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Resumen 

Los stocks de peces peljgicos costeros de California mucstran una varie- 
dad de patrones de fluctuaci6n. Los stochs de sardinas del Pac;fico se redu- 
jeron drasticamente por la escesiva presion de pesca, y su recupc’raci6n ha 
sido lenta. AlgGn tiempo despuGs d e  la reduceion de la sardina. la anchoveta 
aumento, alcanzando aparenteinente una abundancia de equilibrio a mediados de 
10s anos 1960. 
reduccion de anchoveta, y el stock est; ahora plenamente explotado. El stock 
de caballa fue reducido a mediados de 10s  anos 1960. Pero ahora se ha ido 
rehabilitando debido a un reclutamiento favorable y a una explotacion estric- 
tamente controlada, y en estos momentos sostienen una pesqueria saludable. 
E l  jurel es un recurso grand‘, y practicamente no explotado a exception de una 
pequena pesqueria en las areas de cr;a frente a la parte sur de California. 
El bonito del Pac;fico es un3 poblacion marginal que recientemente se ha esta- 
blecido en las aguas  a1 sur de California y su permanencia es cuestionable. 
El recurso de barracuda de California tambiGn est; reducido, pero l a  composi- 
cion por edades est; respondiendo favorablemente a una limitation del tamano 
m~nimc, de pesca. 
r c c u r b o  es t ;  posiblemente sobreexplotado. 

Tanto California como blgxico han desarrollado pesquer;as de 

E l  estado del robalo blanco de iliar es poco claro, pero ~ * l  

La variabilidad de 10s recursos de peces pueden generarse por muchas 
cai isas .  Las fluctuaciones del reclutamiento son partTcularmente importantes 
para especies de vida corta. El reemplazamiento de especies parece ocurrir, 
pero es favorecido o ocurre a travfs de cambios ambientales. 
asunciones estandar, 10s cambios en la tasa de mortalidad natural pueden ser 
una causa importante de las fluctuaciones en abundancia. 

Contrario a las 



- 103 - 

I I ITRODUCTI  O N  

T h i s  paper i s  d i v i d e d  i n t o  two s e c t i o n s :  t h e  f i r s t  rev iews  h i s t o r i c a l  f l u c t u a t i o n s  
i n  abundance o f  seve ra l  p e l a g i c  f i s h e s  and l a r g e r  p r e d a t o r y  f i s h e s  o f f  C a l i f o r n i a .  
second s e c t i o n  examines a s s o r t e d  p i e c e s  p z  ev idence  r e l a t i n g  t o  mechanisms caus ing  those  
f l u c t u a t i o n s .  

The 

HISTORICAL R E V 1  E N S  

P e l a g i c  f i s h e s  

Cal i f o r n i a  Sard ine  : ~ a ~ ~ ~ i ~ ~ ~ p c  s ~ g , r s  i:at?rn<;,c*r 

P o p u l a t i o n  ana lyses  by Murphy (1966)  and MacCal l  (1979)  document t h e  h i s t o r y  o f  t h e  
P a c i f i c  s a r d i n e  s t o c k  ( h e r e  termed t h e  C a l i f o r n i a  s a r d i n e  t o  a v o i d  c o n f u s i o n ) .  
p l o t t e d  on a l o g a r i t h m i c  s c a l e  ( F i g u r e  l ) ,  t h e  d e c l i n e  i n  abundance appears as a coheren t  
t r e n d  e x t e n d i n g  o v e r  t h e  e n t i r e  t h i r t y  y e a r s  o f  t h e  h i s t o r i c a l  f i s h e r y .  
d i s c o n t i n u i t i e s  wh ich  c o u l d  be i n t e r p r e t e d  as adverse  env i ronmen ta l  changes. Ra the r ,  t h e  
s u s t a i n e d  r a t e  o f  d e c l i n e  (ave rage  ins tan taneous  r a t e  o f  i n c r e a s e  i s  a p p r o x i m a t e l y  
- 0 . 2 / y r )  suggests  t h a t  t h e  f i s h e r y  c o n s i s t e n t l y  exceeded s u s t a i n a b l e  y i e l d s  b y  abou t  
18 p e r c e n t .  .. 

When 

There a r e  no 
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F i g u r e  1 .  Time s e r i e s  of s a r d i n e  (age 2+) and anchovy spawning biomass 
( l o g  s c a l e )  o f f  C a l i f o r n i a  and n o r t h e r n  Ba ja  C a l i f o r n i a .  
" A "  denotes approx ima te  anchovy spawning biomass i n  1940-41 
( i n t e r p r e t e d  f r o m  Smi th  1972) .  

E x p l o i t a t i o n  c o n t i n u e d  u n t i l  1970, when a mora to r ium on s a r d i n e  l a n d i n g s  was enac ted  
by  t h e  S t a t e  o f  C a l i f o r n i a .  
u n d e t e c t a b l e  l e v e l s ,  and showed no s i g n s  o f  r e c o v e r y  u n t i l  1980, when s a r d i n e s  became 
i n c r e a s i n g l y  f r e q u e n t  as i n c i d e n t a l  ca tches  i n  l a n d i n g s  o f  o t h e r  p e l a g i c  f i s h e s .  
Abundance has i nc reased  n o t i c e a b l y  as o f  1982. 
s a r d i n e s  i n  14 m idwa te r  t r a w l  tows, whereas s a r d i n e s  had o c c u r r e d  i n  o n l y  t h r e e  o t h e r  
tows i n  t h e  e n t i r e  p r e v i o u s  20 y e a r s  o f  surveys  (Mais 1982) .  A sma l l  f i s h e r y  w i l l  be 
a l l o w e d  when t h e  s t o c k  reaches  a biomass o f  20,000 t o n s ,  wh ich  i s  a p o s s i b i l i t y  i n  t h e  
near  f u t u r e .  

D u r i n g  t h e  f o l l o w i n g  decade t h e  r e s o u r c e  remained a t  n e a r l y  

A 1982 p e l a g i c  f i s h  su rvey  c a p t u r e d  

N o r t h e r n  Anchovy Engradis  m r d m  

r e c e n t  development of  an  "egg p r o d u c t i o n  method" o f  b iomass e s t i m a t i o n  ( see  Parke r  1980, 
P i c q u e l l e  and H e w i t t  1983 i n  p r e s s ) .  

Unders tand ing  o f  n o r t h e r n  anchovy p o p u l a t i o n  f l u c t u a t i o n s  has been r e v o l u t i o n i z e d  by  

P rev ious  p o p u l a t i o n  e s t i m a t e s  based on l a r v a  
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abundance have been i n s e n s i t i v e  t o  changes i n  t r u e  p o p u l a t i o n  abundance because egg and 
l a r v a l  m o r t a l i t y  r a t e s  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  i n i t i a l  egg p r o d u c t i o n  ( H e w i t t  
1982),  and hence a d u l t  abundance. S ince  1980 anchovy abundance e s t i m a t e d ( o v e r  t h e  range 
o f  t h e  s t o c k  by  an  i c h t h y o p l a n k t o n  su rvey )  by t h e  d a i l y  f e c u n d i t y  p e r  gram o f  a d u l t  f i s h  
( e s t i m a t e d  by h i s t o l o g i c a l  examina t ion  of o v a r i e s  f rom a d u l t  f i s h ,  see Hunter  and Goldberg 
1980) .  The r e s u l t i n g  egg p r o d u c t i o n  biomass e s t i m a t e s  have been lower  t h a n  s imu l taneous 
e s t i m a t e s  of l a r v a  census biomass. T'ie d i f f e r e n c e  i s  due p r o b a b l y  t o  an er roneous p r i o r  
assumpt ion  concern ing  r e l a t i v e  spawning f r e q u e n c i e s  o f  anchov ies  and s a r d i n e s .  t ihereas 
t h e  two spec ies  o f f  C a l i f o r n i a  were assumed t o  spawn w i t h  equal  f requency  (Smi th  1972) ,  
r e c e n t  egg p r o d u c t i o n  method surveys  i n  Peru i n d i c a t e  t h a t  t h e  anchoveta i . ~ g r ~ ; ( 7 , i ~  ~ i n g c , ~ , ~  
spawns more f r e q u e n t l y  t h a n  does t h e  s a r d i n e ,  C o r d i m p s  soocs ( J .  A l h e i t ,  PROCOPA, c / o  
I M A R P E ,  C a l l a o ,  Peru,  persona l  communica t ion) .  

By e x t r a p o l a t i n g  egg and l a r v a  abundance-at-age back t o  t h e  t i m e  o f  spawning, Lo 
(Southwest  F i s h e r i e s  Center ,  La J o l l a ,  C a l i f o r n i a ,  m a n u s c r i p t  i n  p r e p a r a t i o n )  has 
c a l c u l a t e d  an  i n d e x  of  h i s t o r i c  egg p r o d u c t i o n .  
and Me tho t  (1982)  t o  produce a t i m e  s e r i e s  o f  es t ima ted  anchovy spawning biomasses f rom 
1954 t o  1982 ( F i g u r e  1 ) .  
i nc reased ,  r e a c h i n g  an  e r r a t i c  e q u i l i b r i u m  b e g i n n i n g  about  1964. 
abundance lagged  t h e  s a r d i n e  d e c l i n e ,  and d i d  n o t  occu r  u n t i l  s a r d i n e  abundance 
dropped t o  o n e - t e n t h  o f  i t s  peak v a l u e .  Whereas p r e v i o u s  ana lyses  i n d i c a t e d  a neak 
anchovy abundance o f  f o u r  t o  f i v e  m i l l i o n  mtvns i n  1964-66 (MacCal l  1980) ,  t h e  new t i m e  
s e r i e s  shows peak biomasses o f  abou t  two m i l l i o n  mtons t o  have o c c u r r e d  a decade l a t e r .  
T e n t a t i v e  biomass e s t i m a t e s  f o r  1940-41 have been added t o  t h e  t i m e  s e r i e s ,  based on 
S m i t h ' s  (1972)  l a r v a  census e s t i m a t e s  wh ich  a r e  v e r y  s i m i l a r  t o  l a r v a  censuses f o r  1957-58 
( F i g u r e  1 ) .  

expanded i n  t h e  m id -1970 's .  T o t a l  annual  h a r v e s t s  i n  1980 and 1981 were about  300,000 
mtons, v e r y  near  t h e  e s t i m a t e d  MSY.  Thus, t h e  n o r t h e r n  anchovy i s  " f u l l y  u t i l i z e d "  by  
common f i s h e r y  s tandards .  Rec ru i tmen t  has been h i g h l y  v a r i a b l e  s i n c e  1974, and has been 
d e c l i n i n g  s i n c e  1978. Un less  r e c r u i t m e n t  improves ,  t h e  anchovy r e s o u r c e  i s  l i k e l y  t o  
c o n t i n u e  t o  d e c l i n e  i n  abundance, g i v e n  t h e  c u r r e n t  r a t e  o f  e x p l o i t a t i o n .  

P a c i f i c  Mackere l  Scoxber j c p o n i c x  

T h i s  i ndex  was ana lyzed  by MacCal l  (1982)  

From v e r y  low abundance i n  t h e  e a r l y  1950 's ,  anchovy abundance 
The i n c r e a s e  i n  anchovy 

A r e d u c t i o n  f i s h e r y  was i n i t i a t e d  i n  C a l i f o r n i a  i n  1966, and a Mex ican f i s h e r y  

H i s t o r i c a l  abundance o f  P a c i f i c  mackere l  has been c a l c u l a t e d  by P a r r i s h  and MacCal l  
(1978) .  Due t o  a s t r i n g  o f  v e r y  s t r o n g  y e a r  c lasses ,  abundance i n  t h e  1 9 3 0 ' s  p r o b a b l y  
exceeded average v i r g i n  s t o c k  l e v e l s  ( F i g u r e  2; t h e  f i s h e r y  began about  1928) .  Over t h e  
f o l l o w i n g  y e a r s  spawning success ( r e c r u i t s  p e r  spawner) v a r i e d  w i t h  a d i s t i n c t  s i x -  t o  
seven-year c y c l e  wh ich  ended w i t h  c o l l a p s e  o f  t h e  resource  abou t  1965. A mora to r ium on 
P a c i f i c  mackere l  ca tches  was enac ted  by  t h e  S t a t e  o f  C a l i f o r n i a  i n  1970, and i n  1972 t h e  
mora to r ium was supplemented by a f o rmu la  f o r  f u t u r e  h a r v e s t s  based on e s t i m a t e d  s t o c k  
abundance . 

Subsequent r e c o v e r y  o f  t h e  r e s o u r c e  i s  documented by  a s e r i e s  of annua l  r e p o r t s  t o  
t h e  C a l i f o r n i a  l e g i s l a t u r e  ( R i c h a r d  K l i n g b e i l ,  C a l i f o r n i a  Department o f  F i s h  and Game, 
Long Beach, C a l i f o r n i a ,  unpub l i shed  r e p o r t s ) .  Gur ing  t h e  1 9 7 0 ' s  r e l a t i v e l y  s t r o n g  
r e c r u i t m e n t s  o c c u r r e d  i n  even y e a r s  (1972, 1974, 1976, 1978) ,  showing a v e r y  d i f f e r e n t  
p a t t e r n  o f  spawning successes thar! had o c c u r r e d  p r e v i o u s l y .  The 1976 yea r  c l a s  was 
s u f f i c i e n t  t o  a l l o w  open ing  o f  a sma l l  f i s h e r y  i n  1977-78. The subsequent 1978 year  
c l a s s  i s  p r o b a b l y  t h e  l a r g e s t  i n  t h e  documented h i s t o r y  o f  t h e  f i s h e r y ,  and has suppor ted  
i nc reased  h a r v e s t s .  
( F i g u r e  2), and p r o s p e c t s  a r e  good t h a t  t h e  f i s h e r y  w i l l  c o n t i n u e  i n d e f i n i t e l y  
l e v e l s )  under  t h e  p r e s e n t  program o f  management. 

Jack Mackere l  Trocizuru.s sy,metricus 

The f i s h e r y  and r e s o u r c e  a r e  now a t  h i s t o r i c a l l y  h i g h  l e v e  s 
a t  v a r y i n g  

No s u b s t a n t i a l  f i s h e r y  has deve loped f o r  j a c k  mackerel  i n  C a l i f o r n i a  o r  Mex ico .  A 
sma l l  f i s h e r y  f o r  young f i s h  ( l e s s  t h a n  age s i x )  o f f  sou the rn  C a l i f o r n i a  has e x i s t e d  s i n c e  
1950, b u t  t h e  i n d u s t r y  has had d i f f i c u l t y  m a r k e t i n g  t h e  p r o d u c t .  Much of t h e  biomass 
c o n s i s t s  o f  l a r g e  a d u l t s  i n  ocean ic  wa te rs  r a n g i n g  f rom s o u r t h e r n  Ba ja  C a l i f o r n i a  t o  t h e  
A l e u t i a n  I s l a n d s ,  and as much as 1500 km o f f sho re .  
( F i t c h  1956),  and s t o c k  s i z e  may be around two m i l l i o n  mtons (MacCal l  and S t a u f f e r  1983 i n  
p r e s s ) .  

These f i s h  may exceed 30 y e a r s  o f  age 
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F i q i i r e  2 

and 
Pa c 
o f  

Time s e r i e s  o f  P d c i f i c  mackere l  t o t a l  hiomdss (aqe  1 + )  
P a c i f i c  b o n i t o  c a t c h - p e r - e f f o r t .  " A "  denotes b e q i n n i n q  
f i c  mackere l  f i s h i n q  mora to r ium,  and " B "  denotes re-oDeninq 
he f i s h e r y .  
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N e a r l y  a l l  t h e  spawning occu rs  i n  ocean ic  wa te rs  f a r  f r o m  shore;  however, subsequent 
young-o f - the -yea r  appear i n s h o r e ,  m a i n l y  o f f  sou the rn  C a l i f o r n i a .  Rec ru i tmen t  s t r e n g t h  
i s  h i g h l y  v a r i a b l e  ( F i g u r e  3 ) .  V i r t u a l  r e c r u i t m e n t  s t r e n g t h  was c a l c u l a t e d  by summing 
t h e  pe rcen tage  c o n t r i b u t i o n s  o f  each y e a r  c l a s s  t o  t h e  f i s h e r y  ove r  t h e  d u r a t i o n  o f  t h e  
c o h o r t .  S t rong  y e a r  c l a s s e s  tend  t o  be  i s o l a t e d  by seve ra l  weak y e a r  c l a s s e s ,  w i t h  a 
sugges t ion  o f  p e r i o d i c i t y .  Age compos i t i ons  f o r  more r e c e n t  ca tches  a r e  u n a v a i l a b l e ,  
b u t  t h e  1976 and 1982 y e a r  c l a s s e s  seem t o  be r e l a t i v e l y  p rominen t .  
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F i g u r e  3. V i r t u a l  yea r  c l a s s  s t r e n g t h s  o f  j a c k  mackere l  

o f f  C a l i f o r n i a  ( f r o m  MacCall and S t a u f f e r  1983) .  

LARGER COASTAL PREDATORY FISHES 

I n f o r m a t i o n  on many o f  t hese  f i s h e s  tends  t o  be l i m i t e d  t o  c a t c h  h i s t o r i e s  and 
s c a t t e r e d  b i o l o g i c a l  o b s e r v a t i o n s  w i t h  l i t t l e  c o n t i n u i t y .  Many o f  t hese  f i s h e s  a r e  
m i g r a t o r y ,  w i t h  t h e  b u l k  o f  t h e  p o p u l a t i o n s  r e s i d i n g  i n  Mexican w a t e r s .  M i g r a t i o n  
s t r e n g t h  i s  s t r o n g l y  a s s o c i a t e d  w i t h  l a r g e  s c a l e  ocean tempera tu re  anomal ies  (Radov ich  
1961),  and t h e  r e s u l t i n g  env i ronmen ta l  n o i s e  may conceal  t r e n d s  i n  s t o c k  abundance. 
These spec ies  a r e  p o p u l a r  t a r g e t s  o f  b o t h  r e c r e a t i o n a l  f i s h e r i e s  and commercial  f i s h e r i e s ,  
w i t h  ca tches  o f  r o u g h l y  equa l  magn i tude.  

P a c i f i c  B o n i t o  Sur& chiZiensis 

P a c i f i c  b o n i t o  have l o n g  been v i s i t o r s  t o  C a l i f o r n i a  wa te rs ,  w i t h  l a r g e  a d u l t s  
appear ing  o f f  sou the rn  C a l i f o r n i a  i n  t h e  l a t e  summer and f a l l .  However, an  a p p a r e n t l y  
s e l f - s u s t a i n i n g  younger  p o p u l a t i o n  seems t o  have e s t a b l i s h e d  r e s i d e n c e  i n  s o u t h e r n  
C a l i f o r n i a  wa te rs  o n l y  s i n c e  t h e  m id -1950 's  ( see  C o l l i n s  e t  a l .  1980 f o r  a comple te  
r e v i e w ) .  R e c r e a t i o n a l  a n g l e r s  c a t c h  m o s t l y  young f i s h ,  and c a t c h - p e r - a n g l e r - t r i p  i s  t h e  
b e s t  a v a i l a b l e  i ndex  o f  t h e  non-migran t  s t o c k  ( F i g u r e  2 ) .  

a t t r i b u t e d  t o  t h e  commercial  f i s h e r y  wh ich  began h a r v e s t i n g  b o n i t o  i n  1966, b u t  
s u s t a i n a b i l i t y  canno t  n e c e s s a r i l y  be  expec ted  f r o m  a r e s o u r c e  wh ich  has o n l y  r e c e n t l y  come 
i n t o  e x i s t e n c e .  The b o n i t o  s t o c k  o f f  C a l i f o r n i a  i s  a m a r g i n a l  p o p u l a t i o n  wh ich  hove rs  nea r  
t h e  edge o f  v i a b i l i t y - - o n e  h y p o t h e s i s  i s  t h a t  warm-water d i s c h a r g e s  f r o m  power g e n e r a t i n g  
s t a t i o n s  have p r o v i d e d  o v e r w i n t e r i n g  r e f u g e s  f o r  f i s h  t h a t  wou ld  n o r m a l l y  m i g r a t e  sou th  
(Robson C o l l i n s ,  C a l i f o r n i a  Department o f  F i s h  and Game, Long Beach, C a l i f o r n i a ,  pe rsona l  

Abundance has d e c l i n e d  s i n c e  t h e  e a r l y  1 9 6 0 ' s .  Some o f  t h a t  d e c l i n e  must  be 
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communica t ion) .  Faced w i t h  i n c r e a s i n g l y  i n t e n s e  e x p l o i t a t i o n  o f  p re-spawning  f i s h ,  a 
minimum s i z e  r e g u l a t i o n  was implemented i n  1Y82 i n  o r d e r  t o  p r o t e c t  f i s h  th rough  t h e i r  
f i r s t  spawning season. T h i s  management measure shou ld  h e l p  t o  m a i n t a i n  a sou the rn  
C a l i f o r n i a  b o n i t o  s t o c k  d u r i n g  those  p e r i o d s  when c o n d i t i o n s  a r e  f a v o r a b l e .  

C a l i f o r n i a  Bar racuda Spizyruem; urge. 

i m p o s i t i o n  o f  a s t r i c t  s i z e  l i m i t  i n  1972. 
r e c r e a t i o n a l  l a n d i n g s ,  b u t  s i z e  c o m p o s i t i o n  has improved s t e a d i l y  over  t h e  p a s t  decade. 
Numer ica l  abundance has shown l i t t l e  i n c r e a s e ,  b u t  t h e  imprcved spawning c a p a c i t i y  o f  t h e  
s t o c k  has improved t h e  p rospec ts  f o r  r e c o v e r y  ( S c h u l t z e  1933) .  

Wh i te  Seabass Atractoscicn n o b i l k  

Catch r a t e s  and s i z e  c o m p o s i t i o n  d e c l i n e d  s e v e r e l y  i n  t h e  1960s, l e a d i n g  t o  
T h i s  r e g u l a t i o n  caused a severe  d r o p  i n  U . S .  

R e c r e a t i o n a l  c a t c h  p e r  e f f o r t  has d e c l i n e d  s e v e r e l y  o v e r t h e  l a s t  25 y e a r s ,  b u t  
commercial  c a t c h  r a t e s  have remained r e l a t i v e l y  c o n s t a n t .  
San F ranc i sco ,  t h e  range has s t e a d i l y  c o n t r a c t e d  southwards under  e x p l o i t a t i o n  ( C o l l i n s  
1962, V o j k o v i c h  and Reed 1983) ,  i n d i c a t i n g  t h a t  p o p u l a t i o n  s i z e  may have d e c l i n e d  more 
t h a n  l o c a l  d e n s i t y  would suggest .  
1958-60 (Thomas 1968) i n d i c a t e  t h a t  t h e  f i s h i n g  m o r t a l i t y  r a t e  ( F )  c o n s i d e r a b l y  exceeded 
t h e  n a t u r a l  m o r t a l i t y  r a t e  (M). Perhaps due t o  t h e  s t r o n g  i m m i g r a t i o n  o f  w h i t e  seabass 
d u r i n g  t h e  anomalous ly  warm p e r i o d  o f  Thomas' s t u d y ,  he advocated i n c r e a s e d  f i s h i n g  
i n t e n s i t y .  However, i n  l i g h t  o f  more r e c e n t  " r u l e s - o f -  thumb" ( e . g .  A l v e r s o n  and 
Pereyra  1969, G u l l a n d  1970) ,  wh ich  suggest  t h a t  F i s  nea r  M a t  MSY, t h e  above r e l a t i o n s h i p  
g i v e s  reason  t o  suspec t  o v e r f i s h i n g .  

Once abundant as f a r  n o r t h  as 

M o r t a l i t y  r a t e  e s t i m a t e s  c a l c u l a t e d  f o r  t h e  p e r i o d  

CAUSES OF FLUCTUATIONS 

F l u c t u a t i o n s  i n  f i s h  s tocks  a r e  caused by complex i n t e r a c t i o n s  o f  f i s h e r y ,  b i o l o g i c a l ,  
and env i ronmen ta l  f a c t o r s .  The s o c i a l  and economic t r a g e d y  t h a t  accompanies f i s h e r y  
c o l l a p s e s  c a l l s  f o r  " e x p l a n a t i o n s , "  whereby peop le  a r e  eaqer  t o  l a y  blame on  t h e  
env i ronment ,  t h e  f i she rmen ,  o r  t h e  government.  
toward  s i m p l i s t i c  s i n g l e - f a c t o r  e x p l a n a t i o n s ,  and a v a i l a b l e  d a t a  o f t e n  a r e  i n s u f f i c i e n t  
t o  e x p l o r e  more c o m p l i c a t e d  hypotheses .  
" f i l t e r "  d a t a  i n  f a v o r  o f  r a t i o n a l i z a t i o n s  and p reconce ived  assumpt ions  (Gou ld  1978) .  
I suspec t  t h a t  ana lyses  o f  s t o c k  f l u c t u a t i o n s  a r e  e s p e c i a l l y  p rone t o  t h i s  p rob lem.  W i t h  
h i n d s i g h t ,  we can u s u a l l y  p r e s c r i b e  a management p o l i c y  wh ich  wou ld  have a v e r t e d  t h e  
t ragedy ;  such wisdom i s  much more d i f f i c u l t  t o  a p p l y  w i t h  f o r e s i g h t .  However, now w i t h  
t h e  c u m u l a t i v e  exper ience  o f  sco res  o f  s i m i l a r  
observed ove r  decades o f  v a r i a b i l i t y ,  f i s h e r y  management i s  emerging from unexp lo red  
t e r r i t o r y  i n t o a  r e a l m  where exper ience  p r o v i d e s  a r e l i a b l e  g u i d e .  There  w i l l  a lways  be 
r i s k  a s s o c i a t e d  w i t h  these  f l u c t u a t i o n s ;  some o f  t h a t  r i s k  can be  reduced b y  a p p r o p r i a t e  
r e s o u r c e  management, and t h e  remainder  must  be recogn ized  as an unavo idab le  c h a r a c t e r i s t i c  
of  t h e  resource .  

There  has been an u n f o r t u n a t e  tendency  

I n  a d d i t i o n ,  s c i e n t i s t s  may i n t e r p r e t  and 

f i s h e r i e s  and resources  around t h e  w o r l d ,  

The f i s h e r i e s  and oceanography o f  t h e  C a l i f o r n i a  C u r r e n t  a r e  among t h e  most t h o r o u g h l y  
s t u d i e d  i n  t h e  w o r l d .  The C a l i f o r n i a  C o o p e r a t i v e  Oceanic F i s h e r i e s  I n v e s t i g a t i o n s  
(CalCOFI) Program, e s t a b l i s h e d  o v e r  t h i r t y  y e a r s  ago as a response t o  t h e  c o l l a p s i n g  
s a r d i n e  f i s h e r y ,  has p r o v i d e d  a remarkab le  f i s h e r y - i n d e p e n d e n t  d a t a  base o f  p h y s i c a l  and 
b i o l o g i c a l  o b s e r v a t i o n s .  T h i s  l o c a l  knowledge i s  supplemented b y  exper ience  i n  s e v e r a l  
ana logous e a s t e r n  boundary c u r r e n t s  i n c l u d i n g  t h o s e  o f  Peru and South  A f r i c a  
(e.9.  Bakun and P a r r i s h  1980, 1982) .  T h i s  accumu la t i on  p r o v i d e s  ev idence  f o r  s e v e r a l  
mechanisms caus ing  v a r i a b i l i t y  i n  c o a s t a l  p e l a g i c  f i s h  s tocks ,  some of wh ich  w i l l  be  
rev iewed  b r i e f l y  he re  ( a l s o  see Laske r  and MacCal l  1983 i n  p r e s s ) .  

V a r i a b i l i t y  o f  Rec ru i tmen t  

Causes ~f r e c r u i t m e n t  v a r i a b i l i t y  i s  a p o p u l a r a r e a  o f  f i s h e r y  research ,  e s p e c i a l l y  
f o r  c o a s t a l  p e l a g i c  f i s h e s  ( see  Laske r  1981, and Sharp 1980 f o r  r e v i e w s ) .  
s t o c k  f l u c t u a t i o n s ,  r e c r u i t m e n t  v a r i a b i l i t y  i s  i m p o r t a n t  i n  t h r e e  cases :  s h o r t - l i v e d  
f i s h e s ,  age c l a s s - s p e c i f i c  f i s h e r i e s ,  and h i g h  s e r i a l  c o r r e l a t i o n  o f  r e p r o d u c t i v e  success .  
P o p u l a t i o n  s i z e  behaves as an e x p o n e n t i a l  mov ing  average o f  r e c r u i t m e n t  s t r e n g t h s ;  
v a r i a b i l i t y  o f  p o p u l a t i o n  s i z e  i s  t h e r e f o r e  a f u n c t i o n  o f  t h e  v a r i a b i l i t y  of r e c r u i t m e n t  
i t s e l f  and o f  t h e  e x p o n e n t i a l  decay c o e f f i c i e n t  o r  m o r t a l i t y  r a t e .  F i s h e s  may be s h o r t -  

As a source  of  
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l i v e d  due t o  h i g h  n a t u r a l  m o r t a l i t y  r a t e s  ( e . g ,  anchov ies )  o r  due t o  h i g h  t o t a l  ( n a t u r a l  
p l u s  f i s h i n g )  m o r t a l i t y  r a t e s  (e .g ,  s a r d i n e s ) ,  In t h e  l a t t e r  case, r e d u c t i o n  of  f i s h i n g  
i n t e n s i t y  may h e l p  s t a b i l i z e  p o p u l a t i o n  f l u c t u a t i o n s  by  ave rag ing  r e c r u i t m e n t  o v e r  l o n g e r  
p e r i o d s .  
sou the rn  C a l i f o r n i a  j a c k  mackere l  f i s h e r y .  E m p i r i c a l  p r o b a b i l i t y  d i s t r i b u t i o n s  o f  
r e p r o d u c t i v e  v a r i a b i l i t y  can be deve loped i n  b o t h  of t hese  cases .  
o f  h i g h  s e r i a l  c o r r e l a t i o n  i s  more i n s i d i o u s .  
be an inadequate  d e s c r i p t i o n  of nea r - te rm b e h a v i o r ,  as nea r - te rm p r o b a b i l i t i e s  
c o n d i t i o n a l  on c u r r e n t  env i ronmen ta l  o r  s t o c k  s t a t u s .  
r e c r u i t m e n t ,  t h e  f i s h e r y  may become o v e r c a p i t a l i z e d .  
r e d u c t i o n s  i n  f i s h i n g  i n t e n s i t y  d u r i n g  t h e  i n e v i t a b l e  succeeding p e r i o d  
r e c r u i t m e n t .  

Age c l a s s - s p e c i f i c  f i s h e r i e s  occu r  o f t e n  as n u r s e r y  ground f i s h e r i e s  such as t h e  

However t h e  t h i r d  case 
The l o n g - t e r m  p r o b a b i l i t y  d i s t r i b u t i o n  may 

Dur ing  l o n g  p e r i o d s  o f  good 
a r e  

T h i s  tends  t o  d e l a y  a p p r o p r i a t e  
o f  poo r  

C l i m a t i c  Change and Species Rep lacevent  ____. 

There i s  some d i s p u t e  as t o  whether  c l i v a t i c  r e q i n e s  a r e  d i s t i n g u i s h a b l e  
f r o m  t h e  p a t t e r n s  o f  v a r i a b i l i t y  a r i s i n g  s i m p l y  f r o m  an a u t o r e g r e s s i v e  mechanism. As i n  
any c o r r e l a t i o n  s tudy ,  e m p i r i c a l  s e r i a l  c o r r e l a t i o n  s p e c t r a  cannot  be used t o  i n f e r  
mechanisms, and e x i s t i n g  t i m e  s e r i e s  o f  p h y s i c a l  o b s e r v a t i o n s  tend  t o  be t o o  s h o r t  t o  t e s t  
more s o p h i s t i c a t e d  hypotheses .  R e c e n t l y  Shuntov and V a s i l ' k o v  (1982)  have suggested  t h a t  
s a r d i n e  and anchovy v a r i a b i l i t y  may be d r i v e n  by  s o l a r  p e r i o d i c i t y .  
cause, b i o l o g i c a l  systems tend  t o  respond w i t h  r e g i m e s - - p r o t r a c t e d  p e r i o d s  o f  s i m i l a r  
behav io r  w i t h  a b r u p t  t r a n s i t i o n s  t o  a d i f f e r e n t  mode o f  b e h a v i o r .  

Whichever t h e  p h y s i c a l  

The supposed " c o m p e t i t i v e  rep l scemen t "  o f  t h e  s a r d i n e  by  t h e  anchovy i n  C a l i f o r n i a  
has now become a tex tbook  case; t h e  s i r u l a t i o n  s t u d y  by S i l l i n a n  (1969)  was c i t e d  
i n  Odun 's  (1971) eco logy  t e x t  as s u b s t a n t i a t i o n  o f  t h e  V o l t e r r a  c o m p e t i t i c n  equa t ions  
(Radovich 1981) .  T h i s  c o n c l u s i o n  i s  v e r y  a t t r a c t i v e  t o  t h e o r e t i c a l  e c o l o g i s t s ,  whose 
mathemat ica l  models o f t e n  have found l i t t l e  s u p p o r t  i n  t h e  r e a l  w o r l d .  However, c l o s e r  
i n s p e c t i o n  (Daan 1980),and t h e  f o l l o w i n g  geograph ic  arqument s e v e r e l y  weaken t h e  case f o r  
s imp le  c o m p e t i t i v e  rep lacemen t .  

The most i m p o r t a n t  argument a a a i n s t  c o m p e t i t i v e  rep lacement  i s  t h a t  t h e  anchovy and 
s a r d i n e  s tocks  have n o t  occup ied  t h e  same h a b i t a t s .  
d i s t r i b u t e d  po lewards  o f  t h e  r e s p e c t i v e  anchovy s t o c k s :  The C a l i f o r n i a  s a r d i n e  was 
abundant f rom Ba ja  C a l i f o r n i a  t o  B r i t i s h  Columbia,  w i t h  a l a r g e  p o r t i o n  o f  t h e  p o p u l a t i o n  
n o r t h  o f  P t .  Concept ion,  whereas t h e  n o r t h e r n  anchovy r e s i d e s  m o s t l v  sou th  o f  Pt,. Concept ion .  
S i m i l a r l y ,  t h e  Peruv ian  s a r d i n e  i s  now abundant i n  n o r t h e r n  C h i l e ,  whereas t h e  p r e v i o u s  
anchoveta s t o c k  was sca rce  s o u t h  o f  P i s c o .  There  i s  ev idence  t h a t  t h e  anchoveta  
resource  has r e c e n t l y  s h i f t e d  southwards as w e l l  ( F i g u r e  4 ) .  A s i m i l a r  po leward  s h i f t  i n  
Pe ruv ian  f i s h  p r o d u c t i o n ,  a l t h o u g h  o f  unknown spec ies  compos i t i on ,  has been suspec ted  f o r  
e a r l y  h i s t o r i c  t imes  (Hu tch inson  1950: p48) ,  "It i s  a l s o  no tewor thy  t h a t  t h e  r a t h e r  
u n p r o d u c t i v e  r e g i o n  sou th  o f  P i s c o  Bay, as f a r  sou th  as I q u i q u e ,  seems f r o m  t h e  1 6 t h  t o  
t h e  e a r l y  1 9 t h  c e n t u r i e s  t o  have been rega rded  as a more i m p o r t a n t  sou rce  o f  guano t h a n  
t h e  c e n t r a l  Pe ruv ian  c o a s t  . . .  t h e  o n l y  reasonab le ,  though a d m i t t e d l y  s p e c u l a t i v e ,  
e x p l a n a t i o n  o f  t h e  d e c l i n e  o f  impor tance  o f  t h e  sou the rn  i s l a n d s  . . .  i s  t h a t  m i n o r  changes 
i n  t h e  dominant hyd rog raph ic  p a t t e r n  have occu r red ,  t e n d i n g  t o  a l t e r  t h e  d i s t r i b u t i o n  
o f  t h e  c e n t e r s  o f  abundant f i s h " .  Under t h e  c o m p e t i t i v e  rep lacement  h y p o t h e s i s ,  t h e  
r e p l a c i n g  spec ies  shou ld  occupy t h e  h a b i t a t  o f  t h e  fo rmer  c o m p e t i t o r .  T h i s  does n o t  
seem t o  be t h e  case f o r  anchov ies  and s a r d i n e s .  Ra the r ,  geograph ic  s h i f t s  o f  s t o c k  
d i s t r i b u t i o n  i n d i c a t e  l a r g e  s c a l e  env i ronmen ta l  i n f l u e n c e s .  

T y p i c a l l y ,  s a r d i n e  s t o c k s  a r e  
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i 
F i g u r e  4. Sampl ing area  and geograph ic  d i s t r i b u t i o n  o f  anchoveta 

egg samples b e f o r e  and a f t e r  1971 ( f r o m  Santander e t  al, 1982).  

V a r i a b i l i t y  o f  N a t u r a l  M o r t a l i t y  Rates 

F i s h e r y  models i n v a r i a b l y  assume a c o n s t a n t  r a t e  o f  n a t u r a l  m o r t a l i t y .  Whether o r  
n o t  t h i s  i s  v a l i d ,  f i s h e r y  mode lers  have taken  c o m f o r t  i n  a l o n g  t r a d i t i o n  o f  mak ing  t h i s  
assumpt ion .  
has a l l o w e d  Metho t  (1982)  t o  a t t e m p t  t o  r e c o n c i l e  age compos i t i ons  w i t h  independent  
e s t i m a t e s  o f  s t o c k  abundance. 
was n o t  s i m p l y  t h e  p r o d u c t  o f  s t r o n g  r e c r u i t m e n t ,  b u t  r a t h e r  was due t o  a s u b s t a n t i a l  
decrease i n  t h e  n a t u r a l  m o r t a l i t y  r a t e .  
a m a j o r  f a c t o r  i n  v a r i a b i l i t y  o f  p e l a g i c  f i s h  s tocks ,  methods such as c o h o r t  a n a l y s i s  a r e  
u n r e l i a b l e ,  and f i s h e r y - i n d e p e n d e n t  e s t i m a t e s  of  abundance a r e  necessary .  
hand, p a t t e r n s  o f  known v a r i a t i o n  i n  M may l e a d  t o  development o f  mean ing fu l  
m u l t i s p e c i e s  f i s h e r y  management mode ls .  

The q u a n t i t y  of  f i s h e r y - i n d e p e n d e n t  i n f o r m a t i o n  on C a l i f o r n i a ' s  anchovy s t o c k  

He conc luded t h a t  t h e  h i g h  anchovy biomass i n  t h e  mid-1970s 

I f  v a r i a b i l i t y  i n  n a t u r a l  m o r t a l i t y  r a t e  i s  

On t h e  o t h e r  
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COUCLUSIONS 

C a l i f o r n i a  c o a s t a l  p e l a g i c  f i s h  s tocks  show a v a r i e t y  o f  p a t t e r n s  o f  f l u c t u a t i o n s .  
P a c i f i c  s a r d i n e s  have been d e p l e t e d  by excess i ve  f i s h i n g  p ressu re ,  and have been s low  
t o  r e c o v e r .  W i th  some d e l a y  f o l l o w i n a  t h e  d e c l i n e  o f  t h e  sa rd ine ,  anchov ies  i nc reased ,  
r e a c h i n g  apparent  e q u i l i b r i u m  abundance i n  t h e  m id -1960 's .  
have deve loped r e d u c t i o n  f i s h e r i e s  on anchovy, and t h e  s t o c k  i s  now f u l l y  e x p l o i t e d .  
P a c i f i c  mackerel  were d e n l e t e d  by t h e  m i d - l 9 6 0 ' s ,  b u t  now have been r e h a b i l i t a t e d  due t o  
f a v o u r a b l e  r e c r u i t m e n t  and s t r i c t l y  c o n t r o l l e d  h a r v e s t ,  and s u p p o r t  a h e a l t h y  f i s h e r y .  
Jack mackerel  i s  a l a r g e  resource ,  u n f i s h e d  except  f o r  a sma l l  f i s h e r y  on t h e  n u r s e r y  
grounds o f f  s o u t h e r n  C a l i f o r n i a .  P a c i f i c  b o n i t o  i s  a marg ina l  p o p u l a t i o n  h a v i n g  r e c e n t l y  
e s t a b l i s h e d  i t s e l f  i n  sou the rn  C a l i f o r n i a  waters ,  and s u s t a i n a b i l i t y  i s  q u e s t i o n a b l e .  
The C a l i f o r n i a  bar racuda resource  i s  depressed, b u t  age comoos i t i on  i s  respond ing  
f a v o u r a b l y  t o  a minimum s i z e  l i m i t .  The s t a t u s  o f  w h i t e  seabass i s  somewhat u n c l e a r ,  
b u t  t h e  resource  i s  p r o b a b l y  o v e r e x p l o i t e d .  

Bo th  C a l i f o r n i a  and Mexico 

V a r i a b i l i t y  i n  f i s h  s tocks  can a r i s e  f r o m  many causes. Rec ru i tmen t  f l u c t u a t i o n s  
Species rep lacement  seems t o  occu r ,  a r e  p a r t i c u l a r l y  i m p o r t a n t  f o r  s h o r t - l i v e d  f i s h .  

b u t  i s  e n v i r o n m e n t a l l y  med ia ted .  C o n t r a r y  t o  s tandard  assumpt ions ,  changes i n  t h e  r a t e  
o f  n a t u r a l  m o r t a l i t y  o f  a d u l t s  may be an  i m p o r t a n t  cause o f  f l u c t u a t i o n s  i n  abundance. 

ACKNOWLEDGEMENTS 

I would  l i k e  t o  thank  R icha rd  Methot  f o r  r e v i e w i n g  t h e  manusc r ip t .  A l so ,  I am 
g r a t e f u l  t o  Gary Sharp and Jo rge  C s i r k e  o f  UNFAO f o r  t h e  o p p o r t u n i t y  t o  w r i t e  and p resen t  
t h i s  paper  a t  t h e  workshop. 



- 1 1 1  - 

REFERENCES 

Alverson, D. and IV.  Perevra. 1969. Demersal fish exploration in the northeastern Pacif ic Ocean - an 
evaluation o f  exploratory fishing rnethods and analytical approaches to stock size and f ield 
forecasts. J.Fish.Res.Bd.Canada. 26:1985-2001. 

Bakun, A. and R. Parrish. 1980. Environmental inputs to fishery population models for eastern 
boundary current regions. pp. 67-104. In Intergovernrnental Oceanographic Commission 
Workshop Rep.No. 28 Rep. (G.D.Sharp, ed.) mC/UNESCO, Paris. 

. 1982. Turbulence, transport and pelagic fish in  the Cali fornia and Peru Current 
systems. Calif.Coop.Oceanic Fish.lnvest.Rep. 23:99-112. 

Iol l ins, R., D. Huppert, A. MacCall, J. Radovich and G. Stauffer. 1980. Pacif ic bonito 
management inforination document. Ca1if.Dep.Fis.h and Game. Mar.Res.Tech.Rep. 44:94 p. 

Daan, N. 1980. A review o f  replacement o f  depleted stocks by other species and the mechanisms 
underlying such replacement. Rapp. P.-v.Reun.Cons.int.Explor.Mer. 177:405-421. 

Fitch. J. 1956. Jack mackerel. Calif.Coop.Oceanic Fish.1nvest.Progr.Rep. 1 Apr i l  1955 to 30 June 
1956. pp. 27-28. 

Gould, S. 1978. Morton's rankinq o f  races by cranial capacity. Science. 200:503-509. 

Gulland, J. 1970. The fish resources of the ocean. Food.Agric. F A 0  Fish.Tech.Pap. 97: l -425.  

Hewitt ,  R. 1982. Spatial pattern and survival o f  anchovy larvae: implications o f  adult reproductive 
strategy. Ph.D. Dissertation, Univ.of Cali fornia a t  San Diego. 187 p. 

Hunter J. and 5. Goldberg. 1980. Spawning incidence and batch fecundity in northern anchovy, 
Engraulis rnordax. Fish.Bull.(U.S.) 77:641-652. 

Hutchinson, G. 1950. Survey o f  existing knowledge o f  biogeochemistry. 3. The biogeochemistry o f  
vertebrate excretion. 6ull.Amer.Mus.Nat.Hist. 96: l -554.  

Lasker, R. (ed.). 1981. Marine fish larvae: morphology, ecology and relat ion to fisheres. Univ. o f  
Washington Press, Seattle. 131 p. 

Lasker, R. and A. MacCall. 1983. (in press). New ideas on the fluctuations o f  the clupeoid stocks o f f  
California. Can.J.Fish.Aquat.Sci. 40: 

MacCall, A. 1979. Population estimates for the waning years o f  the Pacif ic sardine fishery. 
Calif.Coop.Oceanic Fish.Invest.Rep. 20:72-82. 

. 1980. Population models for the northern anchovy (Enqraulis mordax) Rapp.P.- 
v.Reun.Cons.int.Exp1or.Mer. 177:292-306. 

. 1982. Complete northern anchovy biomass t ime series for 1951-1982 based on the egg 
production method and other indices. Southwest Fisheries Center Admin.Rep. LJ:82-26. 

MacCall. A. and G. Stauffer. 1983. ( in  press). Biology and fishery potential o f  jack mackerel 
(Trachurus symmetricus). Calif.Coop.Oceanic Fish.lnvest.Rep. 24: 

Mais, K. 1982. Cruise Report 82-X-6. Assessment o f  cominercial fisheries resouces. Cali fornia 
Dept.Fish and Game. Marine Resources Region, Long Beach, California. 

Methot, R. 1982. Age-specific abundance and morta l i ty  o f  northern anchcvy. Southwest Fisheries 
Center Adrnin.Rep. LJ:82-31. 

Murphy, G. 1966. Population biology o f  the Pacif ic sardine (Sardinops caerulea). Proc.Calif.Acad. 
Sci.4th Ser. 3b(1):1-84. 

Odum, E. 1971. Fundamentals o f  ecology. 3rd ed. W.B. Saunders, Philadelphia. 226 p. 



- 112 - 

Parker, K. 1980. A di rect  method for estimating northern anchovy, Engraulis mordax, spawning 
biomass. Fish.Bul1.U.S. 78:541-544. 

Parrish, R. and A. MacCall. 1978. Cl imat ic  variation and exploitation in  the  Pacific mackerel 
fishery. Calif.Dep.Fish and Game. Fish.Bull. 167:llO p. 

Picquelle, S. and R. Hewitt .  1983 ( in  press). The northern anchovy spawning biomass for the 1982-83 
California fishing season. Calif.Coop.Oceanic Fish.1nvest.Rep. 24: 

Radovich, J. 1961. Relationships o f  some marine organisms o f  the northeast Pacif ic to water 
temperatures part icularly during 1957 through 1959. Calif.Dep.Fish and Game.Fish.Bull. 
112:62 p. 

. 1981. The collapse o f  the Cali fornia sardine fishery: What have we learned? pp. 
107-136. In Resource management and environmental uncertainty: lessons f rom coastal 
upwelling fisheries. (M. Glantz and J. Thompson, eds.) John Wiley and Sons, New York. 

-____ 

Santander, H., P. Smith and J. Alheit. 1982. Determination o f  sampling e f fo r t  required for 
estimating egg production o f  anchoveta, Enqraulis ringens, o f f  Peru.Insto.del Mar del Peru. Bol. 
7(1): 18 p. 

Schultze, D. 1983 ( in  press). Cali fornia barracuda l i f e  history, fisheries and management. 
Calif.Coop.Oceanic Fish.Invest.Rep. 24: 

Sharp, G. (ed.) 1980. Workshop on the effects of environmental variation on the survival o f  larval 
pelagic fishes. 1ntergov.Ocean.Comm.Workshop Rep. 28 :323  p. 

Shuntov, G. and V. Vasil'kov. 1982. Long-term population flucatuations o f  Nor th Pacif ic sardines. 11. 
Epochs o f  atmospheric circulat ion and cycl ic nature o f  the population dyanimics o f  the Pacif ic 
and Cali fornia sardines. J.Ichth. (USSR) 22(2):10-23. 

Silliman, R. 1969. Population models and test populations as research tools. Bioscience. 19:524- 
528.  

Smith, P. 1972. The increase in  spawning biomass o f  northern anchovy, Engraulis mordax. 
Fish.Bul1.U.S. 70:849-874. 

Thomas, J. 1968. Management o f  the white seabass (Cynoscion nobilis) in  Cali fornia waters. 
Calif.Dep.Fish and Game. Fish.Bull. 142:34 p. 

Vojkovich, M. and R. Reed. 1983 ( in press). White seabass, Atractoscion nobilis, in  Cali fornia- 
Mexican waters: Status o f  the fishery. Calif.Coop.Oceanic Fish.Invest. Rep. 24: 




