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ABSTRACT 

J . R .  H u n t e r ,  1 9 8 4 .  I n f e r e n c e s  r e g a r d i n g  p r e d a t o r s  on  t h e  
e a r l y  l i f e  s t a g e s  of  cod and o t h e r  f i s h e s .  I n :  E .  Dahl ,  
D.S. D a n i e l s s e n ,  E .  Moksness and P .  Solemdal  ( E d i t o r s ) ,  T h e  
P r o p a g a t i o n  o f  Cod Gadw mohhuLz L.  F lbdev igen  r a p p o r t s e r . ,  
1, 1984: ' 5 3 3 - 5 6 2 .  

L i t t l e  i n f o r m a t i o n  e x i s t s  on t h e  p r e d a t i o n  on t h e  e a r l y  
l i f e  s t a g e s  o f  mar ine  f i s h  i n  g e n e r a l  and even  less on  cod .  
Thus the approach  used i n  t h i s  r ev iew w a s  t o  i n f e r  t h e  
p r e d a t o r y  p r o c e s s e s  t h a t  may be s i g n i f i c a n t  i n  t h e  e a r l y  
l i f e  h i s t o r y  o f  cod u s i n g  t h e  g e n e r a l  l i t e r a t u r e  on t h e  
p r e d a t o r s  o f  mar ine  f i s h  eggs  and l a r v a e .  The m o r t a l i t y  o f  
cod  d u r i n g  t h e  embryonic  p e r i o d  i s  h i g h  i n d i c a t i n g  a h i g h  
r a t e  o f  p r e d a t i o n  and p r e d a t i o n  may c o n t i n u e  t o  be t h e  
dominant  s o u r c e  of m o r t a l i t y  i n  l a t e r  l a r v a l  s t a g e s .  The 
known p r e d a t o r s  o f  eggs  and l a r v a e  are  d i s c u s s e d  as  are 
i n t r i n s i c  and e x t r i n s i c  f a c t o r s  t h a t  a f f e c t  v u l n e r a b i l i t y  t o  
p r e d a t i o n .  Recommendations are made f o r  f u t u r e  r e s e a r c h .  

_ _  . 
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I NTRODU CT I O N  

The o b j e c t i v e  of t h i s  r ev iew w a s  t o  c h a r a c t e r i z e  the 

process o f  p r e d a t i o n  o n  cod e g g s  and l a r v a e  i n  t h e  sea. 

L i t t l e  i n f o r m a t i o n  e x i s t s  on  the  p r e d a t i o n  on  the e a r l y  l i f e  

s t a g e s  of m a r i n e  f i s h  i n  g e n e r a l  and  even  less on  cod .  

Thus ,  the approach I h a v e  used  i n  t h i s  r ev iew w a s  t o  i n f e r  

the p r e d a t o r y  processes tha t  may be s i g n i f i c a n t  i n  t he  e a r l y  

l i f e  h i s t o r y  o f  cod  u s i n g  the g e n e r a l  l i t e r a t u r e  on  the 

p r e d a t o r s  o f  m a r i n e  f i s h  eggs  and  l a r v a e .  

P r e d a t i o n ,  s t a r v a t i o n ,  and  c e r t a i n  ab io t i c  e f f e c t s  (wave 

a c t i o n ,  UV r a d i a t i o n ,  t e m p e r a t u r e  and s a l i n i t y  c h a n g e s )  have  

been  p roposed  as  possible s o u r c e s  o f  t he  g r e a t  m o r t a l i t y  

e x p e r i e n c e d  by  p e l a g i c  m a r i n e  f i s h  e g g s  and l a r v a e  i n  the 

sea. Dur ing  t h e  embryonic  p e r i o d  ( e g g  and y o l k - s a c  s t a g e s )  

o n l y  a b i o t i c  e f f e c t s  and p r e d a t i o n  a re  s o u r c e s  of m o r t a l i t y  

b e c a u s e  the  embryo s u b s i s t s  on  y o l k .  A b i o t i c  e f f e c t s  

o c c a s i o n a l l y  may be i m p o r t a n t  i n  t he  embryonic  s t a g e s  s i n c e  

these s t a g e s  are t h e  m o s t  s u s c e p t i b l e  t o  p h y s i c a l  damage. 

Moribund eggs  and  l a r v a e  h a v e  been  o b s e r v e d  i n  p l a n k t o n  

catches b u t  these r e p o r t s  h a v e  been  d i s c o u n t e d  i n  r e c e n t  

y e a r s  and  a t t r i b u t e d  t o  f a i l u r e  t o  w a s h  p l a n k t o n  n e t s  

t h o r o u g h l y  be tween t o w s  (May, 1 9 7 4 ) .  S o l e i m ' s  ( 1 9 4 2 )  

o b s e r v a t i o n  o f  a l a r g e  number o f  dead  or  d y i n g  y o l k - s a c  

h e r r i n g  l a r v a e ,  p resumably  k i l l e d  by changes  i n  t e m p e r a t u r e  

and  s a l i n i t y ,  a p p e a r s  t o  be a n  a u t h e n t i c  c a s e  as t h e  proper 

p r e c a u t i o n s  w e r e  t a k e n  t o  a v o i d  c o n t a m i n a t i o n  from p r e v i o u s  

n e t  h a u l s  (Wiborg,  1 9 7 6 ) .  N e v e r t h e l e s s ,  changes  i n  

t e m p e r a t u r e  and s a l i n i t y  s u f f i c i e n t  t o  k i l l  l a r g e  numbers o f  

eggs  or l a r v a e  i n  t h e  open sea a re  p r o b a b l y  r a r e ,  and 

e x p e r i m e n t a l  e v i d e n c e  i n d i c a t e s  t ha t  o ther  a b i o t i c  c a u s e s  o f  

m o r t a l i t y  a r e  u n l i k e l y .  For example,  p e l a g i c  eggs  a p p e a r  t o  

be h i g h l y  r e s i s t a n t  t o  damage from wave a c t i o n  (Pomrneranz, 

1974)  and s i g n i f i c a n t  damage from UV r a d i a t i o n  s e e m s  t o  

r e q u i r e  s u s t a i n e d  exposure  f o r  d a y s  i n  the  uppe r  5 m of  t h e  

w a t e r  column, w h i c h  seems u n l i k e l y  i n  w e l l  mixed s u r f a c e  

waters  ( H u n t e r  e t  a l . ,  1 9 8 2 ) .  Thus t h e  m o r t a l i t y  d u r i n g  t h e  



535 

embryonic p e r i o d  i s  good ev idence  f o r  the  e x i s t e n c e  of  

p r e d a t i o n  as  a cause  of n a t u r a l  m o r t a l i t y .  

T h e  m o r t a l i t y  ra tes  of embryonic marine f i s h e s  are o f t e n  

ve ry  h i g h  i n d i c a t i n g  h i g h  ra tes  o f  p r e d a t i o n .  M o r t a l i t y  

ra tes  (z) of cod eggs from t h e  North Sea range from 0.03 t o  
0.41 ove r  11 y e a r s  and averaged a b o u t  0 .25,  implying a loss 

ra te  of abou t  22% p e r  day (Daan, 1979, 1981) .  Consider ing 

t h e  long i n c u b a t i o n  p e r i o d  of cod eggs (15-18 days a t  5-7'C) 

t h e s e  ra tes  s e e m  s u r p r i s i n g l y  h i g h ,  be ing  comparable t o  
those o f  temperate n o r t h e r n  anchovy which has on ly  a 3 day 

i n c u b a t i o n  p e r i o d  (Table 1). Thus i n  t h e  N o r t h  Sea 

t y p i c a l l y  98% of  the cod eggs are  probably consumed by 

p r e d a t o r s  b e f o r e  they  hatch. 

TABLE 1 

M o r t a l i t y  r a t e s  of p e l a g i c  eggs and l a r v a e  i n  p e r c e n t  p e r  

day. 

F i s h  Y e a r  ( s ) Stage  Mean Range Reference 

Cod 1968-197 7 

P l a i c e  1947-1977 

P l a i c e  1947-1 971 

Anchovy 1980-1983 

Anchoveta 1981 

S o l e  1969-1970 

Egg 2 2  3-33 

Egg 7 2-13 

Yolk-sac 10 3-22 

l a r v a e  

Egg 2 1  13-36 

Egg - 42-65 

Daan, 1976 

Harding e t  
a l . ,  1978 

Harding e t  
a l . ,  1978 

Unpub. d a t a  

SWFC' 

S a n t a n d e r  

e t  a l .  , 
1983 

R i l e y ,  1974 

'Southwest Fisheries C e n t e r ,  L a  J o l l a ,  C a l i f o r n i a  92038, 

U S A .  
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The range of mor t a l i t y  ra tes  f o r  cod eggs and f o r  those of 

o t h e r  spec ies  ind ica t e s  t h a t  p reda t ion  r a t e s  vary g r e a t l y  

from year  t o  year ,  and such v a r i a t i o n  might account f o r  t h e  

observed va r i a t ions  i n  recrui tment ,  p a r t i c u l a r l y  i f  t hese  

preda t ion  r a t e s  p e r s i s t e d  over subsequent l i f e  s tages .  Some 

evidence e x i s t s  t h a t  the  high preda t ion  r a t e  encountered i n  

t h e  egg s t age  p e r s i s t s  through the  embryonic per iod ,  i . e . ,  

u n t i l  t h e  development of a func t iona l  eye and jaw and t h e  

onse t  of feeding. I n  p l a i c e  and northern anchovy t h e  

m o r t a l i t y  r a t e s  of eggs do not d i f f e r  much from t h a t  of 

yolk-sac l a rvae  ind ica t ing  no sharp t r a n s i t i o n  i n  r a t e s  

during t h e  embryonic per iod (Harding e t  a l . ,  1978; Hunter, 

1982 1 .  
After  t he  onse t  of feeding t h e  argument f o r  preda t ion  a s  

t h e  p r i n c i p l e  source of mor t a l i t y  i s  l e s s  compelling because 

s t a r v a t i o n  may a l s o  play an important r o l e .  A l l  l abora tory  

s t u d i e s  on pe lag ic  f i s h  l a rvae  such a s  cod, h e r r i n g ,  

anchovy, and p l a i c e  (Hunter,  1981) i n d i c a t e  t h a t  they a r e  

h ighly  vulnerable  t o  s t a r v a t i o n  a t  t h e  onse t  of feeding 

owing t o  t h e i r  small s i z e ,  s h o r t  s igh t ing  d i s t ance  for  prey, 

slow c ru i s ing  speeds during t h e  search f o r  food, l o w  cap ture  

success ,  and high food dens i ty  requirements.  On t h e  o ther  

hand, new s t u d i e s  i n  l a rge  semi-natural  enc losures  seem t o  

i n d i c a t e  t h a t  p reda t ion  i s  t h e  major source of mor t a l i t y  i n  

t h e  sea .  I n  such enclosures ,  3-10% of cod la rvae  survived 

through metamorphosis a t  food d e n s i t i e s  equivalent  t o  those 

encountered i n  t he  sea ( E l l e r t s e n  e t  a l . ,  1981) .  Since 

these  su rv iva l  r a t e s  a r e  much g r e a t e r  than those of l a rvae  

i n  t h e  sea ,  t he  absence of preda tors  i n  t he  enclosure 

appears t o  be the  reason fo r  t he  remarkably high su rv iva l .  

New t o o l s  now e x i s t  which can be used t o  determine i f  t he  
apparent v u l n e r a b i l i t y  t o  s t a r v a t i o n  in fe r r ed  from 

labora tory  work t r a n s l a t e s  i n t o  a high r a t e  of na tu ra l  

m o r t a l i t y .  I n  f a c t ,  i d e n t i f i c a t i o n  of s t a r v a t i o n  a s  a cause 

of mor t a l i t y  i n  t he  sea is  now e a s i e r  t o  a s ses s  
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q u a n t i t a t i v e l y  t h a n  t he  e f f e c t s  of  p r e d a t i o n ,  b e c a u s e  

s t a r v i n g  l a r v a e  c a n  now be a c c u r a t e l y  i d e n t i f i e d  u s i n g  

h i s t o l o g i c a l  c r i t e r i a  ( T h e i l a c k e r ,  1978;  O ' C o n n e l l ,  19801,  

a n d  s l o w  g rowth  of l a r v a e  c a n  be d e t e c t e d  u s i n g  d a i l y  

i n c r e m e n t s  on  l a r v a l  o t o l i t h s  (Methot and K r a m e r ,  1 9 7 9 ) .  

Such  measurements  h o l d  the k e y  t o  d e t e r m i n i n g  t h e  r e l a t i v e  

i m p o r t a n c e  o f  s t a r v a t i o n  and p r e d a t i o n  ( b y  t h e  d i f f e r e n c e  

be tween s t a r v a t i o n  m o r t a l i t y  and  t o t a l  m o r t a l i t y )  d u r i n g  t h e  

pos t - embryon ic  phase o f  l a r v a l  l i f e .  Sea  s t u d i e s  u s i n g  

these new t e c h n i q u e s  a re  j u s t  b e g i n n i n g  ( n o  d a t a  e x i s t  on  

c o d )  b u t  p r e s e n t  e v i d e n c e  i n d i c a t e s  p r e d a t i o n  p l a y s  the 

dominan t  role i n  l a r v a l  m o r t a l i t y  ( O ' C o n n e l l ,  1980;  Methot 

and  K r a m e r  1 9 7 9 ) .  

These l i n e s  o f  e v i d e n c e  seems t o  i n d i c a t e  t h a t  p r e d a t i o n  

d u r i n g  t h e  embryonic  p e r i o d  i s  h i g h  and v a r i a b l e ,  and  it 

p r o b a b l y  r ema ins  the p r i n c i p l e  s o u r c e  of  m o r t a l i t y  

t h r o u g h o u t  the res t  of  the  e a r l y  l i f e  h i s t o r y  o f  c o d .  T h e  

l a t t e r  c o n c l u s i o n  i s  of  c o u r s e  s p e c u l a t i o n ,  a l t h o u g h  t h e  

r e s u l t s  of t he  e n c l o s u r e  s t u d i e s  seem q u i t e  c o n v i n c i n g  i n  

t h i s  r e g a r d .  P roof  w i l l  awai t  a s s e s s m e n t  of  t h e  r a t e s  o f  

s t a r v a t i o n  i n  the sea. 

KINDS OF PREDATORS 

C r u s t a c e a  and c h a e t o g n a t h s  

Consumption of  m a r i n e  f i s h  l a r v a e  by copepods ,  e u p h a u s i i d  

s h r i m p ,  h y p e r i i d  amphipods and c h a e t o g n a t h s  h a s  been  s t u d i e d  

i n  s m a l l  ( 0 . 2 - 3 . 5  l i t r e )  c o n t a i n e r s  i n  t h e  l a b o r a t o r y .  For  

example,  i n  t he  C a l i f o r n i a  C u r r e n t  r e g i o n ,  11 s p e c i e s  of 

c a l a n o i d  copepods ,  and  e u p h a u s i i d  s h r i m p  w e r e  c a p a b l e  of 

c a p t u r i n g  or f a t a l l y  i n j u r i n g  y o l k - s a c  anchovy l a r v a e  

( L i l l e l u n d  and L a s k e r ,  1971;  T h e i l a c k e r  and L a s k e r ,  19741,  

and  t o  the  n o r t h  i n  Dabob Bay, Washington ,  t h e  c a l a n o i d  
Euchaeta  eeongata and s e v e r a l  s p e c i e s  of c r a b  l a r v a e  have  
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been i d e n t i f i e d  a s  preda tors  of yolk-sac hake l a rvae  (Bai ley  

and Yen, 1983) .  Addit ional  spec ies  of calanoids  observed 

preying on l a rvae  a r e  mentioned by Lebour (1925) .  

Laboratory s t u d i e s  seem t o  show t h a t  small carnivoruus 

ar thropods (ca lanoid  copepods, amphipods and euphausi ids)  

can a t t a c k  and k i l l  s i g n i f i c a n t  numbers of marine yolk-sac 

f i s h  l a rvae  i f  t h e  concent ra t ions  of l a rvae  a r e  s u i t a b l y  

high (Table 2 ) .  Consumption of f i s h  la rvae  by chaetognaths 

has  been f requent ly  in fe r r ed  from examination of preserved 

specimens taken i n  plankton tows (Lebour 1922, 1923; 

Alvariiio 1980).  On t h e  o the r  hand, labora tory  experiments 
on two spec ie s  ( S a g i t t a  C t t g a n d  and S. b e t o n u )  seem t o  

i n d i c a t e  t h a t  they a r e  not important preda tors .  S a g i t t a  
requi red  a 24h s t a r v a t i o n  per iod before  consuming any l a r v a l  

f i s h ,  they  s t rong ly  prefer red  copepods t o  la rvae ,  and they 
a t e  only f i r s t  feeding la rvae ,  a s  younger la rvae  (yolk-sac)  

and o l d e r  ones were not ea ten  (Kuhlmann, 1977) .  Clear ly ,  

more information i s  needed on l a r v a l  preda t ion  by 

chaetognaths.  
Few of t h e  small  i nve r t eb ra t e  preda tors  s tud ied  t o  da t e  

seem t o  be e f f e c t i v e  preda tors  of pe l ag ic  f i s h  eggs. 

Laboratory tes ts  i n d i c a t e  t h a t  ne i the r  E u p h a u b i a  (L i l l e lund  

and Lasker, 1971; Bailey and Yen, 1983) ,  S a g i t t a  (Kuhlmann, 

1977) nor c rab  l a rvae  ( P a n a t h e m i n t o  and o t h e r s )  and shrimp 

l a rvae ,  (Bai ley and Yen, 1983) a r e  s i g n i f i c a n t  predators  of 

pe l ag ic  f i s h  eggs. P resen t ly ,  t h e  only pe lag ic  crustacean 

i d e n t i f i e d  a s  a preda tor  of pe lag ic  eggs i s  the  amphipod 

Cae.t'iopiun (Bai ley and Yen, 1983) ,  b u t  very few of t he  vas t  
number of pe l ag ic  c rus tacea  have been considered. 

Only t h e  yolk-sac s t age  of marine f i s h  la rvae  appears t o  
be vulnerable  t o  these  small carnivorous ar thropods.  These 
preda tors  appear not t o  be ab le  t o  consume s i g n i f i c a n t  

numbers of pe l ag ic  eggs and t h e  number of f i s h  l a rvae  

a t tacked  drops r ap id ly  a t  t h e  end of t h e  yolk-sac per iod .  

For example, t h e  number of yolk-sac anchovy l a rvae  k i l l e d  by 

Lab idocena females decl ined from 16 newly hatched anchovy 
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l a rvae  per  day t o  about 7 per  day f o r  168-h-old la rvae .  

The presence of an a l t e r n a t i v e  prey (copepods) depresses  

t h e  r a t e  of l a r v a l  preda t ion  i n  t h e  carnivorous copepods 

( L i l l e l u n d  and Lasker, 1971; Bailey and Yen, 1983) b u t  

apparent ly  not i n  euphausiid shrimps. For example, a t  equal 

d e n s i t i e s  of Poeudocalanun and hake la rvae  the  presence of 

Pneudacalanun depressed t h e  preda t ion  r a t e  of Euchaeia on 

hake l a rvae  by 60% (Bai ley and Yen, 1983) .  Since copepods, 

r a t h e r  than l a r v a l  f i s h  dominate most plankton assemblages, 

t h i s  i s  an important e f f e c t .  The predat ion r a t e s  observed 

i n  t h e  labora tory  probably a r e  seldom rea l i zed  i n  t h e  sea 

because the  l a r v a l  f i s h  d e n s i t i e s  a r e  much lower i n  t h e  sea 

and more numerous a l t e r n a t i v e  prey e x i s t  fo r  t he  preda tors .  

Yolk-sac he r r ing  a r e  a poss ib l e  exception a s  they appear t o  

achieve remarkably high d e n s i t i e s  i n  t he  sea ( 2 0  

l a r v a e / l i t r e  a t  t h e  sur face :  Westernhagen and Rosenthal, 

1976) .  

F ie ld  evidence a l s o  i n d i c a t e s  t h a t ,  hyper i id  amphipods 

and carnivorous calanoid copepods consume s i g n i f i c a n t  

numbers of f i s h  la rvae  although s p e c i f i c  i d e n t i f i c a t i o n  of 

remains of la rvae  i n  t h e  stomachs i s  uncer ta in .  Hyperiid 

amphipods co-occur with yolk-sac her r ing  l a rvae  f o r  40 days 

i n  Departure Bay, B r i t i s h  Columbia, and remains of f i s h  

l a rvae  a r e  the  most abundant item i n  t h e i r  gu t s  

(Westernhagen and Rosenthal,  1976: Westernhagen, 1976) .  

F ish  la rvae ,  e s p e c i a l l y  he r r ing  and Ammadyten, make up 2 3 %  

of t he  food of t h e  hyperi id  amphipod Pahaiheminto 
gaud ichaud i  during Apri l  and June i n  t he  North Sea (Sheader 

and Evans, 1975) . Fish la rvae  (presumably yolk-sac s t ages  

of hake)  occurred i n  30 t o  438 of t h e  EUChaeta stomachs 

examined by Bailey and Yen (1983) .  

F ie ld  evidence from freshwater  lakes  i n d i c a t e s  t h a t  

marine cyclopoid copepods might be a s  important predators  a s  

the  predacious calanoids .  Adult female freshwater lake 

cyclopoid copepods ( D i a c y c l o p n  t h v m a n i  and AcanthocycLvpn 
WC4naLih) a r e  reported t o  feed on alewife  ( A l o h a  
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pbeudohahcngub)  l a rvae ;  1-4% of a lewife  la rvae  ( t y p i c a l l y  3- 

5 mm) taken i n  plankton tows had a t tached  cyclopoid 

copepods; and a l l  were taken a t  n igh t ,  i nd ica t ing  t h a t  t h e  

l a rvae  may be more vulnerable  when l e s s  a c t i v e  (Har t ig  e t  

a l . ,  1982).  S imi l a r ly ,  Brewer e t  a l . ,  (1983) found t h e  

cyclopoid copepod ( C O h Y C a C u  ang&iclcn) at tached t o  5% of white 

croaker  l a rvae  (Genyonemun .&keatrcn) taken i n  ne t  tows from 

nearshore waters of Southern Ca l i fo rn ia .  Only small l a rvae  

were suscep t ib l e  t o  capture  a s  93% of t h e  la rvae  with 

a t tached  copepods were l e s s  than 4 mm long. I t  i s  poss ib le  

t h a t  t h e  preda t ion  observed i n  t hese  r e p o r t s  occurred i n  
t h e  plankton ne t .  Nevertheless ,  it seems important t o  

eva lua te  t h e  predatory p o t e n t i a l  of marine cyclopoids 

because of t h e i r  g r e a t  abundance. For example, cyclopoid 

copepods c o n s t i t u t e  20-30% of t h e  t o t a l  copepods occurr ing 

i n  Norwegian coas t a l  plankton (Wiborg, 1954) .  

Predat ion by J e l l y f i s h  and Ctenophores 

Laboratory and f i e l d  observa t ions  over t he  years  have 

i d e n t i f i e d  a t  l e a s t  34 spec ies  of medusae and about 5 

spec ies  of ctenophores a s  preda tors  of t he  eggs and la rvae  

of marine f i s h e s .  This probably r ep resen t s  a small f r a c t i o n  

of p o t e n t i a l  p reda tors  given t h e  hundreds of spec ies  and 

t h e i r  carnivorous feeding h a b i t s .  These records a r e  based 

l a r g e l y  on casual  observat ion i n  t h e  laboratory o r  food 

h a b i t  s t u d i e s  of sea caught ind iv idua ls  where f i s h  eggs and 

l a rvae  a r e  t y p i c a l l y  an i n c i d e n t a l  p a r t  of a zooplankton 

d i e t .  Thus, it seems p o i n t l e s s  t o  l i s t  a l l  spec ies  and 

re ferences  he re ,  b u t  t he  majori ty  a r e  mentioned i n  var ious 

reviews o r  surveys (Lebour, 1922, 1923, 1 9 2 5 :  F ra se r ,  1969: 

B i e r i ,  1961, 1970: Larson, 1976: Moller,  1980: A r i  and Hay, 

1982) and add i t iona l  re ferences  a r e  mentioned i n  the  context  

of t h i s  review. 

Consumption r a t e s  of f i s h  l a rvae  by la rge  medusae and 

ctenophores a t  t imes can be very high. Fraser  (1969) ,  i n  
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h i s  review, specu la t e s  t h a t  a l i f e t i m e  consumption of 50-250 

l a r v a l  f i s h  by each hydromedusa, about 450-500 by each 

A u h e t i a ,  and about 15,000 by each CYanCa i s  probable.  

Stevenson (1962) commented t h a t  a s  many a s  45% of t h e  

P a c i f i c  he r r ing  l a rvae  taken i n  a sample had been o r  were 

being devoured by ctenophores (P teuhabhach ia  spp . )  on one 

occasion i n  1947, b u t  he cont inues t h a t  p reda t ion  by 

ctenophores i s  gene ra l ly  not  a s e r ious  source of mor t a l i t y :  

i n  almost 4,000 plankton samples containing l a r v a l  P a c i f i c  

h e r r i n g ,  evidence of such a mor t a l i t y  occurred i n  fewer than 

100 samples. I n  a shallow cove i n  t h e  Gulf of Ca l i fo rn ia ,  

t h e  siphonophore RhizoPhYha c y h e n h a h d i i  was est imated t o  

consume about 8 .8  f i s h  la rvae  per siphonophore per day which 

may have represented about 26% of t h e  var ious spec ies  of 

f i s h  l a rvae  present  i n  t h e  cove ( P u r c e l l ,  1981).  Major 

blooms of t h i s  spec ies  i n  t h e  Gulf a r e  probably sporadic ,  

however. 

The b e s t  documented example of pre  

f i s h  l a rvae  i s  €or the  scyphomedusa 

appears t o  be an important predator 

l a rvae .  I n  Kiel  Fjord (western B a l t i c  

AufieLia averaged about four l a rvae  per 

a t i o n  by j e l l y f i s h  on 
Auf i c l ia  UUhita which 

of yolk-sac he r r ing  

consumption r a t e s  of 

medusa per day during 

May, i n d i c a t i n g  t h a t  a t  l e a s t  2-5% of t h e  t o t a l  stock of 

yolk-sac he r r ing  la rvae  a r e  ea ten  per  day (Moller,  1980) .  

N o  c o r r e l a t i o n  ex i s t ed  between the  s i z e  of t he  medusa and 

t h e  percentage of medusae containing la rvae  but  t h e  number 

of l a rvae  per  medusa increased with increas ing  medusa 
diameter from up t o  10 la rvae  i n  1 2  mm medusae t o  68 la rvae  

i n  42  mm medusae. Laboratory work ind ica t e s  t h a t  A u h c l i a  
( 1 2 - 1 4  mm) have t h e  capaci ty  t o  k i l l  he r r ing  l a rvae  a t  r a t e s  

up t o  7/h with s a t i a t i o n  occurr ing a f t e r  consumption of 5-6 

l a rvae  (Bai ley  and Bat ty ,  1983) .  These authors  a l s o  poin t  

ou t  t h a t  both e f f i c i ency  of capture  and encounter r a t e s  

i nc rease  g r e a t l y  with medusa s i z e ,  corroborat ing Mol le r ' s  

f i e l d  observat ions.  The evidence f o r  t h i s  spec ies  and 

perhaps o the r  l a rge  j e l l y f i s h  being a major predator  of cod 

0 ,  

, I  



543 

l a r v a e  i s  n o t  s t r o n g .  AuheLia ,  and o t h e r  l a r g e  j e l l y f i s h  

are most abundant d u r i n g  t h e  summer ,  whereas peak months of 

spawning of cod are February and March ( a t  l eas t  i n  the 

B a l t i c :  Moller ,  1 9 7 9 ) .  On the o t h e r  hand, the  ephyrae s t a g e  

might  be impor t an t  because t h e y  become abundant  i n  March 

(M6ller 1979) and ephyrae of Auheeia  o n l y  a few days o l d  

w i l l  e a t  l a r v a l  f i s h e s  (Lebour,  1922) .  

I, 

T h e  s i z e - s p e c i f i c  v u l n e r a b i l i t y  o f  cod and o t h e r  f i s h  

l a r v a e  t o  j e l l y f i s h  is  e s s e n t i a l  f o r  e s t i m a t i n g  o v e r a l l  

impact on the p o p u l a t i o n  and i n t e r p r e t i n g  m o r t a l i t y  ra tes ,  
y e t  l i t t l e  d a t a  e x i s t  o t h e r  t h a n  f o r  the yolk-sac s t a g e s .  

T h e  v u l n e r a b i l i t y  o f  cod must d e c l i n e  g r e a t l y  o v e r  the 

l a r v a l  s t a g e s  s i n c e  l a t e  l a r v a l  and p e l a g i c  j u v e n i l e  cod a re  
known t o  accompany and seek shelter benea th  l a r g e  j e l l y f i s h  

(Cyanea c a p i l l a t a ,  AuheLia a u h i t a ,  Rhizobtoma puCmo] as  do  

many o t h e r  gadoid f i s h e s  (Ward, 1912; Mansueti ,  1963) .  

Young w h i t i n g ,  Gadub mehtangub,  w h i c h  show the s a m e  
behaviour  appea r  to have developed a c e r t a i n  deg ree  of  

immunity from the  d i s c h a r g e  of nematocysts  of Cyanea and 

presumably cod are s i m i l a r l y  immune (Dahl ,  1 9 6 1 ) .  Thus 

these l a r g e  j e l l y f i s h  s e e m  u n l i k e l y  p r e d a t o r s  of o l d e r  cod 

l a r v a e  and j u v e n i l e s .  

Consumption o f  p e l a g i c  f i s h  eggs by j e l l y f i s h  and 

c t enophores  seems t o  be mentioned much less f r e q u e n t l y  i n  

t h e  l i t e r a t u r e  t h a n  p r e d a t i o n  on l a r v a e .  A b o u t  f i v e  species 
o f  medusae (Lebour,  1922, 1923; P h i l l i p s  e t  a l . ,  1969: 

B a i l e y  and Yen, 1 9 8 3 ) ,  two chondrophora ( B i e r i ,  1961, 19701, 

and t w o  c t enophores ,  Peeuhobhachia (Lebour ,  1922 , 1923: 

B a i l e y  and Yen, 1983) and Mnemyopbib t c i d y i  ( B u r r e l l  and 

Engel,  19761, have been r e p o r t e d  t o  consume p e l a g i c  f i s h  
eggs as  w e l l  as l a r v a e .  Peeuhobhachia might be a 

s i g n i f i c a n t  p r e d a t o r  of cod eggs and e a r l y  l a r v a e  a s  it 
reaches peak abundance i n  January-February i n  the B a l t i c  , 
which co r re sponds  t o  peak p r o d u c t i o n  of cod l a r v a e  (Moller, 

1979) .  A t  f i l t e r i n g  ra tes  t h a t  range from 5 ml/day f o r  

animals  less  t h a n  0 .8  mm t o  1,150 ml/day f o r  7.2-8.3 mm 

0, 
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a n i m a l s  (Reeve  and Walter, 19761,  d e n s e  s w a r m s  of 

Pleuhobhachia  c e r t a i n l y  would h a v e  the c a p a c i t y  f o r  removing 

s i g n i f i c a n t  q u a n t i t i e s  o f  eggs  and y o l k - s a c  l a r v a e .  Eggs 

and  l a r v a e  t h a t  c o n c e n t r a t e  a t  t he  sea s u r f a c e  are  p r o b a b l y  

h i g h l y  v u l n e r a b l e  t o  the n e u s t o n i c  j e l l y f i s h  V e t e t L a  and  

PVhp-iXa (Chondrophorae )  ( B i e r i ,  1961 ,  1 9 7 0 ) .  Off  t he  coast 

O f  C a l i f o r n i a  i n  May, f i s h  eggs  (T/rachuxun A y m m e t h i C U A )  w e r e  

the m o s t  i m p o r t a n t  and common food  i t e m  (48% of  p r e y )  o f  

VeLeLLa ( B i e r i ,  1961  ) . 
T h e  o c c u r r e n c e  o f  swarms o f  c t e n o p h o r e s  o r  j e l l y f i s h  

appears t o  be v e r y  e p i s o d i c .  C tenophore  p o p u l a t i o n s ,  f o r  

e x a m p l e ,  appear t o  be c a p a b l e  o f  v e r y  r a p i d  growth  r e s u l t i n g  

i n  t h e  sudden  a p p e a r a n c e  of  d e n s e  s w a r m s .  Reeve and Walter 

( 1 9 7 6 )  c o n c l u d e  from s t u d i e s  o f  growth  of  PLeuhobhachia i n  

l a r g e  bags  ( 6 8  m3)  t h a t  p o p u l a t i o n s  are capable o f  

i n c r e a s i n g  by  more t h a n  50% per day .  Al though patches or 

s w a r m s  o f  c t e n o p h o r e s  and j e l l y f i s h  are  known t o  o c c u r  i n  

the open  s e a ,  t h e  m o s t  f r e q u e n t  repor t s  a r e  from i n s h o r e  and  

o f t e n  p a r t i a l l y  e n c l o s e d  areas s u c h  as  b a y s ,  f j o r d s  and 

e s t u a r i e s .  B u r r e l l  and Enge l  ( 1 9 7 6 )  men t ion  t h a t  

c o n c e n t r a t i o n s  of  c t e n o p h o r e s  s e e m  t o  be s h o r t  l i v e d  i n  

n e r i t i c  or o c e a n i c  w a t e r  b u t  t h e y  may p e r s i s t  f o r  months i n  

c o n f i n e d  areas s u c h  a s  e s t u a r i e s .  Thus,  s i g n i f i c a n t  

p r e d a t i o n  by j e l l y f i s h  and c t e n o p h o r e s  may o n l y  o c c u r  on the  

o c c a s i o n s  when spawning and o u t b u r s t s  of j e l l y f i s h  o c c u r  

t o g e t h e r :  the  p r o b a b i l i t y  o f  such  e v e n t s  s e e m s  t o  be g r e a t e r  

i n  p a r t i a l l y  e n c l o s e d  a r e a s  t h a n  i n  t h e  open  sea. A n  

i n v e r s e  r e l a t i o n s h i p  be tween A u k e E i a  and l a r v a l  h e r r i n g  

abundances  i n  K i e l  F j o r d  c l e a r l y  i l l u s t r a t e s  t h i s  p o i n t ,  as  
t h e  h i g h e s t  l a r v a l  abundances  o c c u r r e d  i n  y e a r s  i n  w h i c h  

s i g n i f i c a n t  numbers of h e r r i n g  had  h a t c h e d  b e f o r e  the  a n n u a l  

o u t b u r s t  o f  A u h e l i a  (M6ller,  1 9 8 2 ) .  These  i n v e r s e  
c o r r e l a t i o n s  be tween j e l l y f i s h  o r  c t e n o p h o r e  abundance  and 

l a r v a l  abundance  a re  r e l a t i v e l y  common (Alva r i f io ,  1980),  b u t  

o n l y  i n  h e r r i n g  i s  it  good e v i d e n c e  f o r  consumpt ion  by the  

medusae,  s i n c e  h e r r i n g  have  g e o g r a p h i c a l l y  f i x e d  spawning 
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c o n c e n t r a t i o n s  o f  medusae.  On the other hand ,  l o w  abundance  

o f  e g g s  and l a r v a e  of  p e l a g i c  spawners  c o u l d  a l so  be 

a t t r i b u t e d  t o  a v o i d a n c e  of  s u c h  r e g i o n s  by t he  p a r e n t s .  

T h i s  seems l i k e l y  f o r  p l a n k t i v o r o u s  f i s h e s  s i n c e  the 

z o o p l a n k t o n  f o o d s  of  these f i s h e s  are  consumed by medusae 

and  c t e n o p h o r e s ,  and  spawning schools may n o t  remain  long  i n  

areas where f o r a g e  i s  l o w .  

O t h e r  i n v e r t e b r a t e s  

Mar ine  p o l y c h a e t e s  and  s q u i d  undoub tab ly  consume m a r i n e  

f i s h  l a r v a e  b u t  l i t t l e  i s  known r e g a r d i n g  their  i m p o r t a n c e  

i n  l a r v a l  m o r t a l i t y .  Lebour  (1923)  men t ions  t h a t  the 

p o l y c h a e t e  Tomoptehib h e t g o t a n d i c a  consumes h e r r i n g  , and 

other f i s h  l a r v a e  and s q u i d  are known p i s c i v o r e s .  Owing t o  

t h e i r  s i z e ,  a g i l i t y ,  and  p i s c i v o r o u s  habi ts ,  t h e y  a r e  

capable of f e e d i n g  on  many l i f e  s t a g e s  of  f i s h e s ,  n o t  j u s t  

the y o u n g e s t  l a r v a l  s t a g e s ,  as i s  the  case f o r  m o s t  
i n v e r t e b r a t e  p r e d a t o r s .  Newly h a t c h e d  s q u i d  ( L a t i g o  
o p a l e b c e n b )  p r e f e r  f i s h  l a r v a e  t o  b r i n e  shrimp a d u l t s ,  and  
the  d a i l y  r a t i o n  o f  a newly h a t c h e d  i n d i v i d u a l  i s  e q u i v a l e n t  

t o  1 4  y o l k - s a c  anchovy per day ,  and  a t  8 rwn t h e i r  d a i l y  

r a t i o n  i s  135 anchovy l a r v a e  ( H u r l e y ,  1 9 7 6 ) .  

F i s h e s  

A m p l e  e v i d e n c e  e x i s t s  t h a t  p e l a g i c  p l a n k t i v o r o u s  f i s h e s  

consume p e l a g i c  e g g s  and  l a r v a e .  I n  the s o u t h e r n  North Sea  

cod eggs  are consumed by  h e r r i n g ,  sp ra t ,  and  s t i c k l e b a c k .  

T h e  h i g h e s t  mean ra tes  w e r e  5-6 cod  e g g s  per sp ra t  or 
h e r r i n g  w i t h  the eggs  of p l a i c e  and o t h e r  s p e c i e s  b e i n g  

consumed i n  c o n s i d e r a b l e  q u a n t i t i e s  as w e l l  (Daan,  1 9 7 6 ) .  

Cod e g g s  w e r e  more abundan t  i n  t he  p l a n k t o n  t h a n  p l a i c e  b u t  

h e r r i n g  and  s p r a t  seemed t o  consume m o r e  p l a i c e  e g g s .  T h i s  

m i g h t  b e , r e l a t e d  t o  the  f a c t  t h a t  p l a i ce  have  l a r g e r  eggs  o r  
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poss ib ly  t h a t  t h e  eggs of p l a i c e  were more concentrated than 

those  of cod. Daan's study a l s o  i d e n t i f i e d  he r r ing  a s  a 

major consumer of f i s h  la rvae ,  a s  her r ing  l a r v a e  comprised 

10-60% of t h e  weight of t h e  stomach contents  of he r r ing  i n  
some of t h e  c o l l e c t i o n s .  

That he r r ing  and o the r  plankt ivorous f i s h e s  a r e  major 

consumers of f i s h  eggs and l a rvae  i s  a l s o  ind ica ted  by a 

number of o the r  s tud ie s .  For example, 54% of t h e  stomach 

contents  of her r ing  and 45% of s p r a t  were composed of f i s h  

eggs and l a rvae  i n  the  southern North Sea (Pommeranz, 1981) ,  

and i n  southern N e w  England waters  and Georges Bank, eggs 

and l a rvae  of f i s h e s  represented 4 .5% of t h e  A t l a n t i c  

mackerel d i e t  by weight and 0 .4% of t h a t  of her r ing  (Maurer, 

1976) .  S imi l a r ly ,  83% of t h e  prey consumed by A t l a n t i c  

mackerel l a rvae  (13-19 mm) were o ther  mackerel larvae.  

Cannibalism probably occurred a t  n ight  during an upward 

migrat ion of t he  l a r g e r  la rvae  a s  they passed through l aye r s  

where smaller  ind iv idua ls  were abundant (Grave, 1981 ) . 
P a c i f i c  mackerel l a rvae ,  Scornbet  j a p o n i c u n  , a r e  a l s o  l a r v a l  

f i s h  preda tors  (Hunter and Kimbrell, 1980a) .  Along t h e  

Peruvian coas t ,  f i s h  la rvae  and appendicular ians  were t h e  

p r i n c i p a l  foods of P a c i f i c  mackerel l a rvae ,  with sard ine  and 

P a c i f i c  mackerel l a rvae  occurr ing i n  l a r v a l  mackerel 

stomachs; la rvae  as small a s  3 .7  mm were piscivorous 

(Lipskaya, 1982) .  Young pe lag ic  s t ages  of cod co-occur with 

A t l a n t i c  mackerel i n  t he  North Sea (Jones,  1983);  

consequently near ly  a l l  l i f e  s t ages  of mackerel can be 

considered a s  p o t e n t i a l  p reda tors  of cod la rvae .  Harding e t  

a l .  (1978) examined t h e  stomach contents  of f i s h  preda tors  

taken i n  egg patches i n  t he  southern North Sea. Sixty-two 

percent  of t h e  prey items i n  t h e  stomachs of he r r ing ,  and 

96% of those i n  t h e  stomachs of anchovy ( E n g t a u L &  
Qnctan ichoLun)  were f i s h  eggs o r  la rvae ,  whereas o the r  

p o t e n t i a l  p reda tors ,  MehLangiub mehi?angun, MeLanogtammud 
a e g l e d i n u n ,  Limanda L imanda ,  E u t h i g L a  g u t n u t d u n ,  and 
SphaXfUb n p t a f t U A  contained only a few f i s h  eggs or  la rvae .  
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C a p e l i n  are a l so  i n d i c a t e d  as  possible consumers  of cod  e g g s  

and l a r v a e  s i n c e  cod  e g g s ,  as  w e l l  as other  f i s h  e g g s  and 

l a r v a e  have  been  i d e n t i f i e d  i n  t h e i r  stomachs (Pozdnyakov,  

1 9 6 1 ) .  

Cod l a r v a e  and p e l a g i c  j u v e n i l e s  are  l i k e l y  p r e d a t o r s  of 

l a r v a l  cod. Laurence  e t  a l .  (1981)  i n f e r r e d  t h a t  

c a n n i b a l i s m  o c c u r r e d  i n  cod r e a r i n g  t a n k s  b e c a u s e  

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

g r o u p s  of cod  l a r v a e  m a i n t a i n e d  a t  l o w  food  d e n s i t i e s .  

V a r i a b i l i t y  i n  l e n g t h  i n c r e a s e d  u n t i l  a n  age  of  one  month 

a f t e r  w h i c h  it d e c r e a s e d  i n  d i r e c t  p r o p o r t i o n  t o  the  d e n s i t y  

o f  p r e y  i n  the c o n t a i n e r ,  i n d i c a t i n g  t h e  e x i s t e n c e  o f  

c a n n i b a l i s m .  E l l e r t s e n  e t  a l .  ( 1 9 8 1 )  a l so  s u g g e s t s  t h a t  

c a n n i b a l i s m  o c c u r r e d  i n  t h e i r  e n c l o s u r e  s t u d y  b e c a u s e  the  

s u r v i v a l  of a g r o u p  of cod  l a r v a e  r e a r e d  w i t h  o l d e r ,  n e a r  

metamorphic i n d i v i d u a l s ,  w a s  much lower t h a n  e x p e c t e d .  

T h i s  d i s c u s s i o n  i n d i c a t e s  t h a t  p l a n k t i v o r o u s  f i s h e s  such  

as h e r r i n g ,  s p r a t ,  p i l c h a r d ,  macke re l  and o thers  consume 

eggs  and l a r v a e  of  cod  and other  mar ine  f i s h e s .  T h i s  c o u l d  

be e x p e c t e d  s i n c e  p e l a g i c  f i s h  eggs  and l a r v a e  d i f f e r  l i t t l e  

i n  s i z e  and a v o i d a n c e  c a p a b i l i t i e s  from t h e  t y p i c a l  f o o d s  

consumed by  s u c h  f i s h e s ,  and i f  e n c o u n t e r e d  t h e y  would be 

consumed a l o n g  w i t h  t h e i r  t y p i c a l  f o o d s  ( copepods  and 

e u p h a u s i i d s ) .  

P e l a g i c  p l a n k t i v o r o u s  f i s h e s  c a n  be a b u n d a n t  i n  cod 

spawning  h a b i t a t s  and t h e r e f o r e  c o u l d  be r e s p o n s i b l e  f o r  a 

s i g n i f i c a n t  p r o p o r t i o n  of t he  m o r t a l i t y  of cod e g g s  and 

l a r v a e  a s  w e l l  a s  t h a t  o f  o ther  species. For  example,  

Edwards and Bowman ( 1 9 7 9 )  l i s t  16 i m p o r t a n t  species of 

p e l a g i c  p l a n k t i v o r o u s  f i s h e s  from a cod h a b i t a t  i n  t he  

w e s t e r n  A t l a n t i c  ( c o n t i n e n t a l  s h e l f  o f f  N e w  J e r s e y  and Nova 

S c o t i a )  w i t h o u t  even  c o n s i d e r i n g  the  p e l a g i c  p l a n k t i v o r o u s  

l i f e  s t a g e s  o f  the  demersa l  f i s h e s  i n  t h a t  area.  They 

e s t i m a t e d  t h e  z o o p l a n k t o n  consumed by  t he  t w o  m o s t  abundan t  

p l a n k t i v o r o u s  s p e c i e s  ( A t l a n t i c  h e r r i n g  and A t l a n t i c  

m a c k e r e l )  v a r i e d  from 2 I O 6  t o  26 ' 10 t o n s  a n n u a l l y  for  6 



548 

h e r r i n g  and from 4 * l o 6  t o  2 8  ' lo6 t o n s  f o r  macke re l  

depend ing  on t h e i r  p o p u l a t i o n  s i z e s .  C l e a r l y ,  f l u c t u a t i o n s  

i n  t h e  s i z e  of t h e s e  t w o  ma jo r  p l a n k t i v o r o u s  f i s h  s t o c k s  

m i g h t  i n d u c e  major v a r i a t i o n  i n  t he  m o r t a l i t y  o f  cod  e g g s  

and l a r v a e  even  i f  cod  e a r l y  l i f e  s t a g e s  w e r e  a n  i n c i d e n t a l  

p a r t  o f  the i r  d i e t .  T h i s  s u g g e s t s  t h a t  a d i r e c t  c a u s a l  

r e l a t i o n s h i p  m i g h t  be r e s p o n s i b l e  f o r  the  o b s e r v e d  

a n t a g o n i s t i c  b e h a v i o u r  of  p e l a g i c  s t o c k s  ( h e r r i n g  and  s p r a t )  
and d e m e r s a l  s t o c k s  ( c o d  and p l a i c e )  i n  the  North S e a  (Daan,  

1 9 7 6 ) .  

T h e  p r o p o r t i o n  o f  egg and l a r v a l  m o r t a l i t y  t h a t  c a n  be 

a t t r i b u t e d  t o  p r e d a t i o n  by p l a n k t i v o r o u s  f i s h e s  has r a r e l y  

b e e n  d e t e r m i n e d  f o r  any species. Daan (MS p r e s e n t e d  a t  t he  

ICES c o u n c i l  mee t ing  i n  1983)  es t imates  t h a t  a t  l e a s t  1% of 

the  e g g s  produced  by  cod  and a t  l ea s t  7% of  those produced  

by p la ice  are consumed by h e r r i n g .  T h i s  may be a n  

u n d e r e s t i m a t e  b e c a u s e  he assumed the  d i g e s t i o n  t i m e  f o r  a n  

egg w a s  one  day  and b e c a u s e  t he  h e r r i n g  s t o c k  i n  the N o r t h  

Sea  i s  s t i l l  a t  a ra ther  low l e v e l .  T h e  o n l y  p u b l i s h e d  

s t u d y  w h e r e  c a n n i b a l i s m  o r  p r e d a t i o n  has b e e n  r e l a t e d  t o  
n a t u r a l  m o r t a l i t y  i s  t h a t  o f  Hun te r  and K i m b r e l l  ( 1 9 8 0 b ) .  

They e s t i m a t e d  t h a t  n o r t h e r n  anchovy s tomachs  c o n t a i n e d  a 

mean o f  5 . 1  anchovy eggs / s tomach  and u s i n g  a n  i n s t a n t a n e o u s  

c o e f f i c i e n t  of  g a s t r i c  e v a c u a t i o n  o f  0 .71 /h  t h e y  e s t i m a t e d  

t h e  d a i l y  consumpt ion  of  eggs  t o  be 85 .8  e g g s / f i s h  o r  a b o u t  

1 7 %  o f  t h e  d a i l y  egg  p r o d u c t i o n .  M a c C a l l  ( 1 9 8 0 ) ,  u s i n g  a 

new e s t i m a t e  of n a t u r a l  m o r t a l i t y  o f  eggs  ( Z  = 0 . 3 9 )  and  a 

few o t h e r  m o d i f i c a t i o n s ,  e s t i m a t e d  from t h e i r  d a t a  t h a t  

c a n n i b a l i s m  on eggs  c o u l d  a c c o u n t  f o r  2 8 %  of  t o t a l  egg 

m o r  t a  1 i t y  . 
Hunte r  and K i m b r e l l  ( 1980b)  n o t e d  t h a t  t he  eggs  w e r e  

e a t e n  by  f i l t e r i n g ,  b u t  t h i s  p r o c e s s  a p p e a r s  t o  be non- 

random, s i n c e  consumpt ion  o f  eggs  i n  t he  sea i n c r e a s e d  as  

t h e  1 . 6  power o f  egg abundance  a l t h o u g h  t h e  form o f  the 

r e l a t i o n s h i p  i s  u n c l e a r .  A t  t i m e s  anchovy s c h o o l s  p r o b a b l y  

a g g r e g a t e  o n  p a t c h e s  of  eggs  r a t h e r  t h a n  t a k i n g  t h e m  
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i n c i d e n t a l l y  when f e e d i n g  on  o t h e r  zoop lank ton ,  b e c a u s e  egg 

d e n s i t i e s  i n  t he  sea a re  a t  t i m e s  h i g h  enough t o  s t i m u l a t e  

s e l e c t i v e  f i l t r a t i o n  ( H u n t e r  and D o r r ,  1 9 8 2 ) .  

VARIATION I N  VULNERABILITY 

T h e  v u l n e r a b i l i t y  o f  a l a r v a  t o  i t s  p r e d a t o r s  i s  

c o n t r o l l e d  by t he  i n t r i n s i c  cha rac t e r i s t i c s  o f  s i z e  and 

m a t u r a t i o n a l  s t a t e ,  and  by v a r i o u s  e x t r i n s i c  v a r i a b l e s  

i n c l u d i n g  l a r v a l  f o r a g e ,  t e m p e r a t u r e ,  a l t e r n a t i v e  p r e y  f o r  

the p r e d a t o r ,  and  v i s i b i l i t y .  

I n t r i n s i c  f a c t o r s  

The m o s t  i m p o r t a n t  f a c t o r  a f f e c t i n g  v u l n e r a b i l i t y  o f  

l a r v a e  t o  p r e d a t i o n  i s  w i t h o u t  a d o u b t  t he  m a t u r a t i o n a l  

s t a t e .  T h e  l ea s t  m a t u r e  s t a g e s  ( e g g  and y o l k - s a c )  a r e  a l s o  

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

v u l n e r a b l e  t o  the  g r e a t e s t  v a r i e t y  of p r e d a t o r s  r a n g i n g  from 

s m a l l  i n v e r t e b r a t e s  t o  f i s h e s .  I know of o n l y  t w o  s t u d i e s  

i n  w h i c h  t he  d e c l i n e  i n  v u l n e r a b i l i t y  t o  p r e d a t i o n  w i t h  

l a r v a l  m a t u r a t i o n  has been  d i r e c t l y  s t u d i e d ,  a l t h o u g h  the 

marked d e c l i n e  i n  the  c a p t u r e  s u c c e s s  of p l a n k t o n  n e t s  w i t h  

l a r v a l  s i z e  is  a n  i m p o r t a n t  s o u r c e  o f  i n d i r e c t  e v i d e n c e  

( S m i t h  and R icha rdson ,  1977;  H u n t e r ,  1 9 8 1 ) .  I n  her thes i s  

work,  L .  Dowd ( U n i v e r s i t y  o f  M i a m i ,  p e r s o n a l  communicat ion,  

1983)  f i n d s  t h a t  t he  consumpt ion  r a t e s  o f  j u v e n i l e  bay 

anchovy ( A n c h o a  m i t c h i e e i )  d e c l i n e  e x p o n e n t i a l l y  from a b o u t  

8 0  sea bream l a r v a e  p e r  h o u r  ( A ~ c h v n a a g u n  a h o m b o i d a L i n )  f o r  

2 . 5  mm l a r v a e  t o  a b o u t  1 0 / h  f o r  4 . 5  mm l a r v a e .  She found 

t h a t  t h e  yo lk - sac  s t a g e s  and eggs  w e r e  l ess  v u l n e r a b l e  t h a n  

2 .5  mm l a r v a e  b e c a u s e  lower  a c t i v i t y  l e v e l s  made the  yo lk -  

sac l a r v a e  less v i s i b l e .  Webb ( 1 9 8 1 )  p r o v i d e d  a s t u d y  on  

changes  i n  v u l n e r a b i l i t y  of n o r t h e r n  anchovy t o  c a p t u r e  by 
t h e  aquar ium f i s h  A m p h i p a i o n  p e h c u L a .  T h e  s u c c e s s  of 

anchovy i n  a v o i d i n g  c a p t u r e  i n c r e a s e d  l i n e a r l y  w i t h  s i z e ,  
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with t h e  percentage of l a rvae  t h a t  responded t o  a t t a c k  

increas ing  from 9% i n  yolk-sac la rva  t o  85% i n  1 2  mm la rvae .  

The improvement i n  t h e  avoidance of preda tors  with 

maturat ion may be  due t o  decreases  i n  the  la tency  of t h e  

escape response,  i nc reases  i n  t he  speed and stamina of 

avoidance movements o r  some combination of t hese  f a c t o r s .  

Webb (1981) found t h a t  t he  c r i t i c a l  element i n  t he  enhanced 

a b i l i t y  of longer  la rvae  t o  escape the  predator  

was the  la tency  of t h e  s t a r t l e  response,  a s  only l a rvae  t h a t  

responded too  l a t e  o r  not a t  a l l  were caught.  Thus the  

maturat ion of sensory systems seems t o  be more important 

than an increase  i n  b u r s t  speed f o r  t h i s  p a r t i c u l a r  

preda tor .  

The mode of a t t a c k  of a predator  determines which f a c t o r s  

a r e  of g r e a t e s t  importance i n  avoiding capture .  For 

example, t h e  s t r i k i n g  behaviour of f i s h e s  range over a 

continuum from sustained pu r su i t  t o  sudden lunges (Webb and 

Skadsen, 1980) .  Lungers usua l ly  s t a r t  an a t t a c k  with the  

body pos i t i on  i n  an "S" shape, s t r i k e  a t  t he  prey a t  high 

speed from s h o r t  range and seldom pursue t h e  prey i f  t he  

a t t a c k  f a i l s ,  whereas pursuers  s t a r t  with the  body 

pos i t ioned  i n  a " C "  shape, s t r i k e  a t  slower speed from 

g r e a t e r  d i s t ances ,  and p e r s i s t e n t l y  chase the  prey i f  t h e  

f i r s t  at tempt  f a i l s  (Webb and Skadsen, 1980; Webb, 1983; 

Webb, Univ. of Mich., personal communication, 1983) .  

Clear ly  maturat ion of sensory systems w i l l  be of utmost 

importance i n  avoiding t h e  a t t a c k  of lunging p reda to r s ,  

whereas both locomotor and sensory systems a r e  important i n  

avoiding pursuing p reda to r s .  

Ex t r in s i c  f a c t o r s  

Two of t h e  most important e x t r i n s i c  f a c t o r s  t h a t  a f f e c t  

v u l n e r a b i l i t y  t o  preda t ion  a r e  temperature and the  abundance 

of l a r v a l  forage.  Low temperature o r  lack of food slows 

growth and thereby increases  t h e  dura t ion  t h a t  l a rvae  remain 
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i n  t h e  smaller and most vulnerable  l i f e  s tages .  Poor year- 

c l a s s e s  of P a c i f i c  sa rd ine  were assoc ia ted  with cold water  

temperatures and high food abundance, and it may have been 

t h e  prolongat ion of t h e  l a r v a l  phase by low temperature 

r e s u l t i n g  i n  higher  preda t ion  t h a t  led t o  weak year -c lasses  

(Murphy, 1961).  I n  support  of t h i s  argument Murphy 

ca l cu la t ed  t h a t  a 3" d e c l i n e  i n  water temperature (17-14" C )  

could decrease by 10 fo ld  t h e  number of sa rd ine  l a rvae  t h a t  

a t t a i n  2 1  mm. Prolongat ion of t h e  ea r ly  l i f e  s t ages  of cod 

by low temperature might a l s o  increase  mor t a l i t y  r a t e s  a s  a 

3" dec l ine  i n  temperature (10-7' C )  i nc reases  t h e  time from 

f e r t i l i z a t i o n  t o  metamorphosis by about 20% (Laurence and 
Roger, 1976; Laurence, 1978) .  

An increase  i n  v u l n e r a b i l i t y  t o  preda tors  a s  a r e s u l t  of 

slow growth can be caused by low food abundance a s  wel l  a s  

by temperature.  Dowd (Univers i ty  of Miami, personal  

communication, 1983) found t h a t  sea bream l a rvae  reared on 

low food r a t i o n s  were much more vulnerable  t o  preda t ion  by 

juveni le  bay anchovy than  were those reared on a h igher  

r a t i o n .  She demonstrates t h a t  t he  increase  i n  v u l n e r a b i l i t y  

can be explained e n t i r e l y  by t h e  smaller  s i z e  of l a rvae  fed 
t h e  lower r a t i o n .  Lack of food may also increase  

v u l n e r a b i l i t y  because of a d e t e r i o r a t i o n  of escape response 

of s ta rved  la rvae .  Twice a s  many hake la rvae  w e r e  a t tacked  

by t h e  carnivorous copepod Euchaeta  when they were s ta rved  

f o r  3-4 days than when not s ta rved  (Bai ley and Yen, 1983) .  

As t h e  l a rvae  d i f f e r e d  l i t t l e  i n  s i z e  the  increased 

v u l n e r a b i l i t y  may be a t t r i b u t e d  t o  a degenerated escape 

response. 

Other e x t r i n s i c  f a c t o r s  such a s  presence of a l t e r n a t i v e  
prey,  abundance of preda tors ,  and pa tch iness  of eggs and 
l a rvae  were mentioned previous ly .  I w i l l  not dwell  on these  

f a c t o r s  here  o the r  than  t o  poin t  out  t h a t  t h e  presence of 
a l t e r n a t i v e  prey c o n s i s t e n t l y  reduces preda t ion  r a t e s  i n  
most labora tory  s t u d i e s  t o  da te .  Other f a c t o r s  which have 

y e t  t o  be s tud ied  i n  l a r v a l  f i s h e s  a r e  the  e f f e c t  of t h e  
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onset  of school ing,  she l te r -seeking  beneath j e l l y f i s h ,  

e f f e c t s  of v e r t i c a l  movements o r  cu r ren t s  which may 

concent ra te  eggs o r  la rvae ,  v i s i b i l i t y  of predators  and prey 

a t  d i f f e r e n t  t i m e s  of day and i n  d i f f e r e n t  water types,  and 

temperature-specif ic  a c t i v i t y  l e v e l s  of l a rvae ,  any of which 

may a l t e r  t h e  a t t r a c t i v e n e s s  of la rvae  for  c e r t a i n  

p reda to r s .  

DISCUSS ION 

All t he  we l l  documented accounts fo r  consumption of eggs 

and l a rvae  by inve r t eb ra t e  preda tors  and most of those f o r  

f i s h ,  a r e  f o r  spec ies  o ther  than cod: t h e  clupeoids ,  

anchovies and he r r ing  comprise the  majori ty  of such records.  

Owing t o  t h e  s i m i l a r i t y  i n  s i z e  of pe lag ic  eggs and la rvae ,  

it seems l i k e l y  t h a t  cod la rvae  a t  t h e  same l i f e  s t a g e  would 

be vulnerable  t o  t h e  preda tors  discussed i n  t h e  previous 

sec t ions  i f  cod la rvae  co-occurred with them. Two 

undocumented accounts seem t o  support  t h i s  view: Lee (1966) 

mentions t h a t  t he  amphipods P a t a t h c m i s t o  L ibeLLuLa  and 

P d e u d o L i b t o t u n  sp.  consume cod la rvae ,  and it i s  noted i n  

Fraser  ( 1 9 6 2 )  t h a t  P L e u t o b 4 a c h i a  a l s o  feed on cod la rvae .  

The wel l  documented high mor t a l i t y  of cod eggs i s  

c e r t a i n l y  t h e  b e s t  evidence fo r  a high r a t e  of preda t ion  

during cod ea r ly  l i f e  h i s t o r y ,  y e t ,  t he  i d e n t i t y  of t h e  

preda tors  pr imar i ly  respons ib le  f o r  these  l o s s e s  s t i l l  

remains i n  doubt. The plankt ivorous f i s h e s ,  s p r a t ,  he r r ing  

and o the r s  consume cod eggs but  on t h e  b a s i s  of present  

evidence it seems un l ike ly  t h a t  they can account f o r  a l l  t h e  

l o s s e s .  Ce r t a in ly ,  medusae and ctenophores ( p a r t i c u l a r l y  

P L e u t o b 4 a c h i a )  may consume s i g n i f i c a n t  q u a n t i t i e s  of cod 

eggs. The i d e n t i f i c a t i o n  of t h e  major preda tors  of cod eggs 

i s  not a t r i v i a l  ques t ion  s ince  cod e x i s t  a s  eggs f o r  about 

2 0 %  of t h e  per iod between f e r t i l i z a t i o n  and metamorphosis. 

I n  add i t ion ,  consumers of eggs ( t h e  plankt ivorous f i s h e s  and 
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ctenophores) a r e  a l s o  l i k e l y  t o  be important consumers of 

yolk-sac s t ages  a s  wel l ,  b u t  yolk-sac s t ages  a r e  l e s s  

commonly de tec ted  because of f a s t  d iges t ion  r a t e s  ( s e e  next 

s e c t i o n ) .  I n  f a c t ,  mor t a l i t y  r a t e s  of anchovy (Hunter,  

1982)  and p l a i c e  (Harding e t  a l . ,  1 9 7 8 )  o f t e n  do not d i f f e r  

much between egg and yolk-sac s tages ,  i nd ica t ing  t h a t  eggs 

and yolk-sac s t ages  may be vulnerable  t o  the  same preda tors .  

The taxa of preda tors  t h a t  may be t h e  most important i n  

the  e a r l y  l i f e  h i s t o r y  of cod a t  any l i f e  s tage  a r e  unknown. 

The l i t e r a t u r e  I have discussed f o r  oth'er spec ies  of f i s h e s  

i n d i c a t e s  t h a t  t he  small crustaceans (copepods, euphausids 

and amphipods) a r e  important consumers of only the  yolk-sac 

s t a g e s ,  whereas plankt ivorous f i s h e s  consume eggs , yolk-sac 

s t age  and o lder  la rvae  a s  wel l .  The l a rge r  i nve r t eb ra t e s  

(ctenophores,  squid,  and some of t he  medusae) a r e  a l s o  

c e r t a i n l y  ab le  t o  consume l a r g e r  la rvae  a s  wel l .  The 

consumption r a t e s  of f i s h e s  inc rease  much more with an 

increase  i n  egg or  l a r v a l  dens i ty  than do consumption r a t e s  

of t h e  smaller  i nve r t eb ra t e s .  Herring o r  s p r a t  would be 

capable of consuming thousands of cod eggs o r  yolk-sac 

l a rvae  per  day i f  t h e  dens i ty  were s u f f i c i e n t l y  high,  

whereas the  smaller  i n v e r t e b r a t e s  s a t i a t e  rap id ly  and 

m a x i m u m  a t t a c k  r a t e s  a r e  only 2-6 l a rvae  per day. This i s  
an important d i s t i n c t i o n  because it ind ica t e s  t h a t  predat ion 

by f i s h e s  i s  more l i k e l y  t o  have a s t ronger  dependence on 

prey dens i ty  than preda t ion  by small  i nve r t eb ra t e s .  I t  

seems appropr ia te ,  owing t o  t h e  lack of information on 

preda t ion  and the  inherent  d i f f i c u l t y  of such s tud ie s ,  t o  

conclude t h i s  review with a d i scuss ion  of t he  problems 

inherent  i n  inves t iga t ions  of t h e  preda tors  of marine f i s h  

eggs and la rvae .  

Problems i n  es t imat ing e f f e c t s  of preda tors  

Accurate es t imat ion  of t he  e f f e c t  of pe lag ic  preda tors  o n  

t he  success of year -c lasses  of f i s h e s  i s  perhaps t h e  most 
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d i f f i c u l t  of a l l  research on recrui tment  processes.  Some of 

t h e  major d i f f i c u l t i e s  i n  a q u a n t i t a t i v e  assessment of 

preda t ion  on eggs and l a rvae  a re :  t h e  inc iden ta l  na ture  of 

eggs and l a rvae  i n  t h e  d i e t s  of t h e i r  p reda tors ,  which 

r equ i r e s  an assessment of t h e  r o l e  of a l t e r n a t i v e  prey; t h e  

pa tch iness  of t h e  youngest s t ages  (egg and yolk-sac s t a g e s )  

and t h e  r a r i t y  of t h e  o lde r  s t ages  i n  t h e  plankton: t h e  

rap id  d iges t ion  of e a r l y  eggs and ea r ly  l a rvae  i n  t h e  

stomach of preda tors ;  b i a ses  r e s u l t i n g  from preda tors  

feeding wi th in  ne t  ca tches ,  and from undersampling l a rge  

j e l l y f i s h  and ctenophores;  and, of course,  t h e  g r e a t  

d i v e r s i t y  of p o t e n t i a l  p reda tors .  I d i scuss  some of t hese  

i s s u e s  below and s u g g e s t  some approaches. 

I t  has long been recognized t h a t  abnormal feeding may 

occur among r a p t o r i a l  copepods, amphipods, and chaetonaths  

i n  t h e  crowded condi t ions  of plankton samples. Many of t h e  

food h a b i t  s t u d i e s  may y i e l d  unnatura l ly  high preda t ion  

r a t e s  on l a rvae  because chance encounters a r e  g r e a t l y  

increased.  Records of feeding on la rvae  by chaetonaths  

might f a l l  i n  t h i s  category because laboratory work does not 

seem t o  i d e n t i f y  them as important l a r v a l  preda tors  

(Kuhlmann, 1977) .  I n s e r t i o n  of dyed la rvae  wi th in  t h e  ne t  

p r i o r  t o  a tow might be a method of cor rec t ing  f o r  t h i s  

pos ib l e  b i a s  a s  t h i s  technique has  been successfu l ly  used i n  
stomach analyses  of t rawl  caught f i s h e s  (Lanc ra f t  and 

Robinson, 1979; Robinson and Bai ley,  1982) .  

The rapid d iges t ion  of yolk-sac la rvae  by j e l l y f i s h  and 

f i s h e s ,  and t h e i r  t o t a l  des t ruc t ion  by crustacean preda tors  

g r e a t l y  reduces t h e  chance of de t ec t ion  of preda t ion .  

Within 5 hours,  yolk-sac he r r ing  la rvae  a r e  d iges ted  beyond 

recogni t ion  by Auheeia  a t  1 0 - 1 2 " C  (Moller,  1980) ,  and 

d iges t ion  of t h e  smaller  yolk-sac la rvae  of pe lag ic  spawners 

proceeds much more rap id ly .  Larvae of American flounder and 

Gadub s a i d a  a r e  t o t a l l y  d iges ted  except t h e  eyes i n  1 . 5  

hours i n  A u u L i a  stomachs and take only 2 hours t o  disappear  

completely (F rase r ,  1969) .  S imi la r ly ,  t h e  yolk-sac t o  f i r s t  
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feeding s t ages  of northern anchovy a r e  d iges ted  beyond 

recogni t ion  i n  the  stomachs of a d u l t  anchovy i n  0 .5  hours a t  

1 6 ° C  (Hunter and Kimbrell, 1980b).  Eggs i n  anchovy stomachs 

d isappear  a t  a r a t e  of about 50%/h; eggs a r e  de t ec t ab le  

somewhat longer than yolk-sac anchovy la rvae ,  presumably 

because t h e  chorion i s  more r e s i s t a n t  t o  d iges t ion  than  i s  

t h e  la rva .  The rapid d iges t ion  of eggs and ea r ly  l a rvae  has 

two important impl ica t ions .  Low average numbers i n  t h e  

stomachs of preda tors  may i n d i c a t e  a much g r e a t e r  impact 

than an t i c ipa t ed  because the  d a i l y  r a t i o n  increases  markedly 

when ad jus ted  by a rapid g a s t r i c  evacuation r a t e  ( H u n t e r  and 

Kimbrell, 1980b).  Secondly, n e t  tows o r  t rawls  should be of 

sho r t  dura t ion  s ince  t y p i c a l  dura t ion  of t rawl  hauls  may 

exceed the  dura t ion  of d e t e c t a b i l i t y  of yolk-sac s t ages .  To 

my knowledge no one has  examined the  change i n  t h e  r a t e  of 

d i g e s t i o n  of l a rvae  i n  predator  stomachs a s  a funct ion of 

l a r v a l  s i z e ,  although it i s  c l e a r  t h a t  o lde r  la rvae  may 

remain i n  t he  stomach fo r  much longer per iods than yolk-sac 

s t ages .  I r o n i c a l l y ,  t h e  most abundant s t ages  which have t h e  

h ighes t  p robab i l i t y  of occurring i n  predator  stomachs, 

disappear  from those  stomachs a t  t he  h ighes t  r a t e ,  whereas 

l a r g e r  la rvae  which a r e  presumably more r e s i s t a n t  t o  

d iges t ion  may be so r a r e  t h a t  q u a n t i t i v e  assessment through 

stomach examination may be imprac t ica l .  

The maceration of l a rvae  when ingested by c rus tacea  make 

s p e c i f i c  i d e n t i f i c a t i o n  of l a rvae  and es t imates  of 

consumption r a t e s  d i f f i c u l t .  There i s  some reason fo r  

optimism, however, s i n c e  crustacean preda tors  seem t o  have 

low d a i l y  consumption r a t e s ,  and immunological techniques 

which g ive  only incidence might be usefu l  fo r  assessment of 

consumption i n  crustacean preda tors .  These techniques have 

been used t o  t r a c e  food webs (Boreham and Ohiagu, 1978; 

F e l l e r ,  1 9 8 2 ) .  Laboratory s t u d i e s  a r e  required t o  check fo r  

c ros s  reac t ions  and t o  determine the  dura t ion  t h a t  la rvae  

can be de tec ted  i n  predator  stomachs using immunological 
techniques.  
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Accurate es t imates  of t h e  impact of preda tors  a l s o  

r equ i r e  t h a t  t he  consumption by preda tors  be measured a t  t h e  

he igh t  of t h e  spawning season, and s ince  consumption by 

preda tors  may increase  non-l inear ly  with the  abundance of 

eggs and la rvae ,  measurements of both consumption r a t e s  and 

l a r v a l  abundance m u s t  be done a t  t he  same p lace  and time. 

Eggs and ea r ly  l a rvae  a r e  s u f f i c i e n t l y  concentrated a t  t imes 

f o r  preda tors  t o  feed s e l e c t i v e l y  r a t h e r  than consuming them 

inc iden t ly  with o the r  foods. This  seems t o  be t h e  case f o r  

schools of anchovy feeding on t h e i r  own eggs (Hunter and 

Kimbrell ,  1980a) and m y  be important for  t h e  plankt ivorous 

preda tors  of cod a s  we l l ,  bu t  such e f f e c t s  can only be 

de tec ted  by simultaneous plankton and preda tor  catches.  

The g r e a t  v a r i e t y  of p o t e n t i a l  p reda tors  of cod eggs and 

l a rvae  makes it imprac t ica l  t o  study sys temat ica l ly  every 

one. Thus the  most reasonable approach i s  t o  s e l e c t  s eve ra l  

t h a t  seem t o  be the  most i n f l u e n t i a l .  Such preda tors  m u s t  

have a high populat ion biomass, a high populat ion 

consumption r a t e ,  and a preference for  t h e  s i z e  or  taxon i n  

ques t ion ,  b u t  s t i l l  be ab le  t o  maintain a high abundance on 

a l t e r n a t i v e  prey and have recrui tment  t h a t  i s  r e l a t i v e l y  

independent of t h e  prey organism abundance (Rothschi ld  and 

Rooth, 1982) .  The plankt ivorous f i s h e s  (he r r ing  and s p r a t )  

and some of t he  inve r t eb ra t e s  may f i t  t h i s  r o l e  fo r  cod eggs 

and la rvae .  

The preda t ion  problem seems so complex t h a t  it may take 

a long time before  mor t a l i t y  r a t e s  of cod can be p a r t i t i o n e d  

among the  d i f f e r e n t  groups of preda tors  o r  predator-feeding 

models t e s t e d  aga ins t  accura te  f i e l d  es t imates  of 

consumption. Thus, a s  a f i r s t  s t e p ,  it may be p re fe rab le  t o  

a s ses s  t h e  incidence of s t a r v a t i o n  i n  t he  sea,  and thereby 

determine by d i f f e rence  the  proport ion of t o t a l  mor t a l i t y  

caused by predat ion.  Accurate f i e l d  work can be done now on 

s t a r v a t i o n  u s i n g  h i s t o l o g i c a l  c r i t e r a  and growth increments 

on o t o l i t h s ,  whereas f i e l d  work on preda t ion  has many more 

u n c e r t a i n t i e s .  I n  add i t ion ,  var ious laboratory s t u d i e s  on 
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predation seem very important to do, including the size- 

specific avoidance ability of all life stages from egg 

through metamorphosis using lunging, pursuing, and filter 

feeding predators; digestion rates of larvae in predator 

stomachs as a function of larval size: calibration of 

immunological techiques for detection of predation; and 

experiments on predation rates in large semi-natural 

enclosures. 
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