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I n  t h i s  commentary 1 focus on f o u r  issues discussed i n  Warren 
Wooster ls r e p o r t  (Determinants o f  Stock Abundance) which I f e e l  
war ran t  a d d i t i o n a l  d i scuss ion  o r  a m p l i f i c a t i o n .  I n  no manner 
should t h i s  commentary be considered an appra isa l  o r  review o f  
Wooster’s r e p o r t  on F i s h  Ecology 111 (Ro thsch i l d  and Rooth, 1982). 
I use quo ta t i ons  from Wooster’s r e p o r t  t o  i d e n t i f y  each o f  t h e  
sub jec t  areas. 

“The planktonic stages of the life history are most affected by 
environmental conditions” 

The p lank ton ic  l a r v a e  of marine f i s h e s  a re  more d i r e c t l y  a f f e c t e d  
by t h e  environment than o t h e r  l i f e  stages b u t  i t  may be over looked 
t h a t  n o t  a l l  l a r v a l  stages a re  p lank ton ic .  The l a r v a l  per iod,  
a f t e r  t h e  onset o f  feeding, i s  a t r a n s i t i o n a l  p e r i o d  between the  
p lank ton ic  embryonic stage (egg and yo lk-sac stages) and the 
nektonic  j u v e n i l e  stage. T h i s  t r a n s i t i o n  may occur e a r l y  i n  the 
l i f e  h i s t o r y ,  and t h e  t r u l y  p lank ton ic  stages may be a sho r t  
segment o f  a l o n g  l a r v a l  pe r iod .  I n  n o r t h e r n  anchovy, t h i s  
t r a n s i t i o n  occurs over about a 10-day p e r i o d  between t h e  20th and 
30 th  day (10-15 mm, 16OC) o f  a 70-day l a r v a l  per iod.  The f o l l o w i n g  
events occur du r ing  t r a n s i t i o n :  t h e  l a r v a  breaks f r e e  from t h e  
hydrodynamic realm t h a t  i s  t r a n s i t i o n a l  between t h e  viscous realm 
o f  t h e  yo lk-sac l a r v a  and t h e  t u r b u l e n t  realm o f  t h e  nektonic  l a r v a  
(Weihs, 1980); rods appear i n  t h e  r e t i n a  and t h e  l e n s  becomes 
focusable (O’Connel l ,  19811; t h e  s w i m  bladder becomes func t i ona l  
p e r m i t t i n g  g rea te r  body mass w i t h o u t  l o s s  o f  bouyancy; d i e l  
v e r t i c a l  movement t o  t h e  water sur face each n i g h t  begins (Hunter 
and Sanchez, 1976); t h e  t r a n s i t i o n  between integumentary and g i l l  
r e s p i r a t i o n  begins (O’Connel l ,  1981); and school ing begins (Hunter 
and Coyne, 1982). 

These behaviora l  and s t r u c t u r a l  changes have very impor tant  
eco log i ca l  and demographic imp1 i c a t i o n s .  The change i n  
hydrodynamic regime, and t h e  changes i n  v i s u a l ,  r e s p i r a t o r y  and 
o the r  systems s e t  t h e  stage f o r  t he  onset o f  school ing and v e r t i c a l  
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migra t i on .  The onset o f  school i ng reverses a t rend  o f  c o n t i  nu i  ng 
d i spe rs ion  and d e c l i n i n g  pa tch iness  o f  l a r v a e  t o  one o f  i nc reas ing  
contagion (Hewit t ,  1981; Hunter  and Coyne, 1982). By t h e  end of 
t he  p lank ton ic  phase m o r t a l i t y  r a t e s  a re  much lower than du r ing  t h e  
h i g h l y  vu lnerable embryonic pe r iod .  T h i s  f a c t  p l u s  t h e  r a p i d  
increase i n  body weight  reverses a t r e n d  o f  r a p i d l y  d e c l i n i n g  
cohor t  biomass t o  one o f  i n c r e a s i n g  cohor t  biomass. The increase 
i n  t h e  biomass o f  t h e  cohor t ,  and increased aggregat ion due t o  
school ing imply t h a t  nektonic  l a r v a e  occupy t h e  h a b i t a t  more 
i n t e n s i v e l y  than p l a n k t o n i c  l a rvae .  More i n t e n s i v e  occupat ion o f  
t he  habi t a t  may increase t h e  1 i k e l  i hood o f  1 a r v a l  densi ty dependent 
e f f e c t s  on growth. 

Thus t h e  p lank ton ic  l a r v a l  phase i s  cha rac te r i zed  by a p a t t e r n  o f  
d e c l i n i n g  contagion ( i n c r e a s i n g  d i spe rs ion ) ,  h igh  m o r t a l i t y  ra tes ,  
decreasing cohor t  biomass and a l a r v a l  ex is tence almost e n t i r e l y  
dependent upon the  immediate p l a n k t o n i c  hab i ta t .  I n  t h e  nektonic  
l a r v a l  phase, t h e  l a r v a e  become p rog ress i ve l y  more independent o f  
t he  immediate p lank ton ic  h a b i t a t ,  a r e  capable o f  extens ive v e r t i c a l  
movements i n  search of food, become more aggregated because o f  
school ing,  t h e  biomass of t h e  c o h o r t  begins t o  increase and t h e  
l i k e l i h o o d  of dens i t y  dependent e f f e c t s  on l a r v a l  growth increase. 
Thus i n t e r p r e t a t i o n  o f  t h e  e f fec ts  o f  t h e  environment on l a r v a l  
s u r v i v o r s h i p  depends upon a thorough knowledge o f  these 
developmental changes and t h e  t i m i n g  o f  t r a n s i t i o n  from t h e  
p l a n k t o n i c  t o  nektonic  s ta tes .  The t i m i n g  o f  t h e  t r a n s i t i o n  
depends, of course, on t h e  a v a i l a b i l i t y  o f  food, as w e l l  as 
temperature s p e c i f i c  growth ra tes .  

“The key goal of research on interannual variability of fish 
stocks is prediction of survivorship until the strength of the 
year class is identified” 

It may never be p r a c t i c a l  t o  use t h e  r e s u l t s  o f  l a r v a l  counts o r  
extens ive envirormental  measurements t o  prov ide t i m e l y  and accurate 
est imates o f  year-c lass s t reng th .  I n  addi t ion,  methods a1 ready 
e x i s t  f o r  e a r l y  e s t i m a t i o n  o f  y e a r  c l a s s  s t reng th  i n c l u d i n g  
commercial catches o f  small f i s h ,  t r a w l  o r  acoust ic  surveys. I 
b e l i e v e  t h e  key goal o f  research on y e a r  c l a s s  v a r i a b i l i t y  i s  t o  
e s t a b l i s h  how t h e  abundance o f  t h e  a d u l t  stock a f f e c t s  t h e  s t r e n g t h  
o f  incoming yea r  c lasses and t o  i d e n t i f y  t h e  cond i t i ons  which cause 
the  occasional  and remarkable r i s e s  o r  f a l l s  i n  populat ions (Hunter 
e t  a l . ,  1976.) C l e a r l y ,  t h e  e f f e c t  o f  stock s i z e  on rec ru i tmen t  i s  
a c r i t i c a l  issue s ince  t h e  o n l y  o p t i o n  a v a i l a b l e  t o  managers i s  
r e g u l a t i o n  o f  catch. 

“It is uncommon to encounter larvae dead of starvation” 

I f e e l  p a r t i a l l y  respons ib le  f o r  t h i s  quo ta t i on  as i t  r e f l e c t s  
perhaps an extreme p o s i t i o n  t h a t  I took i n  my r e p o r t  f o r  F i s h  
Ecology 111. Consequently, I summarize below some o f  t h e  more 
impor tan t  evidence f o r  t h e  r e l a t i v e  r o l e  played by s t a r v a t i o n  and 
p r e d a t i o n  o f  marine f i s h  larvae.  
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Evidence f o r  l a r v a l  s t a r v a t i o n  

1. Most l a b o r a t o r y  work i n d i c a t e s  t h a t  marine l a r v a e  a t  the onset 
o f  feeding a re  h i g h l y  vu lne rab le  t o  s t a r v a t i o n  because they 
search such a small volume o f  water, have low feeding success, 
and a re  unable t o  w i ths tand  pro1 onged s t a r v a t i o n  (Hunter, 1981). 

2. The food d e n s i t i e s  r e q u i r e d  f o r  h i g h  s u r v i v a l  i n  t h e  laboratory  
a r e  n o t  found i n  t h e  open sea, i m p l y i n g  t h a t  l a r v a e  must depend 
on t h e  patch iness of food and s t a b l e  oceanographic cond i t i ons  
t o  s u r v i v e  (Hunter, 1981). 

3. I n  inshore areas, t h e  inc idence o f  s t a r v i n g  anchovy (4-10 mn) 
us ing h i s t o l o g i c a l  c r i t e r i a  ( i n  my mind t h e  on ly  r e l i a b l e  
method) was 8% (O'Connell, 1980) and no l a r v a e  >10 mm l ong  were 
s ta rv ing .  I n  o f f s h o r e  areas about 50% o f  f i r s t  feeding jack 
mackerel l a r v a e  were s t a r v i n g  b u t  t h e  f r a c t i o n  o f  s t a r v i n g  
l a rvae  decreases r a p i d l y  w i t h  l a r v a l  age, reaching zero i n  2- 
week-old l a r v a e  (G. Thei lacker ,  pers. comm.). These f r a c t i o n s  
were n o t  ad justed f o r  t h e  d u r a t i o n  of t h e  l a r v a l  stage and can- 
n o t  be compared t o  d a i l y  m o r t a l i t y  ra tes.  On a d a i l y  b a s i s  the  
f r a c t i o n  o f  s t a r v i n g  l a r v a e  may be lower as the  f i r s t  feeding 
stage o f  j a c k  mackerel p e r s i s t s  f o r  2-3 days. 

Evidence f o r  p reda t ion  

1. The h ighes t  losses occur du r ing  t h e  embryonic p e r i o d  (egg and 
yo lk-sac stages) where s t a r v a t i o n  can be e l im ina ted  as a 
source o f  mor ta l  i ty. 

2. A g r e a t  v a r i e t y  o f  i n v e r t e b r a t e s  and f i s h e s  are known t o  con- 
sume eggs and l a r v a e  (Hunter, 1981; B a i l e y  and Yen, 1983) and 
h i g h  consumption r a t e s  o f  eggs o r  l a r v a e  have been documented 
i n  a few cases (Hunter and K imbre l l ,  1981; MOller,  1980). 

3. Our most accurate m o r t a l i t y  est imates f o r  post-embryonic 
anchovy (1980-1983) l a r v a e  g i v e  no s ign  o f  an increase i n  
m o r t a l i t y  a t  t h e  onset o f  feeding. I naccu ra te  aging might mask 
t h e  c r i t i c a l  per iod;  t h e  f i r s t  feeding p e r i o d  i s  t he  most d i f -  
f i c u l t  l i f e  stage t o  assign an age o r  d u r a t i o n  because o t o l i t h s  
cannot be used t o  age larvae.  

4. Growth r a t e s  o f  c lupeo id  l a r v a e  i n  t h e  sea based on d a i l y  
increments i n  o t o l i t h s  seem t o  i n d i c a t e  t h a t  they grow a t  t h e  
same r a t e s  as they do a t  t h e  l a b o r a t o r y  when given abundant 
food ( B l a x t e r  and Hunter, 1982). 

5. I n  l a r g e  enclosures cod l a r v a e  have extremely h igh  s u r v i v a l  
when p reda to rs  are excluded and food d e n s i t i e s  are equ iva len t  
t o  those i n  t h e  sea ( E l  l e r t s e n  e t  a1 . , 1981 1.  

These asse r t i ons  a re  based on very few f i e l d  s tud ies and c l e a r l y  
t h e  dominant mechanism may vary among species, h a b i t a t s  and years.  
What i s  c e r t a i n  i s  t h a t  t h e  inc idence o f  s t a r v a t i o n  o r  slow growth 
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can be documented w i t h  greater ease and accuracy than rates of 
predation because of the existence of starvation-hi stology and 
otol i th-agei ng methodologies. No similar advances have been made 
t h a t  facilitate studies of predation. 

“One must conclude that in recent years meso-scale 
ichthyoplankton surveys have not greatly improved 
understanding and Rothschild et al. propose as an 
alternative, a more holistic approach on trophodynamics 
of micro- and fine-scale ecosystem” 
This p o i n t  of view reflects an interesting hypothesis which links 
survival of planktonic larvae t o  the environment i n  a novel and 
functional way (the stabi 1 i ty  hypothesi s, Lasker, 1981 1. On the 
other hand,  I believe t h a t  this i s  misleading advice for an  overall 
program on recruitment mechanisms when the species spawn over a 
large geographic area and the localities from which the survivors 
originate vary unpredictably i n  space and time. Under these 
circumstances surveys which del i’mi t the spawning h a b i t a t  (meso- 
scale surveys) are essenti a1 f o r  the fol 1 owing reasons: 

1. Testing of the stability hypothesis or any other larval sur- 
vival mechanism must be set in the context of the spawning dis- 
tribution of the population and this information can only be 
provided by meso-scale surveys. Knowledge of events i n  a small 
segment of the popu la t ion  i s  n o t  sufficient for estimating 
effects on the population as a whole. 

Rates of mortality are powerful research tools b u t  they require 
meso-scale surveys. Mortality rates cannot be measured over a 
segment of the population because of dispersion and advection 
of 1 arvae. 

2. 

3. The annual production of eggs and larvae over the season must 
be known i n  order t o  determine whether changes in year class 
size are a resul t of differences in larval mortal i t y  or due t o  
differences i n  the annual or seasonal production of eggs. I f  
the annual egg production i s  unknown one i s  unable t o  use a 
powerful too l ,  the birthdate distribution of the juveniles, fo r  
assaying the qual i t y  of the environment (Methot, 1981). 

4. Many of the hypotheses of survivorship of larvae can only be 
studied on a meso-scale, for example, the larval dr i f t  hypoth- 
esis and the expansion of spawning range hypothesis of MacCall 
(1980) and Lasker and MacCall (1983). 

5. Most. o f  the significant advances t h a t  have been made i n  recent 
years on the ecology of northern anchovy were made chiefly as 
a result of meso-scale surveys. 

These comments apply t o  most of the commercially important marine 
fish stocks t h a t  spawn over a broad geographic area. On the other 
hand, micro-scale, s i te  intensive studies alone would be 
preferable under several special circumstances: when the young 
destined t o  perpetuate the population originate from a small area 
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t h a t  i s  constant  i n  l o c a t i o n  and time; o r  when they o r i g i n a t e  from 
an oceanographic feature which i s  p r e d i c t a b l e  i n  space and time; o r  
when they su f fe r  t h e  same f a t e  over the  e n t i r e  spawning h a b i t a t .  
Most impor tan t l y ,  t h e  answer t o  t h e  quest ion o f  whether o r  no t  
these specia l  circumstances apply t o  a g i ven  species probably 
r e q u i r e s  spawni ng-habi t a t - s c a l  e (meso-scal e )  surveys. Perhaps the  
f a i l u r e  of many meso-scale surveys has been t h a t  they were n o t  
s u f f i c i e n t l y  ex tens i ve  t o  d e l i m i t  t h e  spawning h a b i t a t  i n  space and 
t ime nor  s u f f i c i e n t l y  i n t e n s i v e  t o  reveal  b i  o l  ogi  c a l  processes. 

I n  summary, t o  l i m i t  work on r e c r u i t m e n t  mechanisms t o  s i t e  
i n t e n s i v e  microscale s tud ies  i s  n o t  adv isable unless documentation 
e x i s t s  t h a t  t h e  s i t e  i s  t r u l y  rep resen ta t i ve  o r  t h a t  i t  conta ins 
most o f  t h e  p o t e n t i a l  su rv i vo rs .  I f  these c o n d i t i o n s  are n o t  met 
then use o f  on l y  s i t e  i n t e n s i v e  work i s  t o  focus on only  a few o f  
t he  p o s s i b l e  m o r t a l i t y  processes w i t h o u t  adequate geographic and 
temporal context ,  and t o  i gno re  some o f  t he  most powerful  t o o l s  f o r  
understanding ( b i  r t h d a t e  d i s t r i b u t i o n s ,  j u v e n i l e  abundance, 1 i f e  
stage s p e c i f i c  m o r t a l i t y  r a t e s  and v a r i a t i o n  i n  spawn 
d i s t r i b u t i o n ) .  It i s  c e r t a i n l y  impor tan t  t o  do such work, n o t  as 
an a1 t e r n a t i v e  t o  meso-scale research, b u t  i n  con junc t i on  wi th it. 
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