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The f i s h e r y  f o r  the P a c i f i c  s a r d i n e ,  S a r -  
dinops c a e r u l e u s ,  was,  d u r i n g  the  1930s  and 
c.arly 1 !140s, the l a r g e s t  i n  the w e s t e r n  h e m i -  
s p h e r e ;  i t  produced near ly  25% of all f i s h  
caught in  the United S t a t e s .  

R e s e a r c h  on t h i s  r e s o u r c e  had been  going 
v n  for about 2 5  y e a r s ,  when its dec l ine  i n  t h e  
1940s t r i g g e r e d  the m o s t  in tens ive  f i s h e r y  
s tudy e v e r  m o u n t e d i n t h e  wor ld- - the  C a l i f o r -  
n ia  Coopera t ive  Oceanic  F i s h e r i e s  Inve s t iga  - 
t i o n s  (CalCOFI) .  Dur ing  the decade  1951-60, 
s u r v e y s  w e r e  c a r r i e d  out e a c h y e a r  a l m o s t  on 
a monthly b a s i s .  T h e i r  d a t a  have  b e e n u s e d  as 
a b a s e  f o r  a n a l y s i s  of 'the s a r d i n e  and o t h e r  
pe lag ic  r e s o u r c e s  i n  the  Cal i forn ia  C u r r e n t  
reg ion .  For t h i s  s e r i e s  of r e p o r t s ,  the  d a t a  
have b e e n u s e d  t o  s u m m a r i z e  t r e n d s  i n  d e n s i -  
t i e s  of spawning populat ions by s e a s o n  and 
geography off the  c o a s t s  of Cal i forn ia  and 
B a j a  Cal i forn ia  ( K r a m e r  and Smith,  1970a, 
b, c ,  d, 1971a, b) .  The  a g e n c i e s  of the  
CalCOFI,  t h e i r  a r e a  of s u r v e y ,  and the  m e t h -  
ods  of t r e a t i n g  the  d a t a  w e r e  d e s c r i b e d  i n  
our f i r s t  r e p o r t .  

One r e a s o n  given f o r  the  dec l ine  of the  
s a r d i n e  w a s  the in tens ive  f ishing p r e s s u r e  
brought  on by the  prof i tab le  reduct ion  of 
w h o l e f i s h t o m e a l  and oi l ;  f r o m  1936 through 
1945, tonnage f o r  reduct ion  exceeded  tonnage 
for  canning.  Landings r e a c h e d  a high of 
791,000 t o n s  i n t h e  1936-37 s e a s o n  and,  f r o m  
1937-38 through 1944-45, f luctuated f r o m  
493,000 to68@,000 tons ,  The  n o r t h e r n f i s h e r y  
off Canada,  Washington, and Oregon  w a s  one 
of p r e s s u r e  on o l d e r  f i sh  tha t  m i g r a t e d  f r o m  
t h e  subpopulat ions off Cal i forn ia .  The  n o r t h -  
e r n  f i s h e r y  co l lapsed  as in tens ive  f i sh ing  off 
Cal i forn ia  reduced  the a g e  s t r u c t u r e s  of t h e  
s a r d i n e p o p u l a t i o n s  on tha t  c o a s t .  In a popu- 
la t ion  biology s tudy of t h i s  s p e c i e s ,  Murphy 

s a i d  in1966 tha t  the pre-1949 population had 
a m a x i m u m s u s t a i n a b l e  yield of 471,000 tons 
a t  a spawning populat ion of 1 mi l l ion  tons .  

A s  r e p o r t e d  by t h e  Cal i forn ia  D e p a r t m e n t  
of F i s h  and Game  ( F r e y ,  197 1 ), s a r d i n e  num- 
b e r s  i n t h e  var iab le  envi ronment  of the  C a l i -  
f o r n i a  C u r r e n t  reg ion  w e r e  dependent  on a n  
a g e  s t r u c t u r e  which contained s e v e n  or eight  
s ignif icant  reproduct ive  c l a s s e s .  The inten-  
s i v e  f i s h e r y  lowered  s a r d i n e  l i fe  expectancy 
so tha t  t h e  populat ion began  t o  a p p r o a c h  
s ingle  - c l a s s  reproduct ion .  Thus ,  with i t s  
inherent  r e s i l i e n c y  s t r i p p e d  away, the  n o r t h -  
e r n  subpopulat ion (off c e n t r a l  Cal i forn ia)  
co l lapsed  following t w o  highly u n s u c c e s s f u l  
spawnings i n  1949 and 1950. 

In our r e p o r t  on the n o r t h e r n  anchovy 
( K r a m e r  and Smith,  1971a) ,  we d i s c u s s e d  
br ie f ly  two o ther  poss ib le  r e a s o n s  for the  
f a i l u r e  of the  s a r d i n e  t o  r e c o v e r  i t s  f o r m e r  
abundance.  One w a s  t h e  tak ing  over  3f the  
s a r d i n e ' s  eco logica l  niche by the  anchovy;  
the  o t h e r  w a s  t h e  poss ib i l i ty  of n a t u r a l  f luct  - 
u a t i o n w h e r e i n t h e  t w o s p e c i e s  m a y  have been  
independent  of one another  i n d i f f e r e n t  p e r i o d s  
o v e r  the l a s t  2,000 y e a r s  (Soutar ,  1967; Soutar  
and I s a a c s ,  1969). 

Seasonal  and Geographic  Dis t r ibu t ions  

At one t i m e  the  s a r d i n e  ranged  f r o m  south-  
e r n  Alaska  t o  the  Gulf of Cal i forn ia .  Tagging  
s t u d i e s  ( C l a r k ,  1945) conducted by Canada  and 
the  S t a t e s  of Washington, Oregon,  and C a l i f o r -  
n i a  (Cal i forn ia  a l s o t a g g e d  s a r d i n e s  off c e n t r a l  
Baja  Cal i forn ia)  indicated t h a t  t h e  f i s h  moved  
f r o m  e v e r y  reg ion  t o  all of the  o t h e r s .  R e -  
tu rns  from those  tagged on Baja  Cal i forn ia  
showed m i g r a t i o n  nor thward  only as far as 
s o u t h e r n  and c e n t r a l  Cal i forn ia .  
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Attempts t o  d i f fe ren t ia te  subpopulat ions 
have beenmade  on the  b a s i s  of 1 )  d i f f e rences  
in v e r t e b r a l  counts  (Clark ,  1947; McHugh, 
1950)--indicating heterogenei ty  but not n e c e s -  
s a r i l y  s ignif icant  different ia t ion;  2 )  differ  - 
c n c e s  i n  t e m p o r a l  and a r e a l  s p a w n i n g  
(Ah l s t rom,  1960)-- indicat ing fa i r ly  d is t inc t  
subpopulations,  "norther;:' off Cal i fornia  and 
n o r t h e r n B a j a  Cal i fornia ,  southern ' '  off c e n -  
t r a l  Ba jaCa l i fo rn ia ,  and "gulf" in  the Gulf of 
Cal i fornia .  ( T h e s e  d i f f e r e n c e s  c a n  be s e e n  
in  a 1970 a t l a s  by K r a m e r  which depic t s  the 
re la t ive  abundance of s a r d i n e  e g g s  and l a r v a e  
col lected on e v e r y  s u r v e y  by the CalCOFI  
f r o m  1951 through 1966);  and 3) d i f f e rences  
in  blood s y s t e m s  (Sprague and Vrooman,  
1962; Vrooman, 1964) which subs t an t i a t ed  
those  subpopulat ions of A h l s t r o m ' s  ana lyses .  
The s e r o 1 o g i c a 1 s t u d i e s  f u r t h e r  demon-  
s t r a t e d  the m o v e  m e  n t  s evidenced by the 
tagging s tudies .  T h e s e  showed n o r t h e r n  and 
s o u t h e r n  subpopulat ions moving  no r thward  in  
s p r i n g  and s u m m e r ,  and south in  fa l l  and 
winter .  

S u m m a r i z e d d a t a f o r  1951 -60, u sed  t o p r e -  
dict  the t i m e s  and loca t ions  of adult  s a r d i n e  
spawning, a r e  shownin  F i g u r e s  1 and 2 .  The 
r e l a t i v e  d i s t r i b u t i o n s  of a l l  eggs  and l a r v a e  
col lected by the Ca lCOFI  f o r  a l l c r u i s e s  f r o m  
1951 through 1966 w e r e  depicted i n  a n  a t l a s  
by K r a m e r  (1970) .  As  f o r  the a n c h o v y  
(Kramer and Smith,  1971a),  the  s u m m a r i z e d  
da ta  on e g g s  and l a r v a e  a r e  used  t o  depict  
the o c c u r r e n c e s  f o r  J a n u a r y  through July and 
f o r  Oc tobe r .  The  d is t r ibu t ions  f o r  5 - m m  
l a r v a e  only a r e  used  because  they a r e  m o s t  
abundant i n  plankton hauls .  

Eggs  and l a r v a e  show only s l ight  d i f fe r -  
e n c e s  in  extent  of t h e i r  d i s t r ibu t ions  i n  e a c h  
of the  s a m e  m o n t h s f o r  which they a r e  i l l u s -  
t r a t e d .  The  lack of s i m i l a r l y  shaded a r e a s ,  
f o r  l a r v a e  as f o r  eggs,  20% or m o r e  o c c u r -  
r e n c e s  i n  plankton hauls ,  is a t t r ibu ted  t o  the 
e scapemen t ,  not absence ,  of s m a l l  l a r v a e  
th rough  t h e  m e s h e s  of the s t a n d a r d  1 - m  
CalCOFI  net ( p e r s o n a l  c o m  m u  n i c a t  i o n ,  
Wi l l iam H. L e n a r z ,  NMFS, L a  Jo l la ,  Ca l i fo r -  
n ia ) .  The  m a j o r  c e n t e r s  of spawning  ( shaded  
a r e a s )  a r e  evident  f i r s t  i n  J a n u a r y  in  s m a l l  
a r e a s  off c e n t r a l  Ba ja  Ca l i fo rn ia  and s o u t h e r n  
Cal i forn ia .  T h e s e  a r e  the n o r t h e r n a n d  sou th -  
e r n  subpopulat ions d e s c r i b e d  above.  With the  
p a s s a g e  of t ime,  the s o u t h e r n  g roup  s p r e a d s  
no r thward  and s e a w a r d ;  then,  i n  May and 
June,  it i n t e r m i x e s  with the n o r t h e r n  group,  
which s p r e a d s  somewhat  sou thward .  In July,  
the two g r o u p s  a r e  s e p a r a t e  aga in  and, in  

October ,  heavy spawning o c c u r s  only off c e n -  
t r a l  Baja  Cal i forn ia .  T h i s  i s  the  o f f - season  
spawninggroupdesc r ibed  by Ah l s t rom (1960, 
p. 420), which he defined a s  the s o u t h e r n  
subpopulation. 

The  F i s h e r y  

The  Cal i fornia  Depar tment  of F i s h  and 
Game, in  i t s  r e p o r t  on the S t a t e ' s  l iving m a -  
r i n e  r e s o u r c e s  ( F r e y ,  1971),  concluded i t s  
h i s to ry  of the s a r d i n e  f i shery :  " P r i o r  t o  
1967, management  of the s a r d i n e  r e s o u r c e  
i n  Ca l i fo rn ia  a l m o s t  e n t i r e l y  was  l imi t ed  t o  
(1)  c o n t r o l  of tonnage of whole f i sh  used  f o r  
reduct ion,  (2)  c a s e  pack r e q u i r e m e n t s  ( s e t  
number  of c a s e s  of canned f i sh  p e r  ton of 
whole f i sh) ,  and (3)  r e s t r i c t i o n  of the f ishing 
s e a s o n  t o  the t i m e  of y e a r  when f i sh  were  
m o s t  avai lable  and in  p r i m e  condition f o r  
p r o c e s s i n g .  A m o r a t o r i u m  on s a r d i n e  f i s h -  
ing in  Ca l i fo rn ia  w a s  in  effect  d u r i n g  the 
1967-68 and 1968-69 s e a s o n s .  The  m o r a -  
t o r i u m  l imi t ed  the  quantity of s a r d i n e s  which 
could be taken incidental ly  with o the r  f i s h  t o  
15% by weight of a mixed  load.  Cal i fornia  
l a n d i n g s f o r t h e  1967-68 s e a s o n  w e r e  71  tons,  
while 52 t o n s  w e r e  landed du r ing  the 1968-69 
s e a s o n .  

"An e x t r e m e l y  lucra t ive  bai t  m a r k e t  f o r  
s a r d i n e s  h a s  developed in  the San F r a n c i s c o  
Bay a r e a  in  r e c e n t  y e a r s .  S a r d i n e s  landed 
i n  Ca l i fo rn ia  f o r  t h i s  m a r k e t  b r i n g  the f i s h -  
e r m e n  $400 t o  $500 per ton. During1968,  
t h e r e  w e r e  323 tons of s a r d i n e s  impor t ed  
f r o m M e x i c o f o r  u se  as bai t .  A b i l l  (AB 564) 
enacted by the Ca l i fo rn ia  L e g i s l a t u r e  in  1968 
p e r m i t t e d  the taking of 250 t o n s  annually f o r  
bai t .  At p r e s e n t ,  the  San F ranc i sco -De l t a  
bai t  m a r k e t  a p p e a r s  t o  be the m o s t  s ignif i -  
can t  economic  f a c t o r  r e s p o n s i b l e  f o r  con-  
t inued f ishing m o r t a l i t y  of the Ca l i fo rn ia  
s a r d i n e  resource . ' '  

In i t s  f ina l  d i s c u s s i o n  on the pelagic  wet-  
f i s h  ( p a c k e d  i n a l ' w e t ' '  c o n d i t i o n ,  t hen  
cooked--hence  w e t  f i s h),  the Depar tmen t  
s t a t e d :  

"Landings  of pelagic  wetf ish have been  
s izable  i n  the p a s t  but have decl ined i n  m o r e  
r e c e n t  y e a r s .  T h i s  decl ine i s  due t o  s e v e r a l  
f a c t o r s :  (1) the decl ine of s a r d i n e  and Pa- 
c i f ic  m a c k e r e l  s t o c k s ;  (2 )  prohibi t ing the  
f i sh ing  indus t ry  f r o m  h a r v e s t i n g  abundant 
anchovy s t o c k s  a t  a leve l  indicated r e a s o n -  
ab le  by sc ien t i f ic  evidence;  and ( 3 )  f a i l u r e  of 
the  f i s h i n g  indus t ry  t o  h a r v e s t  g r e a t e r  
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quant i t ies  of jack m a c k e r e l  and squid.  In 1968, 
pelagic  wetf ish r e s o u r c e s  ( including squid)  
suppor t ed  a ca t ch  of approx ima te ly  11 5 m i l -  
l ion pounds valued a t  ove r  $3. l mi l l i on  t o the  
f i s h e r m e n .  

"A number  of i n t e r r e l a t i o n s h i p s  e x i s t s  in  
the wetf ish f i shery .  Since the s a m e  bas i c  
f leet  h a r v e s t s  different  wetf ish s p e c i e s ,  e c o -  
nomic f a c t o r s ,  changing abundance and v a r i a -  
t ion in  loca l  avai labi l i ty ,  and f ishing r e s t r i c -  
t ions  on one s p e c i e s  may affect the f ishing 
p r e s s u r e  placed upon o t h e r s  in  the group.  
The n o r t h e r n  anchovy is the s a r d i n e ' s  p r i n -  
c ipa l  compe t i to r  for  food and occup ies  the 

s a m e  g e n e r a l  geographic  r a n g e .  The i n c r e a s e  
of the anchovy population s i z e  followed c lose ly  
the decl ine of s a r d i n e  s t o c k s .  T h i s  ind ica tes  
the  possibi l i ty  of i n c r e a s i n g  s a r d i n e  s t o c k s  
by i n c r e a s i n g  f ishing p r e s s u r e s  on anchov ies  
and e l imina t ing  them on s a r d i n e s .  An e x p e r i -  
m e n t a l  f i s h e r y  t o  d o  t h i s  h a s  b e e n  proposed,  
but only h a s  been  i n i t i a t e d  on a p a r t i a l  
b a s i s  because  of p o l  i t  i c a 1 and sociolog-  
i c a l  r e a s o n s . "  

The  e x p e r i m e n t a l  anchovy f i s h e r y  w a s  a 
r ecommenda t ion  f o r  200,000 tons,  d i s c u s s e d  
br ie f ly  by u s  ( K r a m e r  and Smith,  1971a) and 
detai led by M e s s e r s m i t h  (1969). 
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