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ABSTRACT 

J . R .  Hunter, 1 9 8 4 .  In fe rences  regarding p reda to 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 the r  f i s h e s .  In :  E. Dahl, 
D.S. Danielssen,  E .  Moksness and P. Solemdal ( ~ d i t o r s ) ,  The 
Propagation of Cod Gadu6 monhua L. ~ l b d e v i g e n  r appor t se r . ,  
1, 1984: 5 3 3 - 5 6 2 .  

L i t t l e  informat ion  e x i s t s  on t h e  p reda t ion  on t h e  e a r l y  
l i f e  s t a g e s  of marine f i s h  i n  genera l  and even l e s s  on cod. 
Thus t h e  approach used i n  t h i s  review was t o  i n f e r  t h e  
predatory  processes  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 us ing  t h e  genera l  l i t e r a t u r e  on t h e  
p reda to r s  of marine f i s h  eggs and l a rvae .  The m o r t a l i t y  of 
cod dur ing  t h e  embryonic per iod  i s  h igh i n d i c a t i n g  a h igh  
r a t e  of p reda t ion  and predat ion  may cont inue  t o  be t h e  
dominant source  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 ages .  The 
known p reda to r s  of eggs and l a rvae  a r e  d iscussed a s  a r e  
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  
predat ion .  Recommendations a r e  made f o r  f u t u r e  research .  



The o b j e c t i v e  of t h i s  review was t o  cha rac te r i ze  t h e  

process  of predat ion on cod eggs and l a rvae  i n  t h e  sea .  

L i t t l e  information e x i s t s  on t h e  predat ion on t h e  e a r l y  l i f e  

s t ages  of marine f i s h  i n  genera l  and even l e s s  on cod. 

Thuq. t h e  approach I have used i n  t h i s  review was t o  i n f e r  

t h e  predatory processes 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  of cod using t h e  genera l  l i t e r a t u r e  on t h e  

predators  of marine f i s h  eggs and l a rvae .  

Predation,  s t a r v a t i o n ,  and c e r t a i n  a b i o t i c  e f f e c t s  (wave 

ac t ion ,  UV r ad ia t ion ,  temperature and s a l i n i t y  changes) have 

been proposed a s  poss ib le  sources of t h e  g r e a t  mor ta l i ty  

experienced by pelagic  marine f i s h  eggs and l a rvae  i n  t h e  

sea.  During t h e  embryonic period (egg and yolk-sac s t a g e s )  

only a b i o t i c  e f f e c t s  and predat ion a r e  sources of mor ta l i ty  

because t h e  embryo s u b s i s t s  on yolk.  Abiotic e f f e c t s  

l 
occas ional ly  may be important i n  t h e  embryonic s t ages  s ince  

I t he se  s t ages  a r e  t h e  most suscep t ib le  t o  physica l  damage. 
l Moribund eggs and l a rvae  have been observed i n  plankton 

ca tches  b u t  these  r epor t s  have been discounted i n  recent  

yea r s  and a t t r i b u t e d  t o  f a i l u r e  t o  wash plankton ne t s  

thoroughly between tows (May, 1974) .  Soleim's (1942) 

observation of a l a r g e  number of dead o r  dying yolk-sac 

h e r r i n g  l a rvae ,  presumably k i l l e d  by changes i n  temperature 

and s a l i n i t y ,  appears t o  be an au then t i c  case  a s  the  proper 

precautions were taken t o  avoid contamination from previous 

net  hau l s  (Wiborg, 1976).  Nevertheless,  changes i n  

temperature 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 of 

eggs o r  l a rvae  i n  t h e  open sea  a r e  probably r a r e ,  and 

experimental evidence ind ica te s  t h a t  o the r  a b i o t i c  causes of 

m o r t a l i t y  a r e  unl ikely .  For example, pe lagic  eggs appear t o  

be h ighly  r e s i s t a n t  t o  damage from wave a c t i o n  (Pommeranz, 

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  seems t o  

r equ i re  sus ta ined exposure f o r  days i n  t h e  upper 5 m of t h e  

water column, which seems unl ikely  i n  wel l  mixed surface  

I waters  ( ~ u n t e r  e t  a l . ,  1982).  Thus t h e  mor ta l i ty  during t h e  



embryonic pe r iod  i s  good evidence f o r  t h e  ex i s t ence  of 

p reda t ion  a s  a cause of n a t u r a l  mor t a l i t y .  

The m o r t a l i t y  r a t e s  of embryonic marine f i s h e s  a r e  o f t e n  

very  h igh i n d i c a t i n g  h igh r a t e s  of  predat ion .  Mor ta l i t y  

r a t e s  ( 2 )  of  cod eggs from t h e  North Sea range from 0.03 t o  

0.41 over 11 years  and averaged about 0.25, implying a l o s s  

r a t e  of about 22% per  day (Daan, 1979, 1981).  Considering 

t h e  long incubat ion  per iod  of cod eggs (15-18 days a t  5-7'C) 

t h e s e  r a t e s  seem s u r p r i s i n g l y  h igh,  being comparable t o  

t h o s e  of temperate nor thern  anchovy which has  only a 3 day 

incuba t ion  per iod  (Table 1 ) . Thus i n  t h e  North Sea 

t y p i c a l l y  98% of t h e  cod eggs a r e  probably consumed by 

p reda to r s  be fo re  they hatch .  

TABLE 1 

Mor ta l i t y  r a t e s  of pe l ag ic  eggs and l a rvae  i n  percent  per 

day. 

F i sh  Year ( S )  Stage Mean Range Reference 

Cod 1968-1977 E99 

P l a i c e  1947-1977 E99 

P l a i c e  1947-1971 Yolk-sac 

l a r v a e  

Anchovy 1980-1983 E99 

Anchoveta 1981 E99 

Sole  1969-1970 E99 

22 3-33 Daan, 1976 

7 2-13 Harding e t  

a l . ,  1978 

10 3-22 Harding e t  

a l . ,  1978 

21 13-36 Unpub. d a t a  

SWFC' 

- 67 Santander 

e t  a l . ,  

1983 

- 42-65 Ri ley ,  1974 

'southwest F i s h e r i e s  Center,  La J o l l a ,  C a l i f o r n i a  92038, 

USA. 



The range of mor ta l i ty  r a t e s  f o r  cod eggs and f o r  those of 

o t h e r  species  ind ica te s  t h a t  predat 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  recruitment,  p a r t i c u l a r l y  i f  t hese  

predat 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  t h e  high predat ion r a t e  encountered i n  

t h e  egg s t age  p e r s i s t s  through t h e  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  

onset  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 period ( ~ a r d i n g  e t  a l . ,  1978; Hunter, 

1982). 

Af te r  t h e  onset  of feeding t h e  argument f o r  predat ion a s  

t h e  p r i n c i p l e  source of mor ta l i ty  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, he r r ing ,  

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  onset  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  f o r  prey, 

slow c r u i s i n g  speeds during t h e  search f o r  food, low capture  

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 enclosures  seem t o  

i n d i c a t e  t h a t  predat ion i s  t h e  major source of mor ta l i ty  i n  

t h e  sea .  I n  such enclosures ,  3-108 of cod l a rvae  survived 

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

encountered i n  the  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 h e  absence of predators  i n  t h e  enclosure 

appears t o  be t h e  reason f o r  t h e  remarkably h igh 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 h e  

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 red  from 

labora to ry  work t r a n s l a t e s  i n t o  a h igh 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  m o r t a l i t y  i n  t h e  sea  is now e a s i e r  t o  a s sess  



q u a n t i t a t i v e l y  than t h e  e f f e c t s  of p reda t ion ,  because 

s t a r v i n g  l a rvae  can now be accu ra t e ly  i d e n t i f i e d  us ing  

h i s t o l o g i c a l  c r i t e r i a  (Thei lacker ,  1978; O'Connell ,  1980) ,  

and slow growth of l a rvae  can be de t ec t ed  using d a i l y  

increments on l a r v a l  o t o l i t h s  (Methot and Kramer, 1979) .  

Such measurements hold  t h e  key t o  determining t h e  r e l a t i v e  

importance of s t a r v a t i o n  and p reda t ion  (by  t h e  d i f f e r e n c e  

between s t a r v a t i o n  mor t a l i t y  and t o t a l  m o r t a l i t y )  dur ing  t h e  

post-embryonic phase of l a r v a l  l i f e .  Sea s t u d i e s  using 

t h e s e  new techniques a r e  j u s t  beginning (no da ta  e x i s t  on 

cod) bu t  p re sen t  evidence i n d i c a t e s  predat ion  p lays  t h e  

dominant r o l e  i n  l a r v a l  mor t a l i t y  (O'Connell, 1980; Methot 

and Kramer 1979).  

These l i n e s  of evidence seems t o  i n d i c a t e  t h a t  p reda t ion  

dur ing  t h e  embryonic per iod  i s  high and v a r i a b l e ,  and it 

probably remains t h e  p r i n c i p l e  source of mor t a l i t y  

throughout t h e  r e s t  of t h e  e a r l y  l i f e  h i s t o r y  of cod. The 

l a t t e r  conclusion i s  of course specula t ion ,  al though t h e  

r e s u l t s  of t h e  enclosure  s t u d i e s  seem q u i t e  convincing i n  

t h i s  regard .  Proof w i l l  await  assessment of t h e  r a t e s  of 

s t a r v a t i o n  i n  t h e  sea .  

K I N D S  OF PREDATORS 

Crustacea and chaetognaths , 

Consumption of marine f i s h  l a rvae  by copepods, euphausiid 

shrimp, hype r i id  amphipods and chaetognaths has  been s tudied  

i n  smal l  (0.2-3.5 l i t r e )  con ta ine r s  i n  t h e  labora tory .  For 

example, i n  t h e  C a l i f o r n i a  Current  region,  11 spec ie s  of 

ca lanoid  copepods, and euphausiid shrimp were capable of 

cap tu r ing  o r  f a t a l l y  in ju r ing  yolk-sac anchovy l a rvae  

( L i l l e l u n d  and Lasker,  1971; Thei lacker  and Lasker, 1974),  

and t o  t h e  nor th  i n  Dabob Bay, Washington, t h e  calanoid 

Euchaeta eLongata and seve ra l  spec ie s  of c r ab  l a rvae  have 



been i d e n t i f i e d  a s  predators  of yolk-sac hake l a rvae  (Ba i l ey  

and Yen, 1983).  Addi t ional  spec ie s  of ca l ano ids  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  smal l  carnivorbus 

arthropods ( ca l ano id  copepods, amphipods and euphausi ids)  

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

h igh (Table 2 ) .  Consumption of f i s h  l a rvae  by chaetognaths 

has  been f r equen t ly  i n f e r r e d  from examination of preserved 
, specimens taken i n  plankton tows (Lebour 1922, 1923; 

Alvarifio 1980). On t h e  o the r  hand, l abora to ry  experiments 

on two spec ie s  ( S a g i t t a  eLegann and S. netona) seem t o  
I 

l i n d i c a t e  t h a t  they  a r e  not  important  predators .  S a g i t t a  
1 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  

I f i s h ,  they  s t rong ly  p re fe r r ed  copepods t o  l a rvae ,  and they 

l a t e  only f i r s t  feeding l a rvae ,  a s  younger l a r v a e  (yolk-sac) 

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

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

chaetognaths . 
Few of t h e  small  i n v e r t e b r a t e  p reda to r s  s tudied  t o  d a t e  

seem t o  be e f f e c t i v e  predators  of p e l a g i c  f i s h  eggs. 

Laboratory t e s t s  i n d i c a t e  t h a t  n e i t h e r  Euphaunia ( ~ i l l e l u n d  

and Lasker, 1971; Bailey and Yen, 19831, S a g i t t a  (Kuhlmann, 

1977) nor crab  l a rvae  (Panatheminto and o t h e r s )  and shrimp 

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

p e l a g i c  f i s h  eggs. P resen t ly ,  t h e  only  pe l ag ic  crus tacean 

i d e n t i f i e d  a s  a predator  of pe l ag ic  eggs i s  t h e  amphipod 

CatLiopiun (Bai ley  and Yen, 1983) ,  b u t  very few of t h e  v a s t  

number of p e l a g i c  crus tacea  have been considered.  

Only t h e  yolk-sac s t age  of marine f i s h  l a r v a e  appears t o  

be vulnerable  t o  t h e s e  small  carnivorous arthropods.  These 

p reda to r s  appear not  t o  be a b l e  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 t acked  drops r ap id ly  a t  t h e  end of t h e  yolk-sac period.  

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

Labidocena females declined 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 larvae .  

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  predat ion i n  t h e  carnivorous copepods 

(L i l l e lund  and Lasker, 1971; Bailey and Yen, 1983) bu t  

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

d e n s i t i e s  of Pneudocatanun and hake l a rvae  t h e  presence of 

P n e u d o c a t a n u ~  depressed t h e  predat ion r a t e  of Euchaeta 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 t h e  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  f o r  t h e  predators .  

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

achieve remarkably high d e n s i t i e s  i n  t h e  sea  (20 

l a r v a e / l i t r e  a t  t h e  surface;  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  l a 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 l a rvae  i n  t h e  stomachs i s  uncer ta in .  Hyperiid 

amphipods CO-occur wi th  yolk-sac herr 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 r v a e  a r e  t h e  most abundant item i n  t h e i r  gu t s  

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

F i sh  l a rvae ,  e s p e c i a l l y  he r r ing  and Ammodqten, make up 23% 

of t h e  food of t h e  hyper i id  amphipod. Pata themid to  
gaud ichaud i  during Apri l  and June i n  t h e  North Sea (Sheader 

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

of hake) occurred i n  30 t o  43% of t h e  Euchaeta stomachs 

examined by Bailey and Yen (1983) .  

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

marine cyclopoid copepods might be a s  important predators  a s  

t h e  predacious calanoids.  Adult female freshwater lake  

cyclopoid copepods ( Viacqc topb  thomaoi  and A c a n t h o c q c t o p ~  

v e t n a t i o )  a r e  reported t o  feed on a lewife  IALoAa 



I pneudohahengun) larvae:  1-4% of a lewife  l a rvae  ( t y p i c a l l y  3- 
1 
l 5 mm) taken i n  plankton tows had a t tached cyclopoid 

copepods; and a l l  were taken a t  n ight ,  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  ( ~ a r t i g  e t  

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

cyclopoid copepod ~C0hy~eUA angficc~n) a t tached t o  5% of white 

croaker l a rvae  (Genqonemun fieatun) taken i n  net  tows from 

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

were suscep t ib le  t o  capture  a s  93% of t h e  l a rvae  wi th  

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  predat ion observed i n  these  r e p o r t s  occurred i n  

t h e  plankton net .  Nevertheless,  it seems important  t o  

evaluate  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 occurring 

i n  Norwegian c o a s t a l  plankton (Wiborg, 1954).  

Predation by J e l l y f i s h  and Ctenophores 

Laboratory and f i e l d  observations over t h e  years  have 

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

species  of ctenophores a s  predators  of t h e  eggs and l a 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  predators  given t h e  hundreds of species  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  labora tory  o r  food 

h a b i t  s t u d i e s  of sea caught individuals  where f i s h  eggs and 

l a rvae  a r e  t y p i c a l l y  an inc iden ta 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 

references  here,  b u t  t h e  major i ty  a r e  mentioned i n  various 

reviews o r  surveys ( ~ e b o u r ,  1922, 1923, 1925; F rase 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  references  a r e  mentioned i n  t h e  context  

of t h i s  review. 

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

ctenophores a t  t imes can be very high.  Fraser  (1969),  i n  



h i s  review, specula tes  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 

Auhetia, and about 15,000 by each Cyanea 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 (PLeuhobhachia spp . )  on one 

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

ctenophores i s  gene ra l ly  not a  se r ious  source of mor ta l i ty ;  

i n  almost 4,000 plankton samples conta in ing 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 ta l i ty  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 Rh.izophy6a ey~enhahdZ.i was est imated t o  

consume about 8.8 f i s h  l a rvae  per siphonophore per  day which 

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

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

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

however. 

The b e s t  documented example of predat ion by j e l l y f i s h  on 

f i s h  l a rvae  i s  f o r  t h e  scyphomedusa AuheLia auhifa  which 

appears t o  be an important predator  of yolk-sac he r r ing  

l a rvae .  I n  Kiel  Fjord (western  B a l t i c )  consumption r a t e s  of 

AuheLia averaged about four l a rvae  per  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  2-59; of t h e  t o t a l  s tock of 

yolk-sac he r r ing  l a rvae  a r e  ea ten  per  day ( ~ g l l e r ,  1980).  

No c o r r e l a t i o n  ex i s t ed  between t h e  s i z e  of t h e  medusa and 

t h e  percentage of medusae conta in ing l a rvae  but  t h e  number 

of l a rvae  per  medusa increased wi th  increas ing medusa 

diameter from up t o  10 larvae  i n  12 mm medusae t o  68 l a rvae  

i n  42 mm medusae. Laboratory work i n d i c a t e s  t h a t  Auhetia 

(12-14 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  occurring a f t e r  consumption of 5-6 

l a r v a e  (Bai ley  and Batty,  1983) .  These authors a l s o  po in t  

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

inc 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  observations.  The evidence f o r  t h i s  spec ies  and 

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



l a rvae  is not s t rong.  AuheLia, and o t h e r  l a r g e  j e l l y f i s h  

a r e  most abundant dur ing  t h e  summer, whereas peak months of 

spawning of cod a r e  February and March ( a t  l e a s t  i n  t h e  

B a l t i c ;  Moller, 1979).  On t h e  o t h e r  hand, t h e  ephyrae s t age  

might be important  because they become abundant i n  March 

( ~ 6 l l e r  1979) and ephyrae of AuheLia only  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).  

The 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  of cod and o the r  f i s h  

l a r v a e  t o  j e l l y f i s h  i s  e s s e n t i a l  f o r  es t imat ing  o v e r a l l  

impact on t h e  popula t ion  and i n t e r p r e t i n g  mor t a l i t y  r a t e s ,  

y e t  l i t t l e  d a t a  e x i s t  o t h e r  than f o r  t h e  yolk-sac s t ages .  

The v u l n e r a b i l i t y  of cod must dec l ine  g r e a t l y  over t h e  

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  juveni le  cod a r e  

known t o  accompany and seek s h e l t e r  beneath l a r g e  j e l l y f i s h  

(Cqanea capiLLata,  AuneLia auh i ta ,  Rhizobtoma pulmo) a s  do 

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

Young whi t ing ,  Gadub mehLangub, which show t h e  same 

behaviour appear t o  have developed a c e r t a i n  degree o f  

immunity from t h e  d ischarge  of nematocysts of Cyanea and 

presumably cod a r e  s i m i l a r l y  immune (Dahl, 1961).  Thus 

t h e s e  l a r g e  j e l l y f i s h  seem un l ike ly  predators  of o l d e r  cod 

l a rvae  and juveniles.  

Consumption o f  pe l ag ic  f i s h  eggs by j e l l y f i s h  and 

ctenophores seems t o  be mentioned much l e s s  f r equen t ly  i n  

t h e  l i t e r a t u r e  than p reda t ion  on larvae .  About f i v e  s p e c i e s  

o f  medusae (Lebour, 1922, 1923; P h i l l i p s  e t  a l . ,  1969; 

Bailey and Yen, 1983) ,  two chondrophora ( B i e r i ,  1961, 19701, 

and two ctenophores,  PLeuhobhachia (Lebour, 1922, 1923; 

Bailey and Yen, 1983) and Mnemqopbib t e i d q i  ( B u r r e l l  and 

Engel, 19761, have been repor ted  t o  consume pe lag ic  f i s h  

eggs a s  we l l  a s  l a rvae .  PLeufiobhachia might be  a 

s i g n i f i c a n t  p reda to 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  t h e  B a l t i c ,  

which corresponds t o  peak production of cod l a rvae  ( ~ h l e r ,  

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

animals l e s s  than  0.8 mm t o  1,150 ml/day f o r  7.2-8.3 mm 



animals (Reeve and Walter, 1976) ,  dense swarms of 

PLeuhobhachia c e r t a i n l y  would have t h e  capaci ty  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  of eggs and yolk-sac larvae .  Eggs 

and l a rvae  t h a t  concentra te  a t  t h e  sea  su r face  a r e  probably 

h ighly  vulnerable t o  t h e  neustonic j e l l y f i s h  VeLeeLa and 

Pofipifa (Chondrophorae) ( B i e r i ,  1961, 1970).  Off t h e  coas t  

of Ca l i fo rn ia  i n  May, f i s h  eggs (Thachuhub b ymmeihicub ) were 

t h e  most important  and common food item (48% of prey)  of  

VeLeLLa ( B i e r i ,  1961).  

The occurrence of swarms of ctenophores o r  j e l l y f i s h  

appears t o  be very episodic .  Ctenophore populations,  f o r  

example, appear t o  be capable of very rapid  growth r e s u l t i n g  

i n  t h e  sudden appearance of dense swarms. Reeve and Walter 

(1976) conclude from s t u d i e s  of growth of PLeuhobnachia i n  

l a rge  bags (68 m3) t h a t  populations a r e  capable of 

increas ing by more than 50% per day. Although patches or  

swarms of ctenophores and j e l l y f i s h  a r e  known t o  occur i n  

the  open sea ,  t h e  most frequent r e p o r t s  a r e  from inshore  and 

o f t en  p a r t i a l l y  enclosed a r e a s  such a s  bays, f j o r d s  and 

e s t u a r i e s .  Bur re l l  and Engel (1976) mention t h a t  

concentra t ions  of ctenophores seem t o  be s h o r t  l i ved  i n  

n e r i t i c  o r  oceanic water but  they may p e r s i s t  f o r  months i n  

confined a r e a s  such a s  e s t u a r i e s .  Thus, s i g n i f i c a n t  

predat ion by j e l l y f i s h  and ctenophores may only  occur on t h e  

occasions when spawning and ou tburs t s  of j e l l y f i s h  occur 

together ;  t h e  p robab i l i ty  of such events seems t o  be g r e a t e r  

i n  p a r t i a l l y  enclosed a r e a s  than i n  t h e  open sea .  An 

inverse  r e l a t i o n s h i p  between AuheLia and l a r v a l  he r r ing  

abundances i n  Kiel  Fjord c l e a r l y  i l l u s t r a t e s  t h i s  po in t ,  a s  

t h e  h ighes t  l a r v a l  abundances occurred i n  years  i n  which 

s i g n i f i c a n t  numbers of herr ing had hatched before  t h e  annual 

ou tbur s t  of AuneLia ( ~ G l l e r ,  1982).  These inverse  

co r re l a t ions  between j e l l y f i s h  o r  ctenophore abundance and 

l a r v a l  abundance a r e  r e l a t i v e l y  common (Alvariiio, 1980),  bu t  

only i n  he r r ing  i s  it good evidence f o r  consumption by t h e  

medusae, s ince  herr ing have geographically f ixed spawning 



grounds and t h e  pa ren t s  can no t  move elsewhere t o  avoid 

concent ra t ions  of medusae. On t h e  o t h e r  hand, low abundance 

of eggs and l a rvae  of p e l a g i c  spawners could a l s o  be 

a t t r i b u t e d  t o  avoidance of such regions  by t h e  pa ren t s .  

Th i s  seems l i k e l y  f o r  p lankt ivorous  f i s h e s  s ince  t h e  

zooplankton foods of t hese  f i s h e s  a r e  consumed by medusae 

and ctenophores, and spawning schools may no t  remain long i n  

a r e a s  where forage  i s  low. 

Other i n v e r t e b r a t e s  

Marine polychaetes and squid  undoubtably consume marine 

f i s h  l a rvae  b u t  l i t t l e  i s  known regarding t h e i r  importance 

i n  l a r v a l  mor t a l i t y .  Lebour (1923) mentions t h a t  t h e  

polychaete TomopXenin h e t g o t a n d i c a  consumes he r r ing ,  and 

o t h e r  f i s h  l a r v a e  and squid  a r e  known p i sc ivo res .  Owing t o  

t h e i r  s i z e ,  a g i l i t y ,  and p isc ivorous  h a b i t s ,  they  a r e  

capable of feeding on many l i f e  s t ages  of f i shes ,  not  j u s t  

t h e  youngest l a r v a l  s t ages ,  a s  i s  t h e  case  fo r  most 

i n v e r t e b r a t e  predators .  Newly hatched squid ( L a t i g o  

o p a t e n c e n n )  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 

t h e  d a i l y  r a t i o n  of a newly hatched ind iv idua l  i s  equivalent  

t o  14 yolk-sac anchovy per  day, and a t  8 mm t h e i r  d a i l y  

r a t i o n  is 135 anchovy l a r v a e  (Hurley,  1976).  

F ishes  

Ample evidence e x i s t s  t h a t  pe l ag ic  p lankt ivorous  f i s h e s  

consume pe lag ic  eggs and l a rvae .  I n  t h e  southern North Sea 

cod eggs a r e  consumed by he r r ing ,  s p r a t ,  and s t i ck leback .  

The h ighes t  mean r a t e s  were 5-6 cod eggs per s p r a t  o r  

h e r r i n g  with t h e  eggs of p l a i c e  and o the r  spec ie s  being 

consumed i n  cons iderable  q u a n t i t i e s  a s  wel l  (Daan, 1976) .  

Cod eggs were more abundant i n  t h e  plankton than p l a i c e  but  

he r r ing  and s p r a t  seemed t o  consume more p l a i c e  eggs. This  

might be , r e l a t ed  t o  t h e  f a c t  t h a t  p l a i c e  have l a r g e r  eggs o r  



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  s tudy a l s o  i d e n t i f i e d  h e r r i n g  a s  a  

major consumer of f i s h  l a rvae ,  a s  he r r ing  l a rvae  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  h e r r i n g  and o t h e r  p lankt 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 t ed  by a  

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

con ten t s  of he r r ing  and 45% of s p r a t  were composed of f i s h  

eggs and l a rvae  i n  t h e  southern  North Sea (Pommeranz, 19811, 

and i n  southern New England waters  and Georges Bank, eggs 

and l a r v a e  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 he r 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 the r  mackerel l a rvae .  

Cannibalism probably occurred a t  n ight  dur ing  an upward 

migra t ion  of t h e  l a r g e r  l a rvae  a s  they passed through l a y e r s  

where smal ler  i nd iv idua l s  were abundant (Grave, 1981) .  

P a c i f i c  mackerel l a rvae ,  Scombeh japonicub, a r e  a l s o  l a r v a l  

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

Peruvian coas t ,  f i s h  l a 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 la rvae ,  wi th  sa rd 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; l a rvae  a s  small  a s  3.7 mm were p isc ivorous  

(Lipskaya, 1982) .  Young p e l a g i c  s t ages  of cod CO-occur wi th  

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

consequently nea r ly  a l l  l i f e  s t a g e s  of mackerel can be 

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

a l .  (1978) examined t h e  stomach contents  of f i s h  p reda to r s  

taken i n  egg pa tches  i n  the  southern North Sea. Sixty-two 

pe rcen t  of t h e  prey i tems i n  t h e  stomachs of h e r r i n g ,  and 

96% of those  i n  t h e  stomachs of anchovy (Enghautib 

encfiabicholub) were f i s h  eggs o r  la rvae ,  whereas o t h e r  

p o t e n t i a l  p reda to r s ,  Mehtangiub mehtangun, Metanoghammub 

aegledinuh , Limanda limanda, Eutnigla guhnahduh , and 

Sphatkub b p h a t t ~ A  contained only  a  few f i s h  eggs o r  l a rvae .  



Capelin a r e  a l s o  ind ica t ed  a s  poss ib l e  consumers of cod eggs 

and l a rvae  s i n c e  cod eggs, a s  wel l  a s  o the r  f i s h  eggs and 

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

1961).  

Cod l a rvae  and p e l a g i c  juveni les  a r e  l i k e l y  p reda to 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  

cannibalism occurred i n  cod r ea r ing  t anks  because 

v a r i a b i l i t y  i n  length  decl ined and su rv iva l  decreased i n  

groups of cod l a rvae  maintained a t  low food densities. 

V a r i a b i l i t y  i n  length  increased u n t i l  an age of one month 

a f t e r  which it decreased i n  d i r e c t  propor t ion  t o  t h e  dens i ty  

of prey i n  t h e  con ta ine r ,  i n d i c a t i n g  t h e  ex i s t ence  of 

cannibalism. E l l e r t s e n  e t  a l .  (1981) a l s o  sugges ts  t h a t  

cannibalism occurred i n  t h e i r  enclosure s tudy because t h e  

su rv iva l  of a  group of cod l a rvae  reared  wi th  o l d e r ,  near 

metamorphic ind iv idua l s ,  was much lower than expected. 

This  d i scuss ion  i n d i c a t e s  t h a t  planktivorous f i s h e s  such 

a s  he r r ing ,  s p r a t ,  p i l c h a r d ,  mackerel and o t h e r s  consume 

eggs and l a rvae  of cod and o the r  marine f i s h e s .  This  could 

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

i n  s i z e  and avoidance c a p a b i l i t i e s  from t h e  t y p i c a l  foods 

consumed by such f i s h e s ,  and i f  encountered they would be  

consumed along wi th  t h e i r  t y p i c a l  foods (copepods and 

euphaus i id s ) .  

Pe lagic  p lankt ivorous  f i s h e s  can be abundant i n  cod 

spawning h a b i t a t s  and t h e r e f o r e  could be r e spons ib l e  f o r  a  

s i g n i f i c a n t  propor t ion  of t h e  mor t a l i t y  of cod eggs and 

l a rvae  a s  wel l  a s  t h a t  of o t h e r  spec ie s .  For example, 

Edwards and Bowman (1979) l i s t  16 important  spec ie s  of 

p e l a g i c  p lankt ivorous  f i s h e s  from a  cod h a b i t a t  i n  t h e  

western A t l a n t i c  ( c o n t i n e n t a l  she l f  o f f  New Je r sey  and Nova 

S c o t i a )  without even cons ider ing  t h e  pe l ag ic  p lankt ivorous  

l i f e  s t a g e s  of t h e  demersal f i s h e s  i n  t h a t  a r ea .  They 

es t imated  t h e  zooplankton consumed by t h e  two most abundant 

p lankt ivorous  spec ie s  ( A t l a n t i c  he r r ing  and A t l a n t i c  

mackerel) va r i ed  from 2 ' 106 t o  26 ' 106 tons  annual ly  f o r  



h e r r i n g  and from 4 ' 106 t o  28 ' 106 tons  f o r  mackerel 

depending on t h e i r  popula t ion  s i z e s .  C lea r ly ,  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  two major p lankt ivorous  f i s h  s tocks  

might induce major v a r i a t i o n  i n  t h e  m o r t a l i t y  of cod eggs 

and l a rvae  even i f  cod e a r l y  l i f e  s t ages  were an i n c i d e n t a l  

p a r t  of t h e i r  d i e t .  Th i s  sugges ts  t h a t  a  d i r e c t  causa l  

r e l a t i o n s h i p  might be responsib le  f o r  t h e  observed 

an tagon i s t i c  behaviour of pe l ag ic  s tocks  (he r r ing  and s p r a t )  

and demersal s tocks  (cod and p l a i c e )  i n  t h e  North Sea (Daan, 

1976).  

The propor t ion  of egg and l a r v a l  mor t a l i t y  t h a t  can be 

a t t r i b u t e d  t o  predat ion  by p lankt ivorous  f i s h e s  has  r a r e l y  

been determined f o r  any species .  Daan (MS presented  a t  t h e  

ICES counci l  meeting i n  1983) e s t ima tes  t h a t  a t  l e a s t  1% of 

t h e  eggs produced by cod and a t  l e a s t  7% of those  produced 

by p l a i c e  a r e  consumed by he r r ing .  This  may be  an 

underest imate because he assumed t h e  d iges t ion  time f o r  an 

egg was one day and because t h e  he r r ing  s tock i n  t h e  North 

Sea i s  s t i l l  a t  a  r a t h e r  low l e v e l .  The only published 

s tudy where cannibalism o r  predat ion  has  been r e l a t e d  t o  

n a t u r a l  mor t a l i t y  i s  t h a t  of Hunter and Kimbrell (1980b).  

They est imated t h a t  nor thern  anchovy stomachs contained a  

mean of 5.1 anchovy eggs/stomach and us ing  an ins tantaneous  

c o e f f i c i e n t  of g a s t r i c  evacuation of 0.71/h they es t imated  

t h e  d a i l y  consumption of eggs t o  be 85.8 eggs / f i sh  o r  about 

17% of the  d a i l y  egg production.  MacCall (1980) ,  using a  

new es t imate  of n a t u r a l  mor t a l i t y  of eggs (Z = 0.39) and a  

few o t h e r  modif ica t ions ,  es t imated  from t h e i r  d a t a  t h a t  

cannibalism on eggs could account f o r  28% of t o t a l  egg 

mor t a l i t y .  

Hunter and Kimbrell (1980b) noted t h a t  t h e  eggs were 

ea t en  by f i l t e r i n g ,  b u t  t h i s  process  appears t o  be non- 

random, s ince  consumption of eggs i n  t h e  sea  increased a s  

t h e  1 .6  power of egg abundance al though t h e  form of t h e  

r e l a t i o n s h i p  i s  unclear .  A t  t imes anchovy schools probably 

aggregate on patches of eggs r a t h e r  than  taking them 



i n c i d e n t a l l y  when feeding on o the r  zooplankton, because egg 

d e n s i t i e s  i n  t h e  sea  a r e  a t  t imes h igh enough t o  s t imu la t e  

s e l e c t i v e  f i l t r a t i o n  ( ~ u n t e r  and Dorr, 1982).  

VARIATION I N  VULNERABILITY 

The v u l n e r a b i l i t y  of a l a r v a  t o  i t s  p reda to r s  i s  

con t ro l l ed  by t h e  i n t r i n s i c  c h a r a c t e r i s t i c s  of s i z e  and 

matura t ional  s t a t e ,  and by va r ious  e x t r i n s i c  v a r i a b l e s  

inc luding l a r v a l  forage ,  temperature,  a l t e r n a t i v e  prey fo r  

t h e  p reda to r ,  and v i s i b i l i t y .  

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

The most important  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  of 

l a r v a e  t o  predat ion  i s  without a doubt t h e  matura t ional  

s t a t e .  The l e a s t  mature s t ages  (egg and yolk-sac) a r e  a l s o  

t h e  most defenceless ,  s u f f e r  t h e  h i g h e s t  l o s ses ,  and a r e  

vulnerable  t o  t h e  g r e a t e s t  v a r i e t y  o f  predators  ranging from 

sma 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 only two s t u d i e s  

i n  which t h e  dec l ine  i n  v u l n e r a b i l i t y  t o  p reda t ion  wi th  

l a r v a l  maturation h a s  been d i r e c t l y  s tud ied ,  al though t h e  

marked dec l ine  i n  t h e  capture  success  of plankton n e t s  wi th  

l a r v a l  s i z e  i s  an  important  source  of i n d i r e c t  evidence 

(smith and Richardson, 1977; Hunter, 1981).  I n  h e r  t h e s i s  

work, L. Dowd ( u n i v e r s i t y  o f  Miami, personal  communication, 

1983) f inds  t h a t  t h e  consumption r a t e s  of juveni le  bay 

anchovy (Anchoa mi,tchil.Li) d e c l i n e  exponent ia l ly  from about 

80 sea  bream l a rvae  per hour (Ahchobangub hhomboida.Lib) f o r  

2.5 mm l a rvae  t o  about 10/h f o r  4.5 mm l a rvae .  She found 

t h a t  t h e  yolk-sac s t ages  and eggs were l e s s  vulnerable  than 

2.5 mm l a rvae  because lower a c t i v i t y  l e v e l s  made t h e  yolk- 

s ac  l a rvae  l e s s  v i s i b l e .  Webb (1981) provided a study on 

changes i n  v u l n e r a b i l i t y  of nor thern  anchovy t o  capture  by 

t h e  aquarium f i s h  Amphiphion pehcula. The success  of 

anchovy i n  avoiding capture  increased l i n e a r l y  with s i z e ,  



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 l a rva  t o  85% i n  12 mm larvae .  

The improvement i n  t h e  avoidance of predators  with 

maturation may be  due t o  decreases i n  t h e  la tency of  t h e  

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

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

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

a b i l i t y  of longer l a rvae  t o  escape t h e  predator  

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

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

maturation of sensory systems seems t o  be more important  

than an  inc rease  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  

predator .  

The mode of a t t a c k  o f  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 sus ta ined p u r s u 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 t h e  

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

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

a t t a c k  f a i l s ,  whereas pursuers  s t a r t  wi th  t h e  body 

posi 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 t h e  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).  

C lea r ly  maturation 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 .  

E x t r i n 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  predat ion a r e  temperature and t h e  abundance 

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

growth and thereby inc reases  t h e  dura t ion t h a t  l a r v a e  remain 



i n  t h e  smaller  and most vulnerable  l i f e  s t ages .  Poor year-  

c l a s s e s  of P a c i f i c  s a rd ine  were a s soc ia t ed  wi th  cold  water  

temperatures and h igh 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  h igher  predat ion  t h a t  led  t o  weak year-c lasses  

( ~ u r ~ h y ,  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 f o l d  t h e  number of s a rd ine  l a r v a e  t h a t  

a t t a i n  21 mm. Prolongat ion  of t h e  e a r l y  l i f e  s t ages  of cod 

by low temperature might a l s o  inc rease  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 inc rease  i n  v u l n e r a b i l i t y  t o  predators  a s  a r e s u l t  of 

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

by temperature. Dowd (Unive r s i ty  of Miami, personal  

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

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

juveni le  bay anchovy than w e r e  those  reared  on a h ighe r  

r a t i o n .  She demonstrates t h a t  t h e  inc rease  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 r v a e  fed  

t h e  lower r a t i o n .  Lack of food may a l s o  inc rease  

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 tarved larvae .  Twice a s  many hake l a rvae  were a t t acked  

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

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

A s  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  t h e  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 p reda to r s ,  and patchiness  of eggs and 

l a r v a e  were mentioned previous ly .  I w i l l  no t  dwell  on these  

f a c t o r s  here  o the r  than  t o  po in t  o u t  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 predat 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 re  t h e  e f f e c t  of t h e  



onset  of schooling,  shel ter -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 

concentra te  eggs o r  larvae ,  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 imes of day and i n  d i f f e r e n t  water types ,  and 

temperature-specific 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 l a rvae  f o r  c e r t a i n  

predators .  

DISCUSSION 

A l l  t he  we l l  documented accounts f o r  consumption of eggs 

and l a rvae  by inve r t eb ra te  predators  and most of those f o r  

f i s h ,  a r e  f o r  spec ies  o the r  than cod; t h e  clupeoids,  

anchovies and he r r ing  comprise t h e  major i 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 pelagic  eggs and l a rvae ,  

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

be vulnerable t o  t h e  predators  discussed i n  t h e  previous 

sec t ions  i f  cod l a rvae  CO-occurred wi th  them. Two 

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

mentions t h a t  t h e  amphipods Paxathemi~to  LibcLLuta and 

P~eudoEibxotun sp.  consume cod larvae ,  and it i s  noted i n  

Fraser  (1962) t h a t  PLeunobhachia a l s o  feed on cod l a rvae .  

The well  documented high mor ta l i ty  of  cod eggs i s  

c e r t a i n l y  t h e  b e s t  evidence f o r  a high r a t e  of predat ion 

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

predators  pr imar i ly  responsible  f o r  these  l o s s e s  s t i l l  

remains i n  doubt. The planktivorous f i s h e s ,  s p r a t ,  h e r r i n g  

and o the r s  consume cod eggs bu t  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  

los ses .  Cer t a in ly ,  medusae and ctenophores ( p a r t i c u l a r l y  

PEeuxobhachia) 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 predators 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 

20% of t h e  period between f e r t i l i z a t i o n  and metamorphosis. 

In  add i t ion ,  consumers of eggs ( t h e  planktivorous f i s h e s  and 



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 detec 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 ,  m o r 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 . ,  1978)  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  t h e  same predators .  

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

t h e  e a r l y  l i f e  h i s t o r y  o f  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  o the r  species  of f i s h e s  

i n d i c a t e s  t h a t  t h e  small  c rus taceans  (copepods, euphausids 

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

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

s t age  and o lde r  l a rvae  a s  wel l .  The l a r g e r  inve r t eb ra te s  

(ctenophores,  squid,  and some of t h e  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  l a rvae  a s  well .  The 

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

inc rease  i n  egg o r  l a r v a l  dens i ty  than do consumption r a t e s  

o f  t h e  smaller  inve r t eb ra te s .  Herring o r  s p r a t  would be 

capable of consuming thousands of cod eggs or  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 t h e  smal ler  i n v e r t e b r a t e s  s a t i a t e  r ap id ly  and 

maximum 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 te 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 predat ion by small  i nve r t eb ra te s .  I t  

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

predat ion and t h e  inhe ren t  d i f f i c u l t y  of such s t u d i e s ,  t o  

conclude t h i s  review with a  d iscuss ion of t h e  problems 

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

eggs and larvae .  

Problems i n  est imating e f f e c t s  of predators  

Accurate es t imat ion of t h e  e f f e c t  of pelagic  predators  on 

t h e  success of year-c lasses  of f i s h e s  i s  perhaps t h e  most 



d i f f i c u l t  of  a l l  research  on .recruitment 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 

predat ion  on eggs and l a r v a e  a r e :  t h e  i n c i d e n t a l  na tu re  of 

eggs and l a rvae  i n  t h e  d i e t s  of t h e i r  p reda to r s ,  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 tchiness  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 l d e r  s t ages  i n  t h e  plankton; t h e  

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

stomach of p reda to r s ;  b i a s e s  r e s u l t i n g  from p reda to r s  

feeding wi th in  n e t  ca tches ,  and from undersampling l a r g e  

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 to r s .  I  d i scuss  some of t h e s e  

i s s u e s  below and suggest  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  h igh p reda 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 l a rvae  by chaetonaths  

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

seem t o  i d e n t i f y  them a s  important  l a r v a l  p reda to r s  

(~uhlmann,  1977).  ~ n s e r t i o n  of dyed l a rvae  wi th in  t h e  n e t  

p r i o r  t o  a tow might be  a method of co r 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 success fu l ly  used i n  

stomach analyses  of t r awl  caught f i s h e s  (Lanc ra f t  and 

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

The rapid  d i g e s t i o n  of yolk-sac l a 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  d e s t r u c t i o n  by crus tacean p reda to r s  

g r e a t l y  reduces t h e  chance of d e t e c t i o n  of p reda t ion .  

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

recogni t ion  by Aufieeia a t  10-12'C ( ~ S l l e r ,  1980) ,  and 

d iges t ion  of t h e  smal ler  yolk-sac l a rvae  of pe l ag ic  spawners 

proceeds much more r ap id ly .  Larvae of American f lounder  and 

Gadun naLda a r e  t o t a l l y  d iges t ed  except t h e  eyes i n  1 .5  

hours i n  AuheLia stomachs and take  only 2 hours t o  d isappear  

completely (F rase r ,  1969).  S imi l a r ly ,  t h e  yolk-sac t o  f i r s t  



feeding s t ages  of nor thern  anchovy a r e  d iges ted  beyond 

recogni t ion  i n  t h e  stomachs of a d u l t  anchovy i n  0.5 hours a t  

1 6 " ~  ( ~ u n t e r  and ~ i m b r e l l ,  1980b). Eggs i n  anchovy stomachs 

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

somewhat longer than yolk-sac anchovy larvae ,  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  l a 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 predators  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 ted  because t h e  d a i l y  r a t i o n  inc reases  markedly 

when adjus ted  by a rapid g a s t r i c  evacuation r a t e  (Hunter and 

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

shor t  dura t ion s i n c e  t y p i c a l  du ra t ion  of t rawl  hau l s  may 

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

my knowledge no one has examined t h e  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 lder  l a rvae  may 

remain i n  t h e  stomach f o r  much longer periods 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 ty  o f  occurring i n  predator  stomachs, 

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

l a r g e r  l a 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 impract ica l .  

The maceration of l a rvae  when inges ted  by c rus t acea  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 r v a e  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 f o r  

optimism, however, s i n c e  crus tacean predators  seem t o  have 

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

which give  only incidence might be useful  fo r  assessment of 

consumption i n  crus tacean predators .  These techniques have 

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

F e l l e r ,  1982). Laboratory s tud ies  a r e  required t o  check f o r  

c ross  react ions  and t o  determine t h e  dura t ion t h a t  l a rvae  

can be detec ted  i n  predator  stomachs using immunological 

techniques.  



Accurate es t imates  of t h e  impact of predators  a l s o  

r equ i re  t h a t  t h e  consumption by predators  be measured a t  t h e  

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

predators  may inc rease  non-linearly with t h e  abundance of 

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

l a r v a l  abundance must be done a t  t h e  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  predators  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 may be important f o r  t h e  p lankt ivorous  

predators  of cod a s  wel l ,  b u t  such e f f e c t s  can only be 

detec ted  by simultaneous plankton and predator  ca tches .  

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

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

one. Thus t h e  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 t h e  most i n f l u e n t i a l .  Such predators  must 

have a  high population biomass, a  high population 

consumption r a t e ,  and a  preference  f o r  t h e  s i z e  o r  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 planktivorous f i s h e s  (he r r ing  and s p r a t )  

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

and larvae .  

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

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

among t h e  d i f f e r e n t  groups of predators  o r  predator-feeding 

models t e s t ed  aga ins t  accura te  f i e l d  e s t ima tes  of 

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

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

determine by d i f f e rence  t h e  proportion of t o t a l  mor ta l i ty  

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

s t a r v a t i o n  using 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 predation has many more 

unce r t a in t i e s .  I n  add i t ion ,  var ious  labora tory  s t u d i e s  on 



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. 

REFERENCES 

Alvarino, A., 1980. The relation between the distribution of 
zooplankton predators and anchovy larvae. Calif. Coop. 
Oceanic Fish. Invest. Rep., 21: 150-160. 

Arai, M.E. and Hay, D.E., 1982. Predation by medusae on Paciflc 
herring (CZupea harengus paZZasi) larvae. Can. J. Fish. 
Aquat. Sci., 39: 1537-1540. 

Bailey, K.M. and Batty, R.S., 1983. A laboratory study of pre- 
dation by AureZia aurita on larval herring: experimental 
observations compared with model predictions. Mar. Biol., 
72: 295-301. 

Bailey, K.M. and Yen, J., 1983. Predation by a carnivorous 
marine copepod, Euchaeta ezongata, Esterly, on eggs and 
larvae of the Pacific hake, MerZuccius productus. J. 
Plankton Res., 5: 71-82. 

Bieri, R., 1961. Post-larval food of the pelagic coelenterate, 
VeZeZZa Zata. Pac. Sci., 15: 553-556. 

Bieri, R., 1970. The food of Porpita and niche separation in 
three neuston coelenterates. Publ. Seto Mar. Biol. Lab., 17: 
305-307. 

Boreham. P.F.L. and Ohiagu, C.E., 1978. The use of serology in 
evaluating invertebrate prey-predator relationships: a 
review. Bull. Ent. Res., 68: 171-194. 

Brewer, G.D., Kleppel, G.S. and Dempsey, M., 1983. Apparent 
predation on ichthyoplankton by zooplankton and fishes in 
nearshore waters off Southern California. (Unpublished 
manuscript), Institute for Marine and Coastal Studies Uni- 
versity of Southern California, 820 Seaside Ave., Terminal 
Island Ca. 90731. 

Burrell, V.G. Jr. and Van Engel, W.E., 1976. Predation by and 
distribution of a ctenophore, Mnemiopsis Zeidyi A. 
Agassiz, in the York River Estuary. Estuarine Coastal Mar. 
Sci., 4: 235-242. 

Daan, N., 1976. Some preliminary investigations into predation 
on,fish eggs and larvae in the southern North Sea. Coun. 
Meet. int. Coun. Explor. Sea, 1976 (L:15): 1-11 (Mimeo.) 



Daan, N., 1979. Comparison of estimates of egg production of 
the southern bight cod stock from plankton surveys and 
market statistics. International Council for the Exploration 
of the Sea, Early Life History Symposium, Symp/DS:l, 28 pp. 
(Mimeo. ) 

Daan, N., 1981. Comparison of estimates of egg production of 
the southern bight cod stock from plankton surveys and 
market statistics. Rapp. P.-v. ~ 6 u n .  Cons. int. Explor. Mer, 
178: 242-243. 

Dahl, E., 1961. The association between youn whiting, cadus 
rnerZangus and the jelly-fish Cyanea capiZZata. Sarsia, 3: 
47-55. 

Edwards, R.L. and Bowman, R.E., 1979. Food consumed by con- 
tinental shelf fishes. In: H. Clepper (~ditor), predator- 
prey systems in fishery management. Sport Fishing ~nstitute, 
Washington, D.C., pp. 387-406. 

Ellertsen, B., Moksness, E., Solemdal P., Tilseth, S., Westgzrd, 
T. and Oiestad, V., 1981. Growth and survival of cod larvae 
in an enclosure. Experiments and a mathematical model. Rapp. 
P.-v. Rbun. Cons. int. Explor. Mer, 178: 45-57. 

Feller, R., 1982. Deep guts: A shallow-water solution using 
immunological methods. In: G.M. Cailliet and C.A. Simenstad 
(Editors) Gutshop '81. Univ. Washington Sea Grant, Univ. 
Washington Press, Seattle, pp. 211-223. 

Fraser, J.H., 1962. The role of ctenophores and salps in zoo- 
plankton production and standing crop. Rapp. P.-v. R6un. 
Cons. perm. int. Explor. Mer, 153: 121-123. 

Fraser, J.H., 1969. Experimental feeding of some medusae and 
Chaetognatha. J. Fish. Res. Bd. Can., 26: 1743-1762. 

Grave, H., 1981. Food and feeding of mackerel larvae and early 
juveniles in the North Sea. Rapp. P.-v. Rbun. Cons. int. 
Explor. Mer, 178: 454-459. 

Harding, D., Nichols, J.H. and Tungate, D.S., 1978. The 
spawning of plaice (PZeurnoectes pZatessa L.) in the 
southern North Sea and English Channel. Rapp. P.-v. R6un. 
Cons. int. Explor. Mer, 172: 102-113. 

Hartig, J.H. Jude, D.J. and Evans, M.S., 1982. Cyclopoid pre- 
dation on Lake Michigan fish larvae. Can. J. Fish. Aquat. 
Sci., 39: 1563-1568. 

Hourston, A.S., Rosenthal, H. and Kerr, S., 1981. Capacity of 
juvenile herring (CZupea harengus paZZasi) to feed on 
larvae of their own species. Can. Tech. Rep. Fish. Aquat. 
Sci. No. 1044, 9pp. 

Hunter, J.R., 1981. Feeding ecology and predation of marine 
fish larvae. In: R. Lasker (Editor), Marine fish larvae: 
morphology, ecology and relation to fisheries. Wash. Sea 
Grant Program, Univ. Wash. Press, Seattle, pp. 33-77. 

Hunter, J.R., 1982. Predation and recruitment. In: B.J. 
Rothschild and C. Rooth (Editors), Fish Ecology 111. A 
foundation for REX. A recruitment experiment. Univ. Miami 
Tech. Rep. No. 82008, pp. 172-209. 

Hunter, J.R. and Kirnbrell, C.A., 1980a. Early life history of 
Pacific mackerel, Scomber japonicus. Fish. Bull., U.S., 
78: 89-101. 



Hunter, J.R. and Kimbrell, C.A., 1980b. Egg cannibalism in the 
northern anchovy, EngrauZis mordax. Fish. Bull., U.S., 78: 
811-816. I 

Hunter, J.R. and Dorr., 1982. Thresholds for filter feeding in 
northern anchovy, EngrauZis mordax. Calif. Coop. Oceanic 
Fish. Invest. Rep., 23: 198-204. 

Hunter, J.R., Kaupp, S.E. and Taylor, J.H., 1982. Assessment of 
effects of UV radiation on marine fish larvae. In: J. 
Calkins (Editor), The role of solar ultra-violet radiation 
in marine ecosystems. Plenum Press, New York, pp. 459-479. 

Hurley, A.C., 1976. Feeding behaviour, food consumption, growth 
and respiration of the squid LoZigo opaZescens raised in 
the laboratory. Fish. Bull., U.S., 74: 176-182. 

Jones, R., 1983. The decline in herring and mackerel and the 
associated increase in other species in the North Sea. FAO 
Expert Consultation to Examine Changes in Abundance and 
Species Composition of Neritic Fish Stocks, San Jose, Costa 
Rica, 18-29 April 1983, pp. 19. 

Kuhlmann, D., 1977. Laboratory studies on the feeding behaviour 
of the chaetognaths Sagitta setosa J. ~uller and S. 
eZegans Verril with special reference to fish eggs and 
larvae as food organisms. Meeresforsch., 25: 163-171. 

Lancraft, T. and Robinson, B.H., 1979. Evidence of post-capture 
ingestion by midwater fishes in trawl nets. Fish. Bull., 
U.S., 77: 713-715. 

Larson, R.J., 1976. Cubomedusae: feeding-functional morphology, 
behaviour and phylogenetic position. In: G.D. Mackie 
(~ditor), Coelenterate ecology and behaviour. International 
Symposium on Coelenterate Biology. Plenum Press, New York, 
pp. 237-246. 

Laurence, G.C. and Rogers, C.A., 1976. Effects of temperature 
salinity on comparative embryo development and mortality of 
Atlantic cod (Gadus morhua L.) and haddock (MeZanogrammus 
aegzefinus (L.)). J. Cons. int. Explor. Mer, 36: 220-228. 

Laurence, G.C., 1978. Comparative growth, respiration and 
delayed feeding abilities of larval cod (Gadus morhua) and 
haddock (Melanogrammus aeg2efinus) as influenced by tem- 
perature during laboratory studies. Mar. Biol., 50: 1-7. 

Laurence, G.C., Smigielski, A.S., Halavik, T.A. and Burns, B.R. 
1981. Implications of direct competition between larval cod 
(Gadus morhua L.) and haddock (MeZanogrammus aeglefinus) 
in laboratory growth and survival studies at different food 
densities. Rapp. P.-v. ~ 6 u n .  int. Explor. Mer, 178: 304-311. 

Lebour, M.L., 1922. The food of plankton organisms. J. mar. 
Biol. Ass. U.K., 12: 644-677. 

Lebour, M.L., 1923. The food of plankton organisms 11. J. mar. 
Biol. Ass. U.K., 13: 70-92. 

Lebour, M.L., 1925. Young anglers in captivity and some of 
their enemies. A study in a plunger jar. J. mar. Biol. Ass. 
U.K., 13: 721-734. 

Lee, J.Y., 1966. Oeufs et larves planctoniques de poissons. 
Revue des Travaux de l8Institut des Peches Maritimes, 30: 
171-208. 

Lillelund, K. and Lasker, R., 1971. Laboratory studies on pre- 
dation by marine copepods on fish larvae. Fish. Bull., U.S., 
69: 655-667. 



Lipskaya, N.Y., 1982. The feeding of larvae of the chub 
mackerel, Scomber japonicus (Scombridae) from the south- 
eastern Pacific. J. Ichthyol., 22: 97-104. (Translated from 
Russian) . 

Maccall, A.D., 1980. The consequences of cannibalism in the 
stock-recruitment relationship of planktivorous pelagic 
fishes such as EngrauZis. In: Workshop on the Effects of 
Environmental Variation on the Survival of Larval Pelagic 
Fishes. Intergovernmental Oceanographic Commission Work-shop 
report No. 28, FAO, pp. 201-220. 

Mansueti, R., 1963. Symbiotic behaviour between small fishes 
and jellyfishes, with new data on that between the stroma- 
teid PepriZus azepidotus and the scyphomedusa, Chrysaora 
quinquecirrha, Copeia, 1963: 40-80. 

Maurer, R., 1976. A preliminary analysis of inter-specific 
trophic relationships between the sea herring, CZupea 
harengus Linnaeus and the Atlantic mackerel, Scomber 
scomber Linnaeus. Inter. Comm. Northwest Atlantic Fish. 
Res. DOC 76/VI/121, Serial No. 3967, 22 pp. 

May, R.C., 1974. Larval mortality in marine fishes and the 
critical period. In: J.H.S. Blaxter (Editor), The Early Life 
History of Fish. Springer-Verlag, Berlin, pp. 3-19. 

Methot, R.D. Jr. and Kramer, D., 1979. Growth of northern 
anchovy, EngrauZis mordax, larvae in the sea. Fish. Bull., 
U.S., 77: 413-423. 

~oller, H., 1979. Significance of coelenterates in relation to 
other plankton organisms. Meeresforsch., 27: 1-18. 

~oller, H., 1980. Scyphomedusae as predators and food competi- 
tors of larval fish. Meeresforsch., 28: 90-100. 

~oller, H., 1982. Effect of jellyfish on larval herring in 
Kiel Bight. Coun. Meet. int. Coun. Explor. Sea, 1982(3:11): 
1-8 (Mimeo.) 

Murphy, G.I., 1961, Oceanography and variations in the Pacific 
sardine population. Calif. Coop. Oceanic Fish Invest. Rep., 
8: 55-64. 

O'Connell, C.P., 1980. Percentage of starving northern anchovy, 
EngrauZis mordax, larvae in the sea as estimated by histo- 
logical methods. Fish. Bull., U.S., 78: 475-489. 

Phillips, P.J., Burke, W.D. and Keener, E.J., 1969. Observa- 
tions on the trophic significance of jellyfishes in Missis- 
sippi Sound with quantitative data on the associative 
behaviour of small fishes with medusae. Trans. Amer. Fish. 
Soc., 98: 703-712. 

Pommeranz, T., 1974. Resistance of plaice eggs to mechanical 
stress and light. In: J.H.S. Blaxter (Editor), The Early 
Life History of Fish. Springer-Verlag, Berlin, pp. 397-416. 

Pommeranz, T., 1981. Observations on the predation of herring 
(CZupea harengus L.) and sprat (Sprattus sprattus L.) on 
fish eggs and larvae in the southern North Sea. Rapp. P.-v. 
R6un. Cons. int. Explor. Mer, 178: 402-404. 

Pozdnyakov, Y.F., 1961. Some data on the biology and fishery of 
the Barents Sea capelin. From regular features in the con- 
centration and migrations of commercial fishes in the Murman 
coastal zone, and their relation to biological, hydrological 
and hydrochemical processes. Acad. Sci. Press, V 1958, pp. 
150-175. Trans. from Russian by Ministry of Agriculture 
Fisheries and Food, Fisheries Laboratory, Lowestoft, Suffolk, 
U.K. No. 890, 26 pp. (Mimeo.) 



Purcell, J.E., 1981. Feeding ecology of Rhizophysa eysenhardti, 
a siphonophore predator of fish larvae. Limnol. Oceanogr., 
26: 424-432. 

Reeve, M.R. and Walter, M.A., 1976. A large-scale experiment on 
the growth and predation potential of ctenophore populations. 
In: G.D. Mackie (Editor), Coelenterate ecology and behavior. 
International Symposium on Coelenterate Biology. Plenum 
Press, New York, pp. 187-200. 

Riley, J.D., 1974. The distribution and mortality of sole eggs 
(Solea solea (L.)) in inshore areas. In: J.H.S. Blaxter 
(Editor), The Early Life History of Fish. Springer-Verlag, 
Berlin, pp. 39-52. 

Robinson, B.H. and Bailey, H.G., 1982. Nutrient energy flux in 
rnidwater fishes. In: G.M. Cailliet and C.A. Simenstad 
(Editors), Gutshop '81. Univ. Washington Sea Grant, Univ. 
Washington Press, Seattle, pp. 80-87. 

Rothschild, B.J. and Rooth, C.G.H. (Editors), 1982. Fish Ecolo- 
gy 111. A foundation for REX. A recruitment experiment: 1.3. 
2.5 The role of predation, Univ. of Miami Tech. Rep. No. 
82008, pp. 34-38. 

Santander, H., Alheit, J. and Smith, P.E., 1983. Estimation de 
la biornasa desovante de la anchoveta peruana, Engraulis 
ringens del stock central y norte in 1981 usando el 
"Methodo de Produccion de Huevos". Bol. Inst. Mar. Peru, 
Callao, pp. 70. 

Sheader. M. and Evans, F., 1975. Feeding and gut structure of 
~arathemisto gaudichaudi (Guerin) ( Arnphipoda, Hyperiidea) 
J. mar. Biol. Ass. U.K., 55: 641-656. 

Smith, P.E. and Richardson, S.L., 1977. Standard techniques for 
pelagic fish egg and larva surveys. FAO Fish. Tech. Pap., 
175, 100 pp. 

Soleim, P.A., 1942. Arsaker til rike og fattige arganger av 
sild. FiskDir. Skr. Ser. HavUnders., 7: 1-39. 

Stevenson, J.C., 1962. Distribution and survival of herring 
larvae (Clupea paZZasi Valenciennes) in British Columbia 
waters. J. Fish. Res. Bd. Can., 19: 735-810. 

Theilacker, G.H., 1978. Effect of starvation on the histologi- 
cal and morphological characteristics of jack mackerel, 
l'rachurus symmetricus, larvae. Fish. Bull., U.S., 76: 
403-414. 

Theilacker, G.H. and Lasker, R., 1974. Laboratory studies of 
predation by euphausiid shrimps on fish larvae. In: J.H.S. 
Blaxter (Editor), The Early Life History of Fish. Springer- 
Verlag, Berlin, pp. 287-299. 

Ward, F., 1912. Marvels of fish life as revealed by the camera. 
Cassell and Company Limited, London, 196 p. 

Webb, P.W., 1981. Responses of northern anchovy, Engrauzis 
mordax, larvae to predation by a biting planktivore, 
Amphippion percula. Fish. Bull., U.S., 97: 727-735. 

Webb, P.W., 1983. Speed, acceleration and manoeuvrability of 
two teleost fishes. J. Exp. Biol., 102: 115-122. 

Webb, P.W. and Skadsen, J.M., 1980. Strike tactics of Esox. 
Can. J. Zool., 58: 1462-1469. 

~esterhha~en, H. von., 1976. Some aspects of the,,biology of the 
hyperiid amphipod Hyperoche medusarum. Helgolander wiss. 
Meeresunders., 28: 43-50. 



Westernhagen, H. von and Rosenthal, H., 1976. Predator-prey 
relationship between Pacific herring, CZupea harengus 
paZZasi, larvae and a predatory hyperiid amphipod, 
Hyperoche medusarum. Fish. Bull., U.S., 74: 669-674. 

Wiborg, K.F., 1954. Investigations on zooplankton in coastal 
and offshore waters of western and northwestern Norway. 
FiskDir. Skr. Ser. HavUnders., 11: 1-246. 

Wiborg, K . F . ,  1976. Larval mortality in marine fishes and the 
critical period concept. J. Cons. int. Explor. Mer, 37: 111. 


