  upon re feed ing;  m o r t a l i t i e s  were 

high i n  t he se  l a t t e r  f i s h ,  i n d i c a t i n g  t h a t  t he  more prolonged s t a r v a t i o n  

had caused some i r r e v e r s i b l e  e f f e c t s .  

Although s t a r v a t i o n  has  no t  p r ev ious ly  been a s soc i a t ed  wi th  

m o r t a l i t i e s  of ha tchery  reared  salmon i n  t h e  Columbia River,  i t  i s  a 

s e r i o u s  cause of m o r t a l i t y  i n  s a l t w a t e r  f i s h .  In a  colloquium on l a r v a l  



f i s h  m o r t a l i t y ,  Hunter (1976) po in ted  ou t  t h a t  t h e  major cause of l a r v a l  

f i s h  m o r t a l i t y  of s a l t w a t e r  spec i e s  i s  s t a r v a t i o n ,  p reda t ion ,  o r  both. 

Hunter suggested mechanisms of d e n s i t y  dependent m o r t a l i t y  caused by 

s t a r v a t i o n  were i n t r a  and i n t e r s p e c i f i c  compet i t ions  f o r  food and expansion 

of a  spawning popula t ion  i n t o  a r e a s  where food was r e s t r i c t e d  t o  t h e  

developing l a rvae .  He f u r t h e r  suggested t h a t  t h e  s tudy  of s t a r v a t i o n  

should i nc lude  l a b o r a t o r y  and f i e l d  s t u d i e s ,  and most important ,  

t r a n s i t i o n a l  s t u d i e s  t h a t  would h e l p  apply f i nd ings  of l a b o r a t o r y  s t u d i e s  

t o  t h e  f i e l d .  Hunter s t a t e d  t h a t  i t  was of major importance i n  any s tudy  

of s t a r v a t i o n  t o  examine the  pos s ib l e  i n t e r a c t  ions  between s t a r v a t i o n  and 

p reda t ion  f o r  i f  s lower growing l a r v a e  and l a r v a e  weakened by s t a r v a t i o n  

a r e  i nges t ed  much more f r equen t ly  than  h e a l t h y  ones,  t h e  c o n t r o l i n g  

mechanisms must be sought i n  food abundance r a t h e r  than  p reda t ion  alone.  

The i r o n i c  pa r t  of a  hypothes i s  t h a t  excess ive  m o r t a l i t i e s  could occur  

a s  a  r e s u l t  of s t a r v a t i o n  i s  t h a t  man most c e r t a i n l y  could cause  o r  has  

caused t h e  problem. Man has s tepped i n  t o  t h e  n a t u r a l  l i f e  cyc le  of 

salmonids ( p r i o r  t o  complete development of h y d r o e l e c t r i c  dams) and through 

c o n s t a n t l y  improving ha tchery  techniques  has  s u b s t a n t i a l l y  improved 

s u r v i v a l  from egg t o  smolt. Man then  r e l e a s e s  t h e  product i n t o  an 

environment without  food p e l l e t s ,  hoping t h e  f i s h  w i l l  respond i n n a t e l y  t o  

t h e  l im i t ed  n a t u r a l  food supply. 

The Columbia River ,  however, has  responded t o  environmental changes 

imposed (by man) by producing more zooplankton (food f o r  sma l l e r  f i s h )  and 

l e s s  ben th i c  organisns  and a q u a t i c  i n s e c t s  (food p r e f e r r e d  by t h e  l a r g e r  

f i s h  - presmolt  coho salmon). 

Man has  f u r t h e r  acted t o  r e l e a s e  more f i s h  a t  t h e  same time t o  t h e  

lower po r t i on  of t he  r i v e r  than  eve r  be fo re  i n  h i s t o r y .  There a r e  l im i t ed  



r e co rds  t h a t  show coho salmon were cap tured  from A p r i l  through November 

(Gauley e t  a l .  1958) a t  Bonnevi l l e  p r i o r  t o  major ha t che ry  p roduc t ion .  

Recent r e s u l t s  from c o l l e c t i o n s  a t  Jones  Beach (Dawley e t  a l .  1979) 

i n d i c a t e  a  more narrow downstream passage window (May-July). It appea r s  

t h e  p resmol t s  used t o  move o u t  of t h e i r  n a t a l  s t reams  i n  a  more random 

f a sh ion .  Most coho salmon j uven i l e  a r e  r e l e a s e d  dur ing  l a t e  A p r i l  and May; 

which means s imply t h a t  a l l  t h e  f i s h  a r e  i n  t h e  major r i v e r s  a t  t h e  same 

approximate time--even though o n l y  20% could  be cons idered  a s  "smolt ing"  

f i s h  ( s e e  page 2).  It may be t h a t  t h e  n e c e s s i t y  f o r  raceway space  f o r  

newly ha tched  f r y  i s  t h e  p r e sen t  t r i g g e r i n g  mechanism f o r  t h e  r e l e a s e  of 

t h e  1+ coho salmon a t  a  coho ha t che ry ,  r a t h e r  t han  t h e  matura t ion  of t h e  

f i s h  i n t o  smol t s .  

An i n t e r e s t i n g  f a c t o r  t o  n o t e  i n  t h e  e f f e c t s  of s t a r v a t i o n  on f i s h  was 

provided by Love (1970) who s t a t e d  hormones and enzymes a r e  reduced dur ing  

s t a r v a t i o n .  Thyroid hormone and enzyme metabolism appears  t o  be i n f l uenced  

by s t a r v a t i o n  and f eed ing  ( q u a n t i t y  and composi t ion of food) .  More 

s p e c i f i c a l l y ,  s t a r v a t i o n  dep re s se s  t hy ro id  f u n c t i o n ,  plasma hormone l e v e l s ,  

plasma T4 and T3 l o s s  (Thyroxine) ,  and p e r i p h e r a l  metabolism of T3 

and T4 ( ~ o n a l d s o n  e t  a l .  1979). Levels  of plasma t hy rox ine  (T3 and 

T4) t h a t  a r e  e l eva t ed  have been a s s o c i a t e d  w i th  s m o l t i f i c a t i o n  (Folmar 

and Dickhoff 1979),  a s  have e l eva t ed  ~a+-K+  ATPase l e v e l s  (Zaugg and 

McLain 1970). 

Thyroid hormones a r e  bound t o  t h e  plasma p r o t e i n s ;  they  b u f f e r  t h e  

plasma a g a i n s t  exce s s ive  f r e e  T3 o r  T4 by binding them weakly. The 

hormones wi thout  t h i s  b inding cou ld  be l o s t  t o  t h e  l i v e r  wi th  subsequent  

e l i m i n a t i o n  from t h e  body ( ~ o n a l d s o n  e t  a l .  1979). These f a c t o r s  pose an  



i n t e r e s t i n g  q u e s t i o n  f o r  f u r t h e r  r e s ea r ch  i n v e s t i g a t i o n s ,  i. e . ,  can 

s t a r v i n g  presmol t ing  f i s h  i n  f r e s h  water  make t h e  p h y s i o l o g i c a l  t r a n s i t i o n  

t o  sal t  wate r?  

Barnhar t  (1969) recognized t h a t  b i o l o g i s t s  needed t o  d e f i n e  

"normal i ty"  i n  rainbow t r o u t ,  and s t u d i e d  t h e  e f f e c t s  of time ( a g e ) ,  sex ,  

d i e t ,  and s t r a i n  on hemato log ica l  c h a r a c t e r i s t i c s  of rainbow t r o u t .  He 

no ted  t h a t  average va lue s  f o r  many hemato log ica l  v a r i a b l e s  were sma l l ,  and 

a l though  s i g n i f i c a n t  s t a t i s t i c a l l y  may be i n s i g n i f i c a n t  b i o l o g i c a l l y .  

Wedemeyer and C h a t t e r t o n  (1971) recognized  t h e  va lue  of t h e  "normal i ty"  

d e f i n i t i o n  f o r  j uven i l e  coho salmon, and measured some a s s o c i a t e d  blood 

chemnis t ry  va lues .  Novotny and Zaugg (1979) have measured and a r e  

p r e s e n t l y  measuring some v a r i a b l e s  of blood chemis t ry  i n  coho j uven i l e s  a t  

v a r i o u s  conse rva t i on  h a t c h e r i e s  i n  t h e  Columbia R ive r  Bas in  a s s o c i a t e d  w i t h  

i n v e s t i g a t i o n s  on "homing s t u d i e s .  " 

SUMMAR.Y 

This  s t udy  w a s  des igned and conducted t o  c h a r a c t e r i z e  d i f f e r e n c e s  

between fed and unfed presmolt  coho salmon. A summary o u t l i n e  of t h e  

r e s u l t s  fol low:  

1. Condi t ion  f a c t o r  changed n o t i c e a b l y  i n  unfed f i s h  a f t e r  2 weeks; 

smal l  f ed  f i s h  gained more weight than  l a r g e  f ed  f i s h  and small unfed f i s h  

l o s t  more weight than  l a r g e  unfed f i s h .  

2. In  gene ra l ,  t h e  unfed f i s h  r e f l e c t e d  a r educ t i on  i n  red blood c e l l  

volume (MCV), an  i n c r e a s e  i n  hemoglobin, and a r educ t i on  i n  numbers of 

wh i t e  blood c e l l s ;  l a r g e  f i s h  had h i g h e r  hemato log ica l  r e l a t e d  va lues .  

3.  T o t a l  p r o t e i n s  (a lbumins ,  g l o b u l i n s ,  and t h e  a lbumin /g lobul in  

r a t i o )  were reduced i n  t h e  unfed f i s h ,  and i n  g e n e r a l  sma l l  f i s h  had h i g h e r  

va lue s .  



4. Swimming s tamina of unfed f i s h  dec l ined  r a p i d l y  ( t o  Week 3)  and 

remained a t  4% of t h e  output  of t h e  fed f i s h  t o  t h e  t e rmina t ion  of t h e  

s tudy--ver i fying t h e  poor cond i t i on  of t h e  f i s h  r e f l e c t e d  by t h e  decreasing 

cond i t i on  f a c t o r .  

5. There was no apparent  d i f f e r e n c e  i n  s u s c e p t i b i l i t y  t o  preda t ion  

between fed and unfed coho salmon presmolts ,  however both were r e a d i l y  

d i spa tched  by t h e  p reda to r  f i s h  (wi ld  c u t t h r o a t  t r o u t ) .  

CONCLUSIONS 

The fol lowing conclusions r e s u l t e d  from t h i s  s tudy:  

1. S t a r v a t i o n  reduces t h e  swimming s tamina of coho presmolts  and 

could p l ace  them a t  a  disadvantage i n  t h e  environment. 

2. The d iagnos is  of m a l n u t r i t i o n  needs t o  be cha rac t e r i zed  with a  

m u l t i p l i c i t y  of v a r i a b l e s ,  e.g. ,  c o n d i t i o n  f a c t o r ,  serum p r o t e i n s ,  and red 

and whi te  blood c e l l  morphology and ind i ce s .  

3. Ma lnu t r i t i on  could cause m o r t a l i t i e s  i n  presmolt coho salmon from 

h a t c h e r i e s .  

RECOMMENDATIONS 

As  a  r e s u l t  of t h e  conduct of t h i s  s tudy  and of a  review of t h e  

l i t e r a t u r e ,  t h e  fol lowing recommendations a r e  forwarded : 

1. There is  an urgent  need t o  e s t a b l i s h  an adequate  base l ine  of d a t a  

t o  determine t h e  normal phys i ca l ,  chemical,  and phys io logica l  s t a t e  of 

Columbia River  salmonids i n  and a f t e r  being r e l ea sed  from ha t che r i e s .  

2. There is  a  need t o  inc lude  l i p i d  a n a l y s i s  i n  f u t u r e  s t a r v a t i o n  

s t u d i e s .  

3. The e f f e c t  of m a l n u t r i t i o n  on s m o l t i f i c a t i o n  of coho salmon nceds 

t o  be i n v e s t i g a t e d .  



4. There  i s  a need t o  i n v e s t i g a t e  optimum r e l e a s e  t ime from 

h a t c h e r i e s  and t h e  r a t e  and t iming  of movement a f t e r  r e l e a s e  from 

h a t c h e r i e s .  

5 .  There i s  a need t o  develop t echn iques  t o  i n c r e a s e  t h e  s t a n d i n g  

c r o p  of p r e f e r r e d  food f o r  presmol t  sa lmonids  i n  t h e  lower  Columbia River .  
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