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THE INFLUENCE OF FLOW ON CENTRAL VALLEY SALMON 

EXECUTIVE SUMMARY 

The US F i s h  & W i l d l i f e  S e r v i c e  (USF&WS)/California Department of 
F i s h  and Game (CF&G) Program i n  S t o c k t o n  h a s  been conduc t ing  exper iments  t o  
assess t h e  s u r v i v a l  r a t e s  of j u v e n i l e  salmon as t h e y  move down t h e  Sacramento 
R i v e r  th rough  t h e  Delta and t h e  Bay. Our review of t h o s e  exper iments  l e a d s  u s  
t o  b e l i e v e  t h a t  both  of t h e i r  e s t i m a t e s  of s u r v i v a l ,  one based on Chipps 
I s l a n d  t r a w l  c a p t u r e  rates of coded w i r e  tagged j u v e n i l e s  p l a n t e d  i n  t h e  North 
Delta, and t h e  o t h e r  based on coded w i r e  t a g  r e t u r n s  from t h e s e  same groups  of 
p l a n t e d  f i s h  c a p t u r e d  as a d u l t s  i n  t h e  ocean,  are v a l i d .  Both estimates 
prov ide  e v i d e n c e  t h a t  s u r v i v a l  rates i n c r e a s e  i n  d i r e c t  p r o p o r t i o n  t o  
Sacramento R i v e r  f low up t o  l e v e l s  of abou t  30,000 c f s  a t  I S t r e e t .  The 
exper iments  c o n t i n u e  w i t h  m o d i f i c a t i o n  t o  i d e n t i f y  t h e  e f f e c t s  of s p r i n g  water 
t e m p e r a t u r e s  and t h e  f r a c t i o n  of r i v e r  f low b e i n g  d i v e r t e d .  

A s  a check on t h e  USF&WS/CF&G exper iments ,  w e  compared t h e  r e t u r n  of 
t h e s e  coded wire t a g s  r e t r i e v e d  from spawning escapements  w i t h  Sacramento 
River  f l o w  and D e l t a  ou t f low.  We found a p o s i t i v e  c o r r e l a t i o n  between a n  
index  of spawning r e t u r n s ,  based on t h e s e  coded w i r e  t a g s ,  and J u n e  f l o w  i n  
t h e  Sacramento R i v e r ,  and w i t h  both  J u n e  and J u l y  o u t f l o w  from t h e  Delta. 

Have t h e s e  f l o w / s u r v i v a l  r e l a t i o n s h i p s  been r e f l e c t e d  i n  h i s t o r i c a l  
r e c o r d s  of c a t c h ?  The long-term h i s t o r i c a l  r e c o r d  of salmon c a t c h e s  from t h e  
Sacramento-San J o a q u i n  sys tem p r o v i d e s  annua l  estimates of c a t c h  i n  t h e  g i l l  
n e t  f i s h e r i e s  from 1864 t o  1957,  t h e  ocean commercial t r o l l  f i s h e r i e s  s i n c e  
1915, t h e  ocean s p o r t  f i s h e r i e s  s i n c e  1960, and estimates of t h e  spawning 
escapements  s i n c e  1953. Our a n a l y s i s  of t h e s e  d a t a  d e s c r i b e s  how t h e  
Sacramento Basin-produced salmon p o p u l a t i o n  f e l l  t o  low l e v e l s  i n  t h e  1930s ,  
r ecovered  i n  t h e  1940s ,  and h a s  f l u c t u a t e d  around 650,000 f i s h  e v e r  s i n c e .  
There  h a s  been a major r e d u c t i o n  i n  t h e  upper  Sacramento River  spawning r u n s ,  
b u t  t h e  F e a t h e r  and American r i v e r s  r u n s  have i n c r e a s e d ,  probably  due  t o  
h a t c h e r y  o p e r a t i o n s .  Those i n c r e a s e s  are probably  s u p p o r t i n g  much of t h e  
ocean f i s h e r y .  T o t a l  l a n d i n g s  have f l u c t u a t e d  around one-half m i l l i o n  f i s h  
t h e  l a s t  t h r e e  decades .  

The changes  i n  spawning escapements  have been accompanied by a 
r e d u c t i o n  i n  t h e  number of l a r g e  o l d e r  f i s h .  I n  most y e a r s  a lmos t  90  p e r c e n t  
of t h e  salmon r e t u r n i n g  t o  t h e  Sacramento River  Basin  are less t h a n  4 y e a r s  
o l d .  Most are 3 y e a r s  o l d .  

To assess t h e  e f f e c t  of env i ronmenta l  c o n d i t i o n s ,  when t h e  j u v e n i l e s  
a r e  e m i g r a t i n g  down t h e  Sacramento R i v e r  and th rough  t h e  e s t u a r y ,  on a d u l t  
p o p u l a t i o n s ,  w e  used a g e  compos i t ion  i n f o r m a t i o n  t o  estimate how many of each  
y e a r ' s  p r o d u c t i o n  of j u v e n i l e s  reached adu l thood  and r e t u r n e d  t o  spawn. These 
11 r e t u r n  indexes1'  should  b e  c o r r e l a t e d  w i t h  s p r i n g  env i ronmenta l  c o n d i t i o n s  
which a f f e c t  s u r v i v a l  rates, b u t  w e  found no c o r r e l a t i o n  between t h e  mainstem 
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Sacramento and American r i v e r s  " r e t u r n  indexes f '  and t h e  Sacramento River  f low 
o r  Delta ou t f low.  There  w a s  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between t h e  
F e a t h e r  River  i n d e x e s  and J u n e  Sacramento River  f low and J u l y  Delta outf low.  
For l a c k  of more a g e  composi t ion d a t a ,  t h e  r e t u r n  i n d e x e s  cou ld  on ly  i n c l u d e  
1 2  of t h e  30 y e a r s  of escapement e s t i m a t e s  i n  t h e  Sacramento River  Bas in .  The 
d a t a  may n o t  b e  a d e q u a t e  t o  d e f i n e  r e l a t i o n s h i p s  even i f  t h e y  e x i s t .  

We conducted a second a n a l y s i s  of t h e  r e l a t i o n s h i p  between a d u l t  
r e t u r n s  from each  s p r i n g ' s  j u v e n i l e  p roduc t ion  and env i ronmenta l  f a c t o r s  by 
u s i n g  2-year moving a v e r a g e s  of spawning escapements ,  Sacramento f l o w s ,  and 
Delta ou t f low.  The r e s u l t i n g  a n a l y s i s  p r o v i d e s  e v i d e n c e  t h a t  th rough  1967 
t h e r e  was a p o s i t i v e  r e l a t i o n s h i p  between upper Sacramento River  salmon 
produc t ion  and s p r i n g  Sacramento River  f low and Delta ou t f low,  b u t  t h a t  s i n c e  
1968 no such r e l a t i o n s h i p s  are o b s e r v a b l e .  S i m i l a r  c o r r e l a t i o n s  e x i s t  f o r  
F e a t h e r  River  p r o d u c t i o n ,  b u t  w e  found none a t  a l l  f o r  t h e  American R i v e r  
s i n c e  1969. 

The v a r i o u s  a n a l y s e s  d e s c r i b e d  i n  t h i s  r e p o r t  are ev idence  t h a t  bo th  
j u v e n i l e  salmon s u r v i v a l  and a d u l t  p o p u l a t i o n  s i z e  h a s  been r e l a t e d  t o  
Sacramento River  f lows  and Delta ou t f low.  Our a n a l y s i s  s u g g e s t s  t h a t  t h e  
r e l a t i o n s h i p  between t h o s e  f low paramete rs  and a d u l t  p o p u l a t i o n  s i z e  h a s  
broken down i n  r e c e n t  y e a r s .  I t  is r e a s o n a b l e  t o  s u s p e c t  t h i s  t o  r e s u l t  from 
t h e  CF&G p o l i c y  of p l a n t i n g  l a r g e  numbers of salmon s m o l t s  d i r e c t l y  i n t o  t h e  
e s t u a r y ,  t h u s  avo id ing  t h e  r i s k s  of t h e  Sacramento River  and t h e  Delta. T h i s  
may b e  why low f l o w s  d u r i n g  t h e  1976-77 d rought  were n o t  r e f l e c t e d  i n  e i t h e r  
c a t c h  o r  spawning escapement s e v e r a l  y e a r s  later.  A d d i t i o n a l  a n a l y s i s  of t h e  
r o l e  of p l a n t e d  f i s h  shou ld  shed more l i g h t  on t h i s  m a t t e r .  

The major assumption r e q u i r e d  i n  conc lud ing  t h a t  Sacramento River  
f l o w  and Delta o u t f l o w s  are r e l a t e d  t o  t h e  s u r v i v a l  of e m i g r a t i n g  j u v e n i l e s  is 
t h a t  t h o s e  f i s h  r e a r e d  i n  h a t c h e r i e s  w i l l ,  when s t o c k e d  i n  t h e  r i v e r s ,  behave 
and s u r v i v e  l i k e  t h e  progeny of r i v e r  spawners.  The need now is t o  e v a l u a t e  
t h e  performance of h a t c h e r y  f i s h  r e l a t i v e  t o  w i l d  f i s h  t o  assess t h e  r e l a t i v e  
c o n t r i b u t i o n  of h a t c h e r y  and n a t u r a l l y  produced f i s h  t o  a d u l t  p o p u l a t i o n s .  
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CHAPTER T .  FACTORS ASSOC,TATF,D WTTll THE SIIRVTVAT, OF FALT. RIJN JUVENILE SALMON 
IN 11111 SACRAMENTO R L  VER . 

T h i s  r e p o r t  d e s c r i b e s  o u r  e f f o r t s  t o  d e f i n e  how Sacramento River  
s t reamf low and D e l t a  o u t f l o w  have i n f l u e n c e d  t h e  s u r v i v a l  and abundance of 
f a l l  r u n  j u v e n i l e  chinook salmon. Obviously ,  many f a c t o r s  a f f e c t  t h e s e  young 
f i s h  and t h e i r  subsequen t  r e t u r n  as a d u l t s .  These f a c t o r s  i n c l u d e  f l o o d s ,  
changes  i n  food p r o d u c t i o n ,  stream t e m p e r a t u r e s ,  water q u a l i t y ,  p r e d a t i o n ,  
unscreened a g r i c u l t u r a l  d i v e r s i o n s ,  t h e  combined e f f e c t s  of t h e  S t a t e  and 
F e d e r a l  pumping p l a n t s ,  and t h e  i n c r e a s e d  h a r v e s t  of t h e  a d u l t  p o p u l a t i o n  i n  
t h e  ocean.  A l l  act i n  un i son  and t end  t o  obscure  t h e  e f f e c t  of any one. 

To i l l u s t r a t e  t h e  r e l a t i v e  importance of d i f f e r e n t  phases  i n  t h e  
l i f e  c y c l e  of t h e  f a l l  r u n  chinook salmon, w e  c o n s t r u c t e d  F i g u r e  1-1, 
i l l u s t r a t i n g  t h e  h y p o t h e t i c a l  f a t e  of 5000 e g g s  produced from a spawning 
female .  S u r v i v a l  of e g g s  t o  r e t u r n i n g  a d u l t s  v a r i e s  between y e a r s  b u t  i n  a 
s t a b l e  p o p u l a t i o n  over  t h e  long-term, s u r v i v a l  w i l l  e q u a l  abou t  0.04 p e r c e n t .  
T h i s  i s  based on a f e c u n d i t y  of 5000 e g g s  p e r  female  and t h e  need f o r  one male 
and one female  t o  r e t u r n  and spawn. From 1953  t h r o u g h  1983, t h e  r a t i o  between 
c a t c h  and escapement h a s  v a r i e d  from a b o u t  1.5 t o  6 .  Using t h e s e  r a t i o s  w e  
estimate t h e r e  w i l l  b e  3-12 f i s h  caught  i n  t h e  ocean f i s h e r y  f o r  e v e r y  5000 
e g g s  l a i d .  T h e r e f o r e ,  s u r v i v a l  from t h e  5000 e g g s  t o  a d u l t s  i n  t h e  ocean w i l l  
va ry  from 0.1 t o  0 . 3  p e r c e n t .  I n  t r i b u t a r i e s  of t h e  Sacramento R i v e r ,  
Gangmark and Broad (1956) and Wales and Coots  (1954) found t h a t  t h e  s u r v i v a l  
r a t e  from d e p o s i t e d  e g g s  t o  f r y  emigrant  ranged from 7 t o  60 p e r c e n t  depending 
upon t h e  amount of s c o u r  and s t a b i l i t y  of t h e  f low when t h e  e g g s  were 
i n c u b a t i n g .  Using t h e s e  e s t i m a t e s ,  we c a l c u l a t e  t h a t  t h e  o r i g i n a l  c o h o r t  of 
5000 eggs  can  be  reduced t o  350 t o  3000 young swim-up f r y  ( F i g u r e  1-1). A f t e r  
s m o l t s  have migra ted  th rough  t h e  lower r i v e r  and e s t u a r y ,  t h e i r  s u r v i v a l  
improves c o n s i d e r a b l y .  Using t a g  r e t u r n  d a t a  f o r  pos t smol t  Columbia R i v e r  
salmon, Van Hyning (1973) e s t i m a t e d  t h e  r e t u r n  of 12-20 i n c h  s m o l t s  t o  r a n g e  
from 39 t o  75 p e r c e n t .  S i n c e  o u t m i g r a n t s  from t h e  Sacramento-San J o a q u i n  a r e  
t y p i c a l l y  s m a l l e r  t h a n  1 2  i n c h e s ,  s u r v i v a l  r a t e s  are probably  lower .  I f  30 
p e r c e n t  is u s e d ,  we c a l c u l a t e  t h a t  17 t o  47 o u t m i g r a n t  s m o l t s  would have been 
r e q u i r e d  t o  produce 5  t o  1 4  r e t u r n i n g  a d u l t s  ( F i g u r e  1-1). T h i s  example 
r e q u i r e s  a s u r v i v a l  rate from swim-up f r y  t o  f i r s t  summer o u t m i g r a n t s  of 0.6 
p e r c e n t  t o  13.4 p e r c e n t .  Obviously ,  even small changes  i n  t h e s e  s u r v i v a l  
rates w i l l  have l a r g e  e f f e c t s  on t h e  r e t u r n  of a d u l t s  t o  t h e  f i s h e r y  and 
spawning escapement groups .  Thus, c o n d i t i o n s  i n  t h e  stream environment d u r i n g  
egg i n c u b a t i o n ,  f e e d i n g ,  and e m i g r a t i o n  a r e  i m p o r t a n t .  I n  t h e  mainstem of t h e  
Sacramento R i v e r ,  r e l e a s e s  above Red Bluf f  and i n  t h e  F e a t h e r  R i v e r  below 
O r o v i l l e  D a m  t e n d  t o  s t a b i l i z e  f low d u r i n g  t h e  spawning and i n c u b a t i o n  p e r i o d s  
and w e  b e l i e v e  t h a t  t h e  emergence from eggs  t o  f r y  is u s u a l l y  h igh .  T h i s  may 
mean t h a t  s u r v i v a l  d u r i n g  t h e  downstream m i g r a t i o n  and smol t ing  phases  are of 
major importance as a d e t e r m i n a n t  of a d u l t  r e t u r n s .  
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F i g u r e  1-1. Hypo the t i ca l  model of chinook salmon l i f e  c y c l e  
showing t h e  f a t e  of  5000 eggs  produced by a  p a i r  of spawning 
a d u l t s .  
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TIMING OF DOWNSTREAM MOVEMENT OF FRY AND JUVENILE SALMON 

Accura te  knowledge of t i m i n g  of  downstream f r y  movements and smol t  
m i g r a t i o n  is  i m p o r t a n t  f o r  d e t e r m i n i n g  when s t r eamf low may e x e r t  a n  e f f e c t  on 
t h e  s u r v i v a l  of young salmon. Based upon our  r ev iew of t h e  h i s t o r i c a l  
a s s o c i a t i o n  between downstream m i g r a t i o n  and w i n t e r  and s p r i n g  f lows ,  w e  
b e l i e v e  it is most a p p r o p r i a t e  t o  c o r r e l a t e  t h e  s u r v i v a l  and abundance of  f r y  
t o  Sacramento River  s t r eamf low from December t h r o u g h  A p r i l  and t o  c o r r e l a t e  
s u r v i v a l  of s m o l t s  t o  f l o w s  of A p r i l  th rough  June .  Delta o u t f l o w  may be  
i m p o r t a n t  t o  smol t  s u r v i v a l  d u r i n g  June  and J u l y .  

Timing of  Fry  Movement 

Downstream movement of f r y  is i n f l u e n c e d  by t h e  t i m i n g  of t h e  
upst ream a d u l t  m i g r a t i o n  and t h e  wa te r  t e m p e r a t u r e  which i n f l u e n c e s  t h e  l e n g t h  
of  t h e  i n c u b a t i o n  p e r i o d .  I n  r ev iewing  h i s t o r i c a l  a d u l t  ups t ream m i g r a t i o n ,  
Ha l lock  and Fry (1967)  summarized f i n d i n g s  o f  R u t t e r  (1903) who found t h a t  
most f a l l  run  f i s h  moved i n t o  t h e  r i v e r  between t h e  f i r s t  of  September and 
December, and most spawning occur red  i n  November and December. Records  from 
r e c e n t  carcass c o u n t s  on t h e  F e a t h e r  R iver  (Reav i s  1983)  show t h a t  spawning 
now b e g i n s  a b o u t  October  1 5 ,  peaks  i n  t h e  week b e f o r e  November 15, and is 
completed by December 10 .  S i m i l a r l y ,  r e c o r d s  of a d u l t  m i g r a t i o n  a t  t h e  Red 
Bluf f  D i v e r s i o n  Dam show peak m i g r a t i o n  t h e r e  o c c u r s  between October  4 and 10. 
Most spawning i n  t h e  upper Sacramento River  is completed by e a r l y  o r  mid- 
November. 

The d u r a t i o n  of  i n c u b a t i o n  and t i m i n g  of emergence depend p r i m a r i l y  
upon wa te r  t e m p e r a t u r e .  The t i m e  between f e r t i l i z a t i o n  and h a t c h i n g  v a r i e s  
from 6 weeks a t  12' C t o  13 weeks a t  5' C (Godin 1982) .  A f t e r  h a t c h i n g ,  t h e  
s a c - f r y  remain i n  t h e  g r a v e l  f o r  a p e r i o d  of  time depending upon t e m p e r a t u r e .  
R u t t e r  (1903) found t h a t  t h i s  p e r i o d  of time ranged from 2 t o  3 weeks. 

A f t e r  emergence,  young salmon f r y  b e g i n  t o  d i s p e r s e  downstream i n t o  
t h e i r  i n i t i a l  f e e d i n g  areas. A t  t h i s  t i m e  s t r eamf low a p p a r e n t l y  b e g i n s  t o  
e x e r t  a n  i n f l u e n c e  upon t h e i r  d i s t r i b u t i o n .  K j e l s o n  e t  a l .  (1982) r e p o r t e d  
t h a t  f r y  abundance was u s u a l l y  g r e a t e s t  i n  t h e  Delta between February  and 
March f o l l o w i n g  major s t o r m s ,  and t h a t  i n  w e t  y e a r s ,  s u c h  as 1982 and 1983,  
h i g h  f l o w s  d i s p e r s e d  young as f a r  down as San Pablo  and San F r a n c i s c o  Bays. 
K j e l s o n ,  u s i n g  numbers and minimum s i z e  of  f r y  caugh t  i n  s e i n e  h a u l s ,  
e s t i m a t e d  t h a t  d i s p e r s a l  of f r y  o c c u r s  th rough  t h e  end of March. 

Timing of  Smolt  M i g r a t i o n  

Beginning i n  la te  March, t h e  a v e r a g e  s i z e  of  j u v e n i l e  chinook salmon 
i n  t h e  Delta b e g i n s  t o  i n c r e a s e ,  i n d i c a t i n g  t h a t  t h e  f i s h  are growing and t h a t  
l a r g e r  i n d i v i d u a l s  are beg inn ing  t o  move downstream from upst ream r e a r i n g  
areas. By A p r i l ,  young salmon t h a t  have reached  t h e  l e n g t h  of  a b o u t  70 mm are 
c l a s s i f i e d  as s m o l t s  and t h e y  begin  t o  m i g r a t e  t o  t h e  ocean .  
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Smolt downstream migra t ion  co inc ides  with h i s t o r i c a l  f low i n c r e a s e s  
caused by t h e  mel t ing  snowpack i n  t h e  S i e r r a s .  Wickwire and S tevens  (1971) 
found migra t ing  salmon smol t s  passing C o l l i n s v i l l e  i n  t h r e e  d i s c r e t e  groups 
wi th  peak movement occur r ing  between A p r i l  3 and May 4 ,  May 16  and May 22, and 
May 26 and June 5. Messersmith (1966) and Sasak i  (1966) sampled young salmon 
smolts  a t  Carquinez S t r a i t s  and i n  t h e  De l t a ,  and found t h e  peak c a t c h  
occurred i n  May 1962 and June 1964. Records of salmon caught a t  t h e  S t a t e  
pumping p l a n t  a t  Tracy ( C a l i f o r n i a  Department of F i s h  and Game 1981) document 
s i m i l a r  seasona l  movement of young salmon smol t s  (F igure  1-2). With t h e  
except ion  of 1977 and 1978, most j uven i l e  salmon were caught  i n  A p r i l ,  May, 
and June,  u s u a l l y  wi th  a  peak i n  May. 

Because of t h e  c o i n c i d e n t a l  t iming of i nc reased  streamflow and t h e  
ou tmigra t ion  of young smol t s ,  t h e  USF&WS and CF&G hypothesized t h a t  high f lows 
a t  t h i s  t i m e  of t h e  year  b e n e f i t  t h e  ou tmigra t ion  and s u r v i v a l  of smolts .  
They have used c o r r e l a t i o n s  between s t reamflows i n  May and June and t h e  
s u r v i v a l  of marked and p lan ted  f i s h  t o  test  t h i s  hypothes i s .  

The i n f l u e n c e  of De l t a  outf low on t h e  abundance and s u r v i v a l  of 
j uven i l e  salmon smol t s  i n  San Pablo and San Franc isco  Bays i s  unknown. The 
Bay-Delta Study group began sampling i n  San Franc isco  Bay a t  Golden Gate 
Bridge i n  1983, and pre l iminary  r e s u l t s  i n d i c a t e  t h a t  smol t s  a r e  i n  t h e  Bay 
through J u l y .  Trawl ca t ches  increased  t o  a  peak i n  June wi th  f o u r  t o  f i v e  
times a s  many smol t s  caught i n  May and June a s  i n  Apr i l  and J u l y .  However, 
t h i s  ca t ch  index cannot be d i r e c t l y  l i nked  t o  abundance i n  t h e  Bay, because 
l a r g e  smo l t s  i n  June  and J u l y  a r e  probably no t  caught as e f f i c i e n t l y  a s  t h e  
smal l  smol t s  i n  May and June. 
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CHAPTER 11. REVIEW OF THE CFG/USF&WS COMPARISON OF JUVENILE SALMON SURVIVAL 
WITH STREAMFLOW I N  THE SACRAMENTO RIVER 

B i o l o g i s t s  Donald S t e v e n s ,  CF&G, and Mar t in  Kje l son  and P a t r i c i a  
Brandes ,  USF&WS, (1984; 1985) have developed bo th  i n d i c e s  and estimates of t h e  
rates a t  which j u v e n i l e  salmon s u r v i v e  as t h e y  e m i g r a t e  down t h e  Sacramento 
R i v e r .  T h e i r  comparison of t h e s e  w i t h  t h e  s t reamf lows  a t  I S t r e e t  l e a d s  them 
t o  conc lude  t h a t ,  when f l o w s  were 30,000 t o  35,000 c f s ,  t h e  s u r v i v a l  of t h e s e  
young salmon swimming down t h i s  r e a c h  of t h e  r i v e r  was 6 t o  10 times as h i g h  
as when f l o w s  were 10,000 c f s  ( F i g u r e s  11-1 and 11-2). T h e i r  estimate of 
s u r v i v a l  is  based upon t h e  r a t i o  of t a g s  r e t u r n e d  from j u v e n i l e  salmon p l a n t e d  
a t  Sacramento ( o r  i n  one case, K n i g h t ' s  Landing above Sacramento) and 
downstream a t  P o r t  Chicago and Rio Vista. The p e r c e n t a g e  of t a g s  t h a t  are 
recovered  is  small rang ing  from 0.03 t o  2.7,  b u t  t h e  r a t i o  between t h e  
recovery  rate of t a g s  p l a n t e d  a t  t h e  upst ream and t h e  downstream s t a t i o n ,  
a d j u s t e d  f o r  numbers p l a n t e d  and f o r  t h e  d i f f e r e n t  d i s t a n c e s  between t h e  
s t a t i o n s ,  seems a v a l i d  estimate of t h e  s u r v i v a l  i n  t h i s  r e a c h  of r i v e r .  T h i s  
estimate is c a l l e d  t h e  "ocean index".  

The "trawl index" is based upon t h e  number of marked f i s h  p l a n t e d  
upst ream and t h e n  c a p t u r e d  by t r a w l i n g  n e a r  Chipps  I s l a n d .  T h i s  i n d e x  is  
a d j u s t e d  t o  c o n s i d e r  t h e  f r a c t i o n  of t h e  m i g r a t i o n  p e r i o d  t h a t  t h e  trawl was 
f i s h i n g  and t h e  f r a c t i o n  of t h e  s t r e a m  channe l  t h a t  w a s  sampled. Unl ike  t h e  
11 ocean index",  t h e  "trawl index" is n o t  an  estimate b u t  a n  index  of s u r v i v a l .  

VALIDITY OF THE SURVIVAL ESTIMATE AND THE SURVIVAL INDEX 

We have had a number of u s e f u l  d i s c u s s i o n s  and w r i t t e n  exchanges  
w i t h  Don S t e v e n s ,  Marty K j e l s o n ,  and P a t  Brandes ,  a b o u t  t h e  v a l i d i t y  and 
b i a s e s  invo lved  i n  t h e s e  i n d e x e s ,  and t h e y  have d r a f t e d  a r e p o r t  which 
a d d r e s s e s  p o t e n t i a l  b i a s e s .  I t  is i m p o r t a n t  t o  d i s t i n g u i s h  between any b i a s e d  
r e s u l t s  of t h e s e  p a r t i c u l a r  s t u d i e s  and i n a p p r o p r i a t e  i n t e r p r e t a t i o n  o f  t h o s e  
r e s u l t s ,  which w e  w i l l  cover  i n  t h e  n e x t  s e c t i o n .  

We were a l l  concerned t h a t  t h e r e  might have been h i g h e r  p l a n t i n g  
m o r t a l i t y  a t  Sacramento b u t  w e  cou ld  f i n d  no e v i d e n c e  of it .  We were a l s o  
concerned t h a t  t h e  p l a n t i n g  of d i f f e r e n t  s i z e  f i s h  might have i n j e c t e d  a n  
impor tan t  b i a s .  S t e v e n s ,  K j e l s o n ,  and Brandes have examined t h e  problem t h a t  
f i s h  were of d i f f e r e n t  s i z e  and concluded t h a t  s i z e  d i d  n o t  c a u s e  t h e  
c o r r e l a t i o n s  between salmon s u r v i v a l  and r i v e r  f low.  

The "trawl index" is  probably  b i a s e d  low d u r i n g  a p e r i o d  of h i g h  
f low and h i g h  d u r i n g  a p e r i o d  of low f low.  T h i s  is because  it assumes t h a t  
t h e  f i s h  are moving downstream p a s t  t h e  trawl s i t e  a t  abou t  t h e  same rate i n  
a l l  flows--and t h e y  probably  are n o t .  I f  c o r r e c t e d ,  t h i s  b i a s  would probably  
cause  t h e  l i n e  d e s c r i b i n g  t h e  trawl s u r v i v a l  index  v e r s u s  f low t o  b e  even 
s t e e p e r  t h a n  it is. 
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F i g u r e  11-1. R e l a t i o n s h i p  between ocean s u r v i v a l  index  of 
l a t e  May and June  p l a n t s  o f  chinook salmon from Sacramento 
t o  Chipps I s l a n d  and f low i n  t h e  Sacramento River  a t  
I S t r e e t .  S u r v i v a l  r a t e  e s t i m a t e s  based on ocean t a g  
r e c o v e r i e s  (S tevens  e t  a l .  1 9 8 4 ) .  
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F i g u r e  11-2. R e l a t i o n s h i p  between t r a w l  s u r v i v a l  i n d e x  of 
l a t e  ?lay and J u n e  p l a n t s  of chinook salmon and f l o w  i n  
t h e  Sacramento River  a t  I S t r e e t .  S u r v i v a l  i n d e x  based  
o n  t r a w l  c a t c h e s  n e a r  Chipps I s l a n d  ( S t e v e n s  e t  a l .  1 9 8 5 ) .  
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A s  a f u r t h e r  check on S t e v e n s ,  K j e l s o n ,  and Brandes '  ev idence  t h a t  
t h e  s u r v i v a l  of j u v e n i l e  salmon r e l e a s e d  i n t o  t h e  Sacramento R i v e r  above t h e  
Delta is  r e l a t e d  t o  f low and/or  t empera tu re  i n  t h e  r i v e r  dur ing  t h e  t i m e  t h e  
f i s h  were e m i g r a t i n g ,  we examined t a g  r e t r i e v a l  r a t e s  from f i s h  t h a t  had 
r e t u r n e d  t o  spawn. We used t a g  r e t u r n  d a t a  s u p p l i e d  CF&G1s Anadromous 
F i s h e r i e s  Branch i n  Rancho Cordova, t o  estimate t h e  t a g  r e t r i e v a l  rate from 
spawners and t o  develop escapement i n d i c e s  j u s t  a s  S t e v e n s ,  K j e l s o n ,  and 
Brandes d i d  w i t h  t a g s  r e t u r n e d  from t h e  ocean ( T a b l e  11-1). F i g u r e  11-3 is a 
comparison between o u r  escapement i n d i c e s  and t h e  ocean i n d i c e s  c a l c u l a t e d  by 
S t e v e n s ,  K j e l s o n ,  and Brandes.  These i n d i c e s  were c o r r e l a t e d .  High ocean 
i n d i c e s  l e a d  t o  h i g h  spawning escapement back i n t o  t h e  Sacramento River  Basin .  

The E f f e c t  of St reamflows on t h e  Spawning Escapement of Marked F i s h  

Because t h e  ocean i n d i c e s  c a l c u l a t e d  by S t e v e n s ,  K j e l s o n ,  and 
Brandes are c o r r e l a t e d  t o  o u r  escapement i n d i c e s ,  it is n o t  s u r p r i s i n g  t o  
l e a r n  t h a t  t h e r e  is a c o r r e l a t i o n  between Sacramento R i v e r  s t reamf low and o u r  
spawning escapement i n d i c e s .  They a r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
s t reamf lows  i n  t h e  Sacramento River  d u r i n g  J u n e  and Delta o u t f l o w s  d u r i n g  t h e  
months of June  and J u l y  (Tab le  11-2). These  f l o w s  account  f o r  approx imate ly  
80 p e r c e n t  of t h e  v a r i a t i o n  i n  t h e  escapement i n d i c e s .  T h i s  is a d d i t i o n a l  
ev idence  t h a t  h i g h e r  f l o w s  i n  t h e  Sacramento R i v e r  i n c r e a s e  s u r v i v a l  rates of 
j u v e n i l e  chinook p l a n t e d  a t  o r  near  Sacramento.  

INTERPRETATION OF THE RESULTS 

I n  o u r  o p i n i o n ,  t h e  s t u d y  has  p rov ided  ev idence  t h a t  f i s h  r e a r e d  i n  
h a t c h e r i e s  and s tocked  a t  o r  above Sacramento i n  la te  May o r  June  s u r v i v e  t h e  
journey down t h e  Sacramento much b e t t e r  when f l o w s  a r e  h igh .  The q u e s t i o n  
remains ,  however, as t o  whether  t h e  r e s u l t s  can  be  a p p l i e d  t o  n a t u r a l l y  
produced o r  so -ca l l ed  "wild f i s h " .  Of p a r t i c u l a r  concern are d i f f e r e n c e s  i n  
m i g r a t i o n  t i m i n g  between w i l d  and e x p e r i m e n t a l  g roups .  D i f f e r e n c e s  i n  
t empera tu re  t o l e r a n c e  and f e e d i n g  behav ior  may b e  i m p o r t a n t .  Marking l a r g e  
numbers of wi ld  f i s h  would seem a h i g h  p r i o r i t y .  

PROBABLE CAUSES 

An i n v e r s e  r e l a t i o n s h i p  between water t empera tu re  and s t reamf low i n  
t h e  Sacramento R i v e r  ( F i g u r e  11-4) l e a d s  u s  t o  s u s p e c t  t h a t  h i g h  water 
tempera tu re  is  a major c a u s e  of low s u r v i v a l  i n  low f low y e a r s  ( F i g u r e  11-5). 
Chinook salmon s m o l t s  can  w i t h s t a n d  t e m p e r a t u r e s  up t o  75' F s o  l o n g  as they  
have p l e n t y  of f o o d ,  b u t  a s  wa te r  t e m p e r a t u r e s  rise above t h e  low 50s ,  g r e a t e r  
amounts of food are r e q u i r e d  t o  m a i n t a i n  even b a s i c  m e t a b o l i c  p r o c e s s e s  and 
growth. We s u s p e c t  t h e  abundance of zooplankton n e a r  P o r t  Chicago may be t h e  
p r i n c i p a l  cause  of t h e  h i g h e r  s u r v i v a l  rates of f i s h  p l a n t e d  t h e r e  d u r i n g  
y e a r s  of h igh  wate r  t e m p e r a t u r e s  and reduced Sacramento River  f lows .  
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Table 11-1. Retrieval r a t e s  and survival indexes of ocean caught and spawning escapement 
portions of chinook salmon released a t  Discovery Park and Port Chicago f o r  1977 t o  1980 
brood years. Ocean t a g  r e t r i e v a l  r a t e s  and ocean survival indexes from Stevens et a l .  
(1984). Escapement r e t r i e v a l  r a t e s  and survival indexes calculated from da ta  supplied 
by CFMj Anadromous Fisher ies  Branch, Region 11, 1984. 

Spawning Spawning 
Ocean Tag Ocean Escapement Escapement 

Brood Release Retrieval Survival Tag Re- Survival 
Year Date Location Rate Index t r i e v a l  Rate Index 

1977 5 June 1978 Discovery Park 0.00033 0.012 0.0007 0.008 
6 June 1978 Port Chicago 0.02718 0.0869 

1978 4 June 1979 Discovery Park 0.00038 0.063 0.003 0.091 
6 June 1979 Port Chicago 0.006 0.033 

1979 4 June 1980 Discovery Park 0.0071 0.458 0.158 0.752 
5 June 1980 Discovery Park 0.0071 0.458 0.09 0.428 
10&13 June 1980 Port Chicago 0.0155 0.2101 

1980 2-5 June 1981 Discovery Park 0.0003 0.016 0.005 0.021 
2-5 June 1981 Discovery Park 0.0003 0.016 0.0087 0.035 
8 June 1981 Port Chicago 0.01913 0.2364 
5 May 1981 Knights Landing 0.0027 0.24 0.0359 0.152 
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OCEAN SURVIVAL INDEX 

Figure 11-3, Relationship between escapement index and ocean 
survival index, Indexes based on tag return data from ocean 
caught and spawning escapement portions of chinook salmon 
released into the Sacramento River at Discovery Park and 
Port Chicago. High survival rates to the ocean populations 
are reflected in high survival rates to the spawning 
populations. 
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Table 11-2. Regression results describing relationship between spawning 
escapement survival index and selected mean monthly flows in the 
Sacramento Basin. Indexes based on retrieval rates of coded wire 
tagged fish in spawning escapement groups between 1978 and 1981. 

X 
Variable 

Y 
Variable 2 Y regression 

n r intercept coefficient 

Sacramento Escapement- 1/ 
! River Flow Index 

April 6 O.Olns 

May 6 0 . 0 5 ~ ~  
June 6 0.84** -956.8 -08173 

Delta Escapement- 1/ 
Outflow Index 

June 

July 

* Significant at a = .05 
** Significant a t =  = .O1 
ns = not significant 
1/ Escapement index multiplied by 1 x lo7 prior to analysis. - 
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Figure 11-4. Relationship between Sacramento River water 
temperature at fish planting site and streamflow at I Street. 
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Figure 11-5. Relationship between survival index of late May 
and June plants of chinook salmon from Sacramento to Chipps 
Island and water temperatures at fish planting site. 
Survival rate estimates based on ocean tag recoveries 
(Stevens et al. 1985). 
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The marked g roups  of f i s h  r e l e a s e d  a t  Sacramento a p p e a r  t o  be  t a k i n g  
a week o r  more t o  r e a c h  Chipps I s l a n d ,  and ,  a l t h o u g h  w e  have n o t  had t i m e  t o  
i n v e s t i g a t e  i t ,  it seems t o  u s  t h a t  t h e  r e l a t i v e  s c a r c i t y  of  food i n  t h e  
Sacramento River  cou ld  c a u s e  s e r i o u s  problems when water t e m p e r a t u r e s  are 
above t h e  mid-60s a s  t h e y  a r e  i n  d r y  y e a r s .  F i s h  m i g r a t i n g  downstream b e f o r e  
l a t e  May o r  i n  y e a r s  when water t e m p e r a t u r e s  were lower  would n o t  be  s u b j e c t e d  
t o  t h e  same k i n d  of problems. 
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CHAPTER 111. HISTORICAL FLUCTUATIONS I N  CENTRAL VALLEY ADULT CHINOOK SALMON 
POPULATIONS. 

Is t h e  r e l a t i o n s h i p  between salmon smol t  s u r v i v a l  and f low r e f l e c t e d  
i n  a d u l t  salmon p o p u l a t i o n s ?  We began t o  examine t h i s  q u e s t i o n  by c o l l e c t i n g  
t h e  a v a i l a b l e  salmon p o p u l a t i o n  i n f o r m a t i o n .  

HISTORICAL REVIEW UP TO 1957 

I n  c o n j u n c t i o n  wi th  p lann ing  f o r  t h e  S t a t e  Water P r o j e c t ,  Sk inner  
(1962) reviewed c a t c h  r e c o r d s  of t h e  Sacramento-San J o a q u i n  g i l l  n e t  f i s h e r y  
t h a t  e x i s t e d  from 1864 t o  1958. He noted t h a t  salmon r u n s  i n  t h e  Sacramento- 
San Joaqu in  sys tem f l u c t u a t e d  widely  s i n c e  r e c o r d s  were f i r s t  k e p t .  The peak 
c a t c h e s  occur red  a t  i n t e r v a l s  of 8 t o  30 y e a r s ,  and were fol lowed by poor 
c a t c h e s  midway between t h e  peaks  ( F i g u r e  111-1). Sk inner  d i v i d e d  t h e  
h i s t o r i c a l  c a t c h  r e c o r d  i n t o  two periods--from 1870 t o  1915, and from 1915 t o  
1957. Peak c a t c h e s  occur red  i n  1880-83, 1907-10, 1918, and 1945-46. The mean 
annua l  c a t c h  f o r  t h e  e a r l i e r  p e r i o d  was abou t  6 m i l l i o n  pounds, and f o r  t h e  
l a t t e r  p e r i o d  2  m i l l i o n  pounds. S k i n n e r  a t t r i b u t e d  much of t h i s  d i f f e r e n c e  t o  
t h e  l a r g e  i n c r e a s e  i n  t h e  ocean t r o l l  f l e e t  which reduced t h e  number of f i s h  
a v a i l a b l e  t o  t h e  g i l l  n e t  f i s h e r y .  H e  a l s o  cons idered  t h e  i n f l u e n c e  of t h e  
C e n t r a l  Va l ley  P r o j e c t  and o t h e r  wa te r  p r o j e c t s  which have reduced o r  
e l i m i n a t e d  f l o w s  below dams, blocked spawning a r e a s ,  d i v e r t e d  water i n t o  
i r r i g a t i o n  c a n a l s ,  and changed t h e  g e n e r a l  f low regime of streams. 

RECENT REVIEW UP TO 1978 

I n  a more r e c e n t  review,  Cannon (1980) d i s c u s s e d  t h e  s t a t u s  of t h e  
Sacramento-San Joaqu in  chinook salmon p o p u l a t i o n  and f a c t o r s  r e l a t e d  t o  its 
d e c l i n e .  He used spawning escapement d a t a  from t h e  upper Sacramento sys tem t o  
document a d e c l i n e  from 1953 through 1980. I n  t h e  Sacramento R i v e r ,  he  
a t t r i b u t e d  t h e  d e c l i n e  t o  poor f low d u r i n g  t h e  spawning and i n c u b a t i o n  p e r i o d ,  
o v e r f i s h i n g ,  dams and d i v e r s i o n s ,  l o s s  of spawning h a b i t a t ,  and f l o o d s .  He 
noted t h e  number of f a l l  run a d u l t  salmon counted i n  t h e  mainstem of t h e  
Sacramento River  had d e c l i n e d  from a b o u t  400,000 spawners i n  1951 t o  a b o u t  
50,000 spawners i n  1978. He d e f i n e d  a r e l a t i o n s h i p  between t h e  number of 
spawners and t h e  subsequen t  number of r e c r u i t s  t o  t h e  spawning p o p u l a t i o n  and 
showed t h a t  t h e  number of r e c r u i t s  p e r  spawner g r a d u a l l y  d e c l i n e d  i n  a 
somewhat c o n s i s t e n t  way between 1953 and 1974. H e  d i v i d e d  t h e  h i s t o r i c a l  
r e t u r n s  from 1953 th rough  1974 i n t o  t h r e e  d a t a  sets, and c o n s t r u c t e d  t h r e e  
c u r v e s  d e s c r i b i n g  s h i f t s  i n  t h e  r e l a t i o n s h i p  between spawners and subsequen t  
r e t u r n s .  H e  sugges ted  t h a t  t h e r e  may have been s e v e r a l  mechanisms r e s p o n s i b l e  
f o r  t h e  s h i f t :  i n c r e a s e d  ocean h a r v e s t ,  i n c r e a s e  i n  t h e  number of y e a r s  w i t h  
low s p r i n g  o u t f l o w s  i n  t h e  p e r i o d  between 1967 and 1974,  t h e  i n i t i a l  o p e r a t i o n  
of t h e  Red Bluf f  D i v e r s i o n  D a m  and O r o v i l l e  Dam,  and t h e  i n i t i a t i o n  of t h e  
S t a t e  Delta pumping p l a n t .  He a l s o  sugges ted  t h a t  t h e  commercial f i s h e r y  may 
have o v e r f i s h e d  t h e  wi ld  p o r t i o n  of t h e  p o p u l a t i o n  t h a t  u t i l i z e s  t h e  r i v e r  
above Red Bluf f  . 
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YEAR 

F i g u r e  111-1. Annual l a n d i n g s  of  t h e  Sacramento-San J o a q u i n  
g i l l  n e t  f i s h e r y  between 1874 and 1957. Mean an,nual  c a t c h  
d u r i n g  t h e  l a t e  1800s  and e a r l y  1900s  was 6  m i l l i o n  pounds. 
A major  d e c l i n e  i n  c a t c h  t o  e x t r e m e l y  low l e v e l s  i n  t h e  
1920s  and 1930s c o n t r i b u t e d  t o  a  r e d u c t i o n  i n  mean a n n u a l  
c a t c h  t o  2 m i l l i o n  pounds f o r  t h e  p e r i o d  1915 t o  1957. No ' 

d a t a  f o r  y e a r s  1911 and 1912 ( f rom S k i n n e r  1 9 6 2 ) .  Data  i n  
A p ~ e n d i x  A-1.  

YEAR 

F i g u r e  111-2. Record of  egg t a k e  from a d u l t  f emale  ch inook  
salmon a t  B a t t l e  Creek,  1895-1924 ( f rom C l a r k  1 9 2 9 ) .  
Comparison o f  a n n u a l  egg t a k e ,  as a n  i n d e x  o f  escapement ,  
w i t h  g i l l  n e t  l a n d i n g s  ( F i g u r e  111-1) r e v e a l s  t h a t  changes  
i n  escapement  a r e  g e n e r a l l y  p a r a l l e l e d  by changes  i n  c a t c h  
i n  subsequen t  y e a r s .  
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CURRENT STATUS OF THE CHINOOK SALMON POPULATION I N  THE CENTRAL VALLEY AND 
HISTORICAL REVIEW OF CATCH AND ESCAPEMENT DATA 

To upda te  p r e v i o u s  rev iews  of t h e  salmon p o p u l a t i o n ,  assess t h e  s i z e  
of t h e  p o p u l a t i o n  r e t u r n i n g  t o  t h e  C e n t r a l  Va l ley ,  and deve lop  a n  index  we 
cou ld  compare t o  h i s t o r i c a l  s t r eamf low,  w e  compiled estimates of t h e  g i l l  n e t  
f i s h e r y ,  t h e  ocean commercial f i s h e r y ,  t h e  s p o r t  c a t c h ,  and spawning 
escapements.  I n  t h e  f o l l o w i n g  f o u r  s e c t i o n s ,  w e  d e s c r i b e  t h e  d a t a  t h a t  is  
a v a i l a b l e  f o r  each of t h e s e  g roups ,  and d i s c u s s  any t r e n d s  d u r i n g  t h e  p e r i o d  
of r e c o r d .  

G i l l  Net F i s h e r y  

The Sacramento-San Joaqu in  g i l l  n e t  f i s h e r y  i n  t h e  Sacramento River  
began abou t  1864, and h i s t o r i c a l  estimates of t h e  we igh t  of canned salmon 
produced by t h a t  f i s h e r y  are a v a i l a b l e  back t h a t  f a r .  However, a c c u r a t e  
estimates of t h e  c a t c h  were n o t  made u n t i l  1916, when t h e  C a l i f o r n i a  
Department of F i s h  and Game r e q u i r e d  t h a t  t h e  t o t a l  c a t c h  b e  weighed. The 
number of pounds of salmon caught  i n  t h e  g i l l  n e t  f i s h e r y  between 1916 and 
1957,  when g i l l  n e t t i n g  w a s  ou t l awed ,  is  l i s t e d  i n  Appendix A-1.  We have 
conver ted  t h e s e  d a t a  i n t o  estimates of t h e  number of f i s h  by d i v i d i n g  t h e  
t o t a l  pounds of salmon landed  by t h e  mean weigh t  of a d u l t  salmon g i l l  n e t t e d  
i n  t h e  y e a r s  1952 t o  1957 (18.23 l b s . )  ( J e n s e n  and S w a r t z e l l  1967) .  No o t h e r  
weight  d a t a  is  a v a i l a b l e .  

The g i l l  n e t  f i s h e r y  produced peak c a t c h e s  of between 300,000 and 
350,000 f i s h  i n  3 years--1918, 1945,  and 1946. C a t c h e s  a f t e r  1918 d e c l i n e d  
s h a r p l y  t o  a low of abou t  25,000 f i s h  i n  1933 and 1934. The c a t c h  i n  t h e  g i l l  
n e t  f i s h e r y  w a s  s u b s t a n t i a l l y  l a r g e r  b e f o r e  1915,  r e a c h i n g  l e v e l s  between 1870 
and 1910 of approx imate ly  double  t h o s e  of t h e  later  p e r i o d s  ( F i g u r e  111-1). 

C l a r k  (1929) noted t h a t  t h i s  d e c l i n e  i n  t h e  g i l l  n e t  c a t c h  was 
r e l a t e d  t o  low spawning escapements  i n  t h e  Sacramento sys tem.  F i g u r e  111-2 is  
a g r a p h i c a l  r e c o r d  of t h e  number of e g g s  t a k e n  from a d u l t  f emale  chinook 
salmon a t  B a t t l e  Creek i n  t h e  y e a r s  1895 t o  1924. By comparing t h i s  r e c o r d  as 
t h e  on ly  e a r l y  y e a r s  index  of escapement w i t h  commercial l a n d i n g s  p r e s e n t e d  i n  
F i g u r e  111-1, w e  concluded t h a t  y e a r s  of h i g h  escapement were probably  
fol lowed by y e a r s  of e x c e l l e n t  c a t c h  o r  i n c r e a s i n g  c a t c h .  For example, t h e  
h i g h e s t  escapement i n  B a t t l e  Creek i n  1905 w a s  fo l lowed  by very  h i g h  c a t c h e s  2 
t o  5 y e a r s  later .  I n  a d d i t i o n ,  a s i g n i f i c a n t  d e c l i n e  i n  c a t c h  between 1918 
and 1922 fo l lowed  a p e r i o d  of d e c r e a s i n g  escapement 4 y e a r s  p r e v i o u s  t o  t h e  
beg inn ing  of t h e  d e c l i n e  of c a t c h .  There  are a l s o  y e a r s  of h i g h  c a t c h ,  f o r  
example 1907-1910, t h a t  are fo l lowed  by p e r i o d s  of d e c l i n i n g  escapement.  
These comparisons i n d i c a t e  t h a t  d u r i n g  t h e  e a r l y  y e a r s  of t h e  salmon f i s h e r y  
t h e r e  w a s  a r e l a t i o n s h i p  between escapement and t h e  g i l l  n e t  c a t c h .  I n  
g e n e r a l ,  h i g h  escapement l e d  t o  subsequen t  y e a r s  of e x c e l l e n t  c a t c h e s ,  b u t  
h i g h  c a t c h  y e a r s  g e n e r a l l y  l e d  t o  a subsequen t  d e c l i n e  i n  escapement.  The 
outcome of t h i s  i n t e r a c t i o n  between c a t c h  and escapement a p p e a r s  t o  have been 
a r e d u c t i o n  of both  t o  c r i t i c a l  l e v e l s  f o l l o w i n g  t h e  peak c a t c h  i n  1918. 
C l a r k  (1929) noted t h a t  i n  a d d i t i o n  t o  f i s h i n g ,  env i ronmenta l  changes  
i n c l u d i n g  t h e  d e s t r u c t i o n  of spawning grounds by dams, t h e  l o s s  of salmon i n  
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overf low bas in s  i n  t h e  Sacramento Val ley ,  and t h e  l o s s  of f i s h  by p o l l u t i o n  
and predatory f i s h e s ,  probably in f luenced  t h e  r educ t ion  t o  c r i t i c a l  l e v e l s  
be fo re  1929. 

The g i l l  n e t  f i s h e r y  recovered s p e c t a c u l a r l y  b u t  b r i e f l y  i n  t h e  l a t e  
1940s, then  co l lapsed  and was f i n a l l y  outlawed i n  1957. 

Ocean T r o l l  F i shery  

CF&G began t a l l y i n g  t o t a l  weight of salmon l and ings  from commercial 
ocean t r o l l e r s  i n  1916. U n t i l  1952 t h e s e  were repor ted  only a s  t o t a l  pounds 
of salmon landed (Appendix A-2). We converted e s t i m a t e s  of t h e  t o t a l  pounds 
of salmon landed a t  major p o r t  a r e a s  i n t o  numbers of chinook salmon landed a t  
t hose  p o r t s  by: mul t ip ly ing  t h e  t o t a l  weight landed t i m e s  t h e  f r a c t i o n ,  0.9 
(CF&G 1954) ,  t h a t  was es t imated  t o  be chinook salmon and d i v i d i n g  t h e  r e s u l t  
by t h e  mean weight of a d u l t s  landed i n  t h e s e  a r e a s  between 1952 and 1965 
( c a l c u l a t e d  from d a t a  i n  Jensen and Swar t ze l l  1967).  Af t e r  1952, t h e  t o t a l  
c a t c h  was apport ioned i n t o  weight and es t imated  numbers by s p e c i e s  (coho and 
chinook salmon),  and landings  were repor ted  from s e v e r a l  zones along t h e  c o a s t  
(Appendix A-3). 

Only a  po r t i on  of t h e s e  salmon o r i g i n a t e d  i n  Cen t r a l  Val ley r i v e r s .  
Using CF&G landing  r eco rds  w e  es t imated  t h e  c a t c h  of k ing  salmon o r i g i n a t i n g  
from t h e  Cen t r a l  Valley r i v e r s  between t h e  yea r s  1916 and 1977 i n  t h e  
fol lowing manner. By us ing  coded wire t a g  r e t u r n s  from 1977-1986, f i s h e r y  
b i o l o g i s t  Mike Maahs, of t h e  P a c i f i c  Coast Fede ra t i on  of Fishermen's 
Assoc ia t ions ,  developed a  method f o r  e s t ima t ing  what f r a c t i o n  of t h e s e  
l and ings  a t  each p o r t  were salmon from t h e  Cen t r a l  Val ley r i v e r s .  He assumed: 

1. That  95 percent  of t h e  salmon landed i n  Monterey were from Cen t r a l  
Val ley r ivers--a  reasonable  assumption s i n c e  it is t h e  southernmost p o r t  
and t h e r e  a r e  no chinook spawning runs  south  of t h e  C e n t r a l  Valley. 

2. The r a t i o  of tagged salmon from t h e  C e n t r a l  Val ley t o  untagged salmon 
from t h e  Cen t r a l  Valley would be t h e  same a t  a l l  ports--a reasonable  
assumption s i n c e  tagged f i s h  appear  t o  be w e l l  mixed throughout t h e  
populat ion.  

For each yea r ,  Maahs c a l c u l a t e d  t h e  f r a c t i o n  of t h e  Monterey 
landings  of Cen t r a l  Valley (CV) f i s h  t h a t  were tagged by: 

T o t a l  C e n t r a l  V a l l e y  tagged f i s h  landed a t  Monterey = f r a c t i o n  of 
T o t a l  l andings  a t  Monterey x  0.95 CV l and ings  tagged 

He then  app l i ed  t h a t  f r a c t i o n  t o  t h e  t o t a l  l and ings  of salmon from each p o r t  
t h a t  year .  For example, i f  t h e  t o t a l  CV tagged salmon landed i n  Monterey i n  
1979 was 1.98 percent  of t h e  CV salmon landed i n  Monterey, then t h e  t o t a l  CV 
tagged salmon landed i n  each p o r t  represen ted  1.98 percent  of t h e  t o t a l  CV 
salmon landed t h e r e .  This  approach has  been reviewed by L.  B. Boydstun of t h e  
CF&G Ocean Salmon Management Program and Steven P. Cramer of t h e  Oregon 
Department of F i sh  & W i l d l i f e  Research and Development Sec t ion .  They, and w e ,  
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b e l i e v e  it t o  be a  b e t t e r  approach t o  e s t ima t ing  t h e  c o n t r i b u t i o n  of C e n t r a l  
Valley salmon t o  t o t a l  chinook l and ings  than  t h e  one w e  used i n  1986. The 
d a t a  and annual  c a l c u l a t i o n s  a r e  i n  Appendix A-6. 

The d a t a  t o  make such c a l c u l a t i o n s  is  only a v a i l a b l e  f o r  t h e  yea r s  
1977-1986. W e  e s t imated  landings  of C e n t r a l  Val ley chinook i n  C a l i f o r n i a  
waters  each year  between 1916 and 1977 by mul t ip ly ing  t o t a l  number of chinook 
landed a t  each p o r t  (from Tables  A-2 and A-3) times t h e  o v e r a l l  f r a c t i o n  of 
salmon t h a t  were CV f i s h  from 1977-1986. Oregon l and ings  of CV f i s h  were 
es t imated  by mul t ip ly ing  t h e  r a t i o  of Oregon t o  C a l i f o r n i a  l and ings  from 1977- 
1986 times t h e  C a l i f o r n i a  l and ings  f o r  t h e  e a r l i e r  years .  

The p a t t e r n  i n  F igure  111-3 i l l u s t r a t e s  t h r e e  d i s t i n c t  per iods .  I n  
t h e  f i r s t  per iod  between 1916 and 1941, t h e  ocean t r o l l  c a t c h  dec l ined  as d i d  
t h e  e s t u a r i n e  g i l l  n e t  ca tch .  I t  reached low l e v e l s  of less than  100,000 f i s h  
i n  1932 and remained low f o r  more than  1 0  yea r s .  The yea r s  1942 t o  1945 
marked a  r ap id  recovery per iod followed by a  second major i n c r e a s e  a f t e r  t h e  
g i l l  n e t  f i s h e r y  co l l apsed  i n  t h e  e a r l y  1950s. 

The commercial salmon ca t ch  of C e n t r a l  Valley chinook has  shown no 
d e c l i n i n g  t r end  s i n c e  t h e  s e r i o u s  one t h a t  a f f e c t e d  both t h e  ocean and 
e s t u a r i n e  f i s h e r i e s  i n  t h e  1920s and 1930s. I t  now averages  about  365,000 
f i s h ,  wi th  331,000 f i s h  caught i n  C a l i f o r n i a  and 34,000 caught i n  Oregon. An 
unknown but  probably smal l  number a r e  caught o f f  Washington and B r i t i s h  
Columbia. The s i z e  of t h e  f i s h  has  dec l ined  some a s  f i s h i n g  p re s su re  has  
increased  and t h e  c a t c h  is  now shared by many more fishermen. 

Ocean Spor t  Catch 

The record  of chinook salmon ocean s p o r t  c a t c h  began i n  1947 when 
pa r ty  boat o p e r a t o r s  v o l u n t a r i l y  repor ted  t h e i r  d a i l y  ca t ch .  I n t e n s i v e  
sampling of s p o r t  l and ings ,  both pa r ty  boat  and s k i f f  f i s h e r i e s ,  began i n  
1960. Beginning i n  1962, sampling was repor ted  by a r ea .  

The ocean s p o r t  c a t ch  of salmon o r i g i n a t i n g  from t h e  Cen t r a l  Val ley 
system from 1947 t o  1976 was es t imated  by c a l c u l a t i n g  t h e  f r a c t i o n  of CV f i s h  
caught a t  each p o r t  o r  i n  C a l i f o r n i a ,  and mu l t i p ly ing  t h e  f r a c t i o n  t imes  t h e  
e s t i m a t e  of chinook landed a t  each p o r t  o r  i n  C a l i f o r n i a .  The method of 
Maahs, p rev ious ly  descr ibed  f o r  t h e  ocean t r o l l  f i s h e r y ,  was used t o  c a l c u l a t e  
t h e  f r a c t i o n  of CV f i s h  i n  t h e  s p o r t  c a t ch .  The e s t i m a t e s  of CV s p o r t  c a t c h  
a r e  summarized i n  Appendix A-4 and A-7, and i l l u s t r a t e d  i n  F igure  111-3. 

I n  t h e  l a s t  25 yea r s ,  t h e  ocean s p o r t  c a t c h  of chinook salmon from 
t h e  Cen t r a l  Valley system has  ranged from 41,000 t o  137,000 f i s h .  The s p o r t  
c a t c h  r e p r e s e n t s  about 16 percent  of t h e  o v e r a l l  ocean c a t c h  of chinook salmon 
t h a t  o r i g i n a t e  from t h e  Cen t r a l  Valley r i v e r s .  Like t h e  commercial c a t c h ,  t h e  
s p o r t  c a t ch  has  f l u c t u a t e d  d rama t i ca l l y  bu t  t h e r e  has  been no upward or  
downward t r end .  
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Figure  111-3. Es t imates  of annual  C a l i f o r n i a  ocean commercial and 
s p o r t  c a t ch  of chinook salmon o r i g i n a t i n g  from t h e  C e n t r a l  
Valley from 1916 t o  1984. Es t imates  based on CF&G ca t ch  
records .  See t e x t  f o r  procedure used i n  e s t ima t ing  Sacramento- 
San Joaquin c o n t r i b u t i o n .  R e l a t i v e l y  sma l l  c a t c h e s  between 
1916 and 1941 coincided with a major d e c l i n e  i n  Sacramento-San 
Joaquin g i l l  n e t  ca t ches .  Af te r  a marked i n c r e a s e  between 1942 
and 1945, t o t a l  ocean ca t ch ,  whi le  f l u c t u a t i n g  widely,  ha s  
remained a t  a  r e l a t i v e l y  h igh  l e v e l .  Catches r e f l e c t  changes 
i n  s tock  s i z e  and a  gene ra l  i n c r e a s e  i n  f i s h i n g  e f f o r t  over  t h e  
yea r s  (Skinner  1962).  
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CENTRAL VALLEY SPAWNING ESCAPEMENT 

CF&G has  es t imated  t h e  Cen t r a l  Val ley  spawning escapement of king 
salmon each year  s i n c e  1953. Beginning i n  1967, t h e s e  e s t i m a t e s  were 
supplemented with counts  by t h e  USF&WS a t  Red Bluff Diversion Dam on t h e  upper 
Sacramento River .  We used r e p o r t s  by Taylor  (1973) ,  Reavis (1983),  and t h e  
P a c i f i c  F i s h e r i e s  Management Council  (1984; 1985; 1986; 1987) t o  compile 
annual  escapement e s t i m a t e s  f o r  t h e  r i v e r s  on which e s t i m a t e s  a r e  r e g u l a r l y  
made (Appendix A-5, F igu re s  111-4, 111-5, and 111-6). 

The f a l l  run  i n  t h e  mainstem Sacramento has  decreased p e r s i s t e n t l y  
s i n c e  what w e  b e l i e v e  t o  be a  peak run of t h e  e a r l y  1950s, t o  s t a b i l i z e  
between 50,000 and 100,000 f i s h  s i n c e  1970 (F igu re  111-4). The l a s t  few yea r s  
suggest  an encouraging i n c r e a s e .  The l a t e  f a l l  and win t e r  runs  have 
experienced p e r s i s t e n t  d e c l i n e s  t o  dangerously low l e v e l s  s i n c e  count ing of 
them began a f t e r  t h e  e r e c t i o n  of t h e  Red Bluf f  Diversion Dam. 

Average escapement during t h e  30-year per iod  has  increased  i n  t h e  
Feather  River by about  11,000 f i s h  and i n  t h e  American River by about  15,000 
(F igu re  111-5). Runs i n  t h e  Yuba River a r e  being s u s t a i n e d .  Those i n  B a t t l e  
Creek have increased  i n  r ecen t  years .  

Figure 111-6 i l l u s t r a t e s  t h e  remarkable f l u c t u a t i o n s  of spawning 
escapement i n t o  t h e  San Joaqu in 'R ive r  Basin.  We understand t h a t  b i o l o g i s t  
William Laudermilk, of t h e  CF&G Region I V  s t a f f ,  is prepar ing  ana lyses  of 
t h e s e  runs .  The major and r egu la r  f l u c t u a t i o n  i n  t h e s e ,  r uns  sugges t s  t o  u s  
t h a t  t h e  San Joaquin River st i l l  has  a  major p o t e n t i a l  t o  produce salmon. 

' 

To h e l p  c l a r i f y  when t h e  r educ t ion  i n  escapement t o  t h e  mainstem 
Sacramento River occurred w e  cons t ruc t ed  F igure  111-7, a  comparison of t h e  2- 
year  moving average  'escapements i n  t h e  mainstem Sacramento and Fea ther  r i v e r s .  
We used a  2-year-average because t h e  a v a i l a b l e  d a t a  f o r  an age-class  
d i s t r i b u t i o n  of r e t u r n i n g  a d u l t s  sugges t s  t h a t  most spawn a s  3- and 4-year 
o ld s .  Therefore ,  t o  compare t h e  escapement between two r i v e r s  it is necessary 
t o  inc lude  r e t u r n s  from a d j a c e n t  y e a r s  because it is unknown whether o r  no t  i n  
any given year  t h e  same propor t ion  of 3- and 4-year-olds r e t u r n  t o  both 
r i v e r s .  Examination of F igure  111-7 r e v e a l s  t h a t ,  up u n t i l  1970, t h e  2-year 
moving averages i n  t h e  mainstem Sacramento and Fea ther  r i v e r s  were, with t h e  
except ion  of 1954, s t r o n g l y  c o r r e l a t e d .  F igu re  111-8 shows t h e  c o r r e l a t i o n  
between average escapement i n  t h e  Sacramento and Fea ther  r i v e r s  between 1955 
and 1969 and a l s o  t h e  l a c k  of c o r r e l a t i o n  i n  t h e  y e a r s  fol lowing.  Based upon 
t h i s  a n a l y s i s ,  w e  b e l i e v e  t h a t  popula t ions  i n  t h e  Sacramento and Fea ther  
r i v e r s  were responding t o  s i m i l a r  environmental  f a c t o r s  and r e a c t i n g  i n  
s i m i l a r  ways t o  t hose  f a c t o r s  between 1955 and 1969. Popula t ions  i n  t h e s e  
r i v e r s  began t o  respond independent ly  o r  were a f f e c t e d  by o t h e r  changes a f t e r  
1969. The t h r e e  most obvious changes were t h e  c o n s t r u c t i o n  of t h e  O r o v i l l e  
Dam and Fea ther  River  Hatchery i n  1967 on t h e  Fea the r ,  and t h e  Red Bluff  
Diversion Dam on t h e  Sacramento i n  t h e  mid-1960s. 
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Figure 111-4. Annual es t imates  of f a l l  run, spring run, and late 
f a l l  and winter run of chinook salmon i n  the main Sacramento 
r iver  (Taylor 1972; P a c i f i c  F i sher i e s  Management Council 1987; 
Reavis 1983. Data i n  Appendix A-5). 
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- Fig u re  111-5. Annual estimates of f a l l  chinook spawning i n  t h e  

p r i n c i p a l  t r i b u t a r i e s  of t h e  Sacramento River .  A l l  are 
part iai ly suppor ted  by h a t c h e r i e s  (Taylor  1972 ; P a c i f i c  
F i s h e r i e s  Management Counci l  1987; Reav is  1983. Data i n  
Appendix A-5). 

25 
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Figure  111-6. Annual e s t i m a t e s  of f a l l  run chinook spawning i n  
t h e  San Joaquin River Basin (Taylor  1972; P a c i f i c  F i s h e r i e s  
Management Council  1987; Reavis  1983. Data is i n  Appendix A- 
5) - 
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Figure 111-7. Comparison of 2-year moving averages of spawning 
escapement in the mainstem Sacramento and Feather rivers for 
the period 1954 to 1984. A strong correlation between 
Sacramento River and Feather River escapement existed between 
1955 and 1969. After 1969, the correlation broke down as 
Sacramento River escapement began a steady decline and 
Feather River escapement increased and stabilized (see 
Figure 111-8). 
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2-YEAR AVERAGE ESCAPEMENT TO FEATHER RIVER 

( thousands)  

F i g u r e  111-8. C o r r e l a t i o n  between 2-year ave r age  
escapement i n  t h e  Sacramento and F e a t h e r  r i v e r s  
between 1955 and 1969 (open s q u a r e s ) ,  and l a c k  
of  c o r r e l a t i o n  i n  subsequen t  y e a r s  ( c l o s e d  s q u a r e s ) .  
Data f o r  1954 exc luded  from a n a l y s i s  (see F i g u r e  
111-7) .  
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CHANGES I N  OVERALL STOCK SIZE 

To assess t h e  h i s t o r i c a l  changes i n  t h e  t o t a l  chinook salmon 
popula t ion  o r i g i n a t i n g  i n  t h e  Sacramento-San Joaquin  bas in s  w e  cons t ruc ted  
F igure  111-9, which p r e s e n t s  a r eco rd  of t o t a l  a d u l t  popula t ions  from 1916 t o  
1983 based on estimates of commercial and s p o r t  c a t c h e s  i n  t h e  ocean, ca t ches  
i n  t h e  g i l l  n e t  f i s h e r y  from 1915 t o  1957, and a basin-wide escapement s i n c e  
1953. 

I n  t h e  l a s t  30 yea r s ,  t h e  o v e r a l l  spawning escapement has  dec l ined  
i n  t h a t  t h e  occas iona l  very l a r g e  r u n s  of t h e  1950s and 1960s have n o t  
reappeared.  The t o t a l  run has  f l u c t u a t e d  less and s e t t l e d  between 200,000 and 
300,000 f i s h .  The ocean ca t ch  i nc lud ing  commercial and s p o r t  caught f i s h  has  
averaged about  435,000 f i s h  and has  no inc reas ing  o r  decreas ing  t r end .  We 
b e l i e v e  t h a t  ha tchery  reared  j u v e n i l e s  c o n t r i b u t e  t o  a  s u b s t a n t i a l  p a r t  of t h e  
ocean c a t c h ,  and a r e  r e spons ib l e  f o r  p revent ing  a  d e c l i n e  i n  t h e  ocean f i s h e r y  
and f o r  s t a b i l i z i n g  t h e  spawning escapement a s  w e l l .  The e f f e c t  of t h i s  on 
"na tura l"  product ion must be addressed.  
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Figure  111-9. Annual e s t i m a t e s  of t o t a l  c a t c h  and spawning 
escapement of Sacramento-San Joaquin chinook from 1916 through 
1986 and t o t a l  annual  spawning escapement s i n c e  1953 (Taylor  
1973; P a c i f i c  F i s h e r i e s  Management Counci l  1987; Reavis  1983). 
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CHAPTER I V .  I S  THERE A RELATIONSHIP BETWEEN SACRAMENTO RIVER FLOW OR DELTA 
OUTFLOW AND THE SIZE OF THE ADULT CHINOOK SALMON POPULATION? 

While t h e  C a l i f o r n i a  Department of F i s h  and Game and t h e  US F i sh  & 
W i l d l i f e  Se rv i ce  a r e  p re sen t ly  s tudying  t h e  e f f e c t s  of flow r educ t ion  on t h e  
s u r v i v a l  of s p e c i f i c  j uven i l e  salmon p lan ted  i n  t h e  Sacramento River ,  they  
have n o t  a t tempted t o  c o r r e l a t e  streamflow changes with a d u l t  populat ions.  
Th i s  chapter  i s  our  a t tempt  t o  do t h a t .  

EFFECTS OF VARIABLE AGE AT SPAWNING ON THE ASSESSMENT OF HOW FLOW AFFECTS 
ADULT SALMON RETURNS 

Chinook salmon have h i s t o r i c a l l y  r e tu rned  t o  t h e  Sacramento Basin a t  
ages  ranging from 2 t o  5 yea r s .  Consequently,  a s  many a s  fou r  year  c l a s s e s  
may c o n t r i b u t e  t o  t h e  a d u l t  spawning escapement i n  any one year .  Th i s  l i f e  
h i s t o r y  c h a r a c t e r i s t i c  causes  d i f f i c u l t y  when a t tempt ing  t o  r e l a t e  c a t c h  o r  
spawning escapement t o  f lows of prev ious  y e a r s  t h a t  would have a f f e c t e d  
j uven i l e s .  

To determine i f  an assumption of cons t an t  age-class  d i s t r i b u t i o n  w a s  
v a l i d  f o r  chinook salmon i n  t h e  Sacramento system, w e  assembled and examined 
t h e  a v a i l a b l e  age-class  d a t a  (Table IV-1). Between 1919 and 1983, t h e r e  has  
been a dramatic  s h i f t  i n  t h e  age  composition of ocean-caught f i s h  and f i s h  
r e t u r n i n g  t o  t h e  Sacramento River .  E a r l i e r  i n  t h i s  cen tury ,  4- and 5-year- 
o l d s  were common i n  t h e  ocean f i s h e r y  and t h e  spawning r u n s  i n t o  t h e  
Sacramento River .  Two- and six-year-olds made up a smal l  po r t i on  of t h e  c a t c h  
and escapement, u s u a l l y  averag ing  less than  1 0  percent .  

I n  t h e  l a s t  10  yea r s ,  very few 5- and 6-year-olds have been noted i n  t h e  
r e t u r n i n g  groups t o  Nimbus and Fea ther  River  Hatcher ies .  Usually t h e  run  is 
mostly 3-year-olds. I n  1981, 75 percent  of t h e  run a s  indexed by t a g  r e t u r n s  
were 2-year-old f i s h  (Table IV-1). 

While t h e r e  appears  t o  have been a s h i f t  i n  t h e  age  composition of t h e  
r e t u r n  groups,  t h e  a v a i l a b l e  d a t a  should be  t r e a t e d  wi th  cau t ion .  Data on age 
composition i n  r e c e n t  years  a r e  based on r e t u r n s  from ha tchery  r e l e a s e s  which 
have va r i ed  from one year  t o  t h e  next  wi th  r e s p e c t  t o  number, s i z e  of f i s h ,  
and s i t e  of r e l e a s e .  These d i f f e r e n c e s  i n f l u e n c e  t h e  r e l a t i v e  c o n t r i b u t i o n  of 
r e l e a s e  groups t o  each y e a r ' s  r e t u r n s  and could i n t roduce  s u b s t a n t i a l  b i a s e s  
i n t o  t h e  age  composition e s t i m a t e s  i n  r e c e n t  years .  I n  view of t h e s e  
l i m i t a t i o n s ,  we chose t o  u se  estimates of age composition based on t a g  
recovery d a t a  f o r  t h e  American and Fea ther  r i v e r s  (Table IV-2), and restrict 
our a n a l y s i s  of t h e  r e l a t i o n s h i p  between streamflow and escapement t o  t h e  
per iod between 1969 and t h e  p re sen t  dur ing  which t h e  age  composition of 
r e t u r n i n g  a d u l t s  appears  t o  have been r e l a t i v e l y  s t a b l e .  
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. r a ~ l e  I v - 1 .  n l s ~ o r i c a l  estimates ot a g e  c l a s s  composition of S a c r a m e n t o - S a n  J o a q u i n  
c h i n o o k  s a l m c n .  

R e t u r n  
Y e a r  

1 9 1 9  

1 9 1 9  

1 9 2 0  

1 9 2 0  

1 9 2 1  

1 9 2 8  

1929  

1 9 5 2  

1 9 5 2  

1 9 5 5  

1969  

1 9 7 5  

Sample  P e r c e n t  Age C o m p o s i t i o n  i n  S a m p l e  
L o c a t i o n  2  3  4  5  6  

S a c r a m e n t o  ~ i v e & /  0 .2  2 1 . 7  4 9 . 6  2 4 . 6  3 . 9  

R e f e r e n c e  

C l a r k ,  1 9 2 9  

S y n d e r ,  1 9 3 1  

C l a r k ,  1 9 2 9  

S y n d e r ,  1 9 3 1  

d o .  

d o .  

d o .  

K u t k u h n ,  1 9 6 3  

2  / M o n t e r e y  Bay-  7 . 0  3 3 . 0  4 3 . 0  1 6 . 0  1 . 0  
1 / S a c r a m e n t o  R i v e r -  2 .2  1 1 . 5  4 4 . 3  41 .4  0 . 7  

2 / X o n t e r e y  Bay-  7 . 3  2 9 . 2  3 7 . 3  24 .2  1 . 7  

M o n t e r e y  ~ a ~  0 . 6  . 3 0 . 0  4 3 . 0  2 4 . 0  2 . 0  
31 M o n t e r e y  Bay - 5 6 . 9  31.4 1 0 . 9  0 . 8  - 
2 / ? I c n t e r e y  Bay - 1 7 . 5  6 2 . 3  1 7 . 2  2 . 9  0 . 1  

P a c i f i c  T r o l l   ish her^ 0 . 1  6 0 . 0  3 6 . 8  3 . 1  - 
S a c r a m e n t o  R i v e r  2 1 . 2  5 3 . 6  4 2 . 5  do. 
P a c i f i c  T r o l l  ~ i s h e r ~ y  0 . 1  5 2 . 7  4 3 . 5  d o .  
P a c i f i c  T r o l l  ~ i s h e r y  c1 1 6 . 3  5 6 . 9  2 6 . 3  B o y d s t u n ,  1 9 7 2  

M e r c e 2 ,  Tuolumne  & _  
S t a n i s l a u s  r i v e r s  L' 1 3 . 3  6 4 . 3  2 1 . 5  

AFB F i l e s ,  
T a y l o r ,  1 9 8 4  

E s c a p e m e n t  t o  Nimbus &,, 
F e a t h e r  R. H a t c h e r i e s  xi 3 5 . 4  2 5 . 9  3 8 . 6  

CF&G AFB F i l e s  
March  2 1 ,  1 9 8 4  

E s c a p e m e n t  t o  Nimbus h ,  
F e a t h e r  R.  H a t c h e r i e s  g' 26 .4  6 8 . 9  4 . 7  d o .  

E s c a p e z i e n t  t o  Nimbus & 
E l  F e a t h e r  R. H a t c h e r i e s  - 2 5 . 5  4 8 . 5  1 2 . 8  d o .  

E s c a p e m e n t  t o  Nimbus & 5 ' F e a t h e r  2.  H a t c h e r i e s  -' 2 1 . 3 '  6 6 . 5  1 2 . 2  d o .  

E s c a p e m e n t  t o  Nimbus & 
F e a t h e r  R. H a t c h e r i e s  2' 3 . 5  8 4 . 1  1 2 . 4  d o .  
E s c a p e m e n t  t o  Nimbus & 

E ! F e a t h e r  R. Hatc:. leries -. 7 4 . 7  1 6 . 4  8 . 0  d o .  

P a c i f i c  T r o l l  ~ i s h e r ~ z '  4 . 7  8 5 . 7  9 . 6  PFMC R e p o r t  
T a b l e  111-5  1 9 8 4  
CF&G AF'B F i l e s  
March  2 1 .  1 9 8 4  

E s c a p e m e n t  t o  Nimbus & 
F e a t h e r  R. H a t c h e r i e s  5' 1 9 . 3  7 9 . 0  1 . 9  

E s c a p e m e n t  t o  Nimbcls &e/ 
F e a t h e r  R. H a t c h e r i e s  - z 2 - 9  6 4 . 4  1 2 . 7  d o .  

l / : ;ca les .  f r o n  g i l l  n e t  f i s h e r y .  - - &/Sca les  from commercial salmor. - 7 l S c a l e s  from salmor. carcec;es.  
2 / ~ c a i e s  from undis turbed boat - ca tch ,  s p o r t ,  p a r t i a l  months. 8/Coded wire  t a g  r e t a r n s  a t  - 

l o a d s .  - 5/Scales  from commercial salmon h a t c h e r i e s .  
3/Scales a n a l y s i s  s e l e c t e d  - ca tch .  9/Coded wire  t a g  r e t u r n s  from - 

ca tches .  - G/Scales from April/May commercial commercial salmon l and ings .  
t r o l l  sample For t  Bragg t o  Eureka. 
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Table IV-2. Age compoeition of coded wire tagged chinook aalmon 
returning to the American and Faather rivere by brood year. 
Preliminary retinatea baaed on CWT recovery data. Not 
correctmd for differencra in aampling effort or efficiency 
between yearn. Source: CFPG Mmmorandun, dated March 22, 
1984, Anadronoue Firh Branch, Coded Wire Tag Recovery Data 
for King Salmon of Central Valley Streane, 1975 through 1983. 

Brood 
Year 

Number and percent returning by age 
Age 2 Age 3 Age 4 Age S Total 

1975 number 18 217 204 1 440 
percent 4.1 49.3 46.4 0.2 

Totala 
Percent 
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ANALYSIS OF THE RELATIONSHIP BETWEEN THE RETURN INDEX AND FLOW 

I n  T a b l e s  IV-3, IV-4, IV-5, and IV-6, w e  p r e s e n t  estimates of t h e  
number of f i s h  r e t u r n i n g  t o  spawn i n  t h e  American, F e a t h e r ,  and mainstem 
Sacramento r i v e r s  and t h e  t o t a l  Sacramento  B a s i n  by r e t u r n  y e a r  and a g e  c l a s s  
f o r  t h e  p e r i o d  1971  t o  1984.  These estimates were o b t a i n e d  by a p p l y i n g  t h e  
a v e r a g e  a g e  compos i t ion  p r e s e n t e d  i n  T a b l e  IV-2 t o  t h e  spawning escapement 
e s t i m a t e s  f o r  e a c h  stream o r  sys tem.  We c a l c u l a t e d  a " r e t u r n  index" f o r  each  
brood y e a r  by summing t h e  number of 2 ,  3 ,  4 ,  and 5-year-old r e t u r n s  from e a c h  
brood over  a p e r i o d  of 4 y e a r s  ( T a b l e  IV-7). We t h e n  used t h e s e  i n d i c e s  as 
t h e  v a r i a b l e  t o  c o r r e l a t e  w i t h  s t r eamf low i n  t h e  Sacramento R i v e r  d u r i n g  
A p r i l ,  May, and J u n e ,  and h i s t o r i c  Delta o u t f l o w  d u r i n g  J u n e  and J u l y .  

Comparison of t h e s e  " r e t u r n  indexes"  f o r  t h e  American and mainstem 
Sacramento r i v e r s  f a i l e d  t o  show s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  e i t h e r  
Sacramento R i v e r  s t r eamf low o r  Delta ou t f low.  I n  t h e  F e a t h e r  R i v e r ,  t h e  
r e t u r n  from i n d i v i d u a l  b roods  e x h i b i t e d  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
w i t h  mean monthly s t r eamf low i n  t h e  Sacramento  River  i n  J u n e  and D e l t a  o u t f l o w  
i n  J u l y  ( F i g u r e s  I V - 1 ,  IV-2). Eva lua ted  i n d e p e n d e n t l y ,  J u n e  s t r eamf low and 
J u l y  Delta o u t f l o w  e x p l a i n e d  57 and 55 p e r c e n t ,  r e s p e c t i v e l y ,  of t h e  v a r i a t i o n  
i n  t h e  r e t u r n  index .  C o r r e l a t i o n s  between t o t a l  r e t u r n s  t o  t h e  Sacramento 
sys tem and Sacramento f low and Delta o u t f l o w  were n o t  s i g n i f i c a n t .  

ALTERNATIVE ANALYSIS OF THE EFFECT OF FLOW ON ESCAPEMENT I N  THE SACRAMENTO 
RIVER 

The p reced ing  c o r r e l a t i o n  a n a l y s i s  i n c l u d e d  o n l y  1 2  of t h e  30 y e a r s  
of escapement e s t i m a t e s  i n  t h e  Sacramento R i v e r  B a s i n ,  and w a s  based upon t h e  
assumpt ion t h a t  t h e  a g e  compos i t ion  of t agged  a d u l t s  r ecovered  i n  t h e  American 
and F e a t h e r  r i v e r s  i s  r e p r e s e n t a t i v e  of  t h e  e n t i r e  Sacramento B a s i n  salmon 
run .  Because of  t h e s e  l i m i t a t i o n s  w e  conducted a n o t h e r  a n a l y s i s  u s i n g  a n  
escapement i n d e x  t h a t  cou ld  be  a p p l i e d  o v e r  t h e  e n t i r e  h i s t o r i c a l  r e c o r d  and 
d i d  n o t  r e q u i r e  e s t i m a t i o n  of a g e  c l a s s  compos i t ion .  I n  t h i s  a n a l y s i s ,  we 
c a l c u l a t e d  a 2-year moving a v e r a g e  of escapement f o r  t h e  y e a r s  1953 th rough  
1983 and t h e n  examined t h e  r e l a t i o n s h i p  between t h i s  i n d e x  and t h e  2-year 
moving a v e r a g e s  of monthly Sacramento f l o w  and D e l t a  o u t f l o w .  For  example, 
t h e  2-year a v e r a g e  escapement i n  1970 (1970 and 1969 r u n s )  would i n c l u d e  
r e t u r n s  from t h e  1967 brood (2- and 3-year-olds) ,  and t h e  1966 brood (3- and 
4-year-olds).  Flows t h a t  c o i n c i d e d  w i t h  t h e  downstream movement of young from 
t h e s e  two brood y e a r s  occur red  i n  t h e  s p r i n g  and e a r l y  summer of  1967 and 
1968. T h e r e f o r e ,  t h e r e  i s  a 2-year l a g  between t h e  moving a v e r a g e s  of  
escapement and f l o w s .  T h i s  escapement index  is  s l i g h t l y  b i a s e d  because  it 
i n c l u d e s  one group of 4-year-olds (1965 brood i n  example) and one group of 2- 
yea r -o lds  (1968 brood i n  example).  We b e l i e v e  t h a t  t h i s  b i a s  d o e s  n o t  
s i g n i f i c a n t l y  o f f s e t  low r e t u r n s  r e s u l t i n g  from poor c o n d i t i o n s  o r  l a r g e  
r e t u r n s  r e s u l t i n g  from f a v o r a b l e  c o n d i t i o n s  d u r i n g  downstream m i g r a t i o n .  

We c a l c u l a t e d  2-year moving a v e r a g e s  of mean monthly Sacramento 
s t r eamf low a t  I S t r e e t  f o r  A p r i l ,  May, and J u n e ,  and 2-year moving a v e r a g e s  of 
t h e  h i s t o r i c  D e l t a  o u t f l o w  f o r  A p r i l ,  May, J u n e ,  and J u l y  i n  y e a r s  1951  
th rough  1981 ( T a b l e  IV-8). These  t a b l e s  a l s o  i n c l u d e  t h e  h i s t o r i c  2-year 
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Table IV-3. Estimated nwber  of fall run chinook salmn by aye class returning to the 
minster Sacramento River for return years 1971 to 1984. The return index is  calcu- 
lated by s w i n g  the nulrber of 2-, 3-, 4-, and %year-old returns f m  a given brood 
wer a period of 4 years as sham for brood year 1x9. 

Total Escapmt Estimated f4ge composition 
Return Sac. R llaimtn (Hurber of Fish ~1000) Brood Return 
Year IxlOOO) flge 2 Rpe 3 h e  4 Rye 5 Year Index 
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Table IV-4. Estimated number of fall run chinook salmon by age class returning to the 
Feather River for return years 1971 to 1984. See Table IV-3 for derivation of 
return index. 

Total Escapement 
Return Feather River 
Year lx1000) 

Est irnated Rje Cornposit ion 
(Number of Fish ~1000) Brood Return 

Rge 2 Rye 3 Rge 4 Rje 5 Year Index 
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Table IV-5. Estimated number of fall run chinook sal~on by age class returning to the 
Clmerican River for return years 1971 to  1984. See Table IV-3 for derivation of 
return index. 

Return 
Year 

Total Escapement 
Mrican River 

(~1000) 

Estimated Rye Cornposit ion 
(Number of Fish ~1000) 

Rge 2 Rge 3 Rye 4 Flge 5 
Broad 
Year 

Return 
Index 
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Table IV-6. Estimated nuprber of fall run chinook salmon by aye class returning to the 
Sacraaento River Basin for return years 1971 to 1984. See Table IV-3 for derivation 
of return index. 

Return 
Year 

Total Escapement 
Sac. R. Basin 

(x1oool 

Estimated Age hpos i t  ion 
(Number of Fish ~1000) 

Rye 2 Rye 3 Rye 4 Rye 5 
B r d  
Year 

Return 
Index 
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Table IV-7. Chinook sallon return index by brood year (1969-1980) for the Feather, Ikrican, ud minster Sacramto 
rivers, a d  total Sacrmto Basin; and emage monthly Sacramto flom ud h l t a  outflows during the period of 
molt outmigrstim. Sm Table IV-3 for krivatiar of return index. 

Brood 
Year 

Feather 
River 

Return Index 
Il*rrican Sac. R. Total Sac. 
River Hainstem R. Basin 

Flaw 
Year 

m a g s  M h l y  Sacrumto 
Rim Flar at I Street (cfs) 

Q r i l  Hay June 

Zhnrage Monthly 
h l t a  Outflaw (cfs) 

June July 
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AVElXAGE SACRAMENTO R I V E R  FLOW I N  JUNE 
( t h o u s a n d s )  

F i g u r e  I V - 1 .  R e l a t i o n s h i p  b e t w e e n  Feather  R i v e r  r e t u r n  index 
and S a c r a m e n t o  R i v e r  f l o w  i n  June  f o r  brood years 1 9 6 9  t o  
1 9 8 0 .  
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AVERAGE DELTA OUTFLOW I N  J U L Y  
(Thousands) 

F igu re  I V - 2 .  R e l a t i o n s h i p  between F e a t h e r  River  r e t u r n  
index and De l t a  ou t f l ow  i n  J u l y  f o r  brood y e a r s  1969 
t o  1980. 
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Table IV-8. Histaric P p m  moving averages of #an mmthly Sc ramto  Riw flow at I Street, and man mmthly 
Delta outfla during tho period of smlt wtmiyrrtion; and 2 - y ~  laving averaqn of ~pwming  escapement to 
the Fctkr ,  h i c a n ,  and mainstew 9acrmto rivm for flow years 1952 to 1981. 

Hintwic 2-year Moviq h r a g e  Historic 2year Moving -age Historic 2ymr Wing herage 
of  lkan lbnthly S m u n t o  of lblta I)utflow (cfn) of Spawning Escapmnt (~1000) 

Ymr R i v e r  Flow at I Street (cfs) in Sacramento Basin (for ymr+2) 
Fmather Mrican Sac. R. 

Flpril Hay Juno Clpril May June July River Rim kinstem 
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moving a v e r a g e s  of spawning escapement of  f a l l  r u n  chinook t o  t h e  F e a t h e r ,  
American, and mainstem Sacramento r i v e r s  f o r  t h e  y e a r s  1953  th rough  1983. A l l  
a v e r a g e s  are r e f e r e n c e d  t o  f l o w  y e a r  s o  t h a t  i n  1952,  f o r  example,  t h e  
cor respond ing  f l o w  v a l u e s  a r e  t h e  a v e r a g e s  f o r  1951  and 1952,  and t h e  
escapement v a l u e s  a r e  t h e  a v e r a g e s  f o r  1953 and 1954. 

F i g u r e s  I V - 3  and IV-4 p r e s e n t  a comparison of escapement i n d i c e s  i n  
t h e  F e a t h e r ,  American, and Sacramento r i v e r s  w i t h  t h e  2-year a v e r a g e  J u n e  
s t r eamf low i n  t h e  Sacramento  R i v e r .  I n  g e n e r a l ,  h i g h  f l o w  i n  J u n e  c o r r e s p o n d s  
w i t h  h i g h  escapement i n d i c e s .  T h i s  is  most n o t a b l e  f o r  1953,  1958,  1967 and 
1968. A f t e r  1967,  t h e  Sacramento R i v e r  r u n  c o n t i n u e d  t o  d e c l i n e  and no  l o n g e r  
responded t o  t h e  changes  i n  s t r eamf low.  I n  t h e  F e a t h e r  and American r i v e r s ,  
t h e  spawning escapements  con t inued  t o  respond t o  h i g h  f l o w s  a l t h o u g h ,  a f t e r  
1970,  t h e  r e l a t i o n s h i p  between t h e  escapement index  and J u n e  f l o w  a p p e a r s  t o  
have weakened. 

To i n c r e a s e  o u r  u n d e r s t a n d i n g  of how t h e  h i s t o r i c  s t r e a m f l o w s  were 
r e l a t e d  t o  h i s t o r i c  r u n s  i n  t h e  Sacramento ,  F e a t h e r ,  and American r i v e r s ,  w e  
conducted a c o r r e l a t i o n  a n a l y s i s  of t h e  moving a v e r a g e s  o f  f l o w  and escapement 
p r e s e n t e d  i n  T a b l e  IV-8. We do  n o t  b e l i e v e  it i s  a p p r o p r i a t e  t o  a n a l y z e  
o v e r a l l  escapement i n t o  t h e  Sacramento B a s i n  i n  r e l a t i o n  t o  f l o w  because  
j u v e n i l e s  f rom some t r i b u t a r i e s  may be a f f e c t e d  d i f f e r e n t l y  by s t r eamf low,  
D e l t a  o u t f l o w ,  t e m p e r a t u r e ,  and food .  

CORRELATIONS FOR THE SACRAMENTO RIVER MAINSTEM RUN 

We d i v i d e d  t h e  r e c o r d  of escapement i n d i c e s  f o r  t h e  Sacramento 
mainstem r u n  i n t o  two d i s c r e t e  p e r i o d s ,  from 1954 t o  1969 (1952-67 f l o w  
y e a r s ) ,  and from 1970 t o  1983 (1968-81 f l o w  y e a r s ) .  The b r e a k  between p e r i o d s  
c o r r e s p o n d s  t o  t h e  f i r s t  y e a r  when e f f e c t s  of t h e  Red B l u f f  D i v e r s i o n  Dam 
would have been no ted  i n  t h e  escapement index .  

Between 1952 and 1967 w e  found s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  
between a v e r a g e  escapement and s t r eamf low i n  t h e  Sacramento River  d u r i n g  
A p r i l ,  May, and J u n e  ( T a b l e  IV-9 and F i g u r e  IV-5). Delta o u t f l o w  e x h i b i t e d  
t h e  same d e g r e e  of c o r r e l a t i o n  w i t h  escapement f o r  t h e s e  months,  as w e l l  as a 
p o s i t i v e  c o r r e l a ~ i o n  f o r  J u l y  ( T a b l e  IV-10, F i g u r e  IV-6). 

For t h e  p e r i o d  1968 t o  1981,  w e  found no s i g n i f i c a n t  c o r r e l a t i o n  
between escapement and s t r eamf low o r  D e l t a  o u t f l o w  ( T a b l e s  IV-9, T a b l e  IV-10, 
and F i g u r e  IV-5, F i g u r e  IV-6). 

During t h e  p e r i o d  1953-1969 a n  a v e r a g e  of 192,000 a d u l t s  e scaped  
a n n u a l l y  i n t o  t h e  upper  Sacramento R i v e r  ( i n c l u d i n g  B a t t l e  C r e e k ) .  During t h e  
p e r i o d  f o l l o w i n g  comple t ion  of Red B l u f f  D i v e r s i o n  Dam (1970-1983), escapement 
t o  t h e  upper  Sacramento  R i v e r  averaged  84 ,000  a d u l t s ,  a d e c l i n e  f rom t h e  
earlier p e r i o d  t h a t  was commensurate w i t h  r e d u c t i o n  i n  s u r v i v a l  measured by 
H a l l o c k  (1981) ,  f o r  j u v e n i l e s  r e l e a s e d  ups t ream of Red B l u f f  D i v e r s i o n  Dam. 
These  r e s u l t s  c o n f i r m  o u r  o b s e r v a t i o n  t h a t  t h e  r u n s  i n t o  t h e  upper  Sacramento 
no l o n g e r  respond t o  f l o w  as t h e y  once d i d .  
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0 Upper Sacramento River 

0 American River 

1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 

YEAR 

F i g u r e  IV-3. Two-year moving a v e r a g e s  of  escapement  i n  t h e  
F e a t h e r ,  American, and mainstem Sacramento r i v e r s  f o r  f low 
y e a r s  1952 t o  1981. Escapement f o r  a g i v e n  f l o w  y e a r  
r e p r e s e n t s  t h e  a v e r a g e  r e t u r n  i n  t h e  n e x t  2 y e a r s .  

YEAR 

F i g u r e  I V - 4 .  Two-year moving a v e r a g e s  o f  Sacramento River  
f l o w  a t  I S t r e e t  d u r i n g  J u n e  f o r  f low y e a r s  1952-1981. 
B y  comparing t h i s  f i g u r e  w i t h  F i g u r e  IV-3 it a p p e a r s  t h a t ,  
i n  g e n e r a l ,  h i g h  f low d u r i n g  t h e  smol t  o u t m i g r a t i o n  p e r i o d  
c o r r e s p o n d s  w i t h  peaks  i n  a d u l t  r e t u r n s .  A f t e r  1967, 
however, t h e  Sacramento R i v e r  r u n  c o n t i n u e d  t o  d e c l i n e  and 
no l o n g e r  responded t o  changes  i n  s t r eamf low (see F i g u r e s  
IV-5 and IV-6).  
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Table IV-9. Regression r e s u l t s  descr ib ing  r e l a t i o n s h i p  between 2-year 
moving. average escapement of f a l l  run chinook salmon i n  Sacramento 
Basin streams and 2-year moving average of mean monthly streamflow 
i n  t h e  Sacramento River a t  I S t r e e t .  Average of h i s t o r i c  escapement 
based on CF&G spawning s tock  es t imates .  Averages of streamflow 
based on USGS measurements. 

Return Y Regression 
Stream Month Period n r2 I n t e r c e p t  Coeff ic ien t  

s * 
SACRAMENTO  RIVER^ Apr i l  1952-81 30 0.25,, 35 . O O  3.14 

mains t em 1952-67 16  0.28 51.87 3.50 

** 
May 1952-81 30 0.53,, 4.76 4.73 

1952-67 16 0.52 35.88 4.33 
1968-81 1 4  0 .12(ns)  

s* 
June 1952-81 30 0 . 2 6 , ~  36.59 5.33 

1952-67 16 o .47 55.93 6.24 
1968-81 1 4  0 . 0 l ( n s )  

FEATHER  RIVER^ Apr i l  1952-81 30 ~ . l l ( n s )  
1952-68 17  0.31" 2.36 
1969-81 1 3  O . l ~ ( n s )  

* 
May 1952-81 30 0.17,, 26.72 

1952-68 17  0.49 0.57 
1969-81 1 3  0 .15 (ns )  

** 
June 1952-81 30 0 . 4 9 ~ ~  11.65 

1952-68 17 O.67** -0 07'3 
1969-81 13  0 .54  22.77 

AMERICAN RIVER Apr i l  1952-81 30 0 .04(ns)  

May 1952-81 30 0 .08 (ns )  

June 1952-81 30 <0 .0 l (ns )  

* S i g n i f i c a n t  a t  a = .05 
** S i g n i f i c a n t  a t  a = . O 1  
ns  Not s i g n i f i c a n t  

1 Separate  ana lyses  performed f o r  periods before  and a f t e r  e f f e c t s  of 
Red Bluff  Diversion Dam would have been noted i n  escapement index. 

2 Separate  analyses performed f o r  per iods  before and a f t e r  e f f e c t s  of 
Fea ther  River Hatchery would have been noted i n  escapement index. 
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( thousands)  

F igure  I V - 5 .  C o r r e l a t i o n  between 2-year moving average of 
escapement t o  t h e  mainstem Sacramento River and 2-year 
moving average of Sacramento River  f low a t  I S t r e e t  dur ing  
June f o r  f low y e a r s  1952 t o  1967, (open s q u a r e s ) ,  and l a c k  
of c o r r e l a t i o n  i n  subsequent y e a r s ,  ( c lo sed  s q u a r e s ) .  Break 
between p e r i o d s  corresponds t o  t h e  f i r s t  y e a r  when e f f e c t s  
of Red Bluff  Divers ion D a m  would have been noted i n  t h e  
escapement. 
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Table IV-10. Regression r e s u l t s  descr ib ing  r e l a t i o n s h i p  between 2-year 
moving average escapement of f a l l  run chinook salmon i n  Sacramento 
Basin streams and 2-year moving average of mean monthly Del ta  outflow. 
Averages of h i s t o r i c  escapement based on CF&G spawning s tock  es t imates .  
Averages of Del ta  outf low based on DWR computations (DAYFLOW program). 

Return Y Regression 
Stream Month Period n r In t e rcep t  Coeff ic ien t  

** 
SACRAMENTO  RIVER^ Apr i l  1952-81 30 0.27, 65.64 1 .65  

mainst em 1952-67 16 0.27 97.60 1.58 
1968-81 1 4  0 .05(ns)  

* * 
May 1952-81 30 0*59** 42.50 2.96 

1952-67 16  0.59 70.54 2.69 

nJc 
June 1952-81 30 0.43** 64.77 3.85 

1952-67 16  0.53 94.91 3.78 
1968-81 1 4  0 .17(ns)  

J u l y  1952-81 30 0 . 0 3 b s )  
1952-67 16  0.34 106.33 11.06 
1968-81 1 4  <O .01( ns ) 

FEATHER RIVER? Apr i l  1952-81 30 0 . 1 3 k s )  
1952-68 17  0.37 14.67 0.57 
1969-81 1 3  0 .02(ns)  

May 1952-81 30 0.14" 33.71 0.37 
1952-68 17  0.48"" 12.93 0.75 
1969-81 1 3  <O . 0 l ( n s )  

June 1952-81 30 0.31"" 30.59 
1952-68 17  0.63"" 15.27 

AMERICAN RIVER Apr i l  1952-81 30 0 .02 (ns )  

May 1952-81 30 0 .07(ns)  

June 1952-81 30 0.03(nS) 

~ u l y  1952-81 30 0 .06(ns)  
- 

* S i g n i f i c a n t  a t  a = -05  
** S i g n i f i c a n t  at a = . O 1  
ns  Not s i g n i f i c a n t  
1 Separa te  ana lyses  performed f o r  per iods  be fo re  and a f t e r  t h e  f i r s t  e f f e c t s  - 

of t h e  Red Bluff  Diversion Dam would have been noted i n  escapement index. 

2 Separa te  ana lyses  performed f o r  per iods  before  and a f t e r  t h e  f i r s t  e f f e c t s  - 
of t h e  Fea ther  River Hatchery would have been noted i n  escapement index.  
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Avg. esc. = 3.78(~vg. outf~ow)+94,910 
r2 = 0.53( 1952-1967 01952 350 , 

0 ] I I I 1 

0 ? 0 40 
?-YEAR AVERAGE DELTA OUTFLOW I N  J U N E  

( thousands)  

F igure  IV-6. C o r r e l a t i o n  between 2-year noving average of  
escapement t o  t h e  mainstem Sacramento River and 2-year 
moving average of Del ta  ou t f low du r ing  June f o r  f low y e a r s  
1952 t o  1967 (open s q u a r e s ) ,  and l a c k  o f  c o r r e l a t i o n  i n  
subsequent y e a r s  ( c l o s e d  s q u a r e s ) .  Break between p e r i o d s  
corresponds t o  t h e  f i r s t  y e a r  when e f f e c t s  of Red Bluff  
Divers ion Dam would have been noted i n  t h e  escapement. 
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FEATHER RIVER 

We div ided  t h e  record  of escapement i n d i c e s  f o r  t h e  Fea ther  River 
run  i n t o  two pe r iods  from 1954 through 1970, and 1971 through 1983. The 
r e t u r n s  f o r  1971 were t h e  f i r s t  t h a t  were a f f e c t e d  by r e l e a s e s  of f i s h  from 
t h e  Fea ther  River Hatchery. For t h e  yea r s  1952 t o  1968, t h e  escapement index 
f o r  t h e  Fea ther  River i s  c o r r e l a t e d  s i g n i f i c a n t l y  wi th  Sacramento River 
s t reamflows and De l t a  outf lows i n  a l l  months examined (Tables  IV-9 and Table  
IV-10). For t h e  l a t t e r  h i s t o r i c a l  pe r iod ,  1969 through 1981, s i g n i f i c a n t  
c o r r e l a t i o n s  were found between t h e  index and streamflow i n  June and De l t a  
ou t f low i n  J u l y .  Th i s  f i n d i n g  is  i n  agreement wi th  t h e  r e s u l t s  of ou r  f i r s t  
c o r r e l a t i o n  a n a l y s i s  which encompassed roughly t h e  same per iod.  

I n  a  prev ious  s e c t i o n  w e  noted t h a t  t h e  Fea ther  River now suppor t s  
more f i s h  than  it d i d  p r i o r  t o  i n s t a l l a t i o n  and ope ra t i on  of t h e  Fea the r  River 
Hatchery and O r o v i l l e  Dam. Th i s  t r end  i s  dep ic t ed  i n  F igure  IV-7 which shows 
t h e  r e l a t i o n s h i p s  between t h e  escapement index and Sacramento River  f low a t  I 
S t r e e t  f o r  t h e  two h i s t o r i c  per iods .  Based upon t h e s e  r e l a t i o n s h i p s ,  it 
appears  t h a t  t h e  Fea ther  River  now produces more f i s h  a t  lower f lows  than  it 
d i d  under h i s t o r i c a l  cond i t i ons .  We suspec t  t h a t  t h i s  is a  d i r e c t  r e s u l t  of 
hatchery product ion.  The r e l a t i o n s h i p s  between escapement and streamflow f o r  
both of our  c o r r e l a t i o n  ana lyses  summarized i n  F igu re s  I V - 1  and IV-7, i n d i c a t e  
t h a t  t h e  average  escapement of 50,000 f i s h  i n t o  t h e  Fea ther  River  is  
a s s o c i a t e d  with s t reamflows i n  t h e  Sacramento River of about  16,000 c f s  i n  
June.  Re la t i onsh ips  between escapement and J u l y  outf low (Figure  IV-2) 
i n d i c a t e  t h e  average  escapement is  a s s o c i a t e d  wi th  J u l y  outf lows equa l  t o  7000 
cf  s. 

AMERICAN RIVER 

The r e l a t i o n s h i p  between escapement t o  t h e  American River and 
streamflow and De l t a  outf low w a s  no t  s i g n i f i c a n t  f o r  t h e  per iod  1952-1981 
(Tables  IV-9 and IV-10). We conducted a  s e p a r a t e  a n a l y s i s  of t h e  r e l a t i o n s h i p  
between 2-year average escapement t o  t h e  American River  and 2-year average  
Sacramento River f low and Del ta  outf low f o r  t h e  same set of yea r s  examined i n  
t h e  f i r s t  a n a l y s i s .  I n  l i k e  manner, a l l  c o r r e l a t i o n s  were i n s i g n i f i c a n t .  A t  
f i r s t  t h e  l a c k  of c o r r e l a t i o n  s u r p r i s e d  u s  bu t  r e c e n t l y  w e  have found t h a t  t h e  
salmon run  i n  t h e  lower American River is l a r g e l y  supported by Nimbus Hatchery 
reared  smol t s  p lan ted  i n  t h e  e s tua ry .  Lower American River f lows have no 
major i n f luence  on them. 
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Avg. esc.  = 1.70(Avg. flow)+22,770 
r2 = 0.54(1969-1981) 

Avg. esc = 2.20(Avg. flow)-730 
r' = 0.67(1952-1968) I 

I 

I 1 I 1 1 I I I 
5 15 2 5 35 

2-YEAR AVERAGE SACRAMENTO RIVER FLOW I N  J U N E  
( t housands )  

F i g u r e  I V - 7 .  C o r r e l a t i o n  between 2-year moving ave rage  o f  
escapement t o  t h e  F e a t h e r  River  and 2-year moving ave rage  
of  Sacramento R ive r  f low a t  I S t r e e t  d u r i n g  June  f o r  f l o w  
y e a r s  1952 t o  1968,  (open s q u a r e s ) ,  and 1969 t o  1981,  
( c l o s e d  s q u a r e s ) .  S i n c e  t h e  c o n s t r u c t i o n  and i n i t i a l  
o p e r a t i o n  o f  F e a t h e r  R ive r  Hatchery  and O r o v i l l e  Dam i n  
t h e  l a t e  1960s ,  t h e  F e a t h e r  R ive r  h a s  produced more f i s h  
a t  lower f lows  t h a n  it d i d  under  h i s t o r i c a l  c o n d i t i o n s .  
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Rppendix R-1. Rnnual estimates of weight and nunber of chinook salnan 
landed i n  the Sacrawento-San Joaquin gi l l  net fishery between 1916 
and 1957. Number of salmon estimted by dividing total pounds landed 
by the mean weight (18.23 pounds) of an adult fish gill  netted i n  the 
years 1% to 1957 (Jensen and Swartzel 1967). Catch data from 
Skinrer (1962). 

Pounds Pounds 
Year x 10"6 Numbers Year x 10% Nuabers 
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Appendix A-2. Annual estimates of weight of total salmon landings i n  the  California ocean commercial 
f ishery by area,  and estimated number of Central Valley (CV) chinook caught i n  the  commercial ocean 
f ishery off  Cal i fornia  f o r  the  period 1916 t o  1951. Weights of t o t a l  landings based on CFSrG 
estimates. Number of Central Valley chinook salmon estimated by applying mean weights from 1952-1965 
period and f rac t ions  described below and l i s t e d  i n  Table A-6. 

Cal i fornia  Ocean Trol l  Catch by Area1 Cal i fornia  Ocean Trol l  Catch 
(pounds) of Central Valley Chinook by ~umber2 

Year Eureka San Fran Monterey Other Total Eureka SanFran Monterey Other Total 

1 Sources: Years 1916-1950, Fry and Hughes (1951); 1951, CF&G Fish Bul le t in  No. 89. 

2 Annual contributions of Central Valley chinook estimated by: 1 )  multiplying the  weight of t o t a l  salmon 
landings times the  f rac t ion  of the  1952-1965 landings t h a t  were chinook t o  estimate weight of chinook 
landings; 2) dividing t h e  weight of chinook landings by the  average weight of chinook caught during 
the  1952-1965 period t o  estimate number of chinook landed i n  California;  and 3)  multiplying the  number 
of f i s h  landed times the  overal l  f rac t ion  of f i s h  i n  the  f ishery t h a t  were estimated t o  be from t h e  
Central Valley during the  1977-1986 period. 

56 
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Appendix A-3. Annual 
Weight of a l l  saln 
applying fractions 

Catch A l l  Cl 
Year Salmon ( 

(pounds x 
1952 6.5370 ! 
1953 7.1360 t 
1954 8.6000 1 
1955 9.6570 5 
1956 10.2750 ! 
1957 5.1770 r 

1958 3.6570 : 
1959 6.7690 f 

1960 6.2210 t 

1961 8.6380 1 
1962 6.6730 ( 

1963 7.8480 ( 

1964 9.4810 ' 

1965 9.6740 1 

1966 9.4460 ! 

1967 7.2420 : 
1968 6.9500 
1969 6.1300 1 

1970 6.6110 ! 

1971 8.1100 
1972 6.4230 ! 
1973 9.5810 ' 

1974 8.7490 ! 

1975 6.9100 ! 

1976 7.7880 
1977 5.9200 ! 

1978 6.7880 ! 

1979 8.7460 1 

1980 6.0170 ! 

1981 5.9370 ! 

1982 7.9070 ' 

1983 2.3020 : 
1984 2.9330 : 
1985 4.5874 
1986 7.3362 ' 

Averages 
57-76 7.6113 1 

77-86 5.8474 ! 

1 Sources: Years 195, 
PE'MC (1986) ; 1981- 

2 Annual contributio! 
the period 1977-19; 
of the  fraction of 
times the overall : 
of CV f i sh  from thl 
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Appendix A-4. Annual estimates of salmon landed i n  t h e  ocean recreat ional  f ishery.  Number of a l l  salmon (1947-1961) and chinook 

by por t  area  (1962-1986) based on CF&G estimates.  Number of CV chinook salmon estimated by applying f rac t ions  described below 

a n d l i s t e d  i n  Table A-7. 

1 
Year A 1 1  Salmon 

( number ) 
1947 5,018 
1948 11,209 
1949 23,057 
1950 56,337 
1951 71,970 
1952 86,472 
1953 98,723 
1954 119,911 
1955 128,978 
1956 114,505 
1957 44,701 

0 1958 52,676 
03 

1959 55,945 
1960 37,941 
1961 42,965 

Chinook Only 
(number ) 

3,874 
8,653 

17,800 
43,492 
55,561 
66,756 
76,214 
92,571 
99,571 
88,398 
34,509 
40,666 
43,190 
29,290 
33,169 

2 
Contribution of CV salmon 

CA Total Oregon OR + CA 
(number) (number) (number) 

2,387 165 2,551 
5,331 368 5,699 

10,967 757 11,723 
26,796 1,849 28,644 
34,231 2,362 36,593 
41,129 2,838 43,966 
46,956 3,240 50,195 
57,033 3,935 60,968 
61,346 4,233 65,579 
54,462 3,758 58,220 
21,261 1,467 22,728 
25,054 1,729 26,783 
26,609 1,836 28,445 
18,046 1,245 19,291 
20,435 1,410 21,845 

1 2 

Cali fornia  Landings of Chinook by Port  Area Landings of Central  Valley Chinook by Port  Area 

Monterey San Fran F t  Bragg Eureka C. City Total Monterey San Fran F t  Bragg Eureka C. City CA Total Oregon OR + CA 
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Appendix A-4 (continued). Annual estimates of salmon landed i n  t h e  ocean recreat ional  fishery. Number of a l l  salmon (1947-1961) and 
chinook by port  area  (1962-1986) based on CFMj estimates. Number of CV chinook salmon estimated by applying fract ions  described 
below and l i s t e d  i n  Table A-7 

Cal i fornia  Landings of Chinook by Port Area Landings of Central Valley Chinook by Port Area 
Monterey San Fran F t  Bragg Eureka C. City Total Monterey San Fran F t  Bragg Eureka C. City CA Total Oregon OR + CA 

1977 4,000 72,600 6,300 13,300 7,400 103,600 3,800 60,839 1,932 7,045 1,591 75,207 10,113 85,320 
1978 1,200 64,100 2,400 2,300 2,000 72,000 1,140 45,511 1,605 0 1,358 49,614 1,234 50,848 
1979 5,900 102,500 5,800 3,600 4,400 122,200 5,605 61,279 1,324 0 0 68,208 274 68,482 
1980 3,100 73,100 1,200 4,000 2,700 84,100 2,945 30,124 456 290 332 34,147 891 35,038 
1981 3,100 69,400 1,400 4,400 4,000 82,300 2,945 35,956 546 3,169 2,131 44,747 3,989 48,736 
1982 3,900 124,400 2,800 7,100 6,200 144,400 3,705 87,407 3,148 3,889 4,907 103,056 9,351 112,407 
1983 2,200 50,000 1,700 5,800 3,400 63,100 2,090 31,725 770 2,406 1,314 38,305 2,643 40,948 
1984 5,400 74,100 1,000 4,600 3,500 88,600 5,130 47,016 453 1,908 1,353 55,860 3,854 59,715 
1985 7,400 104,100 5,400 26,000 17,800 160,700 7,030 66,051 2,446 10,785 6,880 93,192 6,430 99,622 
1986 24,300 86,900 8,000 9,000 5,400 133,600 23,085 55,138 3,623 3,733 2,087 87,667 6,049 93,716 

Averages 
1957-1976 98,979 60,077 4,343 67,280 
1977-1986 95,873 59,091 4,075 63,166 

VI 
a 

1 Sources: Years 1947-1961, Young (1969); 1962-1965, Jensen and Swartzell (1967); 1966-1975, CF&G Fish Bulletin Nos. 133, 144, 149, 
153, 154, 161, 163, 166, 168; 1976-1980, PE'MC (1986); 1981-1986, PFMC (1987). 

2 Annual contributions of CV chinook based on the  recovery of coded wire tagged salmon i n  the  recreational f ishery off California and 
Oregon ( see  Table A-7). Contributions t o  California and Oregon por t s  f o r  the  1977-1982 period were estimated by dividing t h e  
estimated number of CWT recoveries by an estimate of the  f rac t ion  of CV f i s h  with tags.  Contributions t o  California por ts  during 
the  1962-1976 and 1983-1986 periods, and contributions t o  Oregon por t s  during the  1983-1986 period were estimated by multiplying the  
number of f i s h  landed times the  overal l  f rac t ion  of f i s h  i n  the  f ishery t h a t  were estimated t o  be from CV during the  1977-1982 
period ( see  Table A-7). Contributions t o  California por t s  during the 1947-1961 period were estimated by: 1 )  multiplying t o t a l  
salmon landings times the  f ract ion of salmon t h a t  were chinook in the  1962-1967 period and then multiplying the  number of chinook 
times t h e  overal l  f rac t ion  of salmon t h a t  were from CV during the  1977-1982 period. Oregon landings p r i o r  t o  1977 were estimated by 
multiplying t h e  r a t i o  of Oregon landings of CV f i s h  divided by Cal i fornia  landings of CV f i s h  from the  1977-1982 p e r i d  times t h e  
Cal i fornia  landings of CV f i s h  p r io r  t o  1977. 
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Appendix A-5 (continued). Annual estimates of chinook salmon spawning escapement in the Sacramento and San Joaquin basins, 
1953 to 1984 

SACRAMENTO BASIN FALL RUN CHINOOK TOTAL SACRAMENTO BASIN TOTAL of 

Sacramento San Joaquin Central Central 
River Feather Yuba American Battle Bas in Valley Latefall Misc Valley 

YEA,R Mainstem River River River Creek TOTAL Fall-Run Fall-run Spring &winter TOTAL Others Runs 

nc = no count 

Sources: 1953-1969 (Taylor 1973) 
1964-1981 (Reavis 1983) 
1968-1970 Late fall and winter run (Halloch and Fisher 1985) 
1970-1984 (PF'MC 1985) 
1985-1986 (Reavis, unpublished) 

1 Includes minor runs into tributaries, except Battle Creek. 
Included in Sacramento River mainstem estimates. 

3~reliminary subject to revision. 
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Appendix A-6. Estimated harvest  of chinook salmon from t h e  Central  Valley i n  t h e  ocean conunerical t r o l l  f i s h e r i e s  
o f f  Cal i fornia  and Oregon. Based on CWT recovery d a t a  and t h e  assumption t h a t  Central  Valley salmon comprise 95 
percent of t h e  catch i n  Monterey por t  area.  After approach developed by Mike Maahs. 

% CV f i s h  Mont. SanFran F t  Bragg Eureka C.City S.Ore C. O r e .  N .Ore .  Totals  
with tags  

1977 
#Sac Tags 1.04 778 1,615 604 181 112 96 252 180 
Landings 78,675 185,164 138,886 161,175 36,285 87,975 140,138 111,959 940,257 
Estimated harvest  

of Central Valley f i s h  74,741155,150 58,025 17,388 10,760 9,223 24,209 17,292 366,788 

Fraction of landings 95.0% 83.8% 41.8% 10.8% 29.7% 10.5% 17.3% 15.4% 

1978 
#Sac Tags 1.24 1,568 1,393 722 106 195 19 97 76 
Landings 132,757 157,882 133,004 140,996 59,718 47,251 64,701 79,593 815,902 
Estimated harvest 

of Central Valley f i s h  126,119 112,043 58,073 8,526 15,684 1,528 7,802 6,113 335,888 

0 
Fraction of landings 95.0% 71.0% 43.7% 6.0% 26.3% 3.2% 12.1% 7.7% 

to 

1979 
#Sac Tags 1.98 1,017 3,231 2,190 655 66 252 124 69 
Landings 54,060 180,087 202,467 218,363 71,783 107,477 83,188 53,854 971,279 
Estimated harvest  

of Central Valley f i s h  51,357 163,182 110,606 33,081 3,333 12,727 6,263 3,485 384,034 

Fraction of landings 0.9500 0.9061 0.5463 0.1515 0.0464 0.1184 0.0753 0.0647 

1980 
#Sac Tags 4.02 3,150 7,073 3,308 850 2 14 183 432 226 
Landings 82,524 211,778 130,443 131,283 32,622 63,357 82,150 63,374 797,531 
Estimated harvest  

of Central Valley f i s h  78,397 175,945 82,289 21,144 5,323 4,552 10,746 5,622 384,019 

Fraction of landings 0.9500 0.8308 0.6308 0.1611 0.1632 0.0719 0.1308 0.0887 

1981 
#Sac Tags 2.46 2,105 4,481 1,594 561 494 247 215 134 
Landings 89,995 199,910 116,624 99,709 81,820 82,135 27,911 50,090 748,194 
Estimated harvest  

of Central  Valley f i s h  85,495 182,154 64,797 22,805 20,081 10,041 8,740 5,447 399,560 

Fraction of landings 0.9500 0.9112 0.5556 0.2287 0.2454 0.1222 0.3131 0.1087 
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Appendix A-6 (continued). 

% CV f i s h  Mont. SamFran Ft  Bragg 
with tags  

Eureka S .Ore C. Ore. N .Ore .  Totals 

1982 
#Sac Tags 2.19 2,840 5,438 2,776 
Landings 136,678 281,761 177,155 
Estimated harvest 

of Central Valley f i s h  129,844 248,311 126,758 

Fraction of landings 0.9500 0.8813 0.7155 

1983 
#Sac Tags 3.39 3,322 2,465 980 
Landings 103,200 75,000 55,900 
Estimated harvest 

of Central Valley f i s h  98,040 72,757 28,926 

Fraction of landings 0.9500 0.9701 0.5175 

#Sac Tags 2.86 1,469 2,885 487 
Landings 54,000 167,700 49,800 
Estimated harvest 

of Central Valley f i s h  51,300 100,874 17,028 

Fraction of landings 0.9500 0.6015 0.3419 

1985 
#Sac Tags 1.19 403 2,693 1,143 
Landings 35,600 170,400 149,600 
Estimated harvest 1 

of Central Valley f i s h  33,820 170,400 96,050 

Fraction of landings 0.9500 1.0000 0.6420 

1986 
#Sac Tags 2.45 4,107 3,592 1,361 
Landings 176,600 290,000 254,800 
Estimated harvest 

of Central Valley f i s h  167,770 146,612 55,551 

Fraction of landings 0.9500 0.5056 0.2180 0.1722 0.2174 0.1136 0.1876 0.2230 
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Appendix A-6 (continued). 

% CV f i s h  Mont. SanFran Ft  Bragg Eureka C.City S.Ore C. Ore. N.Ore .  Totals 
with tags  

Combined Contribution 
1977-1986 by port:  0.9500 0.7957 0.4956 0.1609 0.1912 0.1071 0.1828 0.1636 

Summary of ocean comer ica l  catch of chinook salmon from Central Valley 

Year 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

CENTRRZl VALLEY STOCKS 
California Landings 
So. Coast No. Coast Cal i fornia  Total 

Number (%) Number (%) Number (%) 
229891 87.13% 86173 25.62% 316064 52.66% 
238162 81.94% 82283 24.66% 320445 51.32% 
214539 91.63% 147020 29.84% 361559 49.75% 
254342 86.42% 108756 36.95% 363098 61.68% 
267649 92.32% 107683 36.12% 375332 63.83% 
378155 90.37% 163653 47.20% 541807 70.81% 
170797 95.85% 44835 38.72% 215631 73.34% 
152174 68.64% 25699 32.86% 177873 59.31% 
204220 99.14% 96050 62.25% 300270 83.34% 
314382 67.38% 67388 21.12% 381770 48.59% 

Oregon Landings 
Number (%) 

50724 14.92% 
15443 8.06% 
22475 9.19% 
20920 10.02% 
24228 15.13% 
30639 13.26% 
17710 22.24% 
21189 32.90% 
56471 26.62% 
67388 16.80% 

1979-1986 Combined: 84.65% 33.6% 59.54% 15.3% 

Oregon landings of Central Valley f i s h  a s  
a percentage of t o t a l  California landings of Central Valley f i sh .  

Year 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Percent 
16.049 
4.819 
6.216 
5.762 
6.455 
5.655 
8.213 
11.912 
18.807 
17.651 

1977-1986 Combined: 9.756 

CALIFORNIA AND OREGON LANDINGS 
California Oregon 

S. Coast N. Coast CA Total 

1 Number estimated on bas i s  of CWT recoveries is greater  than t o t a l  catch i n  por t  area. For purpose of t h i s  

analysis number set equal t o  e n t i r e  catch i n  por t  area.  
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Appendix A-7 (continued). 

% CV f i s h  Mont. SanFran F t  Bragg Eureka C.City S.Ore C. Ore. N.Ore.  Totals 
with t ags  

1982 
#Sac Tags 1.08 40 944 34 42 53 43 14 44 
Landings 3,900 124,400 2,800 7,100 6,200 15500 10100 13100 183,100 
Estimated Harvest 

of Central  Valley f i s h  3705 87407 3 148 3889 4907 3981 1296 4074 112,409 

Fraction of landings 95.0% 70.3% 100.0% 54.8% 79.2% 25.7% 12.8% 31.1% 

Overall Contribution 1977-1982: 95.00% 63.45% 45.29% 41.48% 38.65% 19.34% 13.97% 9.42% 

Sumnary of ocean recreat ional  catch of chinook salmon from Central  Valley 

CENTRAL VALLEY STOCKS CALIFORNIA RND OREGON LANDINGS 
Cal i fornia  Landings Cal i fornia  Oregon 

Year So Coast No Coast Cal i fornia  Total  Oregon Landings So Coast No Coast CA Total 

0 
Number (%) Number (%) Number (%)  Number ( % I  

0 1977 64,639 84.39% 10,568 39.14% 75,207 72.59% 10,114 16.53% 76,600 27,000 103,600 61,200 
1978 46,651 71.44% 2,963 44.22% 49,614 68.91% 1,235 5.39% 65,300 6,700 72,000 22,900 
1979 66,884 61.70% 1,324 9.60% 68,208 55.82% 274 1.32% 108,400 13,800 122,200 20,800 
1980 33,069 43.40% 1,079 13.66% 34,148 40.60% 892 4.70% 76,200 7,900 84,100 19,000 
1981 38,901 53.66% 5,847 59.66% 44,748 54.37% 3,989 13.66% 72,500 9,800 82,300 29,200 
1982 91,112 71.02% 11,944 74.19% 103,057 71.37% 9,352 24.16% 128,300 16,100 144,400 38,700 

1977-1982 Combined 64.72% 41.48% 61.61% 13.48% 

Oregon landings of Central Valley f i s h  a s  a percentage 
o f  t o t a l  Cal i fornia  landings of Central  Valley f i s h  
Year Percent 
1977 13.45% 
1978 2.49% 
1979 0.40% 
1980 2.61% 
1981 8.91% 
1982 9.07% 

1977-1982 Combined 6.90% 
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