
- 1011 - 

EGG MORTALITY OF THE PERUVIAN ANCHOVY (EngruuZis ringens) 

CAUSED BY CADNIBALISM AND PEEDATION BY SARDINES (Surdinops sugm)*  

H. Santander’ 
J. Alheit 2 

A.D. MacCall 3 
A. Alamo 

1 Instituto del Mar del Peru, Apartado 22, Callao-Peru 
2 Programa Cooperati vo Peruano-Aleman de Investigacion 

Pesquera (PROCOPA), IMARPE, Apartado 22, Callao-Peru 
3 Southwest Fisheries Center, P.O. Box 271, La Jolla- 

CA. 92038, U.S.A. 

* Publication No. 8 o f  PRClCOPA 



- 1012 - 

En Agosto-Septiembre 1981, se colectaron 925 muestras de ichthyoplancton, 
y estomagos de 1 500 anchovetas (EngauZis ringens) y 578 sardinas (Sardinops 
sagas sagarc); estas muestras fueron colectadas de una extension de 600 millas 
a lo largo de la costa peruana entre 10s 6's y 14OS. 
tras de plancton revelaron que 10s huevos de anchoveta estaban concentrados en 
una franga relativamente angosta, de alrededor de 9 millas de ancho, pararela 
a la costa y a una distancia de 8 a 17 millas de &ta. Los huevos no parecen 
ser trarisportados muy lejos de las areas de desove. La tasa diaria de mortali- 
dad de 10s huevos de anchoveta es extremadamente alta: 60% ( 2  = 0.91). Las 
anchovetas consumen mzs huevos en las :reas donde la densidad de huevos es alta 
y se alimentan menos de estos cuando la densidad de huevos es baja. El 61.1% 
de 10s estomagos de anchoveta y el 62.4% de 10s estomagos de sardina contenIan 
huevos de anchoveta. El n;mero promedio de huevos de anchoveta en 10s estomagos 
de anchoveta fue de 5.5,  y en 10s estomagos de sardina fue de 16.4. Los huevos 
d e  edades diferentes parecen ser digeridos a ritmos diferentes. La predation 
de sardinas sobre huevos de anchoveta puede ser particularmente peligrosa ahora 
que el stock peruano de anchoveta ha alcanzado el nivel mas bajo que jama's se 
haya registrado. Una comparacion entre la anchoveta peruana y la anchoveta del 
norte frente a California ( E .  mordaz) muestra que la contribuci& del canibalis- 
mo de huevos a la mortalidad total de 10s huevos es mayor en la anchoveta del 
nor te . 

Los analisis de las mues- 
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INTRODUCTION 

Predation on egas e i t h e r  by cannibalism o r  by o ther  species  might regulate  the s i z e  
of f i s h  s tocks.  
the subjec t  of a de ta i led  inves t iga t ion  (Hunter and Kimbrell, 1980; MacCall, 1980).  
was concluded t h a t  cannibalism on eggs and larvae i s  s u f f i c i e n t l y  in tense  t o  be a 
regulatory mechanism. 

Egg cannibalism in  the Peruvian anchovy, E. ringens, has been recorded several  times 
(Rojas de Mendiola and Ochoa, 1973; Rojas de Mendiola, 1980). However, sample s i z e s  were 
too small t o  draw f i rm conclusions. Furthermore, important parameters, e . g . ,  egg mor ta l i ty ,  
batch fecundi ty ,  spawning r a t e ,  e t c . ,  were not known and, consequently, the impact of 
egg cannibalism could not be est imated.  

I n  1981, the I n s t i t u t o  del Mar del Peru, c a r r i e d  out  a c ru ise  t o  es t imate  the  
spawning biomass of the  central  and northern anchovy s tock .  
from t h i s  c ru ise  gave the opportunity t o  es t imate  the extent of egg cannibalism i n  the 
Peruvian anchovy and t o  determine the  e f f e c t  of predation on anchovy eggs by sard ines ,  
Sardinops s a g a  sagax. Further d e t a i l s  on biological  parameters used i n  t h i s  study on 
egg cannibalism a r e  given i n  Santander e t  a l .  ( i n  prep.)  and Alhei t  e t  a l .  ( i n  prep.) .  
This inves t iga t ion  was a cooperative efErT-of IMARPE and t h e  Peruvi%i-7Zrman Fisher ies  
Research Project  which was financed by t h e  German Agency of Technical Cooperation ( G T Z ) .  

Recently, egg cannibalism in  the northern anchovy, Engraulis mordm,  was 
I t  

The samples and data  obtained 

METHODS 

I n  August/September 1981, 925 ichthyoplankton samples were co l lec ted  by the  R / V  
'Humboldt' along the  Peruvian coast  from Pisco i n  the south t o  Punta Falsa i n  the north.  
Vertical  hauls from 70 m .  were car r ied  out  with the  Calvet net.  
t ion  was divided up i n t o  three  regions: 
from Salaverry t o  Puerto Supe and Region 3, from Puerto Supe t o  Pisco. 
the egg samples from the sea a r e  given i n  Santander e t  a l .  ( i n  prep . ) .  

sa rd ines ,  each one cons is t ing  of about 30 f i s h ,  were taken in  the same area by a purse- 
s e i n e r .  

The area under invest iga-  
Region 1 ,  from Punta Falsa t o  Salaverry,  Region 2 ,  

More d e t a i l s  on 

With a delay of one t o  two weeks, 50 co l lec t ions  o f  anchovies and 16 co l lec t ions  of 

The body cavi ty  of the  f i s h  was opened and they were preserved i n  10% formalin. 

Anchovy eggs were assigned t o  three d i f f e r e n t  age phases according t o  t h e i r  embryonic 
development. 
phase 2 corresponds t o  s tage  3-11 and phase 3 corresponds t o  s tage  12-18. 

Phase 1 corresponds t o  s tages  1-2 of Santander and O.S. de C a s t i l l o  (1973),  

RESULTS 

Comparison of t h e  abundances of eggs i n  the sea and of eggs encountered i n  stomachs. 
Anchovy eggs occurred along the whole Peruvian c o a s t l i n e  from the  north,  about midway 
between Punta Falsa and Pimentel, down t o  the sou h ,  t o  Tanbo d e  Mora (Figure 1 ) .  High 

Salaverry,  Chimbote, Huarmey, Puerto Suoe, Huacho, Ancon, Callao and Tambo de Mora. The 
highest  d e n s i t i e s  were around 1,000 eggs per sample, i .e . ,  20.000 eggs per m 2 .  T h e  mean 
numbers of anchovy eggs per anchovy stomach a r e  included i n  Figure 1 .  

There i s  good agreement between the posi t ions of co l lec t ions  with high numbers of 
eggs per  stomach and the high d e n s i t i e s  o f  anchovy eggs i n  the  s e a ,  p a r t i c u l a r l y  opposite 
Chicama, Salaverry,  Huacho, Ancon and Callao.  Only one co l lec t ion  out of 50 did not have 
any anchovy with anchovy eggs i n  the  stomach, and t h i s  c o l l e c t i o n  was taken outs ide of 
the  d i s t r i b u t i o n  area of the anchovy eggs in  the sea.  The d i s t r i b u t i o n  of the sardine 
e g g  along the  coast  was not continuous, as  i t  was i n  the  case o f  the  anchovy, b u t  r a t h e r  
patchy (Figure 2) .  Again, t h e  correspondence of occurrence of sardine eggs in  the sea 
with t h e  occurrence of sa rd ine  eggs in  anchovy stomachs was f a i r l y  good, a p a r t  from the  
northern a rea .  However, i t  has t o  be taken i n t o  account t h a t  the  stomach samples were 

d e n s i t i e s  (more than 100 eggs per sample = 0.05 m k ) we1e recorded opposi te  Chicama, 
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Fig.  1 .  D i s t r i bu t i on  and densi t ies o f  anchovy eggs i n  the sea and i n  anchovy 
stomachs. 
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Fig.  2. D i s t r i b u t i o n  o f  sardine eggs i n  the sea and i n  anchovy stomachs. 

0 = sardine eggs found i n  stomachs, o = no sardine eggs found i n  
stomachs. 
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c o l l e c t e d  about  one t o  two weeks l a t e r  than t h e  egg samDles. T h i s  e x p l a i n s  why t h e r e  i s  
n o t  much correspondence i n  some areas and i t  demonstrates t h a t  some spawning areas a r e  
r a t h e r  s t a b l e  o v e r  a p e r i o d  o f  one t o  two weeks. 

Flaximum d e n s i t i e s  o f  anchovy eag d i s t r i b u t i o n .  The d e n s i t y  peaks o f  anchovy eggs 
were encountered a t  d i f f e r e n t  d i s t a n c e s  o f f  t h e  coas t  i n  t h e  t h r e e  r e q i o n s  ( F i a u r e  3 ) .  
I n  Region 1 ,  i n  t h e  n o r t h ,  t h e  h i g h e s t  d e n s i t i e s  were between 8 and 14 m i l e s  o f f  t h e  
coas t .  I n  Region 3, i n  t h e  south ,  t h e  h i g h e s t  d e n s i t i e s  were between 11 and 17 m i l e s  
o f f  t h e  c o a s t .  However, i n  t h e  midd le ,  i n  Region 2, h i g h  d e n s i t i e s  were encountered 
o v e r  a l a r g e  area,  f r o m  8 t o  29 m i l e s  o f f  t h e  coas t .  
a r e  combined, i t  becomes e v i d e n t  t h a t  t h e  h i g h e s t  d e n s i t i e s  were encountered f rom 11 t o  
14 m i l e s  o f f  t h e  coas t ,  and t h a t  s t i l l  f a i r l y  h i g h  d e n s i t i e s  were a t  8 and 17 m i l e s .  
The s i t e s  o f  t h e  c o l l e c t i o n s  w i t h  h i g h  numbers o f  eggs p e r  stomach p a r t l y  o v e r l a p  w i t h  
t h e  s i t e s  o f  h i g h  d e n s i t i e s  o f  anchovy eggs i n  t h e  sea ( F i g u r e  4 ) .  Wi th  one e x c e p t i o n ,  
a l l  c o l l e c t i o n s  w i t h  a mean v a l u e  o f  more than 4 eggs p e r  stomach were c o l l e c t e d  between 
5.2 and 15.6 m i l e s  o f f  t h e  coas t .  T h i s  demonstrates t h a t  t h e  anchovies t a k e  up more 
eggs i n  areas o f  h i g h  egg d e n s i t i e s  and e a t  l e s s  egas i n  areas o f  lower  d e n s i t i e s .  

D i s t r i b u t i o n  o f  eggs i n  d i f f e r e n t  phases o f  embryonic development. 

Nhen t h e  da ta  o f  t h e  t h r e e  r e g i o n s  

From F i g u r e  3,  
i t  was assumed t h a t  t h e  eggs a r e  spawned by t h e  anchovies m a i n l y  between 8 and 17 m i l e s  
o f f  t h e  c o a s t  and t h a t  t h e  eggs a r e  t h e n  t r a n s p o r t e d  o f f s h o r e  and inshore .  The decrease 
o f  egg d e n s i t i e s  o f f s h o r e  and i n s h o r e  was supposed t o  be caused by a d i l u t i o n  e f f e c t  due 
t o  t r a n s p o r t a t i o n  by w a t e r  movements and due t o  a h i g h  egg m o r t a l i t y .  The p e r i o d  f r o m  
t h e  spawning o f  t h e  egg t o  t h e  h a t c h i n g  o f  t h e  l a r v a  i s  tempera ture  dependent and l a s t s  
i n  t h e  Peruv ian  anchovy about  2 t o  2.5 days (Santander  e t  a l . ,  i n  p r e p . ) .  
t o  f i n d  young newly spawned eggs m a i n l y  i n  t h e  areas o f - b i $  egg d e n s i t i e s ,  whereas o l d e r  
eggs s h o u l d  be encountered f u r t h e r  i n s h o r e  and, p a r t i c u l a r l y ,  f u r t h e r  o f f s h o r e .  

To s tudy  these processes,  t h e  eggs c o l l e c t e d  f rom t h e  sea and f r o m  t h e  s tonachs 
were ass igned t o  t h r e e  Dhases a c c o r d i n g  t o  t h e  s t a t e  o f  t h e i r  embryonic development (Tab le  
1 ) .  The d i s t r i b u t i o n  o f  t h e  t h r e e  age phases was s t u d i e d  s e p a r a t e l y  f o r  t h e  t h r e e  r e g i o n s .  
I n  d o i n g  t h a t ,  one has t o  be aware o f  t h e  f a c t  t h a t  t h e  d u r a t i o n  o f  t h e  t h r e e  age phases 
i s  v e r y  d i f f e r e n t .  Thus, e .g.  t h e  number o f  eggs i n  phase 1 s h o u l d  be r e l a t i v e l y  low,  
because t h i s  phase l a s t s  o n l y  about  2.4 hours a t  16.5OC. I n  Region 1 ( F i g u r e  5 )  t h e  peak 
o f  phase 1 eggs was a t  17 m i l e s  o f f  t h e  c o a s t .  Phase 2 peaked f u r t h e r  i n s h o r e ,  a t  11 and 
14 m i l e s .  Phase 3 had i t s  oeak a t  17 m i l e s  as phase 1 .  

I t  was expected 

Tab le  1 :  D u r a t i o n  c f  egg phases a t  16.5OC. m o d i f i e d  a f t e r  P.E.  Smith (MS,  1982). 

Phase 9, 28.5 

25.3 

T h i s  demonstrates t h a t  t h e  m a j o r i t y  o f  t h e  eggs i s  n o t  t r a n s p o r t e d  away v e r y  f a r  from 
t h e  s i t e  o f  t h e i r  spawning. 
a r e  l e s s  pronounced 
i n v e s t i g a t i o n .  
Region 2 ( F i g u r e  6 )  and Region 3 ( F i g u r e  7 ) .  I n  a l l  t h r e e  r e g i o n s ,  t h e  d e n s i t y  peaks of 
phase 1 and phase 3 cor respond w i t h  each o t h e r  e x a c t l y ,  whereas t h e  peak o f  phase 2 i s  
a lways f u r t h e r  i n s h o r e  o r  o f f s h o r e .  

However, w i t h  i n c r e a s i n g  age o f  t h e  eggs t h e  d e n s i t y  peaks 
and o l d e r  eggs seem t o  be soread more e v e n l y  o v e r  t h e  area under  

S i m i l a r  d i s t r i b u t i o n a l  movements o f  eggs i n  d i f f e r e n t  phases t o o k  p l a c e  i n  

F o r  t h e  area between 5 and 23 m i l e s  o f f s h o r e ,  t h e  percentages o f  t h e  eggs i n  t h e  t h r e e  
phases were c a l c u l a t e d  ( T a b l e  2 ) .  
86.85 i n  phase 2 and 6.0% t o  12.0:A i n  phase 3. 
phase 1,  78.5% i n  phase 2 and 8'; i n  phase 3. 
eggs o b t a i n e d  from t h e  stomachs. 
37% i n  phase 2 and 23.7% i n  phase 3. That  means, about  t h r e e  t imes as many eggs as 
supposed were i n  phase 1 and 3, whereas o n l y  about  t h e  h a l f  o f  t h a t  what was expected 
was i n  phase 2. 

7.2?: t o  19.4% o f  t h e  eggs were i n  phase 1 ,  68.69: t o  
On average, 13.4:; o f  t h e  eggs were i n  

The same procedure was c a r r i e d  o u t  w i t h  t h e  
However, i n  t h i s  case, 39% o f  t h e  eggs were i n  phase 1 ,  
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Phase 1 Phase 2 

Sea Stomach Sea Stomach 
Reoion - 

Region 1 7.2 69.2 86.8 17.8 

Region 2 13.7 13.6 80.2 53.3 

Region 3 19.4 39.2 68.6 37.2 

Phase 3 

Sea Stomach 

6.0 13.0 

6.1 33.1 

12.0 23.7 

TOTAL 1 13.4 I 39.3 I 78.5 I 37.0 I 8.0 I 23.7 I 

Time o f  day 1 (hours) 

% o f  eggs 
Number o f  

Col lect ions Phase 1 Phase 2 1 Phase 3 

07.00-10.59 

11 .OO-14.59 

15.00-18.59 

19.00-22.59 

11 58.5 24.5 17.0 

7 53.1 32.1 14.7 

9 14.8 53.9 31 .3 

10 30.7 38.9 30.4 

Number o f  co l lec t ions  50 
Total number o f  stomachs 1,500 
Stomachs w i t h  anchovy eggs, % 1 61.1 
Mean number o f  eggs per stomach I 5.5 

16 
578 
62.4 
16.4 
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V a r i a b l e  

I 
I A Mean eggs/stomach 
! B Rate o f  g a s t r i c  e v a c u a t i o n  

C a l c u l a t i o n  o f  percentage n a t u r a l  egg m o r t a l i t y  from egg cann iba l i sm.  Hunter  and 
K i m b r e l l  (1980)  c a l c u l a t e d  how much n a t u r a l  m o r t a l i t y  i s  due t o  egg cann iba l i sm.  T h e i r  
method was s l i g h t l y  m o d i f i e d  by MacCall (1980)  who used t h e  c a t c h  e q u a t i o n  t o  de termine 
t h e  c o e f f i c i e n t  o f  m o r t a l i t y  due t o  cann iba l i sm:  

r 7  

Peruv ian  N o r t h e r n  
Anchovy Anchovy 

5.5 5.1 
.701 ! .701 / 

Where: 
C c  = d a i l y  egg consumpt ion p e r  gram o f  a d u l t s  

E = d a i l y  egg p r o d u c t i o n  p e r  gram o f  a d u l t s  

F = c o e f f i c i e n t  o f  m o r t a l i t y  due t o  c a n n i b a l i s m  

Z = c o e f f i c i e n t  o f  t o t a l  m o r t a l i t y  

t = 

0 

C 

l e n g t h  o f  t i m e  eggs a r e  s u b j e c t  t o  m o r t a l i t y  ( i . e . ,  t i m e  f r o m  spawning 
t o  h a t c h i n g ) .  

Us ing Hunter  and K i m b r e l l ' s  (1980) method and i n c l u d i n g  M a c C a l l ' s  (1980)  m o d i f i c a t i o n ,  
t h e  percentage o f  m o r t a l i t y  due t o  egg c a n n i b a l i s m  was c a l c u l a t e d  f o r  t h e  Peruv ian  anchovy 
and compared t o  t h a t  of t h e  n o r t h e r n  anchovy (Tab le  5 ) .  
was r e s p o n s i b l e  f o r  10% o f  t h e  t o t a l  eag m o r t a l i t y ,  t h i s  va lue  was 28% f o r  t h e  n o r t h e r n  
anchovy. 

Whereas i n  Peru, ego c a n n i b a l i s m  

' I Eggs spawnedrgrams t o t a i  female w e i g h t  _I I 554 

~ K R a t i o n  o f  females/school  .5 
1 L Eggs/gram school  w e i g h t  = E o  1 44.4 
/ I? C o e f f i c i e n t  o f  n a t u r a l  egg m o r t a l i t y  = Z .91 
, N Length o f  t i m e  eggs a r e  s u b j e c t  t o  m o r t a l i t y  = t 

J R a t i o  o f  females spawning /n iqh t  ~ .16 

2 .o 

371 
.16 
. 5  

29.7 
.39 

2.5 

D I S C U S S I O N  

A t  t h e  p r e s e n t  s t a t e  o f  knowledge, i t  i s  d i f f i c u l t  t o  e x p l a i n  why eggs o f  phase 1 
and 3 a r e  over represented  i n  anchovy stomachs. 
reason, as eggs o f  t h e  t h r e e  phases cannot  be confused w i t h  each o t h e r .  A l l  eggs wh ich  
c o u l d  n o t  be i d e n t i f i e d  were l a b e l l e d  as ' d i s i n t e g r a t e d '  and n o t  i n c l u d e d  i n  t h e  
c a l c u l a t i o n s .  However, i t  m i g h t  be t h a t  eggs o f  phase 2 a r e  p a r t i c u l a r l y  v u l n e r a b l e  t o  
' d i s i n t e g r a t i o n '  i n  anchovy stomachs. 
v e r t i c a l  d i s t r i b u t i o n  o f  anchovy eggs i n  d i f f e r e n t  s tages  o f  embryonic  development, i t  
c o u l d  be argued t h a t  phase '2 eggs a r e  i n  depths i n  wh ich  t h e  anchovies f e e d  l e s s .  
However, t h a t  does n o t  seem v e r y  p robab le .  

M i s i d e n t i f i c a t i o n  i s  c l e a r l y  n o t  t h e  

Fur thermore,  as n o t  much i s  known about  t h e  
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Another  p u z z l e  i s  t h e  occurrence o f  phase 1 eggs i n  f i s h  stomachs c o l l e c t e d  i n  t h e  
l a t e  a f t e r n o o n .  
spawning i s  t e r m i n a t e d  a t  02.00 hours and t h a t  no spawninq takes p l a c e  i n  dayt ime.  The 
o n l y  e x p l a n a t i o n  i s  t h a t  phase 1 eggs encountered i n  f i s h  stomachs c o l l e c t e d  i n  t h e  l a t e  
a f t e r n o o n  must have been f e d  upon a l o n g  t i m e  b e f o r e  t h e  f i s h  were c o l l e c t e d .  
t hey  must have spent  seve ra l  hours i n  t h e  f i s h  stomachs w i t h o u t  be ing  a f f e c t e d  much by 
d i g e s t i v e  processes. 
may remain i n  t h e  stomachs up t o  8 hours,  b u t  t h e  con ten ts  o f  t h e  eggs (embryo and y o l k )  
a r e  d i g e s t e d  a f t e r  2 hours.  As t h e  c o n t e n t  o f  phase 1 eggs f rom stomachs c o l l e c t e d  i n  
t h e  a f t e r n o o n  was n o t  damaged, one may conclude t h a t  phase 1 eggs a r e  p a r t i c u l a r l y  
r e s i s t a n t  towards d i g e s t i v e  processes. T h i s  suopor t s  t h e  above ment ioned hypo thes i s  o f  
d i f f e r e n t i a l  v u l n e r a b i l i t y  t o  ' d i s i n t e g r a t i o n '  o f  eggs i n  d i f f e r e n t  aoe phases. 

The d a t a  i n  Tab le  5, g i v e  t h e  impress ion  t h a t  egg cann iba l i sm i n  anchovies p lays  a 
l e s s  i m p o r t a n t  r o l e  i n  t h e  Peruv ian  anchovy. 
d e n s i t i e s  i n  t h e  Peruv ian  ecosystem a r e  h i g h e r  t h a n  i n  t h e  C a l i f o r n i a n  system (Santander 
- e t  a l . ,  1982) .  
c o l E c t  t h e  f i s h .  Whereas, i n  C a l i f o r n i a ,  t h e  f i s h  were caught  w i t h  a t r a w l ,  i n  Peru, 
t h e  anchovies were sampled w i t h  a pu rse -se ine r .  A purse-se ine haul  l a s t s  u s u a l l v  2 t o  3 
hours.  I f  t h e  f i s h  s t o p  f e e d i n q  when t h e  haul  begins,  a h i g h  number o f  eggs m i g h t  a l r e a d y  
be d i g e s t e d  by t h e  t i m e  t h e  f i s h  a r e  f i x e d  i n  f o r m a l i n .  Accord ing t o  t h e  g u t  evacua t ion  
r a t e  determined i n  t h e  l a b o r a t o r y  by Hunter  and K i m b r e l l  (1980) ,  t h e  mean res idence  t i m e  
o f  eggs i n  t h e  stomach i s  o n l y  1.4 hours.  The 10% c o n t r i b u t i o n  o f  cann iba l i sm t o  t h e  
t o t a l  egg m o r t a l i t y  es t ima ted  f o r  t h e  Peruv ian  anchovy (Tab le  5 )  has t h e r e f o r e ,  t o  be 
cons ide red  o n l y  as a minimum es t ima te .  

Fo r  a l o n g  t ime,  i t  has been specu la ted  t h a t  e x p l o i t e d  c l u p e o i d  species m i g h t  be 
suppressed by c o m p e t i t o r s  f e e d i n g  on eggs and l a r v a e  (e.9.  Murphy, 1977) .  
sa rd ines  p r e d a t i n g  on anchovy eggs which a r e  p resen ted  he re  s u p p o r t  t h i s  hypo thes i s .  
mean number o f  anchovy eggs i n  s a r d i n e  stomachs i s  more t h a n  t h r e e  t imes h i g h e r  t h a n  i n  
anchovy stomachs ( T a b l e  4 ) .  However, i t  i s  n o t  Doss ib le  y e t  t o  e s t i m a t e  t h e  consumption 
o f  anchovy eggs by sa rd ines ,  as t h e  s t o c k  s i z e  o f  t h e  sa rd ines  i n  t h e  spawning area o f  
t h e  anchovy i s  n o t  known. P r e d a t i o n  on anchovy eggs b y  sa rd ines  m i g h t  be p a r t i c u l a r l y  
dangerous t o  t h e  c e n t r a l  and n o r t h e r n  Peruv ian  anchovy s t o c k  now, as t h e  s a r d i n e  s t o c k  
seems t o  have been i n c r e a s i n g  o v e r  t h e  l a s t  yea rs  ( J .  V a l d i v i a ,  pers.  corm.) whereas 
t h e  anchovy s t o c k  has reached i t s  l owes t  l e v e l  eve r  recorded (Santander e t  a l . ,  i n  p rep . ) .  

The a n a l y s i s  o f  t h e  egg samples f rom t h e  f i e l d  demonstrated c l e a r l y  t h a t  

That  means, 

Hunter  and K i m b r e l l  (1980) r e p o r t  t h a t  i d e n t i f i a b l e  p a r t s  o f  eggs 

Th is  would be s u r p r i s i n g  as t h e  egg 

However, i t  has t o  be cons ide red  t h a t  d i f f e r e n t  methods were a p p l i e d  t o  

The da ta  on 
The 
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