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Resumen 

Se dispone de datos de reconocimiento de ictioplancton de mgs de 20 aiios del 
jistema de afloramiento del Per6 y de mds de 30 aiios del sistema de afloramiento 
de California. Se comparan las distribuciones de probabilidad de muestras de 
huevos de dos especies de clupeidos de estos dos sistemas (EngrauZis ringens y 
51i>,linops sagaz del Per6 y E.  mordax y S. caerulea de California). El andlisis 
de las distribuciones de las muestras de huevos combinado con datos adicionales 
permite estudiar actividades bioldgicas importantes de peces peldgicos, tales 
como agregacih, fertilizacidn, etc. Ademds se puede determinar la efectividad 
de canibalismo direct0 e incidental, de la predacidn, y de otras causas de mor- 
talidad a travEs de la distribuci6n inicial de huevos y la dispersidn subsiguien- 
te 
del patr6n cambian con el tiempo y pueden afectar el esfuerzo de muestreo que 
se requiere para estimar la produccidn y sobrevivencia 
complicar el ajuste de las ecuaciones de mortalidad que asumen una varianza cons- 
tante con terminos absolutos o relativos. 

y el transporte hacia afuera de las dreas de desove. La escala e intensidad 

de 10s huevos y pueden 
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INTRODUCTION 

The egg sample p r o b a b i l i t y  d i s t r i b u t i o n  o f  t h e  Peruv ian  anchovy (Engruulis ringens) 
has been used t o  des ign  an egg p r o d u c t i o n  survey w i t h  p r e c i s i o n  e s t i m a t e d  f rom e x i s t i n g  
samples by Santander, Smith, and A l h e i t  ( 1 9 8 2 ) .  
da ta ,  t o  e s t i m a t e  t h e  optimum survey  e f f o r t  f o r  t h e  d e t e r m i n a t i o n  o f  egg p r o d u c t i o n  o f  
t h e  s a r d i n e  o f f  Peru and C a l i f o r n i a  and analagous m u l t i p l e  pe lag ic -spawners  o f  o t h e r  
spec ies  and i n  o t h e r  areas,  g i v e n  h i s t o r i c a l  sample d a t a .  

p e r  sample f o r  f o u r  s t o c k s  from two genera (Engraulis and Sarci inoys) ,  from two h a b i t a t s  
(Peru  and C a l i f o r n i a ) .  Whi le  i t  i s  n o t  y e t  p o s s i b l e  t o  i n f e r  h i s t o r i c a l  egg p r o d u c t i o n  
r a t e s  f r o m  these s e t s  o f  d a t a  i t  shou ld  now be p o s s i b l e  t o  e s t i m a t e  t h e  number o f  samples 
needed f o r  a g i v e n  p r e c i s i o n  i n  f u t u r e  surveys .  
d i s t r i b u t i o n s  may l e a d  t o  new i n s i g h t s  i n t o  t h e  o r i g i n s  of patches of eggs and t h e  f a t e  
o f  t h e  spawning p r o d u c t s  as t h e y  d i s p e r s e  (Smith,1973) and t h e  causes and degree o f  
v a r i a t i o n  i n  t h e  s u r v i v a l  o f  t h e  spawning p r o d u c t s .  T h i s  s t u d y  was p a r t  of a c o o p e r a t i v e  
p r o j e c t  o f  t h e  Southwest F i s h e r i e s  Center ,  C a l i f o r n i a ,  t h e  I n s t i t u t o  d e l  Mar d e l  Peru and 
t h e  "Coopera t ive  Peruvian-German F i s h e r i e s  Research P r o j e c t "  (PROCOPA) which i s  f i n a n c e d  
by t h e  "German Agency o f  Techn ica l  Coopera t ion"  (GTZ). 

I t  s h o u l d  be p o s s i b l e ,  w i t h  e x i s t i n g  

I t  i s  t h e  purpose o f  t h i s  paper t o  b r i e f l y  compare h i s t o r i c a l  d a t a  on egg abundance 

A lso  the  a n a l y s i s  o f  sample p r o b a b i l i t y  

METHODS 

D e t a i l e d  accounts o f  sampl ing and s o r t i n g  methods a r e  g i v e n  by Santdnder and S .  de 
C a s t i l l o  (1979) f o r  t h e  Peruv ian  samples and by Kramer e t  a l .  (1972) f o r  t h e  C a l i f o r n i a n  
samples. B r i e f l y ,  the  IMARPE samples a r e  f rom a H e n s e n T g g N e t  towed v e r t i c a l l y  f rom 50 
meters  depth  sampl ing d i r e c t l y  under 0 .3  square meters .  
o b l i q u e l y  f rom 140 o r  210 meters .  To r e p o r t  t h e  va lues  i n  s i m i l a r  u n i t s  t h e  IMARPE 
samples a r e  d i v i d e d  by 3 and b o t h  a r e  r e p o r t e d  here  as eggs p e r  square meter  sea sur face  
a r e a .  

The CalCOFI samples were towed 

RESULTS 

The number of anchovy eggs i n  t h e  IMARPE samples was g r e a t e r  t h a n  t h e  number o f  
anchovy eggs i n  the  CalCOFI samples. 
g r e a t e r  than those i n  t h e  CalCOFI samples. 
number of eggs g r e a t e r  than t h e  c o h a b i t a n t  o f  t h e  genus Sardinops ( F i g u r e s  1 and 2 ) .  

techn ique.  Some anchovy eggs a r e  l o s t  th rough t h e  meshes o f  t h e  CalCOFI n e t .  A l s o  t h e  
l o w e r  t r e s h h o l d  o f  egg d e n s i t y  d e t e c t e d  by t h e  IMARPE n e t  i s  h i g h e r  (3  eggs p e r  square 
m e t e r )  t h a n  t h a t  d e t e c t e d  by  t h e  CalCOFI n e t  ( a p p r o x i m a t e l y  0.3 eggs p e r  square m e t e r ) .  
S ince  the  b u l k  o f  t h e  p o p u l a t i o n  a t  t h e  egg s tage i s  i n  t h e  l a r g e r  samples, i t  i s  n o t  
l i k e l y  t h a t  these d i f f e r e n c e s  w i l l  be i m p o r t a n t .  

The d i f f e r e n c e  i n  s a r d i n e  eggs per  u n i t  s u r f a c e a r e a  between IMARPE samples and 
CalCOFI samples i s  o f  t h e  same o r d e r  o f  magni tude as t h e  d i f f e r e n c e  i n  anchovy egg sample 
s i z e s .  I n  b o t h  cases t h e  d i f f e r e n c e  i s  between 4- and 1 6 - f o l d .  T h i s  s i g n a l s  a r a d i c a l  
d i f f e r e n c e  between t h e  Peruv ian  and C a l i f o r n i a n  h a b i t a t s  wh ich  d i r e c t l y  e f f e c t s  b o t h  
s a r d i n e  and anchovy a t  t h e  t i m e  o f  spawning and d u r i n g  t h e  subsequent d i s p e r s a l  and 
m o r t a l i t y  phase. 

The number o f  s a r d i n e  eggs i n  the  IMARPE samples was 
Both  spec ies  of t h e  genus Engraulis y i e l d e d  

P a r t  o f  t h e  d i f f e r e n c e s  between t h e  numbers o f  eggs p e r  sample a r e  due t o  t h e  sampl ing 

D I S C U S S I O N  

The most i m p o r t a n t  r, I t  o f  t h i s  s tudy  i s  t h a t  f o r  a g i v e n  p r e c i s i o n  i t  w i l l  be 

That  t h i s  i s  n o t  
necessary t o  t a k e  more 
t h e  s t o c k s  o f  EngruuZis ,.id Sardinops o f f  Peru t h a n  o f f  C a l i f o r n i a .  
i n h e r e n t  i n  t h e  d i f f e r e n t  methods o f  sampl ing o r  d i f f e r e n t  s t o c k  s i z e s  i s  i n d i c a t e d  by 
t h e  s t a b i l i t y  o f  t h e  egg d i s t r i b u t i o n s  o f  t h e  C a l i f o r n i a n  s a r d i n e  when s e v e r a l  d i f f e r e n t  
samples s i z e s  were used w h i l e  t h e  spawning biomass changed f r o m  4 m i l l i o n  t o n s  t o  l e s s  
t h a n  10 thousand t o n s  (Smi th  and Ricardson. 1977). 

~ e s  i n  the  area  of spawning t o  e s t i m a t e  t h e  egg p r o d u c t i o n  of 
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TO e x p l o r e  t h e  meanin of t h e  egg sample d i s t r i b u t i o n s  p resen ted  here,  i t  i s  necesary 
t o  p o s t u l a t e  a conceptual  ?ramework f o r  t h e  f o u r  s tocks  o f  f i s h  which i n c o r p o r a t e s  s p a t i a l  
d i s t r i b u t i o n  o f  mature a d u l t  f i s h  a t  t h e  t i m e  o f  spawning and t h e  t i m e  d i s t r i b u t i o n  o f  
t h e  spawning process.  

s c a l e  and i n t e n s i t y  a r e  n o t  e q u a l l y  w e l l  known f o r  t h e  f o u r  s tocks  examined he re .  The 
geographic  d i s t r i b u t i o n  o f  a l l  f ou r  spec ies i s  w e l l  known. A lso ,  t h e  s t o c k  boundar ies 
a r e  w e l l  known i n  t h e  o f f sho re -onshore  p lane,  b u t  a r e  l e s s  w e l l  known a long  t h e  c o a s t  
and these s t o c k  d i v i s i o n s  may f l u c t u a t e  w i t h  season and w i t h  i n t e r a n n u a l  c l i m a t i c  
c o n d i t i o n s  o f  changes i n  s t o c k  biomass (see  MacCal l ,  i n  p rep . ) .  

S p a t i a l  s c a l e  and i n t e n s i t y  o f  d i s t r i b u t i o n :  U n f o r t u n a t e l y  t h e  f e a t u r e s  o f  s p a t i a l  

Fo r  s c a l e s  o f  d i s t r i b u t i o n  below t h e  species,  and s t o c k  o r  subpopulat ion,  o n l y  t h e  
beg inn ing  o f  p e r c e p t i o n  has been reached f o r  EngrauZis mordax. Schools a r e  uneven ly  
d i s t r i b u t e d  i n  t h e  h a b i t a t  and t h e  aggrega t ions  o f  schools  a r e  c a l l e d  "school  groups"  o r  
"shoal  groups"  ( F i e d l e r , 1 9 7 8 ) .  These can be c h a r a c t e r i z e d  as 3000 schools  i n  a 6 n a u t i c a l  
m i l e  ( 1 0  km) d i s c  w i t h  100 schools  p e r  square n a u t i c a l  m i l e .  Whi le  most o f  t h e  schoo ls  
a r e  sma l l  (15 m r a d i u s )  most of t h e  f i s h  a r e  i n  l a r g e  schools  ( 5 0  m r a d i u s ) .  The school  
groups p robab ly  i n c l u d e  a l l  ages and s i z e s  o f  f i s h  b u t  t h e  schools  p robab ly  c o n s i s t  o f  
e i t h e r  "0" g roup  o r  a d u l t  b u t  n o t  bo th .  

H e w i t t ,  Smith and Brown (1976) e s t i m a t e d  t h a t  t h e  schools  con ta ined  15 k i l og rams  o f  
mature f i s h  p e r  square meter  o f  which some f a c t i o n  a r e  ready t o  spawn each n i g h t .  I t  i s  
n o t  known what f r a c t i o n  o f  males p a r t i c i p a t e  i n  spawning each n i g h t .  
i n  t h e  h e i g h t  o f  t h e  spawning season each 6 t o  8 n i g h t s  (Hun te r  and Macewicz,l980; A l h e i t  
e t  a l . ,  t h i s  vo lume).  That  t h e  spawners f o r a  g i v e n  n i g h t  segregate w i t h i n  t h e  school  
E f G e  spawning i s  suggested by t h e  odd sex r a t i o s  ( 3  o r  4 males p e r  female)  and above 
average p r o p o r t i o n s  o f  spawning females.  

I t  i s  a l s o  n o t  known how t h e  v a r i o u s  spawners a r e  a r rayed  a t  t h e  t i m e  o f  spawning. 
The q u a n t i t y  o f  sperm a v a i l a b l e  p robab ly  l i m i t s  t h e  volume th rough  which t h e  eggs a r e  
d i s t r i b u t e d .  
thousand t o  one hundred thousand eggs p e r  c u b i c  meter .  

The females spawn 

For  t h e  purpose o f  t h i s  d i s c u s s i o n  we s h a l l  use t h e  c o n c e n t r a t i o n  o f  t e n  

I n  summary, t h e  spec ies  i n v o l v e d  i n  t h i s  paper extend f o r  one o r  two thousand m i l e s  
o f  c o a s t l i n e  i n  t h e  temperate zone o f  t h e  P a c i f i c  coas t  o f  Nor th  and South America and 
i n t o  t h e  t r o p i c s  o f  South America.  The spec ies  a r e  a p p a r e n t l y  subd iv ided  i n t o  s tocks  o r  
subpopu la t i ons  ex tend ing  a few hundred m i l e s  a l o n g  t h e  c o a s t  w i t h i n  tens  of m i l e s  o f  t h e  
c o a s t l i n e  i n  South America and w i t h i n  a few hundred m i l e s  o f  t h e  coas t  i n  N o r t h  America. 
We assume t h a t  t hese  s t o c k s  f o r m  school  groups o f  a few n a u t i c a l  m i l e s  e x t e n t  and these 
a r e  comprised o f  schools  o f  t ens  o f  me te rs  r a d i u s  concen t ra ted  a t  100 schoo ls  p e r  n a u t i c a l  
square m i l e .  W i t h i n  t h e  schoo ls  i n  dayt ime,  t h e r e  a r e  about  15 k i l og rams  o f  f i s h  pe r  
square me te r  o f  s u r f a c e  area.  
A lso,  i n  t h e  spawning season, t h e  spawning females and t h e i r  male a t t e n d a n t s  segregate 
e a r l y  i n  t h e  evening t o  spawn and f e r t i l i z e  t h e  spawn and reaggrega te  w i t h  t h e  schoo ls  
be fo re  dawn. 

The n i g h t - t i m e  c o n c e n t r a t i o n  i s  assumed t o  be l e s s  dense. 

Temporal s c a l e s  o f  egg p r o d u c t i o n :  The e a r l y  work on spawning f requency  (Hun te r  and 
Goldberg, 1979; A l h e i t  e t  a1 ., t h i s  volume) i n d i c a t e s  t h a t  a female o f  t h e  genus Er.grauZis 
may spawn a hundred o r  so batches o f  eggs i n  h e r  l i f e t i m e .  The female may spawn a l i m i t e d  
number of t imes  i n  t h e  f i r s t  yea r  o f  l i f e  and i n  l a t e r  yea rs  may spawn 30 t imes  pe r  y e a r .  
The spawning appears t o  be i n t e n s i f i e d  seasona l l y ,  beg inn ing  i n  t h e  w i n t e r  months and 
p e r s i s t i n g  f o r  some months, depending on t h e  age, s i z e ,  and c o n d i t i o n  o f  t h e  female and 
t h e  feeding c o n d i t i o n s .  Hunter  ( p e r s .  comm.) b e l i e v e s  t h a t  spawning r a t e  i n  EngrauZis 
mor& i s  c o n t r o l l e d  by t h e  amount o f  f a t  s t o r e d  i n  p r e v i o u s  summer and t h e  f e e d i n g  
c o n d i t i o n s  a t  t h e  t i m e  o f  spawning. 
c o u l d  be spawned u s i n g  t h e  energy i n  s t o r e d  f a t  and t h a t  subsequent spawnings would be 
d e r i v e d  f r o m  f e e d i n g  d u r i n g  t h e  spawning season. 
c o r r e l a t i o n  s u g g e s t i v e  o f  a l i n k  between t h e  zooplankton abundance i n  t h e  preceeding summer 
and t h e  l a r v a  abundance i n  t h e  spawning season. 
of a t r e s i a  o r  r e s o r p t i o n  o f  oocytes p r i o r  t o  spawning matches t h i s  v i e w p o i n t  s i n c e  
a t r e s i a  i s  most  common i n  young f i s h  w i t h  l i t t l e  s t o r e d  f a t  and w i t h  o l d e r  f i s h  l a t e  i n  
the  season o f  h e a v i e s t  spawning. 

Hunter  and Leong (1981) s t a t e  t h a t  10 t o  15 batches 

Smi th and Eppley (1982)  found  a 

Hunter  (pe rs .  comm.) b e l i e v e s  t h e  p a t t e r n  
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On t h e  d a i l y  t i m e  sca le ,  t h e  c o l l e c t i v e  spawning i n t e r v a l  extends f r o m  about  sundown 

t o  a c o u p l e  of hours  a f t e r  m i d n i g h t  w i t h  a p r o p e n s i t y  t o  spawn w i t h i n  3 hours o f  m i d n i g h t .  
It appears t h a t  i n d i v i d u a l  females spawn i n  a v e r y  s h c r t  t i m e  because t h e  i n c r e a s i n g  
i n c i d e n c e  of samples w i t h  newly spawned eggs ( f r a c t i o n  o f  samples w i t h  newly spawned eggs) 
and t h e  i n c r e a s i n g  abundance of newly spawned eggs (newly  spawned eggs p e r  sample) w i t h  
t i m e  a r e  n e a r l y  p a r a l l e l .  
expec t  t h e  i n c i d e n c e  of newly spawned eggs t o  r i s e  r a p i d l y  w i t h  t h e  change i n  abundance 
f o l l o w i n g  many hours  l a t e r .  

These genera l  f e a t u r e s  appear t o  be s i m i l a r  f o r  Engraulis mordax and E .  ringens. 
l i f e  span o f  t h e  Sardinops i s  much l o n g e r  b u t  t h e  number o f  spawnings o r  t h e  maximum r a t e  
o f  spawning i s  n o t  known f o r  t h i s  genus. 
i n  Sardinops caerulea (Smith,1973). 

Changes o f  s p a t i a l  s c a l e  w i t h  t i m e :  

I f  i n d i v i d u a l  females spawned over  an 8 hours  p e r i o d  cne would 

The 

However t h e  d a i l y  c y c l e  o f  spawning i s  s i m i l a r  

A t  t h e  moment of spawning, t h e  Ezgraulis schoo ls  
a r e  a t  t h e  s c a l e  o f  t e n s  o f  meters and t h e  s c a l e  of t h e  egg patches o f  Sardinops and 
Engraulis a r e  on t h e  s c a l e  o f  hundreds o f  meters  (Smith,1973; Smi th and H e w i t t  MS) and t h e  
y o l k  sac l a r v a e  patches a r e  on  t h e  s c a l e  o f  a few thousand meters ( H e w i t t , l 9 8 2 ) .  
p e r i o d  o f  f i v e  days a f t e r  spawning t u r b u l e n t  d i f f u s i o n  has soread t h e  newly spawned eqqs, 
c o v e r i n g  a t  most a few t e n t h s  o f  one p e r c e n t  o f  t h e  sea s u r f a c e  i n  t h e  spawning area t o  
c o v e r i n g  n e a r l y  70% o f  t h e  sea s u r f a c e  a t  h a t c h i n q  t i m e .  

I n  a 

There  may be d i f f e r e n t  e x p l a n a t i o n s  f o r  t h e  g r e a t e r  i n t e n s i t y  o f  Sardinops and 
EngrauZis egg d i s t r i b u t i o n  o f f  Peru as compared t o  C a l i f o r n i a  and t h e  d i f f e r e n c e s  between 
t h e  Engraulis i n  b o t h  hemispheres and t h e  Sardinops i n  b o t h  hemispheres. To c o n s i d e r  
these, we must  e s t a b l i s h  some u s e f u l  c a t e g o r i e s  o f  causes f o r  d i f f e r e n c e s  i n  t h e  s c a l e  
and i n t e n s i t y  of patches of eggs. 
That  i s  if t h e  age d i s t r i b u t i o n  o f  t h e  females  i s  o l d e r  t h e  s t o c k  w i l l  be made up of 
l a r g e r  f i s h e s  and f o r  t h e  two genera t h e  s i z e  d i s t r i b u t i o n  o f  Sardinops females w i l l  be 
l a r g e r  t h a n  Engraulis females. 
That  i s  i f  t h e  i n d i v i d u a l  females behave i n  such a way as t o  d i s t r i b u t e  t h e i r  spawn i n  
s m a l l e r ,  more compact patches t h i s  would r e t a r d  subsequent d i s p e r s a l  r a t e s  r e l a t i v e  t o  
females wh ich  d i s p e r s e  t h e i r  spawn i n  l a r g e r ,  more d i f f u s e  pa tches .  Another  c a t e g o r y  c f  
d i f f e r e n c e  caus ing  changes i n  d i s t r i b u t i o n  of sample s i z e s  o f  eggs c o u l d  be l a b e l e d  
"env i ronmenta l " .  
o f  m o r t a l i t y  c o u l d  i n  t i m e  impose a d i f f e r e n t  sample frequency d i s t r i b u t i o n .  
d iscuss  t h e s e  c a t e g o r i e s  i n  more d e t a i l .  

between f i s h  w e i g h t  and eggs p e r  gram o f  f i s h  w e i g h t  a r e  n o t  c o m p l e t e l y  known f o r  
Engraulis mordax, Engraulis ringens, Sardinops caerulea, and Sardinops sagax. F o r  
Engraulis mordax, t h e  r e l a t i o n s h i p  i s  a p p a r e n t l y  l i n e a r  ( P i c q u e l l e  and Hewi t t ,  1982; 
-- e t  a l . , i n  p rep . )  f o r  t h e  p e r i o d  1980 th rough 1982 f o r  t h e  c e n t r a l  subpopu la t ion .  
E. mordax n o r  E. ringens have been examined w i t h  r e g a r d  t o  a g e - s p e c i f i c  f e c u n d i t y  as 
d i s t i n g u i s h e d  f r o m  s i z e - s p e c i f i c  f e c u n d i t y .  Even though age and w e i g h t  a r e  r e l a t e d ,  t h e  
d i f f e r e n c e s  between w e i g h t  a t  age and t h e  ranges o f  we igh ts  and ages c o u l d  e x p l a i n  t h e  
d i f f e r e n c e s  apparent  i n  t h e  l i n e a r i t y  o f  t h e  f e c u n d i t y  w i t h  w e i g h t .  I t  i s  n o t  known how 
t h i s  would a f f e c t  t h e  d i s t r i b u t i o n  o f  eggs i n  t h e  sea. 
capab le  o f  spawning more eggs i n t o  a column c;f w a t e r  t h e r e  c o u l d  be p e r s i s t e n t  changes i n  
t h e  egg sample d i s t r i b u t i o n .  However, i t  appears t h a t  t h e  Sardinops p l a c e s  fewer  eggs i n  
a column o f  w a t e r  even though t h e  female o f  t h e  genus Sardinops i s  l a r g e r  t h a n  t h e  female 
of t h e  genus Engmulis .  

One c a t e g o r y  of d i f f e r e n c e  can be termed "demographic". 

Another  c a t e g o r y  o f  d i f f e r e n c e  can be l a b e l e d  " b e h a v i o r a l " .  

T h a t  i s  t h e  subsequent m i x i n g  of t h e  spawning produc ts  o r  t h e  p a t t e r n  
We s h a l l  

Demographic f a c t o r s  a f f e c t i n g  t h e  number of eggs p e r  sample: The r e l a t i o n s h i p s  

A l h e i t  
N e i t h e r  

If t h e  o l d e r  o r  l a r g e r  females were 

Another  demographic f e a t u r e  i s  age and s i z e  a t  f i r s t  m a t u r i t y .  Females o f  genus 
Ezgraulis appear t o  b e g i n  m a t u r a t i o n  i n  t h e  f i r s t  y e a r  o f  l i f e  w h i l e  t h e  females o f  t h e  
genus Sardinops mature  somewhat l a t e r  and a t  a l a r g e r  s i z e .  W i t h i n  Engraulis mor& 
females i t  i s  c h a r a c t e r i s t i c  f o r  t h e  "0" g roup females t o  b e g i n  spawning l a t e r  i n  t h e  
season and s t o p  sooner  t h a n  females o f  t h e  o l d e r  c o h o r t s .  
m a t u r a t i o n a l  f e a t u r e s  , in t h e  genus Sardinops, t h i s  c o u l d  l e a d  t o  b o t h  i n t e r - s p e c i f i c  and 
i n t e r - g e n e r i c  d i f f e r e n c e s  b y  some i n f l u e n c e  on t h e  number o f  eggs spawned i n  a column o f  
w a t e r  a c c o r d i n g  t o  s i z e .  
t o  i n c r e a s e  t h e  number o f  eggs p e r  u n i t  s u r f a c e  area .  
g e n e r i c  d i f f e r e n c e s  i t  i s  c o n t r a r y  t o  t h e  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  E .  mordaz w i t h  an 
average female  w e i g h t  o f  16 grams w h i l e  E .  r izgens w i t h  h i g h e r  numbers o f  eggs p e r  u n i t  
s u r f a c e  area had female  w e i g h t s  i n  t h e  range o f  25 grams. 

I f  t h e r e  were s i m i l a r  

I n  t h i s  case, s m a l l e r  movements o f  s m a l l e r  females would tend 
Whi le  t h i s  would e x p l a i n  t h e  i n t e r -  
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I n  summary, i t  i s  not c lear  how demographic features could by themselves explain 
I t  seems more l i k e l y  tha t  demographic the differences i n  eggs per u n i t  surface area. 

features would be coupled w i th  behavioral and environmental factors  t o  change the 
d i s t r i b u t i o n  o f  spawn. 

Behavioural factors  a f fec t ing  the number of eggs per sample: On the geographic scale, 
if the adul ts  o f  the species aggregate on a specif ic spawning s i t e  t h i s  would tend t o  
increase the number of eggs per u n i t  area w i t h i n  the spawning area. I t  i s  known t h a t  
Sardinops caeruZea migrated t o  a spawning s i t e  hundreds o f  miles from the feeding zone. 
To what degree the EngrauZis species do t h i s  i s  not known but  the Engraulis ringens 
spawning zone aopears t o  be much more r e s t r i c t e d  i n  distance from shore than tha t  f o r  
EngrauZis mordarc. 
eggs per sample i s  the dearee t o  which the spawners aggregate f o r  spawning. 
the chance t h a t  areas w i th  new spawn would overlap other spawning s i t es  from previous days 
and thus the number of eggs Der u n i t  surface area would be higher. 
cause the order of concentration a t  spawning time would be Engraulis r ingens,  Engraulis 
mordax, Sardinops s a p s  and Sardinops caerulea. This behavioural fac to r  could in te rac t  
w i th  populat ion demography i f  the o lder  and la rger  females were more capable o f  assembling 
denser spawning aggregations. 

Another behavioral f a c t o r  could apply a t  the ind iv idual  spawning f i s h  scale. For 
example, i f  one species, say an EngrauZis i n  t h i s  case, were t o  cont inual ly  t u r n  and c i r c l e  
whi le  spawning and Sardinops were t o  undertake long spawning runs i n  a s t r a i g h t  l i n e ,  t h i s  
could a f f e c t  the i n i t i a l  concentration o f  eggs and the subsequent dispersal ra te .  I f 
l i n e a r  spawning runs were the usual, t h i s  would a lso in te rac t  w i th  the demographic factors  
by fas te r  swimming rates.  

Thus one source t o  be considered for the dif ferences i n  the number o f  
This increases 

I f  t h i s  were the main 

Environmental factors  a f fec t ing  the number o f  eggs per sample: Temperature, 
turbulence, predation and production are environmental factors a f fec t ing  the number o f  eggs 
per sample. Temperature influences the developmental ra te  of the eggs (Table 1 )  and thus 
influences the probab i l i t y  tha t  the eggs from two d i f f e r e n t  spawning concentrations would be 
found i n  a s ing le  sample. For example the la rges t  sample o f  1300 samples o f  Sardinops 
caerulea eggs taken between 1951 and 1959 contained two ages o f  eggs two days apart i n  
age (Smith,1973). The probab i l i t y  of t h i s  kind o f  event would increase i n  colder water. 
The durat ion o f  the egg stage a t  13 degrees Celsius i s  about four  days f o r  Sardinops and 
EngrauZis and two days a t  18 degrees. This does not  appear t o  be the case f o r  the stocks 
under invest igat ion.  
samples. 

The IMPRPE samples are from warmer temperature than the CalCOFI 

Table 1 

TEMPERATURE AND INCUBATION TIME FOR 
ENGRAULIS MORDAX nND SARDINOPS CAERULEA 

(ZWEIFEL ANI LASKER, 1976) 

INCUBATION TEMPERATURE 

11 
11.1 
12 
12.5 
13 
13.8 
14 
15 
15.2 
16 
16.6 
17 
18 
19 
19.4 
20 
20.8 
21 

EIU'GRAULIS MORDAX 

4.7 days 

4.1 

3.3 

2.6 

2.3 

2.0 

1.7 

1.5 

SARDINOPS CAERULEA 

5.8 days 

4.0 

3.9 

3.3 
2.8 

2.5 

2.2 
2.0 
1.8 

1.6 

1.4 
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T u r b u l e n t  d i f f u s i o n  c o u l d  have a major  e f f e c t  on t h e  number o f  eggs p e r  sample. 
appears t h a t  b o t h  Engraulis spec ies  and Sardinops s e l e c t  areas and seasons which min imize  
t u r b u l e n t  d i f f u s i o n  and o f fshore  t r a n s p o r t  (Bakun and P a r r i s h , l 9 8 2 ;  Husby and Nelson,1982) 
o f f  t h e  P a c i f i c  c o a s t l i n e  of b o t h  N o r t h  and South Aner ica.  I t  seems l i k e l y  t h a t  t h e  
d i f f e r e n c e s  i n  egg sample numbers c o u l d  be c o n t r o l l e d  by t h e  r a t e  o f  t he  t u r b u l e n t  
d i f f u s i o n  o r  by a combina t ion  of h i g h e r  i n i t i a l  c o n c e n t r a t i o n s  o f  eggs i n t e r a c t i n g  w i t h  
t h e  l o w e r  r a t e  o f  t u r b u l e n t  d i f f u s i o n  which t h i s  would i m p l y .  

The e f f e c t  o f  p r e d a t i o n  on the  numbers of eggs i n  each sample would be t o  change the  
p r o b a b i l i t y  of more than one d a y ' s  spawning be ing  taken a t  t h e  same t i m e .  
be i m p o r t a n t  t o  know if p r e d a t i o n  i n t e r a c t e d  w i t h  b e h a v i o r a l  f e a t u r e s  o f  t h e  p r e d a t o r s  
i n c l u d i n g  c a n n i b a l s .  F o r  example if the  p r e d a t i o n  were m e r e l y  i n c i d e n t a l  t o  f e e d i n g  on 
o t h e r  food p a r t i c l e s  t h e r e  would be a p r o p o r t i o n a l  d rop  i n  a l l  ages o f  eggs i n  numbers 
p e r  u n i t  a rea .  If t h e r e  were d i r e c t e d  p r e d a t i c n  on  t h e  densest  c o n c e n t r a t i o n s  o f  eggs 
t h e r e  would d i s p r o p o r t i o n a t e l y  h i g h e r  l o s s e s  i n  t h e  e a r l i e r  ages a t  t h e  h i g h e s t  
c o n c e n t r a t i o n s .  T h i s  c o u l d  a l s o  have an e f f e c t  on t h e  d i f f e r e n c e s  between EngrauZis and 
Sardinops eggs as t h e  l a t t e r  a r e  much l a r g e r  and may be f i l t e r e d  by more p r e d a t o r s .  
The d i f f e r e n c e  i n  e f f e c t s  would r e s t  on t h e  r e l a t i v e  c o n c e n t r a t i o n s  p e r  u n i t  volume even 
though t h e  e f f e c t  would e v e n t u a l l y  be expressed i n  numbers o f  eggs p e r  u n i t  sea s u r f a c e .  
The r e l a t i v e  v i s i b i l i t y  o f  t h e  EngrauZis and Sardinops eggs would be i m p o r t a n t  f o r  v i s u a l  
p r e d a t o r s .  The d i f f e r e n c e s  between t h e  s t o c k s  i n  d i f f e r e n t  hemispheres would a l s o  depend 
on  t h e  abundance and e f f e c t i v e n e s s  o f  t h e  p r e d a t o r s  found i n  those waters  i n  t h e  spawning 
season. One way i n  which f o o d  
p r o d u c t i o n  c o u l d  c o n t r o l  t h e  numbers o f  eggs p e r  sample i s  by i n c r e a s i n g  t h e  f requency  o f  
spawning. So f a r  t h e  a p p l i c a t i o n s  o f  t h e  SWFC Egg P r o d u c t i o n  Method have found t h e  f r e -  
quency o f  spawning o f f  C a l i f o r n i a  t o  be 14.5% i n  April of 1980, 10.6% i n  February o f  1981, 
12,5% i n  A p r i l  o f  1981, and 12.0% i n  February  o f  1982. O f f  Peru i n  Pugust-September o f  
1081, t h e  p e r c e n t  spawning was 16%. T h i s t r a n s l a t e s t o a  group average o f  mature  females 
spawning each 6 days r e s p e c t i v e l y .  Soawning a t  h i g h  f requencywou ld  i n f l u e n c e  t h e  c h a n c e o f  
two spawning patches o v e r l a p p i n g w h i c h w o u l d  i n c r e a s e  t h e  range o f  egg numbers and i n c r e a s e  
t h e  chances o f  sampl ing t h e  o r i g i n  of an egg p a t c h  which would i n c r e a s e  t h e  f requency  o f  
sampl ing l a r g e  numbers o f  eggs l e s s  t h a n  t h e  maximum. 

c o n t r o l l i n g  t h e  f e e d i n g  b e h a v i o r  o f  t he  r e p r o d u c i n g  s t o c k .  
d i s t r i b u t e d  so as n o t  t o  depress t h e  number o f  h e r b i v o r e s ,  t h e  f e e d i n g  behav io r  o f  
EngrauZis and Sardinops would be by b i t i n g - d i m i n i s h i n g  t h e  i n c i d e n c e  o f  c a n n i b a l i s m  by  
i n a d v e r t a n t  f i l t e r i n g .  
p o p u l a t i o n s  were depressed by  t h e  f i s h ,  t h e n  t h e  i n c i d e n c e  o f  f i l t e r  f e e d i n g  and i n c i d e n t a l  
c a n n i b a l i s m  would inc rease,  d i m i n i s h i n g  t h e  numbers o f  eggs p e r  sample. 

I t  

It wculd a l s o  

P r o d u c t i o n  may i n f l u e n c e  the  numbers o f  eggs p e r  sample. 

Another  mechanism f o r  p r o d u c t i o n  t o  i n f l u e n c e  t h e  number o f  eggs i n  a sample i s  by 
For  example if t h e  s tock  were 

I f  p r o d u c t i o n  were lower  and t h e  growth o f  t h e  h e r b i v o r e  

Another f a c t o r  c o n t r o l l e d  by  p r o d u c t i o n  would be i t  the  mean m o t i o n  o f  t h a t  p o r t i o n  

Wi th  no n e t  m o t i o n  n o r  

o f  a school  which i s  spawning were reduced i n  f a v o r a b l e  f e e d i n g  areas and i n c r e a s e d  i n  
l e s s  f a v o r a b l e  f e e d i n g  areas .  
a d u l t  f i s h  p e r  square meter  o f  sea s u r f a c e  area  o v e r  t h e  schoo l .  
spread ing  o f  t h e  school  a t  n i g h t ,  t h e r e  would be 7,500 grams o f  females and about  1000 
grams o f  spawning females p e r  square meter  o f  sea s u r f a c e  area .  
o f  500 eggs per  gram, t h e r e  would be 500,000 eggs p e r  square meter ,  a number h i g h e r  than 
y e t  observed f o r  any o f  t h e  f o u r  s t o c k s  cons idered h e r e .  
c a r r i e d  t h e  school  250 meters d u r i n g  t h e  h a l f - h o u r  spawning p e r i o d  t h e r e  would be 2000 
eggs p e r  square meter .  T h i s  number i s  exceeded i n  about  2 0 % o f t h e  samples o f  E .  ringem, 
3% o f  t he  samples o f  E .  mordm, 15% o f  t h e  S. sagaz, and l e s s  t h a n  1% o f  t h e  samples o f  
S. caerulea. 

F o r  example a day t ime school  may c o n t a i n  15,000 grams o f  

Wi th  a b a t c h  f e c u n d i t y  

I f  t h e  f e e d i n g  a c t i v i t i e s  
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SUMMARY 

1 )  The numbers of eggs of EngrauZis ringens off  Peru per square meter exceed those 
of Engraulis mor& off  Cal i fornia .  

2)  The numbers of eggs of sardinops s a g m  off  Peru per square meter exceed those of 
Sardinops caeruZea off  Cal i forn ia .  

3 )  Both o f f  Peru and Cal i fornia  the numbers of eggs from the  genus E’ngraulis exceed 
those of the genus Sardinops. 

4 )  A wide v a r i e t y  of demographic, behavioural and environmental fac tors  has been 
discussed s ingly  and j o i n t l y  and there  needs t o  be special  research conducted 
t o  i d e n t i f y  the  most important inf luences.  I t  seems plausible  t h a t  the  d i f fe rences  
in  numbers of eggs per square meter between the  genera E’ngrauZis and Sardinops 
a r e  caused pr imari ly  by demographic d i f fe rences  in  the  populations and t h a t  the  
d i f fe rences  between the  Peruvian stocks and Californian stocks a re  caused primarily 
by environmental f ac to r s  in  concert  with behaviour. 

Regardless of the  causes of the d i f fe rence  in  egg d i s t r i b u t i o n  among the  four  stocks 
of f  Peru and Cal i fornia ,caut ion i s  warranted i n  es tab l i sh ing  the  optimum number 
of samples f o r  ca lcu la t ing  the  egg mortal i ty  using the  Southwest F isher ies  
Center Egg Production Method. 
a f ixed precis ion i n  the  Peruvian anchoveta compared w i t h  the  other  th ree  s tocks.  

Some of the  fea tures  dis t inguishing the four s tocks studied here may e f f e c t  the  
e f f icacy  of t he  mortal i ty  regression method and i t s  precis ion.  
those f ea tu res  implying se l ec t ive  predation and cannibalism (Santander e t  a l . ,  MS) 
could s t rongly  a f f e c t  the assumption of equal variance in  real or porpoX.iKa1 
terms f o r  t he  regression of egg abundance on time. Also environmental changes 
i n  t he  r a t e  of dispersal  of the eggs could a l so  complicate regression methods 
which requi re  s t a b i l i t y  of variance among the elements of the regression.  

The degree of difference among the  eggs per un i t  surface a rea ,  when a l l  have l i k e l y  
had an or ig in  i n  a compact volume f o r  external  f e r t i l i z a t i o n ,  i s  l i k e l y  t o  
portend grea t  differences in  the  biology of the  embryonic s tages  and the  ul t imate  
cont r ibu t ion  of f luc tua t ions  of posi t ion and survival during t h i s  s tage t o  
population control mechanisms. 

5) 

I t  appears t h a t  more samples will be needed f o r  

6) 
P a r t i c u l a r l y  

7) 
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