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ABSTRACT 

Methods and m a t e r i a l s  used t o  t a g  anc! r ecap tu re  jack  mackerel., 
Truehums symetr icus ,  of f  t he  c o a s t  of southern  Ca1ifornj.a 
and Baja C a l i f o r n i a ,  Plexico, a r e  descr ibed .  Tagging, recap-  
t u r e ,  and movement d a t a  r e s u l t i n g  from t h i s  program a r e  
repor ted .  Analysis  of t hese  d a t a  i n d i c a t e s  s u b s t a n t j a l  move- 
ment of j ack  mackerel w i th in  t h c  range of t he  C a l i f o r n i a  f i s h -  
e r y  and sugges ts  a  s easona l  inshore-offshore movement p a t t e r n .  
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The j a c k  mackere l ,  Trachums symv;lctriczls, r e s o u r c e  o f f  t h e  west  

c o a s t  of North America i s  known t o  b e  l a r g e  and w i d e l y  d i s t r i b u t e d .  The 

spawning hlomass i s  e s t i m a t e d  t o  be  2 .1  tc 4 . 8  n i l l i o n  t o n s  based upon 

abundance of j a c k  mackere l  eggs  c o l l e c t e d  a t  s e a .  A d u l t s  a r e  d i s t r i b u t e d  

from Cape San Lucas t o  t h e  Gulf of Alaska ,  and range  hundreds  of m i l e s  

o f f s h o r e  (Ahlstrom 1968) .  

The C a l i f o r n i a  f i s h e r y  i s  o p e r a t i n g  on t h e  f r i n g e  o f  t h i s  l a r g e  

p o p u l a t i o n .  Landings  i n  C a l i f o r n i a  s i n c e  1947 have f l u c t u a t e d  from a h i g h  

o f  73,000 t o n s  i n  1952 t o  8 ,700 t o n s  i n  1954. P a r t  o f  t h i s  f l u c t u a t i o n  i s  

due t o  v a r y i n g  aniounts of f i s h i n g  e f f o r t  d i r e c t e d  towards  o t h e r  s p e c i e s  

and t o  r e d u c t i o n  i n  s i z e  o f  t h e  f l e e t  o v e r  t h e  y e a r s ;  however, some v a r i -  

a b i l i t y  i n  l a n d i n g s  is  due t o  d i f f e r e n c e s  i n  a v a i l a b i l i t y  of j a c k  mackere l  

from y e a r  t o  y e a r .  

The r e a s o n s  f o r  t h e s e  d i f f e r e n c e s  i n  a v a i l a b i l i t y  a r e  p o o r l y  under- 

s t o o d .  An o f f s h o r e  s l~awning  p o p u l a t i o n  a p p e a r s  t o  b e  r e l a t i v e l y  s t a b l e ,  

b u t  l i t t l e  i s  known of t h e  r e l a t i o n s h i p  betwecn t h i s  o f f s h o r e  p o p u l a t i o n  

and t h o s e  f i s h  w i t h i n  range  o f  t h e  C a l i f o r n i a  f i s h e r y .  The p u r s e  s e i n e  

f l e e t  seldom t a k e s  j a c k  mackere l  o l d e r  t h a n  6 y e a r s  of a g e ,  though 20- t o  

30-year-old f i s h  appear  i n  t h e  s p o r t  c a t c h .  Most c a t c h e s  i n  r e c e n t  y e a r s  

c o n s i s t  o f  f i s h  3  y e a r s  o l d  o r  younger.  

Because knowledge of j a c k  mackere l  m i g r a t o r y  b e h a v i o r  i s  s o  meager,  

many q u e s t i o n s  remain unanswered. Is t h e  j a c k  mackere l  r e s o u r c e  made up 

of one l a r g e  i n t e r b r e e d i n g  p o p u l a t i o n  o r  is  i t  composed o f  a number of 

d j s c r e e t  s u b p o p u l a t i o n s ?  \ ? i l l  s t o c k s  f i s h e d  h e a v i l y  i n  one a r e a  be  



r e p l a c e d  by f i s h  moving i n  from o t h e r  a r e a s ?  The i n i t i a t i o n  o f  a compre- 

h e n s i v e  t a g g i n g  program by t h e  Department of F i s h  and G a m e ,  w i t h  f u n d s  

s u p p l i e d  by t h e  Marine Research  Committee, h a s  been t h e  f i r s t  s t e p  i n  

g a i n i n g  a  b e t t e r  u n d e r s t a n d i n g  of j a c k  mackere l  b e h a v i o r ,  movements, and 

r a c i a l  s t r u c t u r e .  Th i s  program was i n s t i t u t e d  s o  t h a t  t h e  f i s h e r y  may 

deve lop  t o  i t s  f u l l  p o t e n t i a l  under  sound management. 

METHODS AND IIATERIALS 

Tagging 

The t a g g i n g  program was i n i t i a t e d  J u l y  1, 1971.  P r e l i m i n a r y  r e s e a r c h  

i n d i c a t e d  t h a t  t h e  F loy  anchor  t a g  ( D e l l  1968)  had q u a l i t i e s  t h a t  made i t  

q u i t e  s u i t a b l e  f o r  u s e  on  j a c k  mackere l .  The t a g  c o u l d  b e  a p p l i e d  q u i c k l y  

and i n  l a r g e  numbers by a c a r t r i d g e  f e d  t a g g i n g  gun. T e s t i n g  by C a r l i n e  

and Bryn i ldson  (1972) i n d i c a t e d  t a g g i n g  m o r t a l i t y  and shedd ing  were  mini-  

mal on f i s h  s imilar  i n  s i z e  t o  j a c k  mackere l .  The e x t e r n a l  v i n y l  s h a f t  of 

t h e  t n g  was l o n g  enough (7 .6  cm) t o  b e  s e e n  e a s i l y  by c a n n e r y  p e r s o n n e l  o r  

f i shermen  h a n d l i n g  f i s h  i n d i v i d u a l l y .  

Exper iments  were  conducted a t  Marineland o f  t h e  P a c i f i c ,  Undersea  

Gardens i n  Marina d e l  Rey, and aboard t h e  ALASKA t o  es t i r r la te  n e t t i n g ,  

h a n d l i n g ,  and  t a g g i n g  m o r t a l i t y  r a t e s  and t o  f i n d  methods f o r  r e d u c i n g  

t h i s  m o r t a l i t y .  R e s u l t s  of t h e s e  e x p e r i m e n t s  i n d i c a t e d  t h a t  n e t t i n g  and  

h a n d l i n g  m o r t a l i t y  were  more s i g n i f i c a n t  t h a n  t a g g i n g  m o r t a l i t y .  J a c k  

mackere l  t h a t  were  n e t t e d  and hand led  many t i m e s ,  r e s u l t i n g  i n  heavy s c a l e  

and s l i m e  l o s s ,  s u f f e r e d  m o r t a l i t y  r a t e s  a s  h i g h  as 90% f o l l o w i n g  a p p a r e n t  

b a c t e r i a l  i n v a s i o n .  \ h e n  netting o p e r s t i o n s  were  k e p t  t:o a n  a b s o l u t e  

minimum and w a t e r  soaked c o t t o n  g l o v e s  were  used  t o  h a n d l e  t h e  f i s h ,  

m o r t a l i t y  r a t e s  dropped below 20%. 



Another form of m o r t a l i t y ,  though n o t  v s r y  measureab le ,  was dge t o  

t h e  accurn111.ation of p r e d a t o r s ,  p a r t i c u l a r l y  t h e  C a l i f o r n i a  s e a  l l o n ,  

ZaZophus c a Z i ~ o r r z i a n u s ,  and t h e  b l u e  s h a r k ,  F r i o - a c e  gZatnca, a r o ~ l n d  t h e  

t a g g i n g  o p e r a t i o n .  It w a s  n o t  unconllon, when working o f f  commercial  f i s h -  

i n g  b o a t s  a t  n i g h t ,  t o  e n c o u n t e r  f i v e  o r  s i x  s e a  l i o n s  w h i l e  r e l e a s i n g  

tagged f i s h .  L i m i t a t i o 2 s  on o p e r a t i o n  t ime  aboard t h e s e  v e s s e l s  makes 

such m o r t a l i t y  u n a v c i d a b l e .  

The s m a l l  wound c r e a t e d  by i n s e r t i n g  t h e  t a g  does  n o t  a p p e a r  t o  

c a u s e  any g r e a t  harm t o  t h e  f i s h .  Examination of r e c a p t u r e d  f i s h  w i t h  

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

c i e n t  s c a r  t i s s u e  had formed around t h e  t a g  t o  p r o h i b i t  t a g  v i b r a t i o n  

from i n c r e a s i n g  t h e  s i z e  o f  t h e  wou~id. No a t t a c h m e n t  of t i s s u e  t o  any 

p o r t i o n  o f  t h e  t a g  t ias e v e r  n o t e d ,  n o t  even oil f i s h  t h a t  had been a t  

l i b e r t y  f o r  n e a r l y  I y e a r .  T h i s  o b s e r v a t i o n  i n d i c a t e s  t h e  wound remains  

a p c s s i b l e  s i t e  f o r  b a c t e r i a l  o r  p a r a s i t i c  i n v a s i o n .  A smal l  number gf 

t a g s  t h a t  had been o u t  f o r  3  months o r  more had c o n s i d e r a b l e  a l g a l  growth 

on t h e  exposed p o r t i o n  of t h e  t a g ;  however, t h i s  a d d i t i o n a l  m a t e r i a l  does  

n o t  seem t o  a d v e r s e l y  a f f e c t  t a g  r e t e n t i o n  n o r  i n c r e a s e  t h e  d i a m e t e r  of 

t h e  i n s e r t i o n  s i t e .  

O f  t h e  16 ,813  j a c k  mackere l  tagged d u r i n g  t h e  program, approx in ia te ly  

40% were c o l l e c t e d  and r e l e a s e d  from coinmercial p u r s e  s e i n e r s ,  202 froin 

l o c a l  b a i t  r e c e i v e r s  s u p p l i e d  by lampara  b o a t s ;  and 40% c o l l e c t e d  by hook 

and l i n e  from s p o r t f i s h i n g  v e s s e l s ,  Department r e s e a r c h  v e s s e l s ,  p i e r s ,  

je t t ies ,  and s p o r t  f i s h i n g  b a r g e s .  

Aboard commercial  p u r s e  s e i n e r s ,  a  2-112 x  2-112 x 3 f t  plywood 

r e c e i v e r  was used t o  r e t a i n  j a c k  mackere l  d u r i n g  t a g g i n g  o p e r a t i o n s .  The 



r e c e i v e r  was s u p p l i e d  w i t h  c o n t i n u o u s  w a t e r  f l o w  from t h e  v e s s e l ' s  pumps 

and was a s  f a r  removed from t h e  f i s h i n g  o p e r a t i o n  a s  p o s s i b l e .  As many 

a s  500 j a c k  mackere l  c o u l d  b e  hand-bra i l ed  i n t o  t h i s  r e c e i v e r  from t h e  

v e s s e l ' s  n e t  a f t e r  t h e  n e t  had been pursed  and drawn c l o s e  t o  t h e  b o a t .  

F i s h  were withdrawn from t h e  r e c e i v e r ,  t a g g e d ,  and r e l e a s e d  d u r i n g  t h e  1 

t o  2 h o u r s  t h e  f i shermen  r e q u i r e d  t o  t r a n s f e r  t h e i r  c a t c h  from t h e  n e t  

t o  t h e  v e s s e l ' s  ho ld  and r e s t a c k  t h e  n e t .  

Tagging o p e r a t i o n s  from b a i t  r e c e i v e r s  r e q u i r e d  less p r e p a r a t i o n .  

The a v a i l a b l e  j a c k  mackere l  were  crowded i n  t h e  r e c e i v e r ,  scooped i n t o  

b u c k e t s ,  t agged ,  and r e l e a s e d .  The lampara b a i t  f i she rmen ,  who s u p p l i e d  

t h e s e  f i s h ,  and t h e  commercial  f i s h e r m e n  from t h e  a fo rement ioned  p u r s e  

s e i n e  v e s s e l s  were f i n a n c i a l l y  comperisated f o r  a l l  f i s h  p rov ided .  

F i s h  procured by hook and L ine  were e i t h e r  tagged immediate ly  and 

r e l e a s e d ,  o r  r e t a i n e d  i n  a b a i t  t a n k  t o  t a g  and r e l e a s e  a t  a l a te r  t ime .  

Hook and l i n e  c o l l e c t i o n  a v o i d s  n e t  a b r a s i o n  b u t  h a s  a major  d i s a d v a n t a g e  

i n  t h a t  t h e  s o f t  mouth p a r t s  o f  t h e  j a c k  mackere l  a r e  e a s i l y  t o r n  d u r i n g  

removal o f  t h e  hook. B a r b l e s s  hooks were  used d u r i n g  much of  t h e  s t u d y  

t o  reduce  t h i s  damage. 

R e t u r n s  

Through t h e  f i r s t  2-112 y e a r s  of t h e  I;roZrzril, t a g  r e c o v e r i e s  calile 

p r i m a r i l y  from Terminal  I s l a n d  cannery  p e r s o n n e l ,  a l t h o u g h  a few were  

r e t u r n e d  by s p o r t f i s h e r m e n .  Cannery workers  h a n d l e  each  j a c k  mackere l  

t h a t  i s  b e i n g  packed f o r  human consumption.  Consequent ly ,  n e a r l y  one- 

h a l f  o f  t h e  j a c k  mackere l  l anded  by commercial  f i she rmen  s i n c e  t h e  

i n c e p t i o n  of t h i s  program w e r e  hand led  i n d i v i d u a l l y .  The remain ing  



tonnage o f  j a c k  mackere l  l anded  commercia l ly ,  from which we r e c e i v e d  no 

t a g  r e t u r n s ,  i s  c o n v e r t e d  i n t o  p e t  food.  The t a g  r e t u r n  r a t e  from t h e  

c a n n e r i e s  dropped d r a m a t i c a l l y  a f t e r  January  4 ,  1974, when t h e  cann ing  

f a c i l i t i e s  a t  S t a r  Kist were  d z s t r o y e d  b y  f i r e .  Tiiey have  zlot been  r e b u i l t .  

The Pan P a c i f i c  Cannery c o n t i n u e s  t o  can a s m a l l  pe . rcentage of t h e  j a c k  

mackere l  l anded ;  however, t h e  g r e a t  p e r c e n t a g e  i s  now c o n v e r t e d  t o  p e t  

food and t a g  r e t u r n s  have a l l  b u t  c e a s e d  from t h a t  a r e a .  When a t a g  was 

recovered  from t h e  cannery  foreman i t  had t o  b e  t r a c e d  th rough  i n t e r v i e w s  

t o  t h e  v e s s e l  which c a u g h t  t h e  f i s h  t o  d e t e r m i n e  t h e  l o c a t i o n  o f  rec .ap tu re .  

To i n d u c e  cannery workers  and s p o r t f i s h e r m e n  t o  r e t u r n  t a g s  o r  tagged j a c k  

mackerel ,  p o s t e r s  o f f e r i n g  a $1.00 reward were p laced  ic t h e  v i c i n i t y  of 

a l l  c a n n e r i e s  and s p o r t f i s h  l a n d i n g s  th roughout  s o u t h e r n  C a l i f o r r l i a  and 

B a j  a C a l i f  o m i a ,  l~lexico.  

RESULTS 

Tagging 

A t o t a l  of 1 6 , 8 1 3  tagged j a c k  mackere l  had been r e l e a s e d  by June  30,  

1975 (Table  I ) .  G e n e r a l l y ,  t h o s e  r e l e a s e d  a t  C o r t e s  Bank and San Clemente 

I s l a n d  were tagged from commercial p u r s e  s e i n e  v e s s e l s  and t h o s e  tagged 

and r e l e a s e d  i n  San Diego Bay and S a n t a  Monica Bay were  s u p p l i e d  by 

lampara b o a t  b a i t  f i she rmen .  A t  t h e  remaining l o c a t i o n s  t h e  most f r e -  

q u e n t l y  used method of procurement was hook and l i n e .  Tagging o p e r a t i o n s  

from con-mercial p u r s e  s e i n e r s  were  a l l  b u t  e l i m i n a t e d  f o l l o w i n g  t h e  

S t a r  K i s t  f i r e  when v i r t u a l l y  a l l  o f  t h e  t a g  r e t u r n s  from the c a n n e r i e s  

ceased .  Sca led  down t a g g i n g  o p e r a t i o n s  c o n t i n u e d  from s p o r t f i s h i n g  a r e a s  

and i n  c o n j u n c t i o n  w i t h  o t h e r  i n v e s t i g a t i o n s  f o r  t h e  remainder  o f  t h e  

program. 



TABLE 1. Areas of Jack Mackerel Tag Releases  and Returns.  

Number Number of 
Area t a g g e d e t u r n s  

Southern C a l i f o r n i a  

Ventura 

San Miguel island 
Santa Cruz I s l a n d  

Santa Monica Bay 

Dago Bank 

Santa Barbara I s l and  

Santa C a t a l i n a  I s l a n d  

San Clemente I s l a n d  

Cor tes  o r  Tanner Bank 

New-port Reach 

Dana Poin t  

La J o  1 l a  

San Diego 2,550 5 

Quest ionable - 19 

Baj a C a l i f o r n i a  - 

P t .  Santo Tomas 

60-Mile Bank 

Cuadalupe I s l and  

Blanca Bay 5 1 

Santo Domingo Bay 7 2 

Cedros I s l a n d  9 3 1 

Magdalena Bay 8 0 

H i p o l i t o  Bay 100 

TOTALS 16,813 17 3 



Returns 

There has  bee11 a  t a g  r e t u r n  r s t e  of approximately 1% f o r  t h e  e n t i r e  

4 y e a r s  of t h e  program. I n  view of t h e  f a c t  t h a t  l e s s  than  50% of t h e  

f i s h  landed by covnerc ia l  b o a t s  a r e  handled i n d i v i d u a l l y ,  we f e e l  t h a t  

t h i s  f i g u r e  r e p r e s e n t s  a  r ea sonab le  r e t u r n .  The f i g n r e  i s  i n f l a t e d  soxc- 

what beceuse,  fo l lowing  a  tagging  o p e r a t i o n  aboard a  pu r se  s e i n e r ,  t h e r e  

i s  u s u a l l y  a  s u b s t a n t i v e  r e t u r n  of t a g s  t h a t  have been a t  l i h e r t y  one 

week o r  less. Th i s  s i t u a t i o n  r e s u l t s  from aE accumulat ion of  f i s h i n g  

boa t s  i n  che same a r e a  f o r  a s  long a s  good weather  ho lds  o u t  znd jack 

mackerel s choo l s  remain. Approximately 13% of t h e  t a g  r e t u r n s  f a l l  i n t o  

t h i s  ca tegory  . 
The average tagged f i s h  w a s  a t  l i b e r t y  about  2 months be fo re  recap- 

t u r e  and t!:c ?:< trei1.e~ range from 1 day (mlnirnum) t o  1 ,012 day s (maximum) . 
The s i n g l e  f i s h  t h a t  had been a t  l i b e r t y  1,012 days was recovered n e a r  

Oceanside, approximately 40 mi l e s  northwest of i t s  r e l e a s e  s i t e  in 

San Diego Bay. 

Movement 

Recaptures  i n d i c a t e  a  cons ide rab l e  amount of movement w i t h i n  t h e  

f i s h e r y  (F igure  1). Those f i s h  t h a t  have demonstrated s u b s t a r i t i a l  move- 

ment (Table 2)  averaged 82 days a t  l i b e r t y .  T h e  g r e a t e s t  movement noted 

was from San Diego Ray t o  Santa  l lonica Bay over  a 212 day per iod .  The 

number of ques t i onab le  r e c a p t u r e s  (Table 1 )  r e s u l t s  from an occas iona l  

i n a b i l i t y  t o  p inpo in t  t h e  l o c a t i c n  of r e c a p t u r e .  For example, i f  a  num- 

be r  of commercial b c a t s  from d i f f e r e n t  f i s h i n g  grounds unload about  t h e  

same time, t h e  r e c a p t u r e  l o c a t i o n  is  i n  doubt o r  a spo r t f i she rman  may 





TABLE 2. S u b s t a n t i a l  Movement of Tagged J a c k  Mackerel .  

Recapture  Numb e r  Days a t  
d a t e  o f  r e t u r n s  l i b e r t y  Area of r e l e a s e  Area of r e c a p t u r e  

Nov. 16 ,  1971  3 19 ,28 ,30  C a t a l i n a  I s l a n d  Dago Bank 

Nov. 22, 1971 1 3 7  C a t a l i n a  I s l a n d  Dago Bank 

1 4 3  Dec. 1 0 ,  1971  C a t a l i n a  I s l a n d  Dago Bank 

Dec. 16,  1971 1 6 3  C a t a l i n a  I s l a n d  Cat a 1  i n a  I s l a n d  

Jan .  3 ,  1972 1 6 7  C a t a l i n a  I s l a n d  San Clemente I s l a n d  

Jan .  10 ,  1972 1 7 4  C a t a l i n a  I s l a n d  San Clemente I s l a n d  

Jan.  21, 1972 7  97,85,90 Ca t a l i n a  I s l a n d  San ta  Barbara  I s l a n d  
91,92,95,95 

Feb. 8 ,  1972 1 113  C a t a l i n a  I s l a n d  S a n t a  Barbara  I s l a n d  

J u l y  1 0 ,  1972 2  1 0 , l l  San Clemente I s l a n d  C o r t e s  Bsnk 

Aug. 6 ,  1972 

Aug. 8 ,  1972 

Aug. 10 ,  1972 1 

Aug. 20, 1972 1 

Sept .  1 4 ,  1972 1 

Sept .  1 6 ,  1972 2  

Oct. 9 ,  1972 

Dec. 9 ,  1972 

J a n .  9 ,  1973 1 

May 6 ,  1973 1 

J u l y  27, 1973 1 

Sept .  22, 1973 1 

Nov. 5 ,  1973 1 

Mar. 26, 1974 1 

Nar. 27, 1974 1 

4 6  San Clenen te  I s l a n d  Tanner Bank 

48 San Clemente I s l a n d  C o r t e s  Bank 

4 1  San Clemente I s l a n d  C o r t e s  Bank 

5  1 San Clemente I s l a n d  C o r t e s  Bank 

6s San Clemente I s l a n d  C o r t e s  Bask 

76,76 San Clemente I s l a n d  C o r t e s  Bank 

San Clemente I s l a n d  Ca t a l  i n a  I s l a n d  

San Diego Bay Newport Beach 

184 C o r t e s  Bank C a t a l i n a  I s l a n d  

212 San Diego Eay San ta  Monica Bay 

1 3  San ta  Monica Bay Dago Bank 

9  2 Newport Beach San ta  Monica Bay 

9  3 Dago Bank San ta  Elonica Bay 

236 Dagc Bank Szn Clemente I s l a n d  

302 Sa2 Diego Eay San Clemente I s l a n d  



occas iona l ly  de l ay  r e t u r n i n g  a  t a g  f o r  many months and i n  t h e  i n t e r i m  f o r -  

g e t  some of t h e  c o l l e c t i o n  da t a .  

DISCUSSION 

In terv iews  wi th  commercial f ishermen,  p a r t i c u l a r l y  those  t h a t  concen- 

t r a t e  on jack  mackerel when the  no r the rn  anchovy, Engraulis m o r d m ,  f i s h e r y  

i s  slow o r  c lo sed ,  r e v e a l  t h a t  t h e  g r e a t e s t  concen t r a t ions  of jack  mackerel 

appear a t  t h e  o f f sho re  f i s h i n g  a r e a s  (Cortes  Bank and San Clemente I s l a n d )  

from March through September. Before accep t ing  t h i s  judgment completely,  

however, we t ake  i n t o  cons ide ra t ion  t h a t  l e s s  s cou t ing  f o r  j ack  mackerel i n  

t he  o f f s h o r e  a r e a s  i s  i n i t i a t e d  i n  l a t e  f a l l ,  w i n t e r ,  and e a r l y  s p r i n g  

because of poorer  weather cond i t i ons  and a  tendancy f o r  t h e  anchovy f i s h e r y  

t o  be concent ra ted  i n  nearshore  tqaters.  I n  view of t h e  f a c t  t h a t  our  d a t a  

were de r ived  p r imar i ly  from commercial a c t i v i t y ,  t h e r e  i s  good p r o b a b i l i t y  

t h a t  our  r e s u l t s  would support  t he  hypo thes i s  t h a t  t h e r e  i s  seasona l  move- 

ment of jack  mackerel s tocks  and t h a t  j ack  mackerel ,  i n  commercial concen- 

t r a t i o n s ,  a r e  more a v a i l a b l e  i n  t h e  o f f s h o r e  a r e a s  i n  l a t e  s p r i n g ,  summer, 

and e a r l y  f a l l .  Subsequently,  t h a t  i s  what our  d a t a  sugges t .  More conclu- 

s i v e  o r  con t r ad ic to ry  evidence f o r  t h i s  hypo thes i s  is  no longer  a v a i l a b l e  

s i n c e  t h e  d e s t r u c t i o n  of t h e  S t a r k i s t  canning f a c i l i t i e s .  

Tag r e t u r n s  from spor t f i shermen a r e  concent ra ted  a long  t h e  c o a s t .  

These r e t u r n s  i n d i c a t e  cons ide rab le ,  bu t  non-pat terned,  movement f o r  jack 

mackerel up and down t h e  c o a s t  from Santa Monica t o  San Diego. 



W e  are i n d e b t e d  t o  t h e  s k i p p e r s  acd crews o f  t h e  San Pedro p u r s e  

s e i n e  f l e e t ,  p a r t i c u l a r l y  Tom and Mike Trama, who made t h e i r  f i s h i n g  

v e s s e l s  a v a i l a b l e  t o  our  t z g g i n g  p a r t i e s ,  t o  Ray Meyers and Roy Everingham 

f o r  u s e  o f  t h e i r  b a i t  r e c e i v e r s ,  and t o  t h e  o p e r a t o r s  of t h e  S a n t a  Monica 

and Xedondo s p o r t f i s h i n g  b a r g e s .  I?e thank  t h e  cannery  p e r s o n n e l ,  l a n d i n g  

o p e r a t o r s ,  s p o r t f i s h e r m e n ,  and Departrilent p o r t  sample rs  f o r  t h e i r  e f f o r t  

i n  r e t u r n i n g  tagged f i s h .  We a r e  e s p e c i a l l y  t h a n k f u l  t o  Nadine Wright and 

Micaela  FJolfe f o r  t y p i n g  t h i s  r e p o r t  aiid t o  E r i c  Knaggs and H e r b e r t  Frey 

f o r  c r i t i c a l l y  rev iewing  t h e  m a n u s c r i p t .  
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