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Introduction 

The management o f  coastal pelaglc school lng f lshes I s  compl lcated 
by vast changes i n  recrui tment and ava i lab i l i t y .  While an E l  NIRo 
event can be a t r a g i c  economic event I n  the h is to ry  o f  a fishery, 
it can a lso be a natural experiment fo r  b lo log lca l  oceanographIcl 
m o n i t o r l n g  t o  g a t h e r  I m p o r t a n t  dynamlc In fo rmat ion .  The 
mot lvat lon and fundlng t o  monltor an event l l k e  "El NIRoII usual ly 
a r r l ves  a f t e r  the onset i s  we l l  i n  place (McGowan, 1984). To f l n d  
a t l m e  when, by chance, t h e  onset  o f  an E l  Nl f io was w e l l  
monitored, we must re tu rn  t o  the 1955-9 event. 

While there seems l i t t l e  doubt o f  the magnitude o f  the 1983-84 E l  
NIRo event, the anchovy population contlnued t o  spawn eggs a t  the 
same r a t e  I n  1983-4 as I n  1980-2 (F led le r ,  e t  al., MS) (Table 1). 
Although the process o f  spawnlng I s  energy Intenslve (Hunter and 
Leong, 19811, spawnlng continued as the  apparent productlon o f  t h e  
anchovy h a b l t a t  decl  lned (McGowan, 1984; F led le r ,  1984). Local  
catches were a lso reduced fo r  the coastal pelagic and cont inental  
s h e l f  f l shes  and Increased for t r o p i c a l  and temperate tunas as 
expected for these oceanic condit ions (Table 2). The comparable 
Increase o f  t rop ica l  f l s h  catch I n  1957 compared t o  the average o f  
t h e  prev lous  f i v e  years was barracuda 2.4 x, y e l l o w t a i l  4.6 x, 
b o n l t o  5.6 x, y e l l o w f i n  tuna 18.8 x s k i p j a c k  tuna 82.3 x, and 
d o l p h l n f l s h  876.6 x, f o r  o n l y  t h e  f i r s t  n l n e  months o f  t h e  year. 
Young sardlne were noted I n  the l l v e  anchovy b a i t  catch along the 
e n t i r e  coast from San Dlego t o  Monterey Bay for  the f l r s t  t i m e  I n  
years. (Anon. 1958). 

Reexamination of a Case History 

The 1957-9 E l  Nln'o was dlscussed I n  t h e  "Rancho Santa Fe 
Symposiurntq. The r e p o r t  o f  t h a t  meetlng, and p a r t f c u l a r l y  t h e  
p e r s o n a l  c o n t a c t s  be tween q u a n t i  t a t l v e  and t h e o r e t l c a l  
m e t e o r o l o g l s t s  and oceanographers, launched t h e  d l s c l p l l n e  o f  
"a l r -sea l  i n t e r a c t i o n  ( S e t t e  and Isaacs, 1960). A b l o l o g l c a l  
study o f  g r e a t  magnitude (3,461 p lank ton  observat ions on 20 
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T a b l e  1. N o r t h e r n  a n c h o v y  (- c e n t r a l  p o p u l a t l o n  
r e p r o d u c t l o n  p a r a m e t e r s .  

PPRT A Spawning  area Spawning  b i o m a s s  Mortal 1 t y  rate 
C r u i s e  ( S q .  m i . )  '000 t g/m2 z X/d 

Mar. 1980 19000 87 0 13 .453 36 
Feb.  1981 23000 635 8 .138 13 
Apr. 1981 17000 372 6 n i l  n l l  
F e b .  1982 24000 415 5 .158 15 
Feb.  1983 28000" 652 7 .184 17 
Mar. 1984 18000 3 09 5 .170 16 

P R T  B Femal e welg h t  S p e c i f i c  f e c u n d l t y  Mean I n t e r v a l  
C r u l  se 9 m-eggs /d / t  d a y s  

Mar. 1980 17 
Feb. 1981 13 
Apr. 1981 16 
Feb.  1982 19 
Feb.  1983 11 
Mar. 1984 12 

30 
33 
34 
33 
24 
42 

7 
9 
8 
8 
11 
6 

*About  h a l f  t h e  area of t h e  s t a t e  of  W a s h l n g t o n .  

c r u l s e s  q u a r t e r l y  for f i v e  y e a r s  s e p a r a t e d  I n t o  18 t a x o n o m i c  
g r o u p s )  was b e g u n  a s  a r e s u l t  of t h a t  c l lmat lc  c h a n g e  ( C a l C O F I  
a t lases  by Isaacs, F l e m l n g e r  and  Miller, 1969; Isaacs, F l e m l n g e r  
a n d  Miller, 1971; a n d  F l e m l n g e r ,  I saacs  a n d  W y l l l e ,  1974) a n d  a 
p r i n c i p l e  c o m p o n e n t s  a n a l y s i s  was r e p o r t e d  b y  C o l e b r o o k  (19777). 

I h a v e  d l v l d e d  t h e  f i s h e s  of t h e  CalCOFI r e g i o n  into t h o s e  w h l c h  
o c c u p y  a n  area larger t h a n  t h e  CalCOFI s u r v e y :  t h o s e  w h l c h  I n h a b i t  
t h e  coastal c u r r e n t s  of t h e  e a s t e r n  b o u n d a r y ;  a n d  t h o s e  w h l c h  are 
m o s t l y  c o n f l n e d  t o  t h e  c o n t i n e n t a l  s h e l f .  Most of t h e  f i s h  we 
h a v e  s t u d i e d  are p l a n k t i v o r o u s  so I h a v e  I n c l u d e d  a b r i e f  s e c t l o n  
o n  p l a n k t o n .  I n  t h e  "High  Seast1 c a t e g o r y ,  I h a v e  I n c l u d e d  t h e  
t u n a s ,  t h e  j a c k  m a c k e r e l ,  t h e  s a u r y I  a n d  t h e  m e s o p e l a g i c  f i s h e s .  
I n  t h e  f l s h e s  of t h e  c o a s t a l  c u r r e n t s ,  I h a v e  i n c l u d e d  a n c h o v y ,  
s a r d i n e ,  a n d  P a c l f l c  m a c k e r e l .  The  f l a t f i s h e s  a n d  r o c k f l s h s s  are 
c o n s i d e r e d  u n d e r  t h e  h e a d l n g  % o n t l n e n t a l  s h e l f "  fishes. Hake a re  
i n c l u d e d  as  c o n t i n e n t a l  s h e l f  f i s h e s  for t h e  p u r p o s e  of t h l s  p a p e r  
b e c a u s e  t h a t  I s  w h e r e  most of t h e  f e e d l n g  t a k e s  p l a c e  ( B a i l e y ,  e t  
al., 1982). The p r i m a r y  r e a s o n  for  d l v l d i n g  t h e  f i s h e s  I n t o  t h e s e  
categories I s  t o  more precisely I n t e r p r e t  t h e  effects of El NIRo. 
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Table 2. Commerctal landtngs frun Cal l fornta waters. - 1983 Wetght 
spectes Rank Welght Value Rank Wetght Value r a t t o  

Coastal Pelagtcs 117.5 18.8 59.1 12.8 0.50 

Mackerel 1 54.9 10.1 1 48.8 9.1 0.89 
Market squld 4 16.3 3.6 14 1.4 0.6 0.09 
Northern anchovy 2 42.1 1.9 10 4.1 0.4 0.10 
Pactftc bontto 15 2.1 1 .o 12 3.2 1.3 1.52 
Pacl f t c  hake 21 1 .o 0.2 17 1 .o 0.2 1 .oo 
Thresher shark 20 1.1 2 .o 20 0.6 1.2 0.55 

Shelf b Slope 76.8 67.1 54.5 43 .8 0.71 

--------------------____L_______________---------------------------------------------- 

Chtnodc salmon 
Dover sole 
Dungeness crab 
English sole 
L1 ngcod 
Pact f tc  herrtng 
Petrale sole 
Rex sole 
Rock crab 
Rockftsh 
Rockftsh (b-c*) 
Rockfish (t*) 
Sabl e f  t sh 
Sea urchtn 
Shrimp (PO*) 

Temperate Tuna 

11 
6 

12 
18 
19 
5 

22 
25 
unr ank 
3 

14 
16 
7 
8 

17 

3.3 18.8 25 
10.0 5.1 5 
3 .O 7.2 18 
1.4 1 .o 15 
1.4 0.7 19 

10.3 9.7 6 
0.8 1.0 23 
0.7 0.5 21 

22 
21.8 10.6 4 
2.3 1 .o 11 
2.0 1 .o 13 
9.5 5.2 8 
8.3 3.1 7 
2.0 2.2 24 

3.4 4.7 

- - 

0.4 
8.4 
0.9 
1.2 
0.8 
8.0 
0.6 
0.6 
0.6 

14.0 
3.5 
1.7 
6.1 
7.2 
0.5 

4.5 

1.8 
4.1 
3.1 
0.8 
0.5 

12.5 
0.8 
0.5 
1.1 
8.6 
1.8 
0.8 
3.2 
3.3 
0.9 

5.7 

0.12 
0.84 
0.30 
0.86 
0.57 
0.78 
0.75 
0.86 

0.64 
1.52 
0.85 
0.64 
0.87 
0.25 

1.67 

+ 

A1 bacore tuna 13 2.7 3.9 9 4.5 5.7 1.67 
81 uef t n tuna 24 0.7 0.8 unrank - - - 
Tropl ca l  tuna 9.7 14.8 37.7 39.9 3.89 
-------------------;----------------------------------------------------------------- 

Sklpjack tuna 1L 3.9 3.7 2 18.8 15.3 4.82 
Sword f t sh 23 0.8 5.1 16 1 .o 5.7 1.25 
Yel lcuf tn tuna 9 5.0 6.0 3 17.9 18.9 3.58 

Wetght I s  I n  thousands of  metrlc tons. 
Value ts i n  mt l l tons o f  dol lars t o  the fishermen. 
Mackerel i s  Pac l f tc  mackerel and jack mackerel comblned. 
b-c bocaccto and chtllpepper rockftsh. 
PO Pactf tc Ocean shrtmp. 
t thornyhead rockftsh. 

Nekton 

High seas 

-. Yamanaka (1984) n o t e d  an inverse  c o r r e l a t i o n  
between t h e  catch rate  of young bluefin tuna (- thvnnus) off 
Japan and t h e  United States. In particular there appeared t o  b e  a 
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Table 3. Crude composition of zooplankton i n  t h e  upper 140 m o f  t h e  C a l i f o r n i a  Current  

Functional 1956 -8  Weight 
group Rank Weight Rank Weight R a t i o  Change 

Copepoda 2 27.9 1 14.2 0.51 -13.7 
Chaetogna tha 4 6.3 2 4.4 0.70 -1.9 
Siphonophora 5 6.1 3 3.6 0.59 -2.5 
Thal iacea 1 91.4 4 3.3 0.04 -88.1 
Euphauslacea 3 7.1 5 3.2 0.45 -3.9 
Medusae 6 3.1 6 1.2 0.39 -1.9 
Decapod a 10 1.2 7 0.6 0.50 -0.6 
Pteropoda 14 0.3 8 0.6 2.00 0.3 
Radi ol ar  i a 9 1.4 9 0.4 0.29 -1 .o 
Crustacean l a r v a e  12 0.8 10 0.3 0.38 -0.5 
Amph ipoda 7 1.8 11 0.2 0.11 -1.6 
Larvacea 11 0.9 12 0.2 0.22 -0.7 
Ostracoda 13 0.4 13 0.2 0.50 -0.2 
Ctenophora 0 1.5 14 0.2 0.13 -1.3 
C1 adocer a 17 0.02 15 0.2 10.00 0.18 
Heteropoda 15 0.1 16 0.1 1.00 - 
Mysidacea 16 0.03 17 0.01 0.33 -0.02 

x 

12 
2 
2 
74 
3 
2 

1 

1 

TOTAL 150.35 32.91 0.22 -117.44 100 

Weight i s  i n  grams per 1000 cubic meters t o  140 meters depth. 
Change 1s t h e  d i f ference i n  grams between 1956 and 1958. 
X I s  t h e  category change as a percent o f  sum o f  categories change. 

l ow  r a t e  o f  r e t u r n  o f  j u v e n i l e s  t o  Japan d u r i n g  t h e  E l  NiAo 
per iods.  He p o s t u l a t e d  t h a t  du r ing  t h e  E l  N i i i o  more j u v e n i l e  
b l u e f i n  m ig ra ted  t o  t h e  P a c i f i c  c o a s t  o f  America than  usual  and 
then those f i s h  migrated t o  the southern hemisphere o f f  Chile. He 
a l s o  po in ted  o u t  t h a t  t h e  Japanese s a r d i n e  m ig ra ted  o u t  t o  t h e  
albacore tuna f i s h i n g  grounds during the  recent E l  Nfn'o. 

-re tuna. L i k e  t h e  b l u e f i n  tuna, some a lbaco re  a r e  t r a n s -  
P a c i f i c  m i g r a n t s  i n  t h e  temperate zone. The 1957-8 E l  Nin'o was 
assoc ia ted  w i t h  i n v e r s e  t rends  i n  t h e  C a l i f o r n i a  s p o r t  b o a t  and 
Canadian j i g b o a t  catches; between 1955 and 1959 t h e  annual 
catches o f  t h e  s p o r t  boats  was 577, 482, 3040 48, and n i l  tons, 
t h e  Canadian j l g b o a t s  n i l ,  17, 8,  74, and 212 t o n s  (Laurs 1983). 
It i s  now thought t h a t  l oca l  water c l a r l t y  may play a l a rge  r o l e  
I n  determining the  feeding migrat ion patterns (Fiedler, Laurs and 
Montgomery, MS) o f  a lbaco re  and t h e  c a t c h  by d i f f e r e n t  method. 
Changes i n  prey d i s t r i bu t i on ,  v e r t i c a l  and geographic, and local  
temperature gradlents must a lso have an e f f e c t  on f i sh ing  success 
on albacore and the  d i s t r i b u t i o n  o f  a l l  t he  oceanic propert ies i s  
a l tered by E l  NIRo. 

-a1 s c o a r o f d s .  Major  p reda to rs  f rom t h e  t r o p i c s  i n h a b i t  
C a l i f o r n i a  C u r r e n t  waters  warmer than 20'C. This  i n c l u d e s  
skipjack, bigeye, and y e l l o w f i n  tunas and the b i l l f i s h  (- 
md.mh Ihumu.s-, Thunnus i~Uaums0 Makalra Indica, and 
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X1Phias -1. The nor ther ly  extent o f  these specles appears 
t o  be l i m i t e d  by surface temperature. Blackburn (1965) found t h a t  
t h e  existence o f  a su i tab le  temperature was n o t  always accompanied 
by t h e  p r e s e n c e  o f  t r o p i c a l  p r e d a t o r s .  S c h a e f f e r  (1960)  
considered the  ch ie f  cause o f  t h e  occurrence o f  t rop i ca l  tunas o f f  
Ca l i f o rn ia  t o  be ac t i ve  mlgrat ion dur ing warm condit ions because 
t h e  warming a t  t h a t  t i m e  was due t o  h e a t  exchange r a t h e r  than 
advection o f  warm water. 

Jack mackerel. The abundance o f  larvae o f  jack mackerel declined 
f rom an area averaged 2 per square meter i n  1950-1957 t o  fewer 
than 0.3 per square meter between 1958 and 1960 (MacCall  and 
Stauffer. 19883). The r e l a t i v e  recrui tment strength o f  t he  stock 
i n  1958 was 2 t imes t h a t  i n  1959 and 1%0. It i s  obvious t h a t  t h e  
abundance of  l a r v a e  o f  t h i s  spec ies  i s  n o t  e f f e c t i v e  as an i ndex  
o f  s p a w n i n g  b iomass  b u t  i s  i n s t e a d  respons ive  t o  severa l  
environmental influences. Since the  outer and northern range o f  
spawning i s  n o t  no rma l l y  encompassed by t h e  l a r v a l  surveys. t h e  
v a r i a t i o n  may s i g n a l  changes i n  t h e  degree o f  o v e r l a p  o f  t h e  
survey area and t h e  spawning area. The change o f  temperaturer  
aloner i s  probably  i ncapab le  o f  e x e r t i n g  more than  a t w o - f o l d  
i n f l u e n c e  on development r a t e .  t hus  t h e  5-7 f o l d  change i s  
probably i n d i c a t i v e  o f  a change i n  fecundity ra ther  than a change 
i n  spawning biomass. During t h e  rad ica l  change between 1957 and 
1958. the primary di f ference appeared t o  be the number o f  samples 
w i t h  l a rge  numbers o f  larvae. suggesting a change i n  reproductive 
per c a p i t a  o u t p u t  (Ahlstrom. 1969). Cursory examinat ion o f  t h e  
l a r v a l  m o r t a l i t y  r a t e  between 3 and 11 mm does n o t  r e v e a l  an 
obvious change between 1957 and 1959 b u t  t h i s  constancy could be 
confounded w i t h  an abnormal growth rate. 

It i s  no t  c lear  whether jack mackerel changes i t s  d i s t r i b u t i o n  i n  
r e l a t i o n  t o  temperature d i r e c t l y  t o  i t s  temperature-related food. 
The food o f  another j a c k  mackerel spec ies i n  a s i m i l a r  c u r r e n t  
system o f f  t h e  P a c i f i c  c o a s t  o f  South Americar (Konchina. 1983) 
c o n s i s t s  o f  p r i m a r i l y  Euphausi ids ( 5 4 % ) ~  f i s h  (20%)D decapods 
(12%). copepods (7%). and cephalopods (5%). O f  t h e  f i s h  40% were 
engraul ids. 25% were gonostomatids. and 20% were normanichthyids. 
A lmost  a l l  o f t  he euphausi id  shr imps were Nyc f lDhanesw.  
The seasonal maximum o f  f i s h  I n  j a c k  mackerel  was i n  August 
(Southern hemisphere w i n t e r )  a t  35% owing t o  t h e  a d d i t i o n  o f  
m e r r i p  m. He descr ibed t h e  f e e d i n g  i n t e r a c t i o n  
between hake and jack mackerel overlapping mainly i n  the feeding 
on e n g r a u l i d s  and o c c a s i o n a l l y  Uu&u!errin bus&h. Thus. t o  
understand the  e f f e c t  o f  E l  Niilo on jack mackerel one would have 
t o  observe changes i n  euphausiids, and a t  l e a s t  3 groups o f  f ish.  

w. Saury spawning below 30' north l a t i t u d e  v i r t u a l l y  ceased 
between 1957 and 1960. E i ther  the adu l t  f i s h  were no t  there 
or they were unable gain s u f f i c i e n t  surplus energy t o  spawn. This 
species exh ib i t s  a t rans-Paci f ic  d i s t r i b u t i o n  and i s  thought t o  be 
a zooplankton feeder (Smith and Ahlstrom, 1973). There was a lso a 
s m a l l  d e c l i n e  i n  t h e  abundance o f  eggs o f f  southern and c e n t r a l  
Cal i fornia.  This could be explained by more rap id  hatching t i m e  
i n  t h e  warmer water. Another e x p l a n a t i o n  would be t h a t  t h e  
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zooplankton abundance was lowered whlch changed t h e  per c a p i t a  
r a t e  o f  spawnlng. Also, t h e  no r thward  m l g r a t l o n  o f  t r o p i c a l  
predatory blrdsr f l s h  and mammals could be a contr lbut lng cause o f  
t h e  decreased abundance o f  eggs by p r e d a t l o n  on t h e  spawning 
a d u l t s  or consumptlon o f  egg masses. O f f  Japan saury may be 
rep laced  by I n c u r s l o n s  o f  Scomber _iaPooicus (Schaeffer,  1980); 
although t h i s  occurred I n  1958 o f f  Japan i t  was determined whether 
some oceanlc boundary o f  t he  saury hab i ta t  s h i f t e d  or t he  P a c l f l c  
mackerel populat ion expanded i t s  range i n t o  t h e  saury habitat. 

f1s.k. Even though t h e  main e f f e c t s  o f  t he  E l  NIRo 
may be above t h e  h a b l t a t  of t h e  a d u l t  mesopelaglc f i shes r  t h e  
larvae of  some mesopelagic f lshes Inhab l t  t he  upper mlxed layer. 
An examlnatlon o f  an a t l a s  o f  the most common mesopelagic f fshes 
(Ahlstromr 1972) reveals several d f f f e r e n t  responses t o  the  onset 
o f  the 1957-59 E l  NIRo. 

Three o f  the  mesopelaglc species have eplpelaglc (100 m or less) 
larvae. One o f  t he  most massive d l s t r l b u t i o n a l  changes occurred 
w i t h  w s r r j a  w. I t s  major  concen t ra t i ons  were 
r e s t r l c t e d  t o  south of 30" I n  the  antl-N1Ro perlod 1955-56 and it 
spread t o  the  oceanic areas o f f  San Francisco t o  35 nor th  l a t i t u d e  
by 1960. P r l m a r l l y  because o f  I t s  Increased nover lapn w i t h  t h e  
CalCOFI survey area, t h e  abundance o f  1. increased an 
order o f  magnltude between 1956 and 1959. I n  a s l m f l a r  b u t  less 
extenslve change o f  geographic d f s t r l b u t l o n  larvae o f  I&dWwxi 

t r i p l e d  f n apparent  abundance through a 240 n a u t i c a l  
m l l e  no r thward  s h l f t .  Larvae o f  a t h i r d  speciesr 
-r d i d  n o t  appear t o  respond i n  any way t o  e i t h e r  t h e  
anti-NiRo or NiRo; the  southern l l m l t  o f  d l s t r l b u t l o n  remained o f f  
San Diego through the  e n t f r e  period. 

Two o f  t he  mesopelagic specles also have mesopelagic larvae. The 
number o f  l a r v a l  declined by 6- fo ld  between 
1957 and 1958; t h i s  appeared t o  be caused by t h e  d e c l l n e  I n  
spawnlng I n  a southern center o f f  Punta Eugenfa, Baja Ca l f f o rn la  
as t h e  n o r t h e r n  l i m i t s  d i d  n o t  appear t o  s h l f t .  Bathvl.aaus 

l a r v a e  doubled I n  apparent abundance d u r i n g  t h e  n l 6 o  
perfod, apparen t l y  by s l l g h t  Increases I n  abundance I n  spawning 
c e n t e r s  and by drawing c l o s e r  t o  t h e  coast. The l a r v a e  o f  
&l&!hgu w, a s u b a r c t i c  speclesr decreased s1 I g h t l y  
during the  warmlng apparently due t o  a withdrawal from the  coast 
and t o  t h e  nor th .  The depth d l s t r l b u t l o n  of t h i s  species i s  n o t  
w e l  1 known. 

m. The onse t  o f  E l  Ntfios i n  1957-9 (Flg. 1) and 1982-3 
(Table 1) had remarkably l l t t l e  e f f e c t  on the apparent productlon 
o f  eggs and larvae. I n  f a c t  t h e  nant l -E l  N16on w l t h  i t s  c o l d e r  
waters and Invasion o f  subarct lc fauna appears t o  have a negative 
e f f e c t  on the  abundance o f  these planktlvorous flshes. I n  1957-9 
increase w l t h  the  onset o f  E l  NIRo. There were large increases I n  
t h e  abundance o f  l a r v a e  o f f  c e n t r a l  C a l i f o r n i a  and moderate 
Increases o f f  the southern C a l i f o r n i a  coast more than 300 km. I n  
t h e  egg productlon t i m e  ser les from 1980 t o  19884 there contlnued 
,to be productfon ra tes  o f  more than 200 eggs per square meter per 
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day throughout the  Los Angeles Bight. I n  addl t ionr during El  Niffo 
i n  19838 there were more than 100 eggs produced per square meter 
per day from 200 km t o  250 km of fshore.  S i m i l a r  r a t e s  were 
sus ta lned  i n  1984 o u t  t o  200 km. Therefore, t h e  p r e d i c t i o n  o f  
d im in i shed  n o r t h e r n  anchovy f e c u n d i t y  caused t h e  apparent 1 ow 
zooplankton volume and chlorophyl l  (McGowan8 1983; 1984) has n o t  
been substantiated. S i m i l a r l y 8  i n  1957-98 the  diminished primary 
production and zooplankton volume was met w i t h  equal or greater 
spawning of northern anchovy (Smith and Eppley8 1982) I n  t h e  Los 
Angeles Bight  area. 

appears t o  be adverse ly  a f f e c t e d  by t h e  c o l d  "an t i -E l  NiCio" and 
favo red  by E l  NiKo (Fig. 2). Murphy (1960) used temperature as a 
nconvenient index" for other oceanic propert ies i n  h i s  discussion 
o f  t h e  sardine. He stated t h a t  "...cooler temperatures along t h e  
C a l i f o r n i a  C u r r e n t  a r e  assoc ia ted  w i t h  acce le ra ted  southward 
transport8 and more vigorous upwell ing w i t h  i t s  attendant o f fshore 
movement o f  water. Plankton densi t ies are increased." He noted 
t h a t  t h e  warm years o f  t h e  l a t e  30's and e a r l y  40's appoared t o  
have been favorable f o r  sardine recrui tment and the  cooler years 
1943-1956 were accompanied by a precipi tous and sustained dec l ine 
i n  t h e  species. The species reached a spawning biomass o f  2 
m i l l i o n  tons during the  E l  Niiio o f  1941. However8 I n  the  El NiRo 
o f  1982-3 o f f  Chi le8 t h e  l a r g e  SardinnDs p o p u l a t i o n  f a i l e d  t o  
recover  i t s  normal f a t  c o n t e n t  I n  t h e  summer and i n  t h e  n e x t  
spawning season t h e  f a t  c o n t e n t  o f  t h e  p o p u l a t i o n  was again 
reduced by a factor  o f  2 (Vidal8 Ch i l e  Pesquero8 December 1983 p. 
13). 

S a r d i m .  As w i t h  the  anchovy8 the  sardine Sardinopl  caer u h & 8  

&QQ&QC. A high r a t e  o f  parent per capi ta recrui tment occurred i n  
t h e  years 1958-60 ( P a r r l s h  and MacCal18 1978; Schaeffer,  1980). 
Wh i le  t h e  ca tch  reco rds  o f  P a c i f i c  and j a c k  mackerel a r e  
f r e q u e n t l y  combined f o r  s t a t i s t i c a l  purposes8 t h e  species a r e  
r a d i c a l l y  d i f f e r e n t .  The l i f e  span o f  t h e  j a c k  mackerel i s  
several t imes t n a t  o f  t h e  P a c i f i c  mackerel and the adu l t  phase o f  
t h e  j a c k  mackerel i s  found i n  t r a n s i t i o n a l  waters  between t h e  
Cen t ra l  Water Mass of t h e  N o r t h  P a c i f i c  and t h e  West Wlnd D r i f t  
and Cal i f o r n i a  Current. J u v e n i l e  j a c k  mackerel school w i t h  
P a c i f i c  mackerel i n  the coastal currents o f f  C a l i f o r n i a  bu t  a t  t h e  
age o f  3 or  4 t h e y  resume t h e  h i g h  seas d i s t r i b u t i o n  
c h a r a c t e r i s t i c  o f  t h e i r  parents. There they l i v e  f o r  about 25 
years (MacCall and Stauffer8 1981). P a c i f i c  mackerel l i v e  i n  t h e  
c o a s t a l  c u r r e n t  r e g i o n  of t h e  s u b t r o p i c a l  and temperate zone o f  
t he  Gul f  o f  Cal i forn ia8 Baja Ca l i f o rn ia  and southern Cal i fornia.  
The maximum age o f  P a c i f i c  mackerel i s  11 years (Schaeffer8 1980) 
and they probably remain i n  the  coastal currents region. 

Despite the increased recrui tment o f  P a c i f i c  mackerel i n  the  1957- 
9 Ni f io  t h e  s p o r t  ca tch  o f f  C a l i f o r n i a  was 1 /2  normal I n  t h i s  
per lod.  The Mexican ca tch  o f  P a c i f i c  mackerel dec l i ned  by a 
f a c t o r  o f  5 i n  1957 and d e c l i n e d  y e t  another f a c t o r  o f  5 i n  1958. 
These c o n f l i c t i n g  fac ts  are probably explained by a more nor ther ly  
d i s t r i b u t i o n  o f  t h i s  species a t  t h i s  t i m e  so t h a t  they a r e  
unavallable t o  the f ishery from the t r a d i t i o n a l  ports. 
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Detai led studies o f  growth have no t  been conducted on the Paci f ic  
mackerel so changes i n  length a t  age which are observed f o r  t h i s  
species (smaller during E l  NiRo) may be due t o  greater surv iva l  of 
t h e  s m a l l e r  members o f  t h e  cohort ,  or s m a l l e r  members o f  t h e  
p o p u l a t i o n  t r a n s p o r t e d  i n  f rom t h e  southern, more s u b t r o p i c a l  
s e c t o r s  o f  t h e  d i s t r i b u t i o n  ( K l i n g b e i l ,  pers. comm.) or l a r g e r  
f l s h  migrat ing t o  t h e  north. 

m. The red crab, eleuroncodeq -, i s  a benthic 
an imal  o f  t h e  G u l f  o f  C a l i f o r n i a  and t h e  south Baja C a l i f o r n i a  
c o n t i n e n t a l  s h e l f  (Longhurst, 1966). Dur ing  most years t h e  
j u v e n i l e  p e l a g i c  phase d r i f t s  back and f o r t h  i n  t h e  c o a s t a l  
currents over the a d u l t  hab i ta t  but  important numbers o f  o f f sp r ing  
are entrained i n  the Ca l i f o rn ia  Current extension and ca r r i ed  i n t o  
t h e  t r o p i c s .  Dur ing  E l  Nifio, s i m i l a r l y  i m p o r t a n t  numbers a r e  
ca r r i ed  nor th  as fa r  as southern Ca l i f o rn ia  i n  a band 160 km wide 
and i n  a narrow coastal s t r i p  i n t o  waters o f f  central  Cal i fornia.  
New da ta  f rom t r a w l i n g  f o r  anchovy a d u l t s  shows a s i m i l a r  
n o r t h e r l y  t r a n s p o r t  (Fig. 3 )  o f  r e d  c rab  j u v e n i l e s  of fshore.  
Although s ight ings o f  red  crab are a t  t he  surface, It i s  no t  known 
a t  what depth t h e  organisms a r e  t ranspor ted.  Since t h e  a d u l t s  
l i v e  i n  depths as great  as 300 meters it i s  conceivable t h a t  some 
t ranspor t  I s  i n  the  C a l i f o r n i a  Undercurrent. The pelagic phase o f  
red crab i s  about 2 years i n  duration b u t  mature ind iv iduals  have 
no t  been co l lected o f f  A l ta  C a l i f o r n i a  thus the  o r i g i n  o f  a l l  t he  
young i s  cons idered t o  be a t  25" l a t i t u d e  or 1000 km south o f  
where many young are transported (Boyd, 1967). 

Shelf Fauna 

The f i s h e s  and i n v e r t e b r a t e s  o f  t h e  c o n t i n e n t a l  border1 and a r e  
l i k e l y  t o  e x h i b i t  some d i v e r s i t y  o f  r e s p o n s e  t o  E l  N i f io .  
P l a n k t i v o r o u s  species or o l d e r  organisms may be i n  p a r t  be 
i s o l a t e d  f rom t h e  immediate e f f e c t s  o f  a b r i e f  E l  NiAo. I n  
g e n e r a l  hake a r e  m e s o p e l a g i c  spawners  w h i c h  f e e d  on t h e  
c o n t i n e n t a l  she l f ,  t h e  r o c k f i s h  as a group a r e  p e l a g l c  over 
canyons and around Islands and the  f l a t f i s h  are demersal over the  
g e n t l e r  s lopes o f  t h e  c o n t i n e n t a l  margin. The t i m e  s e r i e s  o f  
l a r v a l  catches o f  these species may permi t  i d e n t i f i c a t i o n  of some 
changes associated w i t h  E l  NiRo. 

-. The P a c i f i c  hake does n o t  con t inuous ly  occupy t h e  
zone o f  coastal currents (Bai ley e t  al., 1982). During the spr lng 
and summer, t h e  a d u l t  p o p u l a t i o n  m i g r a t e s  1000 km nor thward t o  
feed on the  continental she l f  o f  t he  north temperate eastern nor th  
P a c i f i c .  Dependlng on t h e  age s t r u c t u r e  and t h e  temperature a t  
depth (Smith, 19751, the hake migrate t o  various distances t o  the  
south i n  the  f a l l  and spawning i s  conducted i n  winter. Since the 
onset  o f  t h e  E l  NiRo was I n  A p r i l  1957, t h e  f i r s t  year o f  e f f e c t  
on hake l a r v a e  was f n  1958. An index o f  l a r v a e  from w i n t e r  
abundance i n  1954-1960 was 5, 8, 14, 21, 8, 2,  3. That p o r t i o n  o f  
t h e  l a r v a l  index i n  t h e  r e g i o n  seaward o f  about 300 km f o r  t h e  
same years I s  2, 4, 11, 15, 1, A, and .9. The s u r v i v a l  o f  t h e  
1957-9 spawn t o  f i s h a b l e  age was low r e l a t i v e  t o  1960 and 1961. 
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SInce t h e  l a r v a l  index was h i g h  i n  1957, t h e  per c a p i t a  s u r v i v a l  
o f  spawn must have been extremely low f o r  t h a t  year. 

-. The f i r s t  e f f e c t s  o f  t h e  1957-9 E l  Ni i io  on t h e  
production o f  r o c k f i s h  larvae were noted I n  1958. Slnce the onset 
o f  E l  NiRo condi t ion was i n  A p r l l  o f  1957 a f t e r  the most rock f i sh  
b i r t h s  ( r o c k f i s h  bear l i v e  young) had occurred f o r  t h e  year. A t  
42" t h e r e  was an apparent Increase i n  t h e  number o f  r o c k f l s h  
larvae i n  1958. A t  37" there were moderate decreases i n  1958 and 
1959. A t  32" t h e  number o f  r o c k f i s h  l a r v a e  per s t a t i o n s  
decreased by more than h a l f  I n  1958 and again by a factor  o f  three 
I n  1959. The d e c l l n e  of l a r v a e  was s l m l l a r  a t  27". There were 
no obvious e f f e c t s  o f  E l  N iFo on t h e  commercial f l s h e r y .  The 
decl ine i n  l a r v a l  abundance may have been caused by the  decl ine o f  
the product iv i ty  o f  t he  waters adjacent t o  the  continental shelf. 
The E l  NlRo may have had a profound e f f e c t  on t h e  r e p r o d u c t i v e  
r a t e  o f  t h i s  group o f  species. A descr ip t ion o f  these t ime  ser ies 
i s  found i n  Ahlstrom, Moser and Sandknop (1978). Th is  a r c t i c  t o  
temperate genus has 69 species i n  t h e  eas te rn  Nor th  P a c i f i c  and 
about 40 species are taken i n  commercial and sports f i she r ies  I n  
Ca l i  f o r  n i  a. 

El&jWss. O f  e igh t  kinds o f  f l a t f i s h e s  t h a t  Ahlstrom and Moser 
(1975) analyzed o n l y  f o u r  showed major d e c l i n e s  i n  abundance 
dur ing E l  Niflo of 1957-9. The species whlch declined less  than 2- 
f o l d  ( p o s s i b l e  temperature/development r a t e  e f f e c t )  were t h e  
C a l i f o r n i a  ha1 i b u t ,  W r n i c u p ,  E n g l i s h  sole, 
earnphrus y$&hsI Rex SOler u, and t h e  
Dover sole, M 1 c t - m  -. The species which appeared t o  
change more d r a s t i c a l l y  were the  speckled sanddab, m, o the r  sanddabs, 

exliis and the turbots, spp. It would be 
i n t e r e s t i n g  t o  know t h e  feed ing  h a b i t s  o f  these two  groups and 
what mechanism d i f f e r e n t i a t e s  t h e i r  response t o  E l  NIRo. 

Plankton 

spp., s lender sole, 

The p l a n k t o n  sampl ing program o f  CalCOFI was designed t o  
quan t i t a t i ve l y  capture the eggs and ea r l y  l a r v a l  stages o f  f ishes 
which occupy the  euphotic zone. Thus, observations o f  organlsms 
whlch occur i n  and deeper than t h e  140-m depth o f  t h e  CalCOFI 
o b l i q u e  tows must be i n t e r p r e t e d  cau t ious l y .  For example, t h e  
adul ts o f  many euphausiids substant ia l ly  evaded the  b r id led  r i ng -  
net, even a t  n igh t ,  and most euphausi lds range throughout  t h e  
upper 600 meters (Br inton and Townsend, 1981). Important amounts 
o f  copepod biomass were n o t  retalned by the  .SO5 mm mesh apertures 
o f  t h e  CalCOFI s t a n d a r d  n e t .  I m p o r t a n t  f r a c t i o n s  o f  t h e  
zooplankton a r e  t o t a l l y  dest royed by contact w i t h  the  f i l t e r i n g  
s u r f a c e  under tow and o t h e r s  a r e  ext ruded f rom t h e  mesh d u r i n g  
v i g o r o u s  washing. Tha l  l a c e a n s  s h r l n k  g r e a t l y  b e f o r e  t h e  
displacement volume I s  taken i n  many samples the large thal laceans 
were d iscarded b e f o r e  f i x a t i o n  owing t o  t h e  l a c k  o f  adequate 
contalners and f l x a t i v e  ( T h r a l l k i l l ,  pers. comm.). P lann ing  and 
sample design, l i k e  t h a t  conducted for t h e  eggs and l a r v a e  o f  
sardine, would be a p r e r e q u i s i t e  f o r  a q u a n t i t a t i v e  a n a l y s i s  o f  
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any o f  the 500 or so populatlons now captured I n  the f i s h  egg and 
la rva  surveys. S t i l l  the r e g u l a r l t y  of t he  sample techniques has 
p e r m i t t e d  advanced a n a l y s i s  and i m p o r t a n t  conc lus lons  about 
wldespread b i o l o g i c a l  oceanographic phenomena and much o f  t h e  
i n t e r p r e t a t i o n  i s  based on t h e  s t r e n g t h  o f  t h e  non-seasonal 
changes d u r i n g  t h e  1957-9 NIAo and t h e  coo le r  p e r i o d  which 
preceded it (Bernal, 1981). 

As p o l n t e d  o u t  by Sml th (1971) most o f  t h e  change i n  zooplankton 
volume d u r i n g  t h e  E l  Nin'o o f  1957-59 was caused by a r a d i c a l  
d i m i n u t i o n  i n  t h e  volume o f  t h a l i a c e a n s  (salps, pyrosomes and 
d o l  i o 1  i d s )  and 1 arvaceans. Th is  category comprised 75% o f  t h e  
zooplankton i n  October o f  1956 and by A p r i l  of 1958 t h i s  category 
was o n l y  7%. The crustaceans had d u r i n g  t h e  same p e r i o d  r i s e n  
f rom 17% t o  60%. These r e l a t i v e  changes i n  p l a n k t o n  group 
composi t i o n  cannot be i nterpreted i n terms o f  product iv i ty  since 
changes i n  standing crop merely represent changes i n  the  r e l a t i v e  
r a t e s  o f  na ta l i t y ,  growth and morta l f ty .  One would need t o  know 
much more about the  demographics o f  t he  planktonic populatlons and 
t h e  v u l n e r a b i l i t y  o f  t h e  l i f e  stages t o  sampl ing t o  make u s e f u l  
inferences about zooplankton production. 

Thal iaceans dominated p lank ton  c o l l e c t i o n s  i n  t h e  C a l i f o r n i a  
C u r r e n t  r e g i o n  i n  1956 be ing  more than t r i p l e  t h e  q u a n t i t y  o f  
copepods and 13 t imes the volume o f  euphausiids. The rank order 
was t h a l  iaceans, copepods, and euphausiids. By 1958 the copepods 
had decreased t o  SO%, t h e  euphausl ids had decreased t o  45%. and 
t h e  Thal iaceans had decreased t o  4% of  t h e i r  volumes. Table 3 
l i s t s  these  f u n c t i o n a l  groups w f t h  t h e  o t h e r  1 4  f o r  comparison. 
Fol lowing the c l i m a t i c  sh i f t ,  copepods became the  most abundant 
group i n  t h e  biomass and t h e  t h a l i a c e a n s  and euphausi ids were 
near ly equal a t  four th  and f i f t h  rank abundance. The chaetognaths 
had r i s e n  f rom f o u r t h  t o  second rank and t h e  slphonophores had 
r f s e n  from f i f t h  t o  t h i r d  rank. 

Jh&llacean.s. Thal iaceans were most abundant seaward o f  150 km i n  
the  main branch o f  t he  Ca l i f o rn ia  Current (Figure 4) The annual 
average reached a maximum o f  200 grams per 1000 m3 i n  1956 and 
decreased t o  l e s s  than  10  grams per 1000 m3 by 1958 and i n  1959. 
The annual average temperature sh i f t ed  from 14 t o  16.5' degrees i n  
t h i s  ou te r  r e g i o n  over t h e  same p e r i o d  (Fig. 5 ) .  Alongshore 
thal iaceans changed from 140 cc per 1000 m3 I n  1956 t o  n i l  I n  1958 
and remained t h e r e  I n  1959 i n  t h e  V lzca ino  Bay r e g i o n  (Fig. 6 ) .  
There were p a r a l l e l  temperature r i s e s  along the  e n t i r e  coast (Fig. 
7). 

D u r i n g  t h e  a c t u a l  o n s e t  o f  E l  N in 'o  i n  A p r i l  o f  1957, t h e  
tha l  iacean displacement volume declined 20-fold between A p r i l  
and July. I n  a s i m i l a r  perlod i n  1956 the  thallaceans Increased 
5-fold i n  the  southern Ca l i f o rn la  section. 

m-. Across t h e  c o a s t a l  c u r r e n t s  and main 
branch o f  t he  Ca l i f o rn la  Current the annual average ab ndance o f  
copepods decreased from about 50 and 10 gra s per 1000 m i n  1955- 
57 t o  about 20 and 6 grams per 1000 mf f n  1958-9 (Flg. 8). 
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F i g u r e  4. The 
f i r s t  bar  i s  t h e  volume c a l c u l a t e d  from t h e  average o f  a l l  s t a t i o n s  I n  t h e  southern 
C a l i f o r n i a  inshore reg ion for  the e n t i r e  year. The second bar I s  the same value for the 
sou the rn  C a l i f o r n i a  o f f s h o r e  reg ion.  The t h i r d  bar  i s  t h e  same v a l u e  f o r  t h e  southern 
C a l i f o r n i a  seaward region. 

The decrease o f  t h a l i a c e a n  d i sp lacemen t  volume between 1955 and 1959. 

1955 1956 1957 1958 1959 1960 

Y E A R  
Ffgure 5. The f i r s t  bar i s  
t h e  10 m t empera tu re  c a l c u l a t e d  f rom t h e  average o f  a l l  s t a t i o n s  i n  t h e  southern 
Ca l i f o rn ia  inshore reg ion fo r  the e n t i r e  year. The second bar I s  t he  same value for  t h e  
southern C a l i f o r n i a  o f f s h o r e  reg ion.  The t h i r d  bar i s  t h e  same v a l u e  f o r  t h e  sou the rn  
Ca l i f o rn ia  seaward region. 

The fncrease o f  10 meter temperatures between 1954 and 1960. 
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F i g u r e  6. The decrease of t h a l l a c e a n  d i sp lacemen t  volume between 1955 and 1959. The 
f i r s t  bar  I s  t h e  volume c a l c u l a t e d  f rom t h e  average o f  a l l  s t a t i o n s  i n  t h e  Southern 
C a l i f o r n i a  Inshore reg ion f o r  t he  e n t i r e  year. The second bar i s  t h e  same value for t he  
Ba ja  C a l i f o r n i a  i n s h o r e  reg lon .  The t h i r d  bar i s  t h e  same v a l u e  f o r  t h e  Sebast ian 
Vi rca ino Bay region. The fou r th  bar I s  t h e  same value for  t h e  south Baja inshore region. 
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Figure 7. The f i r s t  bar I s  the 
average 10 m temperature ca lcu lated from a l l  s ta t i ons  i n  t h e  southern C a l i f o r n i a  Inshore 
r e g i o n  f o r  t h e  e n t i r e  year. The second bar I s  t h e  same v a l u e  f o r  t h e  Ba ja  C a l i f o r n i a  
i n s h o r e  reg ion .  V i z c a i n o  Bay region. 

The increase of 10 m temperatures between 1954 and 1960. 

The t h i r d  bar i s  t h e  same v a l u e  f o r  t h e  Sebast ian ~- _ _  . . The fou r th  -bar i s  the same value fo r  the south Baja l n s n w e  reglon. 
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Ffgure 8. The decrease o f  copepod displacement volume between 1955 and 1959. The f i r s t  
bar 1s the  volume calcu lated from the  average of a l l  s ta t l ons  i n  the southern C a l l f o r n l a  
l n s h o r e  r e g i o n  f o r  t h e  e n t i r e  year. The second bar  i s  t h e  same v a l u e  f o r  t h e  sou the rn  
C a l i f o r n i a  of fshore reglon. The t h i r d  bar 1s the same value for the  southern C a l l f o r n l a  
seaward region. 
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FIgure 9. 
bar 1s the  volume calcu lated from the 
l n s h o r e  r e g i o n  f o r  t h e  e n t l r e  year. 
C a l i f o r n i a  inshore region. 
reglon. 

The decrease o f  copepod displacement volume between 1955 and 1959. The f l r s t  
average o f  a l l  s ta t l ons  I n  the southern Ca l i f o rn ia  

The second bar  i s  t h e  same va lue  f o r  t h e  BaJa 
The t h l r d  bar i s  the same value for the  Sebastlan Vizcalno bay 

The four th  bar I s  t h e  same value for  t he  southa Baja lnshore region. 
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Southward a long t h e  c o a s t  I n  t h e  c o a s t a l  c u r r e n t s  zone t h e  
decrease I n  t h e  s o u t h e r l y  r e g l o n s  was more d ramat l c  f o r  t h e  
copepods, from 140 grams per 1000 m3 t o  20 (Flg. 9). Euphausllds 
decreased by a f a c t o r  o f  t h r e e  (Flg. 10 and 11). 

D u r l n g  t h e  onset  o f  E l  Nln'o I n  A p r l l  1957# t h e  Inshore  copepods 
decreased by a f a c t o r  o f  4 and t h e  euphausi lds decreased by a 
factor  o f  3 by July. I n  the  same perlod I n  1956 the volumes were 
equal over t h e  3 month span I n  t h e  southern C a l l f o r n l a  I n s h o r e  
area. 

Presumed Secondary Production 

While secondary productlon I s  d l f f l c u l t  t o  I n f e r  from zooplankton 
dfsplacement volumer It may be In te res t l ng  t o  note t h a t  t he  slope 
o f  t h e  seasonal Increase o f  zooplankton I s  s l m l l a r  I n  t h e  southern 
C a l i f o r n l a  Inshore  area I n  t h e  years 1955 through 1959 (Flg. 12 
and 13). One can I n f e r  f rom t h l s  t h a t  t h e  r e p r o d u c t l v e  c a p a c l t y  
l ess  the  predatlon r a t e  favored increases I n  zooplankton volume 
b o t h  when t h e  system was dominated by t h a l l a c e a n s  and when 
domlnated by copepods. The second f i g u r e  I s  a d l s p l a y  o f  t h e  
adjacent month di f ferences dlsplayed as rat los.  I n  t h f s  area one 
can expect  sus ta lned  Increases f rom 10 t o  60% per month I n  t h e  
w l n t e r  and s p r i n g  months whether t h e  system i s  domlnated by 
thal laceans or copepods and a t  e l t he r  the  14' temperature o f  t he  
1955-56 perlod or the 16.5' temperature o f  the Nflio period. Since 
t h e  c u r r e n t s  a r e  s l u g g i s h  I n  t h l s  area one would expect  l o c a l  
g rowth  t o  domlnate over t r a n s p o r t  as a f a c t o r  I n  t h l s  r a t e  o f  
Increaser t ranspor t  f n  the  gyre I s  l a rge l y  from the  south and west 
w l t h  only mlnor entrainment o f  t he  C a l l f o r n l a  Current as Indlcated 
f rom t h e  o f f s h o r e  p o s l t f o n  (270 km a t  l l n e  90) o f  s a l l n l t y  l e s s  
than  33.4% (Bernal r  1981). 

Primary Production 

Unfortunately. there were no prlmary productlon estlmates a t  t he  
t l m e  o f  t h e  1957-9 E l  Nlfio.  There a r e  no s p a t l a l l y  and 
t e m p o r a l l y  coheren t  t l m e  s e r l e s  o f  an area t h e  s l z e  o f  t h e  
C a l l f o r n l a  C u r r e n t  reg lon.  A c o a s t a l  t l m e  s e r l e s  r e p o r t e d  by 
S m i t h  and E p p l e y  (1982)  d i d  c a p t u r e  one e x t r e m e l y  h i g h  
phy top lank ton  p r o d u c t l o n  r a t e  o f  1.41 g C per m2 per day I n  June 
o f  1975 and a r e l a t l v e l y  low va lue  o f  0.1 g C per m2 per day I n  
October o f  1976 and February 1977. Assuming t h e  Sc r lpps  Pier 
Temperature Anomaly was re la ted  t o  prlmary productlon I n  t h e  same 
way i n  t h e  years 1955-59 the annual average productlon declined 

ob ta lned  I n  1957 and 1958. There appeared t o  be moderate 
agreement I n  the  change I n  values o f  zooplankton volume over the  
same perlod Table 4. 

Summary and Recommendation for Future Study 

Re-examlnat lon o f  t h e  more t ho rough ly  sampled t r a n s 1  t l o n  f r o m  
an t l -  t o  E l  Nln'o c o n d f t l o n s  I n  1955-9 suggests answers t o  t h e  
q u e s t l o n  "Why was t h e  e f f e c t  on anchovy spawnlng so moderate I n  

from 0.4 t o  0.2 g C per m 1 per day and December minima o f  0.1 were 
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Figure 10. The decrease of euphausiid displacement volume between 1955 and 1959. T h e  
f l r s t  bar I s  t h e  volume ca lcu la ted  from t h e  average of a l l  s t a t i o n s  i n  t h e  southern 
Callfornia I n s h o r e  region for t h e  en t i re  year. The second bar I s  t h e  same value for t h e  
southern Cal l forn ia  of fshore  region. T h e  t h l rd  bar is t h e  same value for t h e  southern 
Cal ifornia seaward region. 
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Figure 11. T h e  decrease of euphausiid dlsplacement volume between 1955 a n d  1959. T h e  
f i r s t  bar I s  t h e  volume ca lcu la ted  from t h e  average of a l l  s t a t i o n s  i n  t h e  southern 
California inshore region for t h e  en t i re  year. The second bar I s  the same value for t h e  
Baja Cal i forn ia  Inshore region. The  t h l r d  bar i s  t h e  same value for  t h e  Sebartian 
Vlzcaino Bay reglon. The fourth bar I s  t h e  same value for the south Baja inshore region. 
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FIgure 12. The tlme s e r i e s  of small zooplankton volume between 1954 and 1960 i n  t h e  
southern California inshore reglon. The jagged line i s  t h e  natural log of t h e  average of 
a l l  s t a t l o n s  on a monthly In te rva l  w l t h  misslng values (about 10% mostly August or 
September) interpolated linearly, The smooth 1 lne i s  a resistant non-parametric smoother 
fo r  these polnts. The s i m i l a r l t y  o f  seasonal slopes in anti-NlKo (1954-60) and NIKo 
(195659) years I s  an Indication tha t  the growth rate per unit in l t la l  zooplankton volume 
i s  similar for both conditlons. 

Figure 13. The time serles of monthly dffferences of Salal1 zooplankton volume expressed as 
a r a t io  between t h e  displacement volume of a glven  month and that of the Previous month In 
the southern California Inshore region from 1954 t o  1960. Raw, interpolated and smoothed 
d a t a  i n  Figure 12. 
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Table 4. Comparison o f  estimated primary production and zooplankton 
standing stock dur ing the  1955-9 t r a n s i t i o n  from an t l -  
NIRo tc* NIRo. 

Zooplankton 

g/m2 

Rlrnary standing 
produ t i o n  stock Change 

g / m2/ q tr g C/m 2 /day 

1955 March 
June 
Sep tember 
December 

1956 March 
June 
September 
December 

1957 March 
June 
Sep tem ber 
December 

1958 March 
June 
September 
December 

1959 March 
June 
September 

0.5 
0.7 
0.3 
0.3 

0.5 
0.7 
0.4 
0.2 

0.3 
0.5 
0.3 
0.1 

0.2 
0.6 
0.3 
0.1 

0.2 
0.3 
0.2 

11 - 
25 14 
13 -12 
13 0 

17 
42 
23 
23 

17 

6 
5 

4 
25 

-19 

-6 

-8 
-1 

7 2 
11 4 
2 -9 
2 0 

5 
9 
7 

3 
4 

-2 

1983-41" The energy required for anchovy spawning could have been 
wgleanedw from loca l  Is land and coastal enriched areas whlch would 
be inadequate ly  represented I n  w lde-scal  e oceanic surveys. 
Anchovyr P a c i f i c  mackerelr and sardines may draw substant la l ly  on 
stored reserve energy from preceding seasons (Smith and Eppley, 
1982) and may de lay  g rowth  (Table l b . )  Another p o s s i b l l l t y  I s  
t h a t  d i m i n i s h e d  p o p u l a t i o n s  o f  salps. d a l i a l  I d s  and pyrosomes 
( tha l  laceans) allowed greater production o f  other herbivores, 1 l k e  
crustaceans which are i n  the  anchovy food chain. 

Given these elements o f  r e s l l l e n c e  i n  t h e  anchovy, P a c i f i c  
mackerelr  and s a r d i n e  popul a t l ons ,  one can specu la te  on why t h e  
spawn productlon o f  jack mackerel and saury was so low fo l l ow ing  
t h e  1957 onset  o f  E l  Nlfio. The j a c k  mackerel spawnlng a d u l t s  
occupy the  same hab l ta t  as the thallaceans. This area i s  so broad 
and homogeneous t h a t  t h e  t w e n t y - f o l  d dec l  l n e  I n  t h a l  laceans 
signaled a s i m i l a r  seven-fold dec l ine i n  l a r v a l  production by jack 
mackerel. Th ls  cou ld  have been mediated by t h e  p r o d u c t i o n  o f  
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crustacea on whlch j a c k  mackerel depend I n  p a r t r  or by t h e  
w i thdrawal  of  key mesopelagic f l s h e s  toward t h e  n o r t h  w l t h o u t  
e q u l v a l e n t  replacement f rom t h e  south. I would favor  t h e  
mesopelagic f l s h  exp lanat lon  because t h e  zooplankton predator r  
saury, d l d  n o t  change I t s  spawn produc t lon  r a t e  markedly. Thus 
t h e  m o b i l i t y  o f  the  jack mackerel was n o t  adequate t o  compensate 
f o r  t h e  s c a l e  o f  E l  Nlflo event  I n  t h e  maln and ou ter  branches o f  
the  Ca l l fo rn la  Current. 

The responses o f  t h e  hake, r o c k f i s h  and f l a t f l s h  t o  t h e  onset o f  
the E l  NIRo appear s imi lar .  The hake feeds along the contlnental 
s h e l f  o f  t h e  B r l t l s h  Columbiar Washlngtonr Oregon and n o r t h e r n  
Ca l l fo rn la  coastlines. I n  the  1955-59 antl-and E l  Nlfio t r a n s i t i o n  
t h e  maln branch o f  t h e  C a l l f o r n l a  Cur ren t  lmplnged on these 
c o n t l n e n t a l  border lands and t h e  r o c k f l s h  and f l a t f l s h  a r e  
permanent members o f  t h a t  contlnental border. Thus the  s l m l l a r l t y  
o f  response was probably medlated by the In ter rupt lon o f  the usual 
hlgh r a t e  o f  prlmary and secondary product iv i ty  usual ly ascribed 
t o  these coastal areas. Since these f lshes and the jack mackerel 
a l l  prey on the sardlnes and anchovlesr one must assume t h a t  the 
predatlon withdrawn t o  the north roughly counterbalanced the added 
predation from the t rop lca l  and temperate tunas during the NIRo. 
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