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PREDATION IN THE PLANKTON REALM; 
MAINLY WITH REFERENCE TO FISH LARVAE 

ANGELES A L V A R I ~ O  * 

RESUMEN 

Se presentan y discuten 10s t r aba jos  sobre depredaciGn, en 
10s organismos que s i rven de alimento a 10s zooplanctontes car- 
nivoros, incluyendo ademss informaci6n, que se encuentra d i s p e r  
sa  en l a  l i t e r a t u r a ,  sobre l a s  d i e t a s  de 10s animales planct6ni - 
cos carnivoros.  Con e s t a  revis i6n se es tablece l a  importancia 
que t i e n e  e l  proceso de depredaci6n en 10s mecanismos implica- 
dos en l a  supervivencia de l a r v a s  de peces. 

Se recopilan 10s datos  publicados y l a  informaci6n perso- 
nal  i n g d i t a ,  sobre l a  alimentaci6n de l a s  especies de 10s prin-  
c i p a l e s  depredadores en e l  plancton; Medusas, Condr6foros, S i fo  
n6foros , Cten6foros , Quetognatos , Copgpodos , Eufsusidos , Anf TpO - 
dos, Crustsceos, Deczpodos, Poliquetos,  Moluscos. 

La informaci6n que e x i s t e  sobre l a  d i e t a  de 10s depredado- 
r e s  planct6nicos ind ica ,  que e s t o s  animales t ienen que i n g e r i r  
alimento continuamente para subvenir a s u s  r e q u i s i t o s  en pro- 
t e i n a s ,  debido a s u  incapacidad de almacenar en e l  cuerpo sus-  
t anc ia s  de reserva.  Esta pa r t i cu la r idad  se r e f l e j a  en s u  com- 
portamiento, alimentsndose ac t iva  y continuamente. Estos vora- 
ces  animales aparecen abundantes en 10s mares en todas las GPO- 
cas del  aiio, afectando e l  balance ecol6gico, y asimismo a las  
poblaciones de animales de importan’cia en l a s  pesquerzas. 

La informaci6n publicada sobre especies planct6nica.s depre 
dadoras y sus presas  aparece recopilada en v a r i a s  t ab la s .  
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ABSTRACT 

This discussion and presentat ion encompass published works 
on predat ion,  food organisms of carnivorous plankton and perti- 
nent d i e t a r y  information included under d i f f e r e n t  t op ic s  i n  the  
l i t e r a t u r e .  
and r e l a t e d  subjects t o  better understand some of the  mechanis- 
m s  involved i n  the f i s h  la rvae  surv iva l .  

The a i m  of t h i s  review i s  t o  e luc ida te  predat ion 

Data are compiled on the feeding of main plankton preda- 
t o r s ;  Medusae, Siphonophorae, Chondrophorae, Ctenophora, Chae- 
tognatha,  Copepoda, Euphausiidae, Amphipoda, Decapod Crustacea,  
Polychaeta, Cephalopoda, within the  scope of the  information 
published, together  with personal unpublished da ta  obtained 
along years  of study. 

The information on the  d i e t a r y  c h a r a c t e r i s t i c s  of most 
planktonic  predators  ind ica te  t h a t  these carnivorous animals 
need t o  feed continuously t o  f u l f i l l  t h e i r  requirements f o r  
pro te in  in take ,  and their i n a b i l i t y  t o  s t o r e  food reserves  i n  
t h e i r  bodies, which i s  implied by t h e i r  ac t ive  feeding beha- 
vior .  These voracious animals appear i n  la rge  numbers i n  some 
years and areas, and t h i s  abundance a f f e c t s  the  ecologica l  ba- 
lance of  the  environment, and subsequently the  pupulations of 
animals of importance i n  the commercial f i s h e r i e s .  

Published information on predatory plankton species i s  com - 
p i l e d  i n  tables. 

INTRODUCTION 

The marine f i shes  of commercial importance have an extreme 
l y  high fecundity;  mor ta l i ty  must, therefore ,  be correspondly 
high during c e r t a i n  l i f e  s tages  i n  order  t o  give balance t o  the 
population. Joubin ( 3924) discussed t h i s  f ac to r  and s t a t e d ,  
"mais tous  ces pe t i t  poissons n l a r r i v e n t  pas  a l e u r  6 t a t  adul t ;  
l eu r  des t ruc t ion  e s t  intense e t  necessaire  pour arriver un 
equ i l ib re  e n t r e  l a  quanti& de nourr i ture  e t  le nombre de ceux 
qui l a  mangent". 

Most mor ta l i ty  i s  believed t o  occur i n  the f i r s t  few 
months of l i f e  (Gulland 1965, Lasker 3965, 3975, and May 1974); 
during the  egg, l a r v a l ,  and juveni le  s tages .  For example, i n  
~ ~ O p h  caehdea, 99% mor ta l i t y  of the  of fspr ing  occurs i n  a 
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period from the egg t o  the  pre-metamorphosed l a r v a l  s tage .  

Many f a c t o r s  cont ro l  the su rv iva l  of eggs, l a rvae ,  and 
young f i s h ,  and it i s  widely accepted t h a t  abundance of eggs 
and s t rength  of l a r v a l  s tages  determine the s i z e  of the  recru i -  
t i n g  population (Ahlstrom, 1966). The magnitude of the  recru i -  
t i n g  f i s h  stock i s  influenced by va r i ab le s  such a s  spawning 
(qua l i t y  and quan t i ty  of eggs) ;  the oceanic environment (mecha- 
n i c a l  e f f e c t s  r e l a t e d  t o  dis turbance of waves and c u r r e n t s ) ;  
physical  f a c t o r s  (temperature and l i g h t  and cu r ren t s  which may 
t r anspor t  the  la rvae  i n t o  unfavourable environment) ; chemical 
f ac to r s  ( s a l i n i t y ,  oxygen and p o l l u t a n t s ) ;  and b io log ica l  fac- 
t o r s  such as food supply and predat ion.  While the  r e l a t i o n s  of 
most of these f a c t o r s  t o  abundance of f i s h  generat ions have 
been independently analyzed, it would appear t h a t  combined ana- 
ly ses  of the  i n t r i n c a t e  i n t e r a c t i o n  of a l l  t he  f a c t o r s  a f f e c t i n g  
the  fu ture  of the  f i s h  generation are  needed. Graham (1943) 
ind ica ted ,  " w i s e  adminis t ra t ion of the  F i she r i e s  must work with 
the  n a t u r a l  processes  of the  Sea". 

An important p a r t  of the f i she ry  inves t iga t ions  is  t h e  
study of f luc tua t ions  i n  the r e l a t i v e  s t rength  of t h e  d i f f e r e n t  
age groups (Hardy, 1956) . " Iden t i f i ca t ion  of t h e  mechanisms 
regarding recruitment w i l l  probably requi re  the  study of t he  
e n t i r e  l a r v a l  and juveni l  s tages"  (Hunter, 1979) i n  order  t o  e2 
tab l i sh  the  d i f fe rence  between good and bad year c l a s s e s  CBara- 
nenkova, 1961). 

Research on the  abundance of eggs and la rvae  began subse- 
quent to  Hensen's (3887) development of a method t o  es t imate  
adu l t  f i s h  populations using ca l cu la t ions  based on the  number 
of eggs co l l ec t ed  a t  sea.  
severa l  spec ies  of f i s h ,  together  w i t h  measurements on the fecu- 
d i t y  of females, enable inves t iga to r s  t o  es t imate  the  t o t a l  spaw - 
ning stock.  The number of eggs spawned w i l l  vary w i t h  t he  num- 
ber of t he  a d u l t  f i s h  on the  grounds, bu t  s c a r c i t y  of one p a r t i  
cular year c l a s s  is  no t  necessar i ly  due t o  any decrease i n  the- 
number of reproducing adu l t s .  

The abundance of the  eggs spawned by 

The su rv iva l  of eggs, l a rvae ,  and juveni les ,  f l u c t u a t e s  
throught the  years; a t  t i m e s ,  a large adu l t  population may give 
only a small number of r e c r u i t s ?  and v ice  versa. Poulsen (1944) 
demonstrated a co r re l a t ion  between f luc tua t ions  i n  numbers of 
larvae and a d u l t  f ish,  that w a s  based on l a r v a l  generation; he 
believed t h a t  the frequency of a year c l a s s  and i ts  e f f e c t s  on 
the  s i z e  stock ( i n  this case cod) was already determined a t  t h e  
l a r v a l  s tage  . 
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The analyses of f a c t o r s  involved i n  the l i f e  of f i s h  indi-  
cate  t h a t  the major causes of l a r v a l  mortal i ty  a r e  s t a rva t ion  - 
and predation, and that these i n t e r a c t  with o the r  environmental 
and b i o t i c  f a c t o r s  (Hunter 1976). H u n t e r  (1979) s t a t e s  t h a t  i n  
order t o  " iden t i fy  mortal i ty  a t  sea,  the incidence of s tarva-  
t ion and predat ion must  be estimated over the spawning range of 
the species  and a t  a l l  l i f e  s t ages ,  and these lo s ses  compared 
t o  estimated rates of mor t a l i t y .  "There i s ,  however, disagree- 
ment as t o  which f a c t o r ,  s t a rva t ion  o r  predat ion i s  more inf luen 
t i a .  

- 

Until r ecen t ly ,  more emphasis had been given t o  the lack 
of food as the  main cause of l a r v a l  mor t a l i t y  i n  many s tocks of 
marine f i s h ,  because it w a s  assumed t h a t  the r a t e  of predatory 
mortal i ty  i n  the stock of f i s h  larvae w a s  mainly determined by 
the number of predators ,  with no consideration f o r  t h e i r  feeding 
capacity,  and considering t h a t  the larvae were able t o  avoid the 
predators .  H e m p e l  (1965) f u r t h e r  assumed t h a t ,  " I n  many cases ,  
years of high predator abundance a re  a l s o  years of r i c h  food 
abundance f o r  the f i s h  larvae,  and the food f o r  the larvae i s  
often a l s o  the main food f o r  the planktonic predators".  

The amount and q u a l i t y  of food ava i l ab le  t o  the larvae does 
influence t h e i r  su rv iva l ,  producing robust,  healthy l a rvae ;  
when food i s  scarce,  larvae a re  weak , small , and more vulnerable 
t o  predation and s ickness .  

Losses by s t a r v a t i o n  a re  heavy, because larvae are s m a l l  
and require  food of various q u a l i t i e s ,  s i z e s ,  and i n  s p e c i f i c  
q u a n t i t i e s ,  a t  t h e  various s t ages  of the l a r v a l  period (Lasker 
1965). Murphy (1961) estimated the amount of food ava i l ab le  
f o r  the calculated densi ty  of spawned larvae and found t h a t  food 
organisms f o r  &.m&nOp C U e m h U  appear t o  be ''1 t o  500 o r  I t o  
1500, o r  g rea t e r  i n  70 percent  or 50% of the s t a t i o n s ,  r e spec t i -  
vely' ' .  H e  a l s o  ca l cu la t ed  the dis tance each food i t e m  would be 
from the sardine l a rvae ,  and found it t o  be 5 c m  t o  3 cm o r  less. 

Blaxter and Hempel (1963) have shown t h a t  l a r g e r  s i zed  eggs 
of Ceupea hatrengw produce l a r g e r  and h e a l t h i e r  larvae which ha- 
ve a b e t t e r  chance of su rv iva l  than those hatched from small 
eggs. However, feeding must  be establ ished before the yolk sac  
is  absorbed, otherwise d e a t h o f t h e  larvae i s  unavoidable. In so 
me cases ,  the su rv iva l  capacity of larvae i n  laboratory experi-  
ments does not appear t o  be de,pendent on the s i z e  of the eggs,  
but  r a t h e r  on the  a v a i l a b i l i t y  of food (Ciechomski (1966) with 
larvae of Argentina anchovy). 

- 

Apparently, both l a rge  s i z e  i n  
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normally cons t i t u t ed  eggs, and s u i t a b l e  food are  f a c t o r s  t o  be 
considered i n  the survival  capacity of the larvae.  

Although a number of publ icat ions dea l  with the planktonic 
food of f i s h  l a rvae ,  the e x t e n t  of mortal i ty  due t o  predation 
has not been thoroughly determined, even though t h i s  f a c t o r  i s  
widely accepted by marine b i o l o g i s t s  who consider t h a t  losses 
of larvae by predation may be high and r e l a t e d  t o  the abundance 
and types of predators  (Alvariiio 197Gb, 1977, 1979 and 1980b). 
m i l e  s t a r v a t i o n  cannot be c l e a r l y  evidenced i n  the f i e l d ,  pre- 
dation i s  a r e a l  phenomenon, observed by p l ank to log i s t s  when 
analyzing the plankton mater ia l  , because f i s h  larvae , under va- 
r ious degrees of d iges t ion ,  can be seen inside the predators '  
d i  ge s t ive t r a c t  . 

I n  addi t ion t o  these b i o t i c  f a c t o r s ,  the mortal i ty  of 
f i s h  larvae may a l s o  be a f f ec t ed  by a b i o t i c  f a c t o r s  such a s  
wave ac t ion  and l i g h t  i n t e n s i t y  (Hempel and Weikert 1972, Pome 
ranz 1974). Wave act ion has f o r  a long t i m e  been considered a- 
cause of severe mortal i ty  of pelagic  f i s h  eggs (Rollefsen 
1930, 1932; Devold 1935; Zaitsev 1968, and Ponuneranz 1974). U1 - 
t r a v i o l e t  l i g h t  may be dangerous t o  pelagic  egqs and larvae 
when they a r e  close t c  the surface waters (Marinaro and Bernard 
1966; Hunter, Taylor, and Moser 1979), and l i g h t  a l s o  appears 
t o  be more harmful t o  demersal egqs which usually develop a t  
low l i g h t  i n t e n s i t i e s .  I n  add i t ion ,  "the v e r t i c a l  pos i t i on  of 
larvae i n  the sea i n  r e l a t i o n  t o  t h e i r  food, predators  and time 
of day needs t o  be considered" (Hunter 1979) , as does water 
temperature. 

Temperature during incubation and during yolk sac s t ages  
a f f e c t s  duration of development and eventual survival  of t h e  
l a r v a l  s tage ( t h e  most vulnerable period i n  the l i f e  cycle of 
f i s h )  , and a l s o  the metabolic a c t i v i t y  of the f i s h .  

All these f a c t o r s ,  both b i o t i c  and a b i o t i c ,  i n t e r a c t  i n  d i f  - 
ferclit ways and degrees,  on f i s h  larvae,  t h e i r  prey species ,  
and t h e i r  predators .  Some of these in t e rac t ions  are  discussed 
i n  the following examples. 

In the Cal i fornia  region, the most outstanding ocean fea- 
ture  is  the Cal i fornia  Current System, which a f f e c t s  the tempe- 
ra ture  of the ocean i n  t h i s  region and the qua l i t y  and abundan- 
ce of i t s  f a u n i s t i c  complex. From 1944 t o  1956 temperatures i n  
the oceanic region off Ca l i fo rn ia  were lower t h a n  usual ,  and 
from 1957 t o  1960 temperatures were higher than usual .  Tempera 
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t u r e s  from 1960 t o  1964 w e r e  lower than those i n  the  e a r l y  fif- 
ties. From 1965 t o  p resen t  temperatures i n  t h i s  region could 
be considered high,  on the  average (with some year ly  f luctua-  
t i ons )  bu t  n o t  as high as f o r  the  la te  1950's. H i s t o r i c a l  re- 
cords (Murphy 1961) ind ica t e  that " w a r m  years  tend  t o  be asso- 
c i a t ed  with good year classes and cold years  with poor ones" 
fo r  sardine.  H e  examined the  p o s s i b i l i t y  t h a t  cold temperatures 
may increase l a r v a l  mor ta l i ty  due t o  preda tors  or/and that cold 
temperatures are assoc ia ted  with o ther  f a c t o r s  a f f ec t ing  the  sar 
dine population. H e  a l s o  suggested t h a t  low temperatures might- 
prolong the  larval  phase,  lengthening t h e  vu lne rab i l i t y  of t h e  
larvae t o  predat ion.  

Data I obtained during my s tud ie s  of  t he  plankton o f f  C a l i  - 
fo rn ia  ind ica ted  t h a t  t h e  abundance of  preda tors  (mainly chae- 
tognaths) is  g rea t e r  during cold years  than during w a r m  years .  
In addi t ion ,  they are of l a r g e r  s i z e ,  and t h e i r  populat ions co- 
ver  a l a r g e r  area of t h e  Cal i forn ia  Current Region. Low tempe- 
r a tu re s  prolong the  l a r v a l  s tage  of t h e  f i s h ,  increasing t h e i r  
vu lne rab i l i t y  t o  the  e v e n t u a l i t i e s  of the  oceanic environment, 
including predat ion.  During cold per iods ,  the  predatory orga- 
nisms present  are more abundant, of l a r g e r  s i z e ,  and are a t  
t h e i r  peak of predatory capaci ty .  
on f i s h  la rvae ,  bu t  a l s o  compete for food with t h e  f i s h  la rvae  
and plankton consuming f i s h .  

These preda tors  no t  only feed 

ZOOPLANKTON PREDATION 

Fish la rvae  mor ta l i ty  by predat ion has  been discussed by 
Lebour 1922, 1923 and 1925; Bigelow 3926; Murphy 1963; Fraser  
1969; Hempel ¶965; Dekhnick e t  a 1  3970, e tc . ,  and the  ana lys i s  
of t he  l i t e ra ture  r e l a t e d  t o  mor ta l i ty  of f i s h  la rvae  ind ica t e s  
t h a t  predat ion may be responsible  f o r  a high t o l l .  Indeed, 
Johannes (1978) i n  discussing s t r a t e g i e s  of reproduction i n  fi- 
shes,  i n d i c a t e s  t h a t  "predation appears t o  be more important 
than a v a i l a b i l i t y  of food i n  inf luencing where, when and how man 
y (Tropical marine) f i s h e s  spawn and where t h e i r  eggs and l a r -  
vae a re  d i s t r ibu ted" .  

- 

The younger growth s tages  of f i s h  cons i tu te  p a r t  of the 
plankton r e a l m .  Although the  study of changes i n  t he  plankton 
holds "important keys to  a better understanding of success of 
f a i l u r e  i n  the f i s h e r i e s "  (Hardy 19561, l i t t l e  has  been  publ i -  
shed on the  feeding a c t i v i t y  of  the main predatory organisms of 



PREDATION I N  THE PLANKTON 7 

the plankton realm. What i s  known on the  subject  i s  sca t t e red  
through the l i t e r a t u r e ,  i n  few l i n e s  included i n  works no t  dea- 
l i n g  s p e c i f i c a l l y  w i t h  predation. 

Murphy (1961) considers t h a t  “ f i s h  larvae w i l l  be sub jec t  
t o  roughly the same rate of predat ion,  as have other  organisms 
i n  the plankton possesiny the same general  dimensions and 
behavioral  c h a r a c t e r i s t i c s ” .  Predation the re fo re ,  can become 
an important f a c t o r  i n  the  study of f i s h  populations,  pa r t i cu -  
l a r l y  of food. Murphy (1961) be l i eves  t h a t  “ the  intense preda- 
t i o n  t y p i c a l  of the plankton community i s  responsible f o r  the 
rapid decl ine i n  numbers of sardine l a rvae ,  and v a r i a t i o n s  i n  
t h i s  r a t e  of predation a re  pr imari ly  responsible f o r  v a r i a t i o n s  
i n  the r a t e  of survival .  Medusae, Chondrophora, Siphonophorae , 
Ctenophora , Chaetognatha, pelagic  Polychaeta, and other  carni-  
vorous zooplankters n o t  only impose a heavy t o l l  on the  d e l i c a t e  
f r y  of many f i s h  species ,  but  a l s o  compete with them f o r  the 
same food. These voracious animals are present  i n  g r e a t  numbers 
i n  some years and a reas ,  a f f e c t i n g  the ecological  balance of the 
micro-environment of the oceans. 

The diagram (Fig.  1 in  Alvariiio 1976b) of plankton volumes 
and average number of Chaetognatha f o r  1954 and 1958 off  C a l i -  
fornia  shows t h a t  large volumes of zooplankton correspond t o  low 
number of chaetognaths and vice versa.  In  addi t ion,  high volu- 
mes of zooplankton only i n  few cases coincide with good genera- 
t i ons  of anchovy larvae.  (Note: plankton volume i s  a magnitu- 
de which does not provide proper b io log ica l  information r e l a t i v e  
t o  the micro-environment. Different  types of organisms are i n t e  
grated i n  t h a t  volume, which are no t  accounted f o r  and could be- 
c r i t i c a l  t o  t he  study. Volume of samples a r e  numbers w i t h  no 
major b io log ica l  s ign i f i cance ,  and should not  be used t o  draw 
biological  conclusions. The t e r m  “plankton“ encompasses a l l  the  
zoological i nve r t eb ra t e  groups a t  any s tage of development i n  
the ocean, including the ve r t eb ra t e s ,  f i s h  eggs and larvae.  I t  
i s  the re fo re  necessary t o  know not only the amount, volume, o r  
number f o r  each of the plankton groups i n  the plankton sample, 
but  a l s o  the abundance of each of the species  in t eg ra t ed  i n t o  
the t o t a l  volume of plankton) .  

Strasburg (3960) compared da ta  on tuna larvae (Kdtnuwanun 
~&IJ?IY~ and Thulz~W atbaamen combined) and invertebrate  plank- 
ton volumes; and he found t h a t  large catches of tuna larvae 
coincided with small o r  moderate volumes of plankton, while 
poorest and r i c h e s t  catches of plankton contained few larvae.  
Large number of zooplankters coinciding with low numbers of f i s h  
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larvae could ind ica t e  t h a t  predators  were abundant i n  the 
plankton, and have been devouring tuna larvae.  Small plankton 
volumes and high numbers of tuna larvae imply t h a t  plankton 
present served as  food f o r  the tuna larvae and t h a t  few o r  no 
predatory species  were present .  The consideration on this in- 
d i ca t e s  t h a t ,  it is  not  advisable t o  compare f a c i e s ,  such as 
f i s h  larvae and plankton, a s  Strasburg has done, when one of 
the f a c t o r s ,  plankton, includes many unident i f ied species.  
There is  need t o  explain the abundance of each of the  species  
included i n  t h e  plankton volume being discussed. 

Analysis of zooplankton and f i s h  larvae co l l ec t ed  a t  the 
low p a r t  of the Newport River Estuary, North Carolina (Thayer 
e t  a 1  1974) , i nd ica t e s  both an increase i n  the zooplankton 
abundance p r i o r  t o  the seasonal immigration of l a r v a l  f i s h  i n t o  
the e s tua ry  and a general  decrease i n  zooplankton during the 
period of l a r v a l  abundance. Copepods were dominant i n  most 
co l l ec t ions  (comprising up t o  81% of the zooplankton) and the 
r e s t  included barnacle l a rvae ,  ostracods,  cladocerans, crusta- 
cea larvae,  and chaetognaths. These d a t a  demonstrate the in-  
verse r e l a t i o n  i n  abundance between f i s h  larvae and t h e i r  food; 
a decrease i n  one ind ica t e s  an increase i n  the o the r .  This 
inverse r e l a t i o n  between number of l a r v a l  f i s h  and the  volume 
of plankton was a l s o  noted by A l i  Khan and H e m p e l  (1974) i n  
the c o l l e c t i o n s  from the  Gulf of Aden. 
Talbot (1973) i n  the southern p a r t  of the North Sea showed 
t h a t ,  i n  general ,  the abundance of eggs and larvae of P&ukorzCc 

p&LtehhC4 (p la ice)  w a s  inversely r e l a t ed  t o  abundance of 
predators .  

Studies  by Harding and 

- 

The copepods Acahtia, CevLfir~pageb, EU&Lhpha, and TWnoha 
appeared t o  be the  major food items of l a r v a l  f i s h  i n  the New- 
po r t  River e s tua ry ,  decl ining from a mean of 81% of the biomass 
i n  March t o  a mean of 48% during June-July f o r  the years of 
survey, 1970-1972. Thayer e t  a1 (3974) thus s t a t e d ,  "Maximum 
d e n s i t i e s  of f i s h  larvae coincided with the period of zooplank- 
ton decline".  However, t h e  diagrams included i n  the work do 
not  show a sharp r e l a t i o n  of those parameters f o r  1970 and 1971, 
and the s i t u a t i o n  of the plankton during p a r t  of 1972 i s  unknown 
as  plankton da ta  f o r  t h i s  year only covered January t o  Apri l .  
I n  1970 the zooplankton peaked p rec i se ly  i n  March-April, b u t  i n  
1971 the peak occurred i n  May, a f t e r  r i s i n g  from a low value i n  
February. Thayer e t  a 1  (1974) found some discrepancies i n  
t h e i r  ca l cu la t ions  due t o  t h e  f a c t  they only considered two fac  
t o r s ,  f i s h  larvae and plankton a s  food, neglect ing type of 
plankton, abundance of food i t e m s ,  and abundance and i d e n t i f i c a  
t i o n  of plankton predators  on f i s h  larvae.  

- 

- 
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Studies on the d i s t r i b u t i o n  and su rv iva l  of C&lpea p&Ui  
Vallenciennes (herr ing)  larvae i n  the B r i t i s h  Columbia waters 
(St.evenson 1962) ind ica t e  t h a t  predation, lack of food, and tem - 
perature were not considered mortal i ty  f a c t o r s  a t  inshore wa- 
t e r s ,  the loss of larvae was due t o  seaward t r anspor t  of the 
larvae by currents .  However Stevenson did observe predation by 
Ctenophora , Medusae and Chaetognatha on he r r ing  larvae during 
the period of study, 1947 t o  1951. Although the species  of pre 
dators  and t h e i r  abundance were not determined; Stevenson cons: - 
dered only percentage of predators  as evidenced i n  the a c t u a l  
sampling, with no information on the r e l a t i o n  between number of 
individuals  per  predatory species  and t h e i r  predatory capaci ty ,  
and co-occurrences with f i s h  larvae.  Lucas and Henderson (1936) 
discovered t h a t  good catches of he r r ing  were not usually taken 
where j e l l y f i s h  abounded. Poulsen (1944) reviewed the r e s u l t s  
of a s e r i e s  of plankton observations and the occurrence of 
young cod i n  the Danish region f o r  the period of 1932 t o  1933, 
and found a co r re l a t ion  between the number of young cod i n  r ing 
trawl catches i n  April and May and the kind of plankton i n  the 
same region, and Hunter (1984) analysed r e l a t i o n  of cod larvae 
and predation. 

Study of the v e r t i c a l  d i s t r i b u t i o n  of the l a r v a l  and post-  
l a r v a l  s t ages  of f i s h e s  of commercial importance (Russel 1925) 
i n  the B r i t i s h  I s l e s  region, were r e l a t e d  t o  t h e i r  occurrence 
with other  organisms, including both food and predators.  The 
numerical abundance of the Chaetognatha Sagi,t-f-a kde5avlA and 
s. be..toaa i n  the At l an t i c  region off  the English channel 
(Russel 1933) together with abundance of Copepoda, other  Crus-  
tacea,  Medusae, Siphonophorae, and Ctenophora i n  1930 col lec-  
t i ons  were compared with young f i s h  data  f o r  the same col lec-  
t i ons  (Russel 1935a). The ana lys i s  of these data  ind ica t e s  - 
t h a t  abundance of young f i s h  w a s  coincident with r i ch  .food 
plankton, and low concentration of young f i s h  coincided with 
great  abundance of Medusae , Siphonophorae and Ctenophora. I t  
was observed i n  the same set of data  high concentration of s. 
degam occurred i n  waters r i c h  i n  C&nw di.mcV~ckicu, Mdfi- 
diu hcenb ,  Candacia cuunda, Anarncdocetra patehhoni,  and zoeas; 
and low concentration of s. d k J U k I h  and/or high abundance of 
s. b&oba w a s  coincident with high concentration of species  of 
Medusae , Siphonophorae and Ctenophora. 

Studies  on changes i n  abundance of f i s h  larvae off Plymouth, 
England, w e r 8  r e l a t ed  (Russel l  193513) t o  v a r i a t i o n s  i n  environ- 
mental condi t ions,  mainly temperature and a v a i l a b i l i t y  of ade- 
quate food supply f o r  the larvae (important f ac to r  i n  the success 
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of the year  c l a s s ) ,  and abundance of predatory planktonic orga- 
nisms. The r e s u l t s  showed absence of the  normal peak of abun- 
dance of f i s h  larvae from spring spawning f i s h ,  probably due t o  
concurrence of la rge  number of Ctenophora. 

The bulk of the spawning population of f i s h  from the  Atlan 
t i c  waters (Russell  1936) spread over the English Channel re- 
gion and the  plankton r i c h  At l an t i c  water ( i d e n t i f i e d  by s. e& 
gUnb) permitted high surv iva l  of young f i s h ,  while Channel wa- 
t e r s  character ized by s. AexOAa concurred with s c a r c i t y  of 
young f i s h .  s. &eganA waters contain abundant food supply, 
while s. A a O A U  waters included abundance of planktonic  preda- 
t o r s ,  which contributed t o  the deple t ion  of t he  food supply. 
R u s s e l l  i n  severa l  of h i s  papers,  r e l a t e d  the success of young 
f i s h  population t o  the  co-occurrence of r i c h  waters, and t h e i r  
f a i l u r e  t o  the presence of poor waters and abundance of  predato 
r y  animals. 

- 
- 

- 

Observations along series of years  a t  Plymouth (Russel l  
1952) ind ica ted  t h a t  waters r i c h  i n  phosphates increased the  
abundance of plankton and hence the  surv iva l  of young f i s h  popu 
l a t ions .  That i s ,  abundant r i c h  plankton w i l l  substain a high- 
survival  value f o r  f i s h  larvae.  However, r i ch  water could not 
necessar i ly  lead always t o  a good surv iva l  r a t e ,  as happened i n  
1939 o f f  Plymouth, when f e r t i l e  waters were present  and the peak 
of young f i s h  w a s  absent ,  b u t  Ctenophores abundant. 

Zooplankton from 40 loca t ions  i n  the Great Bar r ie r  Reef La 
goon, Aus t ra l ia ,  3 m i l e s  e a s t  of Low I s l e s  (Russell  1934) i n c l u  
ded numbers per  s t a t i o n  of protozoa Medusae, Siphonophorae , 
Chaetognatha, Polychaeta, Ostracoda, Copepoda, Mysidacea, 
Amphipoda, Euphausiidae, Appendicularia, Thaliacea, Pteropoda, 
Heteropoda, f i s h  la rvae  and eggs and larvae of Echinodermata, 
Crustacea, and Mollusca. Analyses of these da ta  ind ica te  t h a t  
high concentration of Chaetognatha Medusae and Siphonophorae 
coincided with low concentration of f i s h  la rvae ,  although appa- 
r en t ly  Copepoda appeared more o r  less cons is ten t ly  abundant i n  
a l l  s t a t ions .  Tie percentage of predators  (Medusae, Siphoqopho 
rae,  Chaetognatha, Stomatopoda larvae f i s h  larvae)  of the  to- 
t a l  zooplankton a t  the Great Barr ier  Region w a s  3.1% compared 
t o  5.0% i n  The North Sea (Russel l  3934). 

- 

- 

Observations and experiments evidence t h a t  Chaetognatha, 
Siphonophorae , Medusae, Chondrophorae, Ctenophora and i n  less 
degree o ther  zooplankters,  feed voraciously on f i s h  la rvae  (Le- 
bour 1922,  1923, 39251, which a re  of ten  found i n  t h e  stomachs 
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of individuals  belonging t o  the mentioned planktonic  groups. 
Bigelow (1926) explains  t h a t  t he  organisms t o  be s tudied i n  
r e l a t ion  t o  the surv iva l  of f i s h  larvae are:  "Medusae, Cteno- 
phores, S a g i t t a  and Crustacea that prey upon t h e m ,  and so many 
species are p l e n t i f u l  i n  the Gulf of these groups a re  known t o  
prey on f i s h  larvae t h a t  they a re  almost c e r t a i n l y  the most 
e f f ec t ive  check on the surv iva l  of the  count less  myriads of 
young f i s h  that a re  year ly  produced i n  the  Gulf. There is  good 
reason, then t o  be l ieve  t h a t  the f luc tua t ions  known t o  occur 
from year t o  year i n  the  s tocks of her r ing ,  mackerel, haddock 
e t c . ,  which a re  reared i n  the  Gulf , depend more on the abundan- 
ce of t he  rapacious members of the  planktonic  community (and 
espec ia l ly  on the  abundance of Sagma,  Medusae, PLeuhobhachia, 
and ELLthemib.to) than on any o ther  f ac to r .  I f  plankton s t u d i e s  
need any defense from the  s tandpoint  of f i s h e r i e s  w e  need look 
no fur ther" .  

Anchovy abundance of f  Cal i forn ia  coincided w i t h  abundance 
of Copepoda and Euphausiidae, and s c a r c i t y  o r  absence of ancho- 
vy la rvae  with abundance of Chaetognatha (mainly those of high 
predatory p o t e n t i a l  and la rge  s i z e )  , Siphonophorae , Medusae 
(Alvarifio 1980b) , and sca rc i ty  of Copepoda and Euphausiidae. 

Predation s tud ie s  on f i s h  larvae imply the  spec ies  competi 
t i on  i n  the  plankton, and the proper i d e n t i f i c a t i o n  of the  o rge  
n i s m s  which are  p o t e n t i a l  food f o r  the larvae;  t h e i r  q u a n t i t i e s ,  
food value,  and predatory capaci ty .  

Lebour (1922, 1923, 1925) , Bigelow (19261, Fraser  (1969) 
observations and analyses of food i n  species of Chaetognatha, 
Medusae, Chondrophorae , Ctenophora, Polychaeta, and o ther  ZOO- 

plankters  , ind ica te  t h a t  these t ransparent  and d e l i c a t e  creatu-  
r e s  a re  very voracious and are  i n  a continuous feeding process.  

Scarce a t t en t ion  has  been dedicated t o  the  predatory 
e f f e c t  of a small predator  N o u c a ,  present  i n  high aggrega- 
t i ons  i n  the oceans. The occurrence of dense patches of t h i s  
d ino f l age l l a t e  occurred a t  the  spawning areas  of Clupeidae and 
Engraulidae. It  feeds on diatoms , d inof l age l l a t e s  , protozoans, 
Cladocera, Nauplii and copepod eggs and juveni les  , ~ d 2 O ~ e W a  
(Enornoto 1956),  and the  eggs of S a h d i n i U  rne.tanObk&%.I and 

h y u U . L f i A  japonica (Enomoto 1956, Ha t to r i  1962). Noctieuca mi- 
&ah,& (Syn, w i t h  N .  b c i r t m a n 4 )  was observed feeding on Acah- 
&I C&ubi (Seguchi and Kato 1976) and A. ftonba eggs (Kimor 
1979). Published information and observations of enormous 
aggregations of Noc.tiLuca a t  the bays of Northwest Spain feeding 
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on 3 ahdina p&h-V~dub eggs and copepods, and o the r  zooplankters 
(personal observations) i nd ica t e  a d i r e c t  e f f e c t  on the survi-  
v a l  of f i s h ,  and i n d i r e c t l y  as competitors f o r  food with the 
f i s h  larvae,  by using the food avai lable .  

Newly hatched and young f i s h  have l i t t l e  chance aga ins t  
a l l  these enemies, as they are an important food supply f o r  the 
above mentioned zooplankters. Compiled information on the gene - 
r a l  d i e t  of most of the important planktonic groups ind ica t e  
t h a t  these carnivorous zooplankters need t o  feed continuously 
t o  f u l f i l l  t h e i r  need f o r  high protein intake and i n a b i l i t y  t o  
s to re  food reserves  i n  t h e i r  bodies. 

PREDATION BY COELENTERATES 

Coelenterates a re  ac t ive  predatory carnivores ,  considered 
by Bigelow (1926) t o  be the most des t ruc t ive  of the s m a l l  and 
d e l i c a t e  animals i n  the oceans. Duvault (1965) and Alvarifio 
(1976a,b) indicated t h a t  they feed exclusively on l i v i n g  ani-  
mals, pr imari ly  s m a l l  i nve r t eb ra t e s  and f i s h  larvae.  

The bas i c  feeding behavior of Colenterates (Medusae, Chon- 
drophorae, Siphonophorae) i n  the plankton, and i n  some e x t e n t  

They have developed a unique system which produces venom t o  in- 
j e c t  i n t o  the body of the prey o r  any i t e m  coming close t o  o r  
i n  contact  with them. The nematocyst, cnidocyst , o r  n e t t l e c e l l s  
a re  f i l l e d  with a toxin which i s  discharged by coi led tubes i n t o  
the victim. I n  s m a l l  animals the poison produces a paralyzing 
e f f e c t  which becomes l e t h a l .  The toxin may even k i l l  humans - 
and other  large animals. 

a l so  i n  the Ctenophora, r e l y  on some poisonous mechanisms. - 

MEDUSAE 

Medusae a re  beau t i fu l ,  d e l i c a t e  animals, both i n  form and 
color.  Mayer (1917) explained t h a t ,  "NO c l a s s  i n  the animal 
kingdom e x h i b i t s  a more su rp r i s ing  v a r i e t y  of forms than do the 
j e l l y f i s h  and t h e i r  close a l l i e s  the Siphonophorae". Medusae 
present multitude of shades of colors  and hues, ranging from 
dark purple t o  red ,  t o  brown, with many c r y s t a l  clear specimens; 
the t o n a l i t y  o r  color  i s  not  s p e c i f i c  i n  nany cases. 
r a t ion  i n  some medusae may be a protect ion aga ins t  u l t r a v i o l e t  

The colo- 
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rays l i g h t  (Ries and Ries 1924). 

Medusae a re  of i n t e r e s t  t o  study i n  r e l a t i o n  t o  faunis- 
t ics ,  ecology, i nd ica to r s  of ocean cu r ren t s ,  predat ion,  and i n  
modern pharmacological s tud ie s  r e l a t ed  t o  medical research.  M e  
dusae (Hydro-and Scyphomedusae) a re  exclusively carnivores ,  and 
t h e i r  g:owth rate and s i z e  reached a t  maturity i s  r e l a t ed  with 
the q u a l i t y  and quant i ty  of food ava i lab le .  

The Medusae d e t e c t  and loca l i ze  the p o t e n t i a l  prey with 
the a i d  of the s t a t o c y s t ,  sensing the v ibra t ions  produced by 
moving w a t e r .  They prey on ac t ive ly  swimming animals, such as 
Copepoda, o ther  Crustacea and t h e i r  l a rvae ,  and the larvae of 
f i s h  and o ther  groups. The vict im i s  paralyzed by the ten ta-  
c l e s  of t h e  Medusae with the poison produced i n  the s t ing ing  
c e l l s ;  t he  prey i s  l a t e r  ingested i n  the Medusa's stomach. M e -  
dusae may i n j e c t  3 cc  poison by a s ing le  discharge.  

Medusae are considered important i n  the des t ruc t ion  of 
eggs and larvae of cod (Mayer 1917) and o ther  f i s h .  They may 
be the  primary enemies of young f i s h  (Joubin 1 9 2 4 ) .  However, 
while f i s h  may become entangled, trapped, and poison within 
the t e n t a c l e s ,  t he  la rvae  and young of some spec ies  of f i s h  
are  known t o  aggregate under the  umbrella of large Scyphomedu- 
sae,  l i v i n g  together  i n  an apparent b io log ica l  assoc ia t ion .  
The of fspr ing  of some f i s h  may be pro tec ted  under the  canopy of 
the  Medusae's umbrella from the a t t acks  of o ther  animals,  while 
themselves avoiding the proximity of the  Medusae. The smooth 
v ibra t ions  prodqced during swimming by var ious f i s h  larvae and 
young f i s h  may n o t  e x c i t e  the nematocysts of t he  medusae and no 
re leas ing  reac t ion  occurs.  In underwater observations on asso- 
c i a t ion  of Scyphomedusae (110 mm diameter) A c t r a r n r n  @qe&- 
& ~ 6  Stiasny and young f i s h  10.6 t o  3G.0 mm longSe&troideb &p- 
to&p& (Carangidae), Jones (1960) noted t h a t  " the f i s h  kept 
themselves c lose t o  the  medusa bu t  no t  i n  ac tua l  contac t  with 
it. Their movements w e r e  so w e l l  synchronized t h a t  it would 
appear t h a t  the f i s h ,  which w e r e  never seen t o  tu rn  round o r  
make any special attempt t o  check the  pos i t i on  of the  j e l l y f i s h ,  
could a n t i c i p a t e  the d i r e c t i o n  i n  which and the d is tance  t o  
which the l a t e r  would move". Similar  observat ions were made 
fo r  t he  Medusae Mi.&3A%&LA pUpuCr L. Agassiz and the f i s h  C a h a M X  
kdXa; i n  both cases, the  f i s h  appear swimming s l i g h t l y  ahead 
of t he  medusae. 

It has been implied t h a t  Medusae's poison does no t  a f f e c t  
some spec ies  of f i s h ,  which become immune t o  the  medusae's - 
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toxin; b u t  there  is no t  enough avai lable  evidence t o  t o t a l l y  
prove t h i s  matter.  Some of the f i s h  and larvae do i n  f a c t  g e t  
poisoned and devoured by the medusae , bu t  other  remain a l i v e  , 
she l t e red ,  and protected up t o  the t i m e  c lose t o  adulthood. 
This b io log ica l  associat ion could be considered a case of mutua 
l i s m ,  which suppl ies  a source of f r e sh ,  l i v e  food f o r  the medu- 
sae,  and p ro tec t ion  €or some of the young f i s h  surviving through 
the most c r i t i c a l  period of t h e i r  l i f e  h i s to ry .  

I have observed l a rge  number of Scyphomedusae o f f  Plymouth 
(England) , Vigo (Spain) , C a l l a 0  (Peru) , San Diego (Ca l i fo rn ia ,  
United S t a t e s )  , appearing i n  areas  concurrently with concentra- 
t i ons  of Clupeidae, Engraulidae, Trachuridae, Merluccius, Gadi- 
dae, e t c .  The young of some species  of f i s h  tend t o  s w i m  to-  
wards the  s h e l t e r  of any f l o a t i n g  ob jec t  a t  sea,  and large Scy- 
phomedusae o f f e r  a n  i d e a l  canopy s h e l t e r .  Young f i s h  may a l s o  
be lured by the  s w i f t  g l id ing  t e n t a c l e s  of the Medusae, and 
they s w i m  towards them. Some become trapped and are  devoured, 
while o the r  continue t o  enjoy s h e l t e r  and protect ion u n t i l  they 
have grown t o  the s tage where they can independently move out  
a s  r e c r u i t s  of the a d u l t  population. 

These as soc ia t ions  have been widely observed. Osterbol 
(1885) noted young mackerel and young cod shel tered under the 
Scyphomedusae umbrella, and observed t h a t  occasionally the medu 
sae "snatch a f i s h ,  which therefore  has  t o  pay with its l i f e  

Mayer (1898) found two species  (a Clupeididae and a Bu t t e r f i sh )  
accompany i n  g t he  S c yp home du s ae Chtr yh aoha ( Uactykbme&a q LLin que 
citrhha. Damas (1909a,b) noted t h a t  Cymea h U A c k i  i n  the 
North Sea appeared o f t e n  associated with young pollak [ G a d U  pa 
U a c h i u ) ,  poor cad ( G .  m i ~ L L t u ~ )  and pouting ( G .  Q U A C U ~ ) .  Un- 
derwater observations have a l s o  showed young G. mehlangun 
(whiting) swimminy and moving around and above c .  hmcV~cki.'h 
umbrella (Rees 1966). In f a c t ,  the v e r t i c a l  d i s t r i b u t i o n  of 
c .  Lamatrcki ( a s  c.  C U p d U - t a )  appears t o  be co r re l a t ed  with the 
v e r t i c a l  d i s t r i b u t i o n  of whiting. In the English Channel off 
Plymouth, whiting 12-22 mm long appear t o  associate  w i t h  medu- 
sae of a l l  s i z e s ,  while those of more than 25 mm were associa- 
ted with medusae 100 mm o r  more i n  diameter (Russell 1928). - 
Young Thachwrun thachuRud 11-15 mm i n  length a l s o  appeared asso 
ciated w i t h  c. L a m ~ W k i  (as c.  CUp&&a) i n  the Plymouth area- 
CRussell 1930 a , b ) .  

- 

for  t he  p ro tec t ion  t h a t  s t i l l  other  comrades a re  en joying". - 

- 

- 

Nagabushanam ( 1959) mentioned three young Gadub rnatdzua ga- 
thered under the Scyphomedusae, one of which had ingested 
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tfypC&&.x (Amphipoda considered associated or  ec topa ras i t e  of M e -  
dusae) and t o  G. h5cUn larvae 33-45 mm long. Rkizontoma sp.  
swimming aga ins t  the t i d e  together  with an aggregation of T .  
r n c h u t u  were observed by Browne (1900) , P h i l l i p s  (1971) found 
the medusae ShnoLophw rne&agd associated with various young 
f i s h  ( Tt rachum,  P e p h L h ,  PohctnoAh and Chlotron combnucl ) . PohO 
not& b W  were found i n  associat ion with Cyanea capiU& and 
StomoCophun meLeaghia . C k e ~ ~ o b c o m b h ~  chhyduhw , Pephieub p m ,  
Thachwrub aachwrun , MonocanRkia k p i d w ,  appeared associated 
with ChhybaOha, and S-ttomOhphUA tne.&q/tin with cymea cap&&Ltil 
veM.Lco~oh. CyaMea capx,k?.C&X i s  of ten found s h e l t e r i n g  young 
whiting (Gadrfi mer&x.ngu) , t he  mackerel (7 .  m c h m u  ) , young 
cod (GadLcn caeeahian o r  G. mahhua) , and haddock (G. aeg le&hw) .  

Beebe and Tee-Van (1928) described the high number of 
young f i s h  (ChLohancomb4w (acombehl c h h y h w )  o r  burnber, 12 .5  
t o  47 mm long and 22 mm P e p m  pUhU (harvest  f i s h )  captured 
under the medusae ChhopA&uh, Tamoya haplonema, and Cyanea 
of about 100 c m  diameter i n  the Port-au-Prince Bay. Lowles 
(1877) and Romanes (1877a,b) found young f i s h  occasionally asso 
c i a t ed  w i t h  AwLefia auhifn, swarms of one t o  two-year old GaduS 
mehkngun appeared under the Scyphomedusae, and large numbers 
of A .  aukLiz w e r e  concurrent with dense aggregations of t h i s  - 
Gadoid. 

Mansueti (1963) reported PepmUn d e p i d o m  (harvest  f i s h )  
and POhUnOtm RkiUCU&*LLcl ( b u t t e r f i s h )  i n  associat ion with Chty 
daoha q ~ i i n q u e c ~ a  from J u l y  t o  October i n  Chesapeake Bay. 
Small pieces of the medusae t e n t a c l e s  and o r a l  lappets  were ob.. 
ta ined from the  stomach content of PephieUA, and nematocysts 
could be observed on P. d e p i d o m .  These f i s h ,  when placed i n  
an aquarium, developed in fec t ious  spo t s  on the body, swam i n  an 
e r r a t i c  manner, displayed loss of equilibrium, and f i n a l l y  died.  
A l l  s igns of f i s h  being poisoned. Other P. d e p k f O t U A  not asso - 
ciated with scyphomedusae did not show any of those symptoms, 
and remained a l i v e  por a long period of time i n  t h e  aquarium. 
MY observations of Gadidae 
with Cyanea and ChtLybaotia indicated t h a t  the f i s h  were not very 
act ive and a high proportion of them were under the e f f e c t  of 
the toxins  from the Medusae. Experiments ca r r i ed  by Dah1 (196i) 
provide the conclusion t h a t  “young f i s h  i n i t i a l l y  use medusae 
f o r  s h e l t e r ,  thus r e f l e c t i n g  simple thigmotaxis“. The f i s h  may 
l a t e r  be stung by the host  and, “ i f  t he  f i s h  touches places  
with no s t ing ing  c e l l s ,  there  is  an accidental  a s soc ia t ion” .  

M e ~ c c i u b  and Ttrachww larvae 

These associat ions may be i n f l u e n t i a l  i n  the brood dissemi 
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na t ion  of t he  of fspr ing  of f i s h  (Damas 1909 a ,b) .  I n  the  mate 
r i a l  I have s tudied from t h e  English Channel, ?haChWWd f;ruzch’il 
hub and Gadw me&ngw larvae appeared associated with Cqanea 
h h C &  a medusae inhabi t ing  mainly t h e  coastal regions.  These 
medusae may a l s o  be c a r r i e d  f a r  offshore and t ranspor ted  t o  
o the r  l a t i t u d e s  by c u r r e n t s ,  carrying w i t h  them t h e  assoc ia ted  
f i s h  f r y .  

Considering t h e  huge q u a n t i t i e s  of Medusae and t h e i r  s i ze  
range, from a f e w  m i l l i m e t e r s  t o  a b w t  1000 mm o r  more i n  diame 
t e r ,  and t h e i r  world wide oceanic d i s t r i b u t i o n  and par t iculary-  
g r e a t  concentrat ions i n  the  f i s h i n g  regions,  these animals may 
play an important role i n  the  recruitment of f i s h  and i n  rela- 
t i o n  t o  t h e  commercial f i s h e r i e s .  Mayer (1910) i n  h i s  Medusae 
of the World l i s t e d  737 species of Medusae, p r imar i ly  marine, 
and Kramp (1961) mentions more than 800. The published l i tera-  
t u r e  shows d i r e c t  observat ion of 65 of t hese  species of Medusae, 
e a t i n g  f i s h  larvae and young f i s h ,  and/or planktonic  animals. 
These observat ions are compiled i n  Table 1, and i n d i c a t e  t h a t  
f i s h  larvae are the  prefer red  food items. Lebour (1922) explai- 
ned t h a t  t h e  Medusae she observed would feed exc lus ive ly  on 
f i s h  larvae when those w e r e  ava i l ab le  i n  any quant i ty .  

I n  1768 Slabber observed a medusae feeding on f i s h  and i n  
1778 published t h i s  observation of t h e  medusae he named bkdwa 
c y m b d o i c f u  (probably P h i a l i d i w n  h e m h p h a e ~ m )  devouring a 
young f i s h .  Slabber*s b r i e f  comments appear i n  Gudger (1937) : 
“AS soon a s  I had caught i t ,  I placed it under t h e  microscope 
and found t h a t  it had caught a very small f i s h  for i t s  prey,  
which could s t i l l  be seen outs ide  of t h e  body.. . ( t h e  f i s h )  w a s  
only l i v e l y  when I looked a t  i t ,  and one could see p l a i n l y  
t h a t  it w a s  being drawn i n .  
t w o  hours t i m e ,  and then the  whole c rea tu re  ...” Slabber had 
already r e a l i z e d  t h a t  t he  m i l l i o n s  of medusae i n  the  North Sea 
might consume a g r e a t  amount of f i s h ,  which would effect  t h e  
number of f i s h  l a t e r  ava i lab le  f o r  commercial f i sh ing .  K. N a i r  
( 1947)  analyzed the  Medusae and f i s h e r i e s  of t he  Travancore 
coas t ,  Ind ia ,  and found t h a t  l a rge  concentrat ions of Medusae du 
r i n g  c e r t a i n  seasons a f f e c t e d  the  f i s h e r i e s  destroying f i s h  
eggs and l a rvae  as w e l l  as o t h e r  organisms which c o n s t i t u t e  t h e  
food of smzll f i s h .  I n  add i t ion ,  s t u d i e s  of t h e  zooplankton on 
the Bombay region ( B a l  a n d  Pradhan 1952)  show t h a t  a minimum 
number of f i s h  larvae and post  l a r v a l  stages coincide with high 
niimbers of hydromedusae. 

Thus drawn i n  w a s  completed i n  

- 

P h A f i d i u m  hemhphaetLicwn (probably t h e  f i r s t  medusae ob- 
served feeding on f i s h  larvae by Slabber i n  1768, devour almost 
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exclusively young f i s h  (Lebour 19221, which cons t i t u t e  i t s  who- 
l e  d i e t  when ava i lab le  i n  quant i ty .  Bigelow (1926) discussed 
t h e  g rea t  abundance of P. hemibphWtLic#n which, together  with 
Aune4-ia aWu%, he considered the  two most abundant Medusae of  
the coas t a l  and open waters of the  Gulf of Maine. They are 
proven eaters of f i s h  , euphausiids , copepods , appendicularian 
and various la rvae ,  and “must take heavy t o l l  of the l i t t l e  
f i s h  t h a t  c ross  their paths”. Gudger (Y937) reported that “a t  
the high of the he r r ing  spawning season i n  the v i c i n i t y  of the  
Bay of Fundy, it w a s  found that p k i & d i ~ m  formed an important 
enemy of the  f ry” ;  of the  356 her r ing  larvae co l lec ted  i n  one 
s t a t i o n ,  16 were i n  the stomach of Pki&dcwn and o the r  53 were 
p a r t i a l l y  digested.  

Orton (1922) described i n  d e t a i l  t h e  feeding process and 
c h a r a c t e r i s t i c s  of Medusae. The a n a l y s i s  of the food pouches 
i n  Aurefia showed t h a t  the  Medusae devour var ious kinds of  
planktonic organisms as w e l l  as some of the young f i s h  taking 
shelter under i t s  umbrella. 
from e a r l y  ephyra i n t o  la rge  adu l t  s tate includes 16 s m a l l  f i s h  
( C a ~ u . 5  Oh 8 & n ~ ~ & ) ,  which were eaten (Lebour 1922) i n  less 
than 30 minu tes ,  and i f  f i s h  w e r e  not  ava i lab le ,  amphipods, 
zoeas, o ther  crustaceans , and medusae w e r e  ea ten .  Gudger ( 1937) 
reported t h a t  Fish i n  1924 ind ica ted  that A. fed on win - 
ter  flounder la rvae  i n  the  New England region and t h a t  i n  Wa- 
quoi t  Bay “where both a n i m a l s  breed i n  abundance, Aure&a auhi- 

proved of very v i t a l  importance i n  deple t ing  the flounder 
s to& I 

A t y p i c a l  meal fo r  AwreLLa &.Ik 

R u s s e l l  (1970) i nd ica t e s  t h a t  “ in  view o f  t h e i r  s i z e  and 
abundance the  Scyphomedusae must  play a la rge  p a r t  i n  the econo - 
my of t he  sea as predators  and competitors of f i s h “ .  H e l a  
(3951) commented an t h e  inverse r e l a t i o n  found on the abundance 
of sp ra t  and her r ing  la rvae  with the abundance of &&a awLi- 
t a  rrff Finland, and Lebour (3922) observ-d a similar r e l a t i o n  
fo r  the  B r i t i s h  Isles, where huge concentrations of A. autLiia 
coincided with n i l  catches of f i s h .  

Yasuda (1970) calculated the biomass patches of the  medu- 
sae AUtteLia auhi.ta i n  Urazolo Bay, Japan, i n  the range of 3 . 4  
t o  9.2 tons. These medusae are mainly abundant i n  the  upper 10 
m; t h e i r  d i s t r i b u t i o n  i s  t h u s  c lose ly  r e l a t e d  with the epipela-  
g i c  f i s h  larvae and the abundance of  the  medusae w i l l  reduce 
d r a s t i c a l l y  t h a t  of the larvae.  S t u d i e s  on the  ecology of zoo- 
plankton (Neale and Bajrly 1974) i n  the  Pat terson,  Yabarra, Plari - 
byrnong, and Werribee River e s t u a r i e s  i n  Vic tor ia ,  Aus t ra l ia ,  
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on f i s h  eggs and larvae,  copepods, crustacea l a rvae ,  mollusks, 
echinoderms , inmature hheLia sp. medusae and Aunixalorneduna 
b a y f i  Russell  i n  the Werribee area coincided, i n  one case,  
with no f i s h  eggs o r  larvae.  

~ya.neU CUpi.&!CLtU i s  another medusae which e f f e c t s  commer- 
c i a l  f i s h e r i e s .  I t  reaches a large s i z e ,  more than 1 m i n  d i a  
meter, and has numerous t e n t a c l e s  which spread through the wa- 
t e r s  while moves by j e t  propulsion produced by rhythmic pulsa- 
t i o n s  of the umbrella. I t  engulfs  enormous q u a n t i t i e s  of zoo- 
plankters  as it g l i d e s  through the water. Russel (1970) s t a t e d  
t h a t ,  "a Northeast coast  fisherman t o l d  m e  t h a t  he had heard 
t h a t  ~ ~ U M Q U  preyed on planktonic l o b s t e r  and t h a t  a poor lobs- 
t e r  f i she ry  might r e s u l t  four years a f t e r  a year  of g r e a t  abun- 
dance of these h e l l y f i s h .  This seems t o  me q u i t e  possible" .  

-- 

Russell  (1931) , and Lucas and Henderson (3936) have sugges 
ted t h a t  the abundance of Gadw rnehknguh may be co r re l a t ed  
with the  abundance of large C p n e U  i n  t he  North Sea. Lucas and 
Henderson (3936) examined the r e p o r t s  of fishermen on the  inc i -  
dence of s eve ra l  species  of Medusae with catches of Ctupea ha- 
&Wg&5 and concluded t h a t  " large catches of he r r ing  were rela- 
ted t o  low abundance of medusae, including Cymea Cap.il,tkta". 
They also indicated instances of medusae occurring i n  c e r t a i n  
areas of he r r ing  f i she ry ,  coincident with n i l  o r  extremely poor 
catches of herr ing.  I n  a l l  cases ,  the h e r r i n g  were taken o u t s i  
de the zone where these medusae were present .  The information- 
compiled by Lucas and Henderson (3936) ind ica t e s  a d e f i n i t e  in- 
verse r e l a t i o n  between low q u a n t i t i e s  of he r r ing  and abundance 
of medusae. 

- 

To f u r t h e r  i nves t iga t e  t h i s  r e l a t i o n ,  Russell  (3938) added 
the average monthly catches of Medusae €or 1920-1937, and the .. 
t o t a l  young f i s h  (excluding Clupeidae) . The n u m e r i c a l  da t a  show 
t h a t  values for  1931, 1932, 1934, and 1935 included low numbers 
of medusae coinciding with high numbers of young f i s h .  Similar 
r e s u l t s ,  although in  a d i f f e r e n t  order of magnitude f o r  the f i s h ,  
were found f o r  1936 and 1937. However, the number of Clupeidae 
larvae was not included i n  the I . i s t i n g s ,  so it i s  not  possible  
t o  obtain a clear p i c tu re  of the s i t u a t i o n ;  the number of C l u -  
peidae larvae could be an important f ac to r  i n  the f i n a l  determi 
nation of the r e l a t i o n  of f i s h  larvae and Medusae. I t  i s  p o s s i  
ble  t h a t  i n  1930, year of h ighes t  amount of Medusae and n o  of 
lowest amount of f i s h  larvae (excluding Clupeidae) , t he  medusae 
could be feeding on herr inq o r  s a rd ine ,  and t h u s  the abundance 
of medusae would not a f f e c t  the abundance of larvae of o the r  

- 
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species  of f i s h .  

LitLiope &u'xaphyUa i s  the most abundant medusae i n  the 
w a r m  and temperate oceanic regions.  A voracious predator ,  it 
captures prey up t o  three times its own s i z e  (McCrady; 853; 
Fraser 1969). Candelas (1931) s t a t e d  t h a t  i n  June 1926 huge 
q u a n t i t i e s  of L. ttetmphy& coincided a t  Olhae , o f f  Algarves 
coast ,  Portugal,  with t o t a l  lack of Smdina  pL&hcUufW, i n  a 
region where t h i s  Clupeidae i s  abundant. Compiled information 
on the co-occurrence of anchovy larvae and zooplankton preda- 
t o r s  off  Ca l i fo rn ia  and Baja Cal i fornia  f o r  1954, 1956, 1958 
(Alvarifio 1979, 1980 b)  show t h a t  abundance of Medusae coinci-  
ded with low number of absence of anchovy larvae.  

Observations by Nagabushanam ( 1959) on the  a s soc ia t ions  
of young G. mehhngw with the Scyphomedusae Rkizodtoma p h o  
( a s  R. o&opu/J) indicated t h a t  34 of 59 G. ml)heauzgud w e r e  i n  
semi-digested s t age ,  and he concluded t h a t  "they might have 
got i n t o  the  stomach acc iden ta l ly  through rupture of the gastro- 
i n t e s t i n a l  membrane". Another circumstance t o  consider is the 
regurgi ta t ion of food occurring i n  animals when dis turbed by 
the trawling s t r a i n  of the c o l l e c t i n g  n e t s ,  and the des t ruc t ion  
of s o f t  large medusae during the trawling operation. 

Fraser (1969) d e t a i l e d  the feeding behavior of CyUMea Capk 
&kta and roughly estimated the food consumption t o  provide an- 
indicat ion on the amount of food needed. H e  estimated t h a t  a 
small medusae 50 mm i n  diameter can capture 80 f i s h  larvae i n  
s i x  and a h a l f  hours ( ind ica t ion  of the importance of t h i s  fee- 
ding a c t i v i t y  on recruitment of commercial f i s h  s tocks ) .  Fra- 
s e r  (3969) observed the ac t ive  vo rac i ty  of c. C U p - i & h t a  on the 
Amphipoda (Gamrnahe&k4 hornmu, C~&&op.iuA heviuAcu&, Paha- 
thcmisto gaudcchaudi) Euphausiidae , Brachyuran zoeas, My2XhA 
edukh; 30.032 gr  of TCmoIza, and f i s h  l a rvae ;  a 30 mm C.  capi- 
&k?k consumed i n  37 days, 500 s p e c i m e n s  of Temona, 6 f l a t  f i s h  
larvae,  12.5 t o  15 mm i n  length,  3.34 g r  of k4y$t%iA meat: a 45 
cm Cyanea weighting 6 Kg would require  3570 g r  of wet weight 
food, about 166x l o 4  &dunUn, which i s  equivalent t o  15.000 f i s h  
larvae.  

Fraser (19691 a l s o  notes t h a t  one !.k&Cetrfim C O b t -  con- 
sumed 36 f i s h  l a rvae ,  6 Copepoda (Temonal, and one piece of the 
medusae Sautrophona i n  a per iod of 4 days. One 1euchaht;icVia no - 
b i f i d  17 mm i n  diameter consumed in  26 days, 22 f i s h  larvae 
(yolk sac  and post-yolk sac  s t a g e s ) ,  222  copepods (mostly Temo- 
U ) ,  4 Amphipoda, 0.875 9 r  Myti& e d d i d ,  4 Ageantha, 1 S m i a ,  
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1 Cfione, and pieces  of Stawraphoha. 
l i n g  and tw i s t ing  t e n t a c l e s  t o  entangle f i s h  larvae,  copepods 
and large food items such as %VrAia and Cfione fiU&nU 25 nun 
long. Lebour (1922) observed a L .  O c t O M a  which a t e  young squid 
l a rge r  than i t s e l f ,  the squid "completely f i l l e d  i t s  ( the  medu 
s a e ' s )  stomach and took seve ra l  days t o  digest" .  The same spE 
cimen three days later caught two young CV-#LL~ b u b W  a t  the 
same t i m e  it w a s  catching another f i s h  larvae with i t s  t en ta -  
c les .  This species  is  highly voracious swallowing food l a r g e r  
than i t s e l f ,  and i s  "a dangerous species  t o  keep i n  an aquarium, 
as  it w i l l  e a t  almost anything and a2parently is no t  much eaten 
by other  animals "(Lebour 1923). 

L.  n0b-Lt.d uses its coi- 

S&lW~OphOtra rne&eMni the m o s t  abundant medusae i n  Logy Bay, 
ranges from 15 t o  164 mm (90 t o  120 mm i s  the most common s i ze  
range).  Fraser (1969) observed t h a t  the smallest  specimen 
caught 8 post yolk sac f i s h  larvae,  which digested within 45 
minutes, and i n  4 days consumed 13 f i s h  larvae,  47 copepods, 2 
amphipods , and 0.1 g r  /&&&L4. 
two weeks, 21 f i s h  larvae.  200 copepods, 2 amphipoda, 2 zoeAs, 
and 0.29 g r  Myfi&A. 

Another specimen consumed within 

Fraser (1969) observed a small 5 mm 8 o u n g a i n v ~ a  AupU~ci- 
&a?LiA catch 80 f i s h  larvae i n  6 . 5  hours,  and noted a 10 mm dia- 
meter Laodicea unddUdk7 e a t  5 f i s h  larvae (inmediately pos t  
yolk sac) and 21 copepods, mainly Ten;Oha, within a 6-day period. 
He a l s o  s a w  small 7 mm diameter spec,mrtns of L. UUZ- from 
Logy Bay,  constantly wiping the t en tac l e s  on the l i p s  of t h e  
mouth t o  remove d e t r i t u s ,  c i l i a t e s ,  and minute o i l  glo3ules 
from Concinodincw (ahundant i n  the plankton) .  Th i s  medusae s w a  
llowed, within a few minutes, pandal id  larvae , euphausiid calyp: 
t o p i s ,  and Cdanull. 

Another medusae , Tamvya hapLonemu was observed feeding on 
small f i s h  (Beebe 19281, and 4 ChLoho~combhw ( S c o m b ~ l  chqnu- 
huh f i s h ,  whicn had been k i l l e d  w i t h  t h e  powerful t o x i c  nemato- 
cyst  of the t e n t a c l e s ,  were being draw i n t o  the mouth; a t  the 
same time, other  f i s h  had been trapped and were dying i n  convul- 
sion i n  the watef'. 

Chhynaoha qLLinqUQCimha a l s o  p re fe r  f i s h  a s  food; one specL 
men co l l ec t ed  i n  the Travancore coas t a l  waters of Ind ia ,  contai-  
ned 239 f i s h  larvae and young f i s h  w i t h i n  the stomach (X. N a i r  
'1947). I have observed Chhynaotra quinquec-ihtrha with T/rachwlw 
& t a c h w  young invading the c a v i t i e s  of t he  medusae, which w a s  
already damaged and dying; and the f i s h  took advantage of the si  - 
tuat ion seeking s h e l t e r  and possibly a l s o  obtaining fbod. 
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ckihOph&ub qwdnUmWLLb is  a Cubomedusae considered t o  be 
dangerous t o  humans as w e l l  a s  f i s h .  Fish and Cobb lt954) be- 
l i eve  it t o  be responsible f o r  k i l l i n g  some swimmers. 

There is  a marker food se l ec t ion  and d i f fe rence  i n  cat- 
ching a b i l i t y  i n  th ree  Large coe len te ra t e s ,  Vde&?.a and PuqLta 
(Chondrophorae) , and fiybdhk (Skphonophorae) . These coelente- 
r a t e s  appear i n  lArge dense patches a t  the  surface af t he  
oceans consumihg f i s h  eggs,  larvae and young, and the  eggs and 
var ious s t ages  of t h e  l i f e  cycle  of o ther  animals i n  the  
plankton inhabi t ing  the  surface waters of the oceanic domain. 
The food preferences of these two orders  (Chondrophorae and 
Siphonophorae) are l i s t e d  i n  T a b l e  11. 

SIBEONOPHORAE Nectocarmen antonioi Alvaxiiiro 1983 
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1ABI.E 1. OBSERVATIONS ON THE FOOD OF HEGUSAE 

Order: Family 
spc1es F0O.l - 

ANWOMEDUSAE : Corynidae 
Fipuncna binice& k e s  1977 htcmia;  epibenthrc plankton 

SaM.La tubUtO6a (H.Sars) 1835 HypChia (Amphipodd) 

A c M . : ~ ~  ctaubi, Cdanu,  (inmc&cCiicub, 
T m O U  dUngiCORrnib (Copepda) , and otliei 
C r u s t  acea. 

Copepoda, Decapod larvae 
Small crustaceans 

Chipea hmcngub (herring) larvae 
C!.cpCa p d & I A i  (herring) larvae 

SNL5ck g u d d C k 7  Forbes 1848 C&ub {iruMItchicii) (Copeyoda) 

Sa)w.is p u t i d e h a  Forbes 1949 Lnbnu, sp. ( larvae and ]uvenilcs ) ; 
CelLthopctgc5 typccU4, c .  6inn~dl icu5 
(Copepoda) ; Crustacea larvae; Annelid 
ldrvae; O . r k o r J f C u h U  (Appenrlicularla) 

Coirpodd; Decapod larvae; otlir l- 
Cr llstacra 

Sawia I7kincu.p (Haeckel) 1879 Copepoda 

: Tubulariidae 

t ly lwodon  pzoLiiea L. Agassiz wqys and larvae of Clupeidde and 
1862 Ammodytidae ; CdanuA , A c M L i a ,  

P b C d U C d M l L 3 ,  rUnlOftU (CoFpoda) : 
Chibctoqnat.lla 

~oung Sepia (Cephalopoda) 

Fish eygs and larvae; T m m  Cong4cuui.c,, 

Puhcc 'C~n i r l a~  larvae; G C b i a  larvae; 
Chaetognatha. 

SCeon>tzupia rllLtnnb ( ~ . s a r s )  
1835 Cotqcacun migl-icIc6 (Copepoda) ; 

:Zancleidae 

ZWlcFea C 0 5 . t a t a  Gegmbaur 1856 Copepoda, Nauplii, and other zoorslanktrrs 

: Cladonema t idae 

C~adonema ~td iatum Dujardin Copepoda 

C. caU$ohnictun Hyman 1947 Ahtanin; fauna associated w l t t l  

Eteuthehin didtotoma Quatrefages HMpnC&CUi juPwl~ (Tlqriopus Copelodd) 

1843 

Z U b X C m  n m u i a  

1842 

~ ~ ~ h i ~ ~ . ~ 5 ,  Coprpuda 

: Rathke 1 dae 

ktkkea  octopwictnta ( H . S A X S )  Sivutcnn pXcllmduA larvae; 
1835 Pseudocuhnub etwgutcLo (Copepoda) : 

Crab zoea; PA! i i r t c i l a e t n 6 '  larvae; orhcr 
Crustacea larvae i ( ' i k u p P ~ c ~ n a  

Author - 

[(ees, 1R77 

Linko, 1900 

k b o u r ,  1922 

Lebour, 19.23 
P'raser. 1969 

Sveshnikov, 1963 
Aral and Hay, 

1'181 

b ? b O U K .  1s22 

Lebour, 1922 

Labour, 1 9 2 3  

Fraser,  1969 

Lrbour, 1022.1923 

Russell and IUt.,. 
193c. 

Brown(?, 1 Y W  

web, 1'379 

Drzewina and Uohn, 
1911, 1912, 1913 

Frasr r , 196') 



T a b l e  1 .  C o n t .  PREDATION BY MEDUSAE 23 

Food Author Order: Family 
Species 

Herring and Sprat ,  Clupeidae larvae; 
Copepoda; Crustacea larvae: 
P h - i d i d i u t n  and other Medusae, Gebia 
larvae; Chaetognatha; Uikopleum 
(Appendiculsrla) Labour, 1921 

Synchaeta sp. (Rotifera) Hollodway, 1947 

Bougainvillidae 

B o u q a i n u i a a  bUpehciLiruid 
(L. Agsssiz) 1849 

8. b-nica (Forbes) 1841 

8. nrLetitenhdata Foerstei  

Fish larvae,  even before the 
medusae were l iberated from the 
hydroid 

Copepoda; Chaetognatha 

Fish larvae; Copepoda 

knnodyteb tob- larvae 

Fraaer, 1969 

Hartlaub, 1897 

Fraser,  1969 

Lebour, 1923 

Nmop& bachei L. Agassiz 1849 

: Pandeidae 

kn&nm dinema ( g r o n  and 
Le’sueur) 1809 

leu&ahtiata ootona (Fleming) 
1823 

1. n o b i t i d  Hartlaub, 1913 

1. L a w  Riqelow, 1949 

StonotocQ L. Agassiz 1862 

1923 c & p I  pae&si (herring) larvae Arai and Hay, 198 

Crustacea larvae; Dinoflagellates,  
and other plankters  Ph i l l i p s  e t  a l ,  

1969 

Copepoda; Chaetognatha Hartlaub, 1897 

C. &umh.chic~ld (Copepoda); 
Chaetognatha; Cobmetiha p b b e t . h ,  
%h&dilun sp. (Medusae) ; 
U i k o p t e m  (Appendicularia) 

Copepoda; Chaetognatha; 7 mn 
E u t h k l  g h a C i h h  (Medusae) 
f i sh  larvae; Copepoda; Amphipoda; 
Medusae; Siphonophorae 

Nanomia c(vL(I (Siphonoplorae) 

Cottus b u b a h ,  BLennius phot% 
larvae: squids and other zooplankters 

Gadus meheangus Coztus sp . ,  
C U . o n y w  sp. larvae; C&nus, 
Acahtia, & l O I I I d O C C M  (Copepoda) ; 
Podon (Cladocera) : PoecieochatXu 
larvae ; Gebia larvae; Decapoda 
larvae,  and other Crustacea 

Ctenophora; other Medusae; 
Siphonophorr 
Fish larvae; Temom (Copepoda) : 
Amphipoda; c.f.ione Limacina 
(Ptaropoda); S W h ,  A&adha 
(Medusae) 

Fish larvae 

E p v t e b w  typicus, PmbodUdacty& 
6 h u i c i h k u k .  h c t h  aLuita 
(Medusae) ; Pteunobmckia (Ctenophora) 

Lebour, 1922 

Lrbbour, 1923 

Fraser,  19G9 

Mayer, 1910 

Lebour, 1922 

Lebour, 1923 

Fraser,  1969 

Fraser,  1969 

Alvarifio (unpubli- 
shed da ta)  

Arai and Jaccbs 
1980 
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Order :  F d l y  
Speciei Food Author 

CPllpea p a t h i  (harring) larvae -ai and Hay, 
1982 

I Ca1ycopdd.e 

LEpT(JLLEDffiAE: Me l i ce r t idae  

Meficehtm octocostatun ( M . S ~ K S )  PoC@~ha (Polychdeta) ; 
1853 Copepoda 

I Loodiaidae 
Ldodicea undueaxa (Forbes 

and Goodsir) 1853 

Larvae and younq fish; 

(Medusae) 
remom (coppoda) ; StaumlJiona 

C ~ U S  (Copepoda) 

8Lennicrs phoLid larvae; ~opepoda 

Fish larvae! C u ,  T&noU 
ICopepoda) ; Calyptopis Euphausiidae; 
PanWdae  larvae; othor larvae 

S t a W ~ o ~ o U  mehtenAi Brandt 1838 Copepoda; Annelida; Medusae 

co(anud (Copepoda) 

Fish larvae! Copepoda; knphipda; 
other Crustacea and larvae; 
Hollucc. 

r n i t r o a d d a e  

Cotn~&ha pi lose(& Porves 1848 Lepldogadtm gouani larvae; 
CaLCpw hapax (Copepoda) ; 
Crustacea larvae; Chaetognatha 

Cottud,  C a U i o n p w ,  L&W 
larvae; Copepoda; Ptewobuchia 
(Ctenophora) ; Chaetognatha 

EuP)Iysa, h U @  (Medusae) ; T h o p s i s  n n h X c . h a € ~  It4.Sara) 
1835 other mall animals 

Millr and b u s .  
1Y79 

R u s s e l l ,  1953 

Praser,  1969 

Iebour, 1922 

Iehxrr, 1923 

Fraser,  1969 

L. Agassis 1849 

Biqelou. 1926 

Fraser,  1969 

Lebour, 1922 

Lebour, 1923 

t. Aqaasiz, 1849 

i Cunpanulariidae 

Obelia spp. F i s h  larvae; Copepoda; Cladocera; 
knphipoda; Ctenophorar Chaetognatha; 
Oikop(eW (Appendrcularia) labour, 1922 
Gadw medmgw, Ca.Wonynu~ sp. larvae; 
AcahZia,  Pahac&?~n~~ pnnvu; 
Preudocdmw, C .  ~ i n m a h & c u b  (Copepoda) : 
Gebia larvae; Crustacea zoeas; Podon. Evadne 
(Cladocera) 3 Tomoptenis hetgotandica 
and Annelida larvae; Hybocodon, ObctXa, 
Steenbt tupia  (mdusae) ; Oikoplerma 
(Appandicularis) 

Fish larvae 

CO.UUA b u b w ,  h o d y t u  t a b h u ,  
Agonu cata&.actLLs, Solea ucLega~A, 
Ldw bctgytta,  Codc~d n t ~ ? h ( ~ g u ,  
G .  m i W ,  B(enniud p h o l i s  larvae,  and 

L e h u r ,  1923 

Slabber, 1778 



PREDATION BY MEDUSAE 25 

Table 1. Cont. 

Food Author Ordcr: Family 
species 

Chpea patta6i (herring) larvae 

: Calycopoidae 

BythohiilMa btieboba n i l l s  and Ahb?Jn&3 
Faes,1979 

~pTOHEDUSAE: Melicertidae 

MeeCicehtwn octocOatatwn (M.sars) Po.t&OLl (Polychaeta) ; 
1853 Copepoda 

larvae and young fiehr 
Teaold (Copepoda) ; S t ~ U ~ W f i o * a  
(Medusae) 

: Laodiceidae 

Laodicca unduSnta IForbes 
and Goodsir1 1853 Catnnus (Copepoda) 

Arai and Hsy, 
1982 

M i l h  and Reee, 
1979 

Russell, 1953 

Fraser,  1969 

BLenW f i o l i s  larvaei Copepoda Lebour, 1923 

Fish larvaei CaCanlrd, T W k l  
(Copepoddi Calyptopis Buphausiida~z 
P m u d a e  larvae; other larvae e ra se r ,  1969 

L. Agaasiz 1849 S t w o p l i o u  r h t w b i  Brandt 1838 Copepodai Annelida; Medusae 
Cdanub (Copepoda) B i g e l o w ,  1926 

:Mtrocomidae 

CObM- w O b d & l  FOKVCS 1848 

Tiamp&& muLticinnata 1n.sars) 
1835 

: Campanulariidae 

Obetia spp. 

PhiaLidiun hemisfiachicwn 
ILinne) 1767 

Fish larvae; Copepoda: Amphipodai 
other Crustacea and larvae; 
Mollusca 

Lepadogabtca gouani larvae i 
C d i q u  napax (Copepoda) ; 
Crustacea larvae; Chaetognatha 

Cot tud ,  C U n y K l d ,  L a b w  
larvae,; Copepoda; P t e W w k c a  
(Ctenophore) i Chaetognatha 

Eu$yba, S m i u  IMedusae) ; 
other sm:l animal. 

Fish larvaer Copepodai Cladocera: 
Anphipoda; Ctenophorai Chaetognathai 
OikOfleaa (Appendicul~rial  

WUA mehbngub, C a L L i o n y n ~ 4  sp. larvaei 
Accutia, Pa.¶acaeanUA pallvud; 
Pseudocabtub, C .  ,9hkvtehiClLs (Copepoda): 
Gebia larvae: cruetacea meas i  Podon, Evadne 
(Cladoceral i Tomoptchis hetgo&ndica 
and Annelida larvae; Hybocodon, 06t&h, 
Stc?c?nbthupia Inedusae) ; O i k o p l e u ~  
(Appendicularla) 

Fish larvae 
C o t t w  b u b m ,  hody te4  .i%bLanub, 
Agonud cataph~~~nctus, Sotea v u t g a h i ~ ,  
L o b w  beqqtta, Gadus melLPannu4, 
G. m i n t r t i t n ,  R P P n n i i o  p h o t i A  larvae,  and 

Ftaaer,  1969 

h b o u r ,  1922 

Labour, 1923 

L. ~ q a s e i e ,  1849 

labour, 1922 

Labour, 1923 

Slabber, 1778 
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Table 1. Cont. 

Order: Family 
Species Food Author 
~~ 

eggs of &Ob and & b d ;  A- e 4 ,  
C. &hna~~chicud,  Tmom L o n g ~ w . ~ ~ ,  
Pbeudocalanu elongaalu (Copspoda)~ 
nauplii  of Cirripedia;  Panda&. Po~LCetcaM 
larvae; C r v l c i n u ~  maena~ zoeas, Gebio larvae 
and other Crustacea; H fb% and SpiOnid 
larvae (Polychaeta) ; dZL, 
picOd&, Phicrcidium ( m d u s u )  8 l(crg CdeQ 
(Siphonophorae) , Chaetognaths; & k O p ? . U U  
(Appendicularia) 

C o r n ,  &ab, L a b u ,  Chpea h m g u b  
larvaor Pseudoce(nnu6, CenOwTeb 
t y p i u ,  ca(Mcc6 (Copepoda) I Ge 4A 
PomeL&tna larvae,  crab zoeas (Crwtaas) ; 
Ratkkea, Betia, knphurerno (Medusae); 
Chaetognatha; O i h O p t e U a  (Appendicularia) 

Fish larvae; euphausiidae; Copepoda1 
Olvertebrate larvae I Appendicularia 

Herring and o ther  f i s h  larvae 

Preference of fish larva4 over Coppodn 

phiacidi~a g 4 . e g m . h  ( ~ . ~ g a r r i z )  Herbivorous zooplankterm 
1862 

Clupea pallasi (herring) larvae 

:Eutimid@ 
Euthna gJuldi.4 (Forbes 

and Goodsir) 1853 GebilI 1.N.. 

Fish larvae1 Oopopodai o b u  Medusae) ; 
Chaetognath. 

Other lgdusae 

Aequoreidae 

AQquoJwa wp. 

Aeqcronea vktohia (Ihubach 
and Shaarer) 1902 

LbLprrdogUm, &%lt&LLb phol is ,  p i p -  
fimh larvae and young1 Pdae~~Wn and 
o t h r  Crustacea larvae; P L ~ o w o ~ c J I . & z  
(Ctenophora) 

Bgqn and f i h  larvae 

Bocinopdid (ctenophora) ; sa(pa 
cyLindhiCa and other ualpn (~unicated 

mbour, 1922 

mbour, 1923 

B i g e l a ,  1926 

F i s h ,  1932 ( i  
Gudger, 1937) 

Frassr, 1%9 

Huntley and 
Hobson, 1978 

&ai and Hay, 
1982 

Ilbour. 1922 

W u r ,  1913 

Iramr, 1%9 

Fish 1924 ( in  
Gudgar, 1937) 

&ai ud Jacobs, 

&ai and Hay, 1982 
1980 

Iebour, 1923 
Le., 1966 

H-I e t  al, 1975 
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Table 1 ,  Cont. 

CZllpea pauaSi (herring) larvae 

LIENOMEDUSAE: Olindidae 

A # a u , w p b d  aeoaa M i l l s ,  w e s  and 
Hand, 1976 kLtem4il 

(;obea cocqnectes (Cosse) 1853 Crab zoeas (Crurtacea) 

CJulbp.dacuSta bOwehbyi 
Lankester 1800 Gold f i sh  

Young f i s h  

Daphnia and other crustacea; 
Rotifera;  Protoeoa 

Gonionemtb Veh@ktb A. Agassiz 1862 Yomq f i s h  

Siphonophorae ; Ctenophora; 
other  Medusae 

: Proboscidactylidae 

Phobob cidaoty& St&!& (Forbes) 
1846 Ciiaetognatha 

P .  @auAcihnata Brandt 1853 Small Cyclopoid and Coppod. 

TRA~YMEDUSAE: Geryonia 

L&op &XYltnaphyUn (chamisso 
and Eysenhardt) 

I021 Fish larvae Urd young f i s h  
Fish larvae 

: Ptychoqastriidae 

Te46ehogasthia mubcutoba Beyer 
1959 Harpacticoid Coppda; small CTUstArJa 

O&ow biACicid, Oncaea boneaCi4 
and other Copepodai P O t y d m  
larvae; Gastropod larvae I 
Lamellibranch larvae; eggs of 
invertebrates;  NoU%uccl (Dino- 
f lage l la te1  

PTEROHEDUSAE 

Arri and Hay, 1982 

n i l lS .  m.. ud 
Hand, 1976 
Ruewl l ,  1953 

schmitt, 1939 

Krurip, 1950 

Ru-11, 1953 

C.W. H a g i t t .  1905 
a, b 
Perkinr ( in  ma9.r, 
1937) 

?ra.st, 1969 

Labour, 1923 

s p n a r ,  1975 
Reen, 1979 

m c r d y ,  1858 
?+amor, 1969 

neethagan, 1971 

Ubour, 1922 

S w d e t d ,  1972 

Dontan. 1925 



28 

Hand, 1955 

Bergor, 1900; 
L u w n ,  1976 

L u w n ,  1976 

Uchidr, 1929 
Iahidr, 1936 
Clsdfelter,  1973 
h r w n ,  1976 
M o b . ,  1928 
L u w n ,  1976 

F4lillip. ud 
B W S Z .  1970 

Phillip. ah al. 
1969 

Larwn. 1976 

Barma, 1966 

Clarke .nd Barr& 
1%9 
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order: Family Pood Author 
S p e c h a  

Fish larvae Lbour, 1922 

Ctenophora I(CtWura, 1955 

Fish egg and larvae L.., 1966 
Chny4ao~a hyroAceUn (Linnuu.) 

1766 Ca1ent.rat.a Rl.p, 1901 
c o r n ,  BLeM*rrs . , a b & ,  
Lepulogabteh larvae I. I 
Decapoda larvaor 
C O b ~ ,  k, 
h a  W d u a w )  i P&wb& 
(Ctencyhord I Taoptehib  (Polychwtal I 
Qlaetognotha 

Siphonophoraei other mdusaet 
Ctmnophora 

Fish larvae1 coppOda1 Aaphipod.1 

Ch. quinqueoinnha (Demor) 
1848 Clupeidae young fish 

-so and young f i8h  

PepuLub tdiawnthi~ young f i a h  

shrimp Crus tana i  kenriOpbd 
Lecdyi (Ctenophora) i Polychaeta 

~ ~ p p o a a l  Mdusa planula1 
Ech inobm larvae 

IIbour, 1923 

Cargo and Bchultx 
1966, 1967 

Miller, 1974 

L n p . 1 ,  1976 
Burrel]. m d  V M  

o & E K b o l ,  lees 

b l a p ,  1907 

-de, I816 

c. w. n u g i t t ,  1902 

Butel., 1910 
1905 a, 1905 b 

c. W. and 0. T. 
H u g i t t ,  1910 
B l g . l W ,  1926 

n q m i r ,  1933 
i t ~ m ~ l l ,  1953 
c u g o  ud SchulU 
1967 
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Table 1 ,  a n t .  
~ ~~~ 

Order: Family 
Species Food Author 

Ctenophora 

Aut&& auhib (Linnaeus) 
1758 Sea Scorpio young fimh 

Young f i s h  

Copepoda; Ctenophorar Ob-, 
pkraecduun . . .  (nedusae); Pteropods 

&mnody.tes t o b i a n u ,  C o r n  bubalid, 
A q o n u  Cataphnaotud, SoCea vupYah.is, 
Gob& n u h t u ,  Beennius p b U ,  
N ~ p k c d  h b h i C i 6 0 W  larvae; 
Amphipoda; crab zoeas; Decapoda 
and Mollusca larvae 
Young fimh; Ca(anus, Ha~pacticoid 
(Coppoda)~  8-U and other 
Clrripedia larvae; Crustacea larvae; 
Oyster larvae; Clrepiduh larvae; 

Gastropoda larvae; young Po1ychset.r 
~ ~ t o d a i  Epicahirun larvae; PoQ&ha; 
Ascidian; Tintinnidae; Rotifera;  
Diatomacea 

CottcLd b u U ,  Gadu po.Uu&u~, 
S p g n a b  U U ,  Fla t  f i s h ,  Clupeid88 
larvae; Accutia c h u i ,  Ce&pqeb 
typicub, Harpacticoids (Copepoda) I 
Decapcda l a r v u r  mllu.ca l a ~ ~ i  
Rathkea octopunotatcl, PkirrLidiWn 
(Medusae) 

Fish larvae; Copepcda; Euphausiidae; 
other invertebrate larvae1 Appendicu- 
l a r i a  
Fish larvae 

mP. 

Phi l l ip8  e t  a t .  
1969 

Cargo, 1975 

Delap, 1905 

K. nafr, 1947 

?.briciu#, 17EO 

Spallanrani,  1793 
C. Y. Hargi t t ,  
1905 a ,  1905 b 

Dclap, 1907 

Labour, 1922 

Orton, 1922 

Ilbour, 1923 

Bigelow, 1926 
Fish, 1926 (in 
Cudqar, 1937) 

Southward, 1955 

H b . l n 9 ,  1956 
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Table 1 ,  Cont. 

Food Author O r d e r :  Family 
spc i ea  

petenaoni, P l u m d h u A  PyLVLLq, 
OLthona MM (Copapoda) ; sqgctto 
b m b a  (Chaetognaths) ; Decapod 
Crustacea larvae; C i r r i p d i a  C y p r i s ;  
OibOp@Lvca d i O A C a  (Appndicular ia)  Milhailov, 1962 

Fish egg6 and larvaor TQhiOpU4 
(Copepoda); Crustacea l w a e ;  
N o ~ X d u ~ a ;  Cil ia tes ;  Diataaacea Lee, 1966 

C ~ M U A  glaoialid, P s e u d o d a m  
ebngah6, Tentom Longicoh~~&,  
A c c u t i a  L o n g d u M 4 ,  O L i h O M  b w ,  
Oncnea b o n e U . ,  CyceOpina sp. ,  
HahpmtAub LuuhemLb , k&lObd& 
nojzvegica, T d b e  @u€a (Ooppoda) ; 
~ ~ M U A  ba(ano.iiiu naupl i i  oypris  
(Cirr ipedia)  ; GaEtrOpod8 ud Blvalvia 
larvae; Podon &&Mi, Eu& PIOW 
(Cladocera; Sag& e a M  (Ouetognatha) I 
OpkcopUecrs and Bipinnari. ~ N M  
(Echinodermata) ; Polycha0t.A h v r e ;  
cllcumis, Bofinopbib b&,udibu&un 
(Ctenophora) ; Ob&& SP., Rathhecl 

boaeealib (Appendicularia) ; 

g k p U e a ,  H&?Ucobhrn&a AubuLata 
LTintinoidea) Longinova MU 

mrzova, 1967 

T i n t i n o p i s  cmnp,wudia, PmdaveCCa 

kmwdytes, OadLcb CaeLahiab, 
G .  nrirwtcls larvae;  Copepoda; 
Amphipoda; Decapoda larvae; other 
medusae; Myti(ud (Mollusca) 

Fish larvae; copepda 
O b e L i a  sp., R e b k 6 ~  0&pl~n~%&8. 

Wedusae) ;e& 
1Ctenophora) 

c t r p a  hmengu~, C o t i u b  larvae; 
Hydromedusae, k l J L d A b  ephyra; 
Copepoda; Cladocera; Amphipoda; 
Cunacea 

Ceupea h w n g u c  (herring) ~ T V M  

Inodicea, ‘ ’ ’ SaMh 

RHIZOSTCWEAE: Cassiopidae 
Ca~riopea 6r~oKdo4U (Pallas) 

:Catostylidae 

1774  Young f i sh ;  Cns tacea ;  Ilollusca 

CMlbhioneUcl 0R.bin.l (Vanhoffen) 
1888 Young Pimh 

mamr, 1969 
Cargo, 1975 

Wller, 1979 

& a i  ud J-0, 
1980 

Mller, 1980 

mollor, 1982, 1983 
Bailey and -thy 
1983 

H.C. Smith, 1936 

K. Nair, 1947 
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Table 1 ,  Cont. 

order: Family 
Spcies Food Author 

t RhizostoMtidae 

: StoaDlophidae 
S b m t o p h A  L. AgasIIiz 

1862 

Larvae and young f i eh i  Copepodai 
Isopodai other Crustacea and their 
larvaei Polychaeta larvcwi 
Chaetognaths 

Small plankton 

Huunn, 1881 

Phillip. et a l . ,  
1969 

MEDUSAE: Bougainvi l l  ia or inc ip is  (Steenstrup) 1850 
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CHON DROPHORAE 

The Order Chondrophorae includes organisms inhabi t ing the- 
Uppermost oceanic l a y e r s  a t  t he  air-water i n t e r f a c e .  These vo 
racious animals feed on f i s h  eggs and larvae,  and the  larvae - 
and a d u l t s  of o the r  zooplanketers. 
phorae include only two genera, P O k p a  and vd&a. 

Data on the  food of Chondrg 

POtrp&Z, with no s a i l  or  propulsion mechanism, d r i f t s  with 
the waters,  and relies l a rge ly  on the muscular  movements of i ts  
dact i lozoids  (Mackie 1959) t o  capture the food. I t  can d e t e c t  
v ib ra t ions  i n  the waters (Horridge 1966),  and is thus  able t o  
grab a c t i v e l y  swimming animals. 
the-medusae-bearing appendages (Bier1 1970) and the c e n t r a l  - 
o r a l  chamber i n g e s t s  most of the food i n  the small ones. 
p&7 shows greiit a b i l i t y  t o  catch ac t ive  copepods and a P O h p h k  
5.5 mm i n  diameter i s  able  t o  e a t  a d u l t  P O d a d  copepods as 
big a s  i t s e l f .  

Large POtrpiAk catch food by 

POh- 

POtrpda  catching large , f u l l y  mature carnivorous copepods 
(Bier i  1970) could be an example of a predator attempting t o  
a t tack POtrpifa but being eaten themselves. POtrp&l would i n  - 
t h i s  case be a secondary carnivore.  Analysis of t he  food of - 
POhpi . taA washed up on the beaches of Shirahama, Japan, i n  Noveg 
ber 1965 ( B i e r 1  1970) consis ted of carnivorous Calanoid cope - 
pods (90% of the d i e t ) ,  together with crab megalopas, f i s h  lar- 
vae and f i s h  eggs (10%) , a s  well as Gastropoda v e l i g e r s ,  Luci- 
f e r ,  Larvaceans , Medusae , and Nematodes. 

The wind-driven Ve&k'La s a i l s  through the water, o f f e r ing  
minimum res i s t ence  t o  movement because it has no t e n t a c l e s ;  t he  
dact i lozoids  a r e  of oval c ros s  sect ion with nematocyst bands on 
t h e i r  narrow edges. V&&h feeding i s  mainly passive; the a n i  - 
mal d r i f t s  along the  waters a t  the vein of t he  blowing wind, 
and captures zooplankters and eggs of f i s h  and o the r  animals ifl. 
habi t ing the uppermost lay'ers of the ocean i n  the ve&2&X'b s a i  
l i n g  path.  

VQ&&I do not appear t o  catch motile organisms such as - 
fish l a rvae ,  copepods and n a u p l i i ,  as e f f e c t i v e l y  a s  the weak 
swimming zooplankters,  larvaceans o r  the non motile eggs of 
f i s h  and inve r t eb ra t e s  , although comparatively l a rge  and a c t i v e  
organisms, such as f i s h  larvae and a d u l t  Euphausiidae are - - 
occasionally caught. In  studying the post- larval  food of V d e -  
&?a kh&l obtained o f f  San Diego, Ca l i fo rn ia  B ie r i  (1961) found 
t h a t  in 99 specimens co l l ec t ed  on May 1950, f i s h  eggs, mostly 
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of Tmchuha bl.jmmeXhb2W (jack mackerel) made up 48% of t h e  to- 
t a l  food count, and euphausiid eggs 7%;  i n  36 specimens co l l ec -  
ted i n  March 1954, euphausiid eggs made up 78% of the food - - 
items, and f i s h  eggs 3%. Huxley (1858) found Copepoda remains 
i n  the gastrozoids  of ve~&&l  k3.cUh Chamisso and Eysenhardy 1821. 
Lebour (1947) observed the stomachs of V&&a from Valencia, 
I r e l and ,  f i l l e d  with Harpacticoid copepods, and Totton (1954) ob 
served Copepoda and crustacea remains. From the da t a  available: 
i t  appears t h a t  f i s h  eggs and euphausiid eggs make up a l a rge  
portion of V e & ! & L ’ b  d i e t .  Variat ions i n  the  food type observed 
correspond t o  the populations which V e & f i  encounters , while 
through a region. I f  the prey a n i m a l s  escape, Vete,&!a cannot 
purse them. 

Ve.&!k?.-k i s  a recognized conspicuous carnivorous feeder ,  - 
ea t ing  any organism ranging i n  s i z e  from 0.2 mm t o  10 mm o r  more. 
The amount of food intake inc reases  with the s i z e  of vete&?a; 
Bier1 (1961) noted t h a t  the amount of Calanoid copepods caught 
by Vc?lel& increases  with the s i z e  of the ve&& when these a r e  
g rea t e r  than 30 mm i n  length.  
with digested and semidigested animals i n  the gastrozoids  and 
siphons; f i s h  egg and l a rvae ,  pr imari ly  h g 4 a m  mukcfax (nor- 
thern anchovy) and c 0 L O h b h  b&ta (saury) , Chaetognatha and - 
t h e i r  eggs, barnacle n a u p l i i  (probably of k.p&5) Siphonophorae , 
Crustacea Decapoda larvae , Mysids, Copepoda (eggs, larvae and 
adul t s )  , Euphausiidae (eggs, larvae and a d u l t s )  , Pteropoda, Am- 
Phipoda, Cladocera, Emehita larvae and the Diatom CanCinOdinruh. 
The seasonal occurrence of V&&i?&l o f f  Cal i fornia  (Bier1 1961) 
i s  c lose ly  r e l a t e d  with the spr ing spawning of Meheuc& p40- 
duotw, C o h l a b i b  bcLina, Sahdinopb Caehutea, and Txachuhun bym- 
t n e x ~ c m .  
Peru C u r r e n t  region off  Peru, i n  1968, feeding on hjA.Ud& h i n  
genb (anchovy) eggs and l a rvae ,  Copepoda, and o the r  f i s h  l a rvae .  

I n  these cases ,  v&e&?a appeared 

I have observed l a rge  q u a n t i t i e s  of V&kk&?a i n  t he  

SI PHONOPHORAE 

Relat ively l i t t l e  has been published on the feeding h a b i t s  
of siphonophores. They are planktonic animals which a re  d i f f i -  
c u l t  t o  maintain i n  t h e  laboratory due t o  the large s ize  of some 
species ,  and t h e i r  general  e x c i t a b i l i t y  and autotomy; yet  , under 
adequate condi t ions , they have been maintained i n  laboratory 
aquaria f o r  some w e e k s ,  feeding, growing, reaching sexual matu- 
r i t y ,  and reproducing. Under t h e s e  condi t ions , t h e i r  feeding 
and exc i t ab le  behavior have been c l o s e l y  observed, and they have 
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been found to  be rapacious predators  (AlvariEo 1967a). 

Siphonophores occur pr imari ly  i n  temperature and w a r m  ocea 
n i c  waters,  where they feed on f i s h  larvae and young f i s h ,  as 
well a s  compet.ing f o r  food with young and adu l t  f i s h  and other  
pelagic animals. Siphonophores possess anatomical s t r u c t u r e s  
i dea l ly  s u i t e d  f o r  "f ishing" purposes; t h e i r  t e n t a c l e s  contai-  
ning poisonous nematocysts, gl ide through the waters l i k e  f i -  
shing l i n e s ,  l u r i n g  even with mimicry (Purce l l  1980) t h e  f i s h  
in to  a deadly t r a p .  Siphonophores s w i m  s w i f t l y  and t h e i r  t r a n s  
parent bodies are  not e a s i l y  detected by t h e i r  victims. Obser- 
vations on the searching ac t ion  of the gastrozoids  ind ica t e  
t h e i r  a c t i v i t y  i s  due t o  t a c t i c  and chemical e x c i t a b i l i t y  - 
(Mackie and Boag 1963) ; nematocysts are located i n  the t e n t a c l e s ,  
t e n t i l l a ,  and a l s o  around the o r a l  region. 

Siphonophorae inges t  count less  number of Copepoda and - 
other zooplankters (Bigelow 1926) , but feed pr imari ly  on f i s h  
larvae when ava i l ab le .  Analysis of zooplankton of the Bombay 
region during 1944 t o  1947 showed ( B a l  and Pradhan 1952) t h a t  
the highest  number of siphonophores coincided with a minimum of 
f i s h  larvae and pos t  l a r v a l  s t ages ,  and high numbers of hydro- 
medusae and siphonophores i n  1947 coincided with the lowest' num 
ber of f i s h  larvae.  Unfortunately, published observations on 
the food of siphonophores include only a few of t he  approxima- 
t e l y  140 species  i n  the group. 

The Cystonectae EpibuLia ttit;tehiana Haeckel 1888 i s  a sur-  
face-floatingorganism which i s  seldom captured by plankton 
hauls,  pr imari ly  because t h i s  stratum i s  almost never sampled 
by plankton tows (Alvarifio 1 9 7 2 ) .  Therefore, the s c a r c i t y  of 
E.  tiA%?hiavlU i s  probably only apparent. Thus cystonect feeds 
voraciously on epiplanktonic animals, pr imari ly  those inhabi- 
t i n g  t he  uppermost l a y e r s  of t he  oceans, Clupeidae, Engraulidae 
and o the r  f i s h  larvae and animals eventual ly  reaching the - 
neuston o r  pleustonic  epiplanktonic domain. 
t h i s  Cystonectae may reach 80 t o  200 m o r  more when f u l l y  ex- 
tended through the waters l i k e  f i s h i n g  l i n e s ,  with the gastro- 
zoids ac t ive ly  searching f o r  food. 1 have observed E. m e -  
haMa with remains of Clupeidae and the  eyes of Myctophid in- 
s ide the gastrozoids.  
ki.ttehiana siphons and gastrozoids ,  while o the r s  disagreed on 
t h i s .  I observed t h a t  photophores in s ide  the gastrozoids  of 
E .  4.d&i?hkMa belong t o  t h e  Myctophids the  siphonophore has 
been feeding on. 

The t e n t a c l e s  of 

Some authors ind ica t e  photophores on E. 



36 ANGELES ALVARIRO 

The Cystonectae Physat ia  p h y s a l A  (Portuguese-Man-of-war) , 
catches f i s h  ( l a rvae ,  young and adu l t s )  swimming o r  f l o a t i n g  
near t he  surface of t he  oceans (Gudger 1942).  This siphonopho- 
re h a s  long,  d e l i c a t e ,  and almost t ransparent  t e n t a c l e s  8-10 
meters long. These t en tac l e s  are covered with deadly nee l ing  
poisonous ce l l s  and cn idoblas t s ,  which s t i n g  and poison young 
f i sh ;  t he  prey i s  la te r  drawn and d iges ted  by the gastrozoids .  
Mackie and Boag (1963) observed t h a t  P h y s d i a  shortens i ts  ten- 
t a c l e s  by c o i l i n g  and cont rac t ing  them t o  12-15 c m  i n  lenght  
during t h e i r  feeding,  an observat ion which was f u r t h e r  corrobo- 
ra ted by B i e r i  (1970). 

The feeding behaviour of 9. phYbCd& has been described i n  
d e t a i l  by Wilson (1947) from specimens maintained i n  a tank i n  
the Marine Laboratory a t  Plymouth, England, and found PhybaLia 
feed on young and small f i s h .  This  Cystonectae f i r s t  would 
s t i n g  the  f i s h  with the poisonous dactylozoids  and then t h e  gas 
t rozoids  would a c t i v e l y  cover the  f i s h  and inges t  it. 

- 

Totton (1960) ind ica ted  t h a t  P. phyba l i n  i s  apparent ly  - 
very successful  i n  avoiding being devoured, except i n  t h e  juve- 
n i l e  s t age ,  and t h a t  sur face  swimming f i s h  (Trachuridae,  Exoce- 
t i d a e  and o the r s )  become entagled by the  t e n t a c l e s  of Phyhafia, 
obtaining more food than can d iges t .  

Phyb&a physcdh inhabi t  warm waters, and during some sea 
sons and years  they appear i n  g rea t  abundance; t h i s  happens in- 
the  Portuguese coas t a l  a reas ;  reaching northward t o  the B r i t i s h  
Isles. They a re  found s imi la ry  along the  At l an t i c  coasts of 
North America. 

Physonectae siphonophores feed on small f i s h  and crus ta -  
ceans (Hardy 1956).  Observations on Nanomia Caha specimens - 
kept  a l i v e  (Mackie and Boag 1963) f o r  36 days a t  Friday Harbor 
show t h a t  they  s w i m  by cont rac t ions  of t he  nectophores; and 
changes i n  the  v e r t i c a l  displacements are cont ro l led  by ad jus t -  
m e n t  of t h e  volume of  CO ins ide  t h e  pneumatophore. 
specimens were fed with small crustaceans (h temia  n a u p l i i ,  T ' i -  
ghiopub, e tc . )  and pieces of f r e s h  meat, it w a s  observed t h a t  
t h e i r  need for food w a s  ind ica ted  by the  state of expansion of 
palpons; and a l s o ,  when the  palpons w e r e  f i l l e d  with a milky 
f l u i d ,  no food w a s  necessary.  Siphonophores react t o  st imula- 
t i on  by a sudden swimming ac t ion  a t  t h e  speed of 8 c m  per se- 
cond, w i t h  a cont rac t ion  of  the  nectophores 4 t i m e s  pe r  second, 
a t  16OC temperature. Barham (1966) observed a mixed populat ion 
of Physonectes, mainly % e p h a M o d U  &juga extending above t h e  

When the  
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Myctophids l a y e r s ,  t h e i r  migratory descent t o  deep l a y e r s  w a s  -. 

more rapid i n  the physonectes than i n  the Mytophids. 

The feeding behavior of several  other  physonectae have des  - 
cribed Phqhophom hy&ohtcl;tica by Hardy (1956) , with upward - 
jerks- l ike contract ion of e l a s t i c  f i b e r s  made by the t e n t a c l e s  
i n  order  t o  ca r ry  s m a l l  crustaceans t o  the mouth of gastrozoid.  
Ph. hy&obXmXRatica may appear t o  be q u i e t l y  f l o a t i n g ,  while a l l  
i t s  t e n t a c l e s  are  extended l i k e  f i sh ing  l i n e s .  A t  o ther  times 
it w i l l  s w i m  a c t i v e l y ,  with t e n t a c l e s  and t e n t i l l a  contracted,  
o f f e r ing  the l e a s t  r e s i s t ance  t o  movements, as it s w i f t l y  doves 
towards a more adequate f i e l d  of feeding operat ions.  

Stephanomia bi juga was observed by Barham (1963) motion - 
l e s s  i n  a "feeding pos i t i on  with the t e n t a c l e s  s t r e t ched  out  i n  
a l l  d i r ec t ions .  "These ac t ive  predatory animals c r e a t e  a li - 
ving net formed by l i v i n g  f i s h i n g  l i n e s ,  apreading across  the 
world oceans. They a r e  able t o  s i n k  t o  deep l a y e r s  expel l ing 
gas from the Pneumatophore, reduce t h e i r  body a rea  by contrac- 
t ion of the stem, t e n t a c l e s  and t e n t i l l e s ,  and perform rapid 
movements , swimming t o  t h e  upper oceanic l a y e r s  by "expansion 
of the gas within the pneumatophore". B e r r i l  (1930) described 
the behavior of s. bijuga, explaining t h a t  "unless dis turbed" 
the specimens remain p e r f e c t l y  motionless i n  an inc l ined  posi-  
t ion ,  with the pneumatophore and noctosome p a r t  of t h e  s t e m  i n  
a v e r t i c a l  pos i t i on ,  and the  scyphosoma p a r t  of the s t e m  f a -  
l l i n g  out  "at a n  angle of about f o r t y  f i v e  degrees". In  t h i s  
manner the t e n t a c l e s  and t e n t i l l e  hang separately and are  - - 
spaced t o  form an e f f i c i e n t  t r a p ,  d r i f t i n g  with the cu r ren t  and 
catching small ac t ive  zooplankters. For example , the  Physonect 
%ephanom,La kubm reach 150 cm of t o t a l  length and the extended 
t en tac l e s  up t o  750 cm. Contact of any s m a l l  organism with a 
filament o r  t en tac l e  t r i g g e r s  the instantaneous discharge of 
dactylozoids,  and contract ion of the t e n t a c l e s ,  and a searching 
a c t i v i t y  of the associated gastrozoids.  Gastrozoids of F o u h a -  
&a ~ d w c v r c h i  were observed t o  contain f i s h  of more than 25 mm 
i n  length (Leuckart 1853) which were digested up t o  the  skel ton.  

Duvault (1965) studied t h e  feeding react ion i n  siphonophore 
Calcycophorae, which p a r a l i z e  t h e i r  prey by the discharge of 
nematocysts, followed by contraction of the t e n t a c l e s  and d i l a -  
t a t ion  of t h e  mouth of gastrozoids ,  These animals move through 
the water i n  an ondulatory fashion (Hardy 1956) powered by the  
j e t  propulsion of the swimming b e l l s ;  and i n  time of danger the 
scyphosoma i s  quickly r e t r a c t e d  i n t o  the s h e l t e r  of t h e  hydro- 
ecium of the nectophore. Observations on the s m a l l  Calcycopho- 
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rae Mugghea &amCa conducted a t  Friday Harbor (Mackie and - 
Boag 1963) revealed t h a t ,  the  special ized type of swimming and 
spreading behavior of t he  t e n t a c l e s  i s  q u i t e  d i f f e r e n t  from t h a t  
occurring i n  the Physonectes. The nectophore performs rapid mo- 
vements i n  s p i r a l  loop fashion; t he  t e n t a c l e s  a r e  thus  spread - 
out simultaneously i n  a cen t r i fuga l  sequence, i n  the manner of 
the b u l l f i g h t e r  "veronica". I t  i s  a technique of combing the  
water i n  s w i r l s ,  by which a good number of victims a r e  captured 
by t h e  siphonophore and the prey are  t r ans fe r r ed  from t h e  ten- 
t a c l e s  t o  the mouth of adjacent gastrozoids.  I have observed 
the s m a l l  Muggiaea ateantica with the t e n t a c l e s  spread reaching 
25 mm long. 

P a r a s i t e s  which appear i n  siphonophores may be r e l a t e d  t o  
the prey they are feeding on. Dollfus (1963) c i t e d  observations 
by T. Studer (1878) on a Tetraphyllidear l i k e  protocercoid ob- 

served i n  the f l o a t  cav i ty  of the Physonectae Ag&a sp. , and 
Totton (1954) described a specimen of ffLppopOdcuh k ippapa  from 
Villefranche-sur-Mer, with 50 T/tiChOCe&COuh c e r c a r i a  (with eyes) 
probably the  l a r v a l  s tage ( C W C U A h  A&gQ.&X Monticelly) of the  
trematode Lepaaaedcum &bum s tos s i ch .  These p a r a s i t e s  made tu- 
bular  tunnels  i n t o  the mesoglea of f f .  kippopw, l o s t  t h e i r  t a i l ,  
and ff. kippapun may obtained the p a r a s i t e s  by feeding on f i s h .  
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TABLE 11. OBSERVATIONS CN THE FUOD OF COELENTERATES 
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- 

OP&EWSUBORDER: Family mod Author 
species 

(HONDROPHORRE: Porpit idae 

Pohpita sp. 

: Velell idae 

V&Ua sp. 

V e U . a  chamism 
and eysenhardt 1821 

eggs, larvae and juvenile f i sh ;  
carnivorous C d o t ~ i d  ~opepoda; 
Medusae; hddeh; Gastropoda 
larvae; Nematoda 

Harpacticoid Copepoda 

Fish eggs; mall Crustacea larvae 

Copepoda 

Calanoid Copepoda 

Fish eggs and larvae; l a rva l  and 
adult  Copepoda; Euphausiidae; 
Amphipoda; Cladocera; 8aJwmc.b 
naupl i i ,  Md other Crustacea larvsej 
Chaetognathai Diatanacea 

A n g W  hingen6 larvae and eggs 

SIPHCHOPHORRE 

suborder CYSTONECTIDAE: Epibulidae 

F,dbuLin d t W %  Beeckel 
1888 Young f i sh  

Engraulidae, Clupeidae, nyctophidae, 
Scomberesocidae larvae and young 
f i s h  

: Rhizophysidae 

6ethy$yba b ibogae  Lens and 
van Riemsdijk 1908 Associated Hyperid Amphipoda 

S&ZObC&U o ~ U h b , T k @ . O p u d  
edwan&ii 

Fish larvae 

RlUzOphyk7 & 4 , & 6 0 h i ~  (Forskal) Small f i sh ;  Alcyopid Polychaeta 
1775 

R. e y b e n W  Cegenbaur 1859 Fish larvae 

: Physalidae 

Phq&%.a p h y b d i b  Lim 1858 Herring, f ly ing  fish and other 

Young f i s h  

C t e n o l a b w  ~cpedthi6 

B i e r i ,  1970 

Labour, 1947 

Bieri, 1970 

riwtiey, 1858 

Totton, 1954 

Bieri, 1961 

Alvnrifio (Unpubli- 
shed da ta)  

Alvarifio, 1912 

Alvarifio (unpubli- 
shed da ta)  

Biggs and Harbiscn 
1976 

Purcell ,  1981a 

Biggs, 1977 

Purcell .  1981a 

Lesson, 1843; 
platretagem, 1854 
Bigelow, 1891 

Bennet (Gudger 
1942 ) 

Gudger, 1942 

Wilson, 1947 
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TABLE 11. C M t .  

Euphausiidu 

Totton, 19601 
w.dri. .nd Bow, 
19631 Bieri, 1970 

IcoLL.ud€-g. 
1963 

lbgmrs, B i g g s  ud 
cooper, 1978. 

8199s. 1976 

Bigga, 1977 

putcel l .  1980 

Bigga, 1977 

Biggel 1977 

blished data) 
Mvuiiio (Imp- 

A L V ~ U S O  (mp- 
blishad data) 

B i g g s ,  1977 

pu tce l l ,  1980 

IIudy, 1956 

UuCkatt, 1853 
Biggs, 1977 
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Purall, 1Wlb 

Biggm, 1977 

Alvuilb 1979. 
1930a, 198Cb 
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PREDATION BY CTENOPHORA 

Ctenophora are b e a u t i f u l  d e l i c a t e  marine animals commonly 
named comb-jell ies,  comb-bearers o r  sea walnutts.  They have a 
gelatinous c r y s t a l  c l e a r  or t r ans lucen t  appearance , of s o f t  
bluish or  pinkish t o n a l i t y  with i r i d e s c e n t  shine. They are  ge- 
ne ra l ly  sphe r i ca l ,  ovoidal,  o r  pearshaped organisms, except f o r  
t h e  band-like VenW g i r d l e  specimens. 

Ctenophora propel themselves through the water by beat ing 
s t rokes of t h e i r  i r i d e s c e n t  comb-like p l a t e s  (comb rows o r  r i b s ) ,  
while the t e n t a c l e s ,  i n  t en tacu la t e  species ,  a re  smoothyl t ra i -  
led.  These t e n t a c l e s  a r e  r e t r a c t i l e  and a r e  enclosed i n  the  
t en tac l e  sheath o r  pocket a t  each s ide  of t he  body. The t en ta -  
c l e s  a re  covered with filamentous la teral  branches , which con- 
t a i n  pinna with c o l l o b l a s t s  o r  g lue  ce l l s  which s e c r e t  an adhe- 
sive matter (Gudger 1943). These t e n t a c l e s ,  when extended may 
s t r e t ch  ou t  t o  20 c m  o r  more. 

Small crustaceans,  young f i s h  and other  prey are continous 
l y  caught on the  adhesive c e l l s  of t he  t e n t a c l e s ,  which c o n t r a c t  
and protrude a c t i v e l y  during prey capture.  The prey usual ly  - 
d i e s  immediately a f t e r  touched by these c e l l s ,  possibly due t o  
a poisonous substance (Hyman 1940; Ralph and Kaberry 1950); a 
toxin ex t r ac t ed  from the Ctenophora was observed t o  k i l l  " s m a l l  
i nve r t eb ra t e s  and when in j ec t ed  i n t o  frogs , r a b b i t s  , toads and 
dogs e l i c i t s  excesive skin secret ion , muscular weakness, para- 
l y s i s  and death" (Hyman 194G). However, Lebour (1922) watched 
a P2einobrtaclzia at tack and entangle a pipe-f ish,  which s t ruggle  
f o r  ha l f  an hour u n t i l  succeeding i n  g e t t i n g  f r e e ,  and no de- 
t ec t ion  of any poisoning e f f e c t  was observed. 

The general  accounts on the Ctenophora feeding behavior 
(Hardy 1956) ind ica t e s  t h a t  they devour f i s h  l a rvae ,  s m a l l  c rus  
taceans and o the r  zooplankters (see Table 111). They are COD- 

s idered by Bigelow (1926) t o  be of importance i n  the "natural  
economy of the plankton community". He r e p o r t s - t h a t  they a r e  
a t  times extremely abundant i n  the Gulf  of Maine, and t h a t  - 
"they a r e  among the most voracious of pelagic  animals". 
Wherever Ctenophores s w a r m  p r a c t i c a l l y  vacuum clean the waters 
and hardly any zooplankter can coex i s t  with them. Ctenophores, 
excluding probably %ekO&, can se r ious ly  a f f e c t  the f i s h e r i e s  by 
predation on the planktonic s t ages  of t he  animals of commercial 
importance, and a l l  of them, including %mot, are  competitors 
for  food w i t h  the meroplanktonic animals of commercial importar 
ce. More d e t a i l s  of Ctenophora feeding behavior are  given i n  

- 
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Harbison e t  a1 (1978). 

Ctenophores occur some t i m e s  i n  g r e a t  numbers and may then 
ser ious ly  reduce the population of zooplankters upon which they 
prey, including f i s h  eggs and la rvae ,  crustacean and o the r  ZOO- 

plankters  on which the  f i s h  depend f o r  food. 
(1952) s tud ie s  on the  zooplankton of  Bombay indicated t h a t  high 
number of Ctenophora coincided with a minimum number of  f i s h  
larvae and young f i s h  i n  t h a t  region. A peak of f i s h  la rvae  
occurred o f f  Plymouth, England i n  t h e  f i r s t  f o r t n i g h t  of May 
1930, bu t  a low number of young f i s h ,  excluding Clupeidae, w a s  
found i n  the second f o r t n i g h t  of the  same month (Russel l  1930 
a ,  b ,  1935 a ,  b , )  . This coincided with high concentrat ions of  
medusae , siphonophores , and the  Ctenophora PlewLobmchia p L h ~ 4 .  
During June, Ju ly ,  August and September of t h e  same year ,  t he  
numbers of Medusae, Siphonophorae and Ctenophora were high,  - 
while the  concentrat ions of f i s h  larvae remained unusually l o w .  
The f i s h  la rvae  catches f o r  1929 (Russel l  1935a) were w e l l  be- 
low the average f o r  the years  1930 t o  1934, and during the  hat-  
ching t i m e  i n  1929 w e r e  p resent  g rea t  q u a n t i t i e s  of ctenophores 
B u o ?  cucuntih, Befinop&th AdundibuRwn, Pleuhobmchia pLLeu?s, 
and the Agalmidae siphonophore Stephanomia b i j u g a  Russe l l ' s  da- 
t a  ind ica te  t h a t  the  except ional  abundance of predator  popula- 
t i o n s  was responsible  f o r  the  absence of t h e  peak abundance of 
f i s h  la rvae  normally occurr ing i n  the  area. 

Bal and Prodham 

Studies  on plankton and her r ing  i n  t h e  Barents Sea (Manten - 
f e l  1941) ind ica te  t h a t  ctenophores feed ac t ive ly  on plankton 
which undoubtedly a f f e c t s  the  surv iva l  and growth of the  he - 
r r ing  of t he  region. Swarming Ctenophora observed a t  t he  he- 
r r i n g  hatching grounds o f f  Yorkshire, England, are discussed by 
Hardy (1956).  " A t  such t i m e s  these ctenophores must levy a 
very heavy t o l l  upon young her r ing ,  and va r i a t ions  i n  t h e i r  num 
bers  from year t o  year must play a p a r t  i n  determining whether- 
some broods of he r r ing  are more successful  than o ther .  It i s  
possible  t h a t  t h i s  may be one of  t he  f a c t o r s  leading t o  the - 
w e l l  known f luc tua t ions  i n  the  r e l a t i v e  s t rength  of d i f f e r e n t  
age-groups i n  a he r r ing  population".  

Bigelow (1926) s t a t e d ;  "There i s  reason to  be l ieve  t h a t  
PLeWLobmchia is  a se r ious  enemy of t h e  successful  reproduction 
of sundry f i s h e s  (e.g.  cod and haddock) by feeding on t h e i r  - 
buoyant eggs, f e w  o f  which can escape des t ruc t ion  i n  loca l i t i es  
where ctenophores a re  numerous". Mayer (1912) s t a t e d  t h a t  "In 
cold northern w a t e r s  where Ctenophora occur i n  vaste s w a r m s ,  
they c o n s t i t u t e  a se r ious  menace t o  the  cod f i s h e r i e s  by devou- 
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r i n g  pe lag ic  eggs and young f i sh" .  Ubour  (1922, 1923, 1925) - 
analyzed the food of ctenophores and found they feed on practi- 
c a l  every type of plankton, including f i s h ,  and observed up t o  
severa l  f i s h  per  ctenophora stomach. 

Plankton s t u d i e s  i n  the  Gulf of Aden ( A l i  Khan and Hempel 
1974) showed f i s h  la rvae  i n  the  d iges t ive  t rac t  of Ctenophorae. 
In addi t ion ,  Bigelow (1926) considered ctenophores t o  be se - 
r ious  enemies of gadoids and f l a t  f i s h  hatching a t  nursery - 
areas  of t he  German Bank and t h e  Banks of t h e  North At l an t i c  
extending t o  the  Southwest of Cape Sable. 

Russel l  (1931) i n  discussing t h e  part played by c r u s t a  - 
ceans i n  the  economy of the  seas ,  s t a t e d  t h a t  "the inmense 
s w a r m s  of  plankton predators  s p e c i a l l y  the  Ctenophores, must 
p lay  havoc among the  copepod populat ion and serve a s  se r ious  
competitors t o  the  f i s h  themselves, a t  times even deple t ing  
the supply. This  i s  spec ia l ly  not iceable  a t  t i m e s  when cteno- 
phores predominate i n  the catches,  as on such occasions t h e  re- 
maining animal plankton appears except ional ly  poor". Copepods 
in  p a r t i c u l a r  are exterminate? i n  the  cen te r s  of abundance of  
PLeutrobhackia, though i n  t h e i r  own tu rn  they may swarm nearby; 
and it i s  common to  f ind  ctenophores packed with copepods or 
euphausiids and l a r v a l  f i s h  ingested and p a r t i a l l y  d iges ted  
(Bigelow 1926).  Bishop (1968) observed that ,  Ctenophora feed se 
l e c t i v e l y  on Copepoda, e a t i n g  P ~ u d o c & ~ u d  minlLt~n a t  greater-  
r a t e  than  E p t l a b i d o c u a  ampkitrLttid Ctenophores a l s o  have se- 
r ious  e f f e c t s  on the  surv iva l  of s h e l l f i s h  la rvae  and spat pro- 
duction of oys te rs .  P&uhobhackia i s  considered a se r ious  - 
enemy of the  oys t e r  i n  Washington, due t o  the  la rge  amounts of 
larvae consumed by t h i s  ctenophore (Kincaid 19151, Nelson (1925) 
indicated t h a t  t he  abundance of the  ctenophore M n e m y o p ~ i ~  %- 
d y i  appeared inverse ly  r e l a t e d  t o  the  abundance of T U e d o ,  BCIM- 
kia,  and t h e  s e t t i n g  of 04Zua during 1921 to  1923 i n  Barnegat 
Bay and adjacent  w a t e r s ;  t h e  abundance of oys t e r s  s e t t i n g  i n  
t h i s  region,  Mulloca River and nearby regions co r re l a t ed  with 
t h e  absence o r  s c a r c i t y  of M. L e i d y i .  

Feeding mechanism d i f f e r  among the  Ctenophora. The Tenta- 
cu la ta ,  represented by PlewLobmchia,  spread t h e i r  t e n t a c l e s  
and feed on everything ava i l ab le  i n  the  waters. The Nuda C t e -  
nophora, represented by Ir;e/LO&r, however, feed by engulf ing and 
swalling food i t e m s  by rapid suc t ion ,  preying on l a r g e r  orga- 
n i s m s  than the Tentaculata ,  which include a l s o  spec ies  of  Ten- 
t acu la t a  Ctenophora, t hus  l i m i t i n g  t h e i r  populations.  
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Pleuhobkachia i s  an inhabi tan t  of the  uppermost l aye r s  of  
the  ocean, being found mainly along the  upper 30-Om o r  50-Om 
s t r a t a  (Bigelow 1926). I t  is  a voracious feeder;  Lebour (1923) 
observed one 4mm-lOng P .  p d k u b  catch and p a r t i a l l y  d iges t  a 
10 mm-long Gob& u t h e n p m y .  Fraser  (1970) ind ica t e s  t h a t  
crustaceans are the  dominant food, making up 80-97% of the  to- 
t a l .  The maximum amount found i n  a 13 mm-long Pteeuhobhachh i n  
cluded 1 CaRanLLb, 1 Centrropageh, 44 AccuLtia, 4 Evadne, 2 Podon- 
and 1 cyprid la rvae  of &&&.nub. 
i n  P b o b m c l z i a  stomachs w i l l  r e f l e c t  t he  composition of t he  
plankton of the a rea  r a t h e r  than d i f fe rences  i n  the  s e l e c t i v e  
d i e t  of the Ctenophora. Kuhl (1932) described P.tewlobmtckia 
catching food i n  the  aquarium: "The most usual  prey-catching 
a t t i t u d e  i s  a s t a t iona ry  pos i t i on  with mouth upwards and the  
t e n t a c l e s  up t o  20 c m  long, with t h e i r  la teral  f i laments  exten- 
ded l i k e  ne t s " .  
ming i n  s p i r a l s  "loop-the loop" t u r n s ,  covering l a rge  spaces 
through the waters.  

Differences i n  the  food found 

Their hunting a c t i v i t y  are d isp lays  of swim-  

S tudies  on the d i s t r i b u t i o n  of ChpeU paeeabi larvae i n  
B r i t i s h  Columbia, Canada, from 1947 t o  1952 (Stevenson 1962) 
describe predation caused by Pleuhobkachia sp., together  with 
numerous medusae and chaetognaths (with no determination of the  
respect ive species), ind ica t ing  t h a t  "45% of the  larvae i n  the  
sample had been o r  were being devoured by the  Ctenophores". 
These ctenophores were so numerous i n  Mayne Bay t h a t  during - 
both day and n ight  they appeared t o  form a false thick b o t t o m  
a t  about 4 m depth,  where they were observed preying heavi ly  on 
f i s h  larvae.  

Large concentrat ions of  Pleuhob/rackia a t  t he  northern part 
of Moray F i r t h ,  Scotland, concurred with absence of her r ing  lar  - 
vae, abundant a t  the  adjacent  regions where ctenophores were 
not  present (Fraser ,  1970). 
be responsible  of  l a r v a l  f i s h  mor ta l i ty ,  even i f  t he  la rvae  are 
not eaten by the  ctenophores, which by consuming the food could 
a f f e c t  t he  surv iva l  of t h e  la rvae ,  the  adu l t  her r ing  and o the r  
plankton feeding animals of  commercial importance Fraser  (1970) 
explained t h a t  1965 w a s  a peak year f o r  P .  p&Lu4 i n  Sco t t i sh  
waters, when more than 47,000 w e r e  obtained i n  the  northern 
North Sea; 6 ,  162 of these  were examined f o r  food content.  The 
monthly average of those with food ranged from 4 t o  60% with an 
annual average of 26%. During 1966, the  monthly average resu l -  
t ed  4 t o  40%, with 21.5% of year ly  average, i n  1967 the amount 
of ctenophores with food ranged from 0 t o  58% and 19%, respecti 
vely,  f o r  monthly and annual average; during 1968 the feeding 

Swarms of P l e w ~ a b t ~ a c l z h  pileu4 may 
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animals ranged f r o m  0 t o  10% monthly, and 27% for t h e  year.  

Bigelow and Leslie (1930) indicated t h a t  t h e  plankton off 
Monterey (Cal i fornia)  i n  1928 presented high number of Copepoda 
and o the r  planktonic  organisms i n  var ious  s t a t i o n s ,  b u t  that  
"without exception they were r e l a t i v e l y  scarce wherever PkkuAo- 
b m c h i a  were p l e n t i f u l " .  Kincaid (1915) ind ica ted  t h a t  t h e  spe 
cies feeds on Oyter l a r v a e ,  and Lebour (1922) reported it eats- 
CdaMLLb ,  POhce&hU7 l a rvae ,  and Chaetognatha. 

The feeding behavior of o ther  Cyppidae Ctenophora has  been 
noted. Mehtencl ia Ovum has  been observed by Bigelow (1909) e n t i  
r e l y  engulf ing ''a young sculpin ( A c a n t h U  g t r o d a n d i u  Fabri- 
c i u s )  no less than 21 m long, t h e  vict im being doubled up so 
t o  f i t  i n t o  t h e  d i g e s t i v e  cavi ty  of t he  captor". 
p&cM%, a 40 mm long ctenophore with t e n t a c l e s  reaching 200 mm 
long when f u l l y  extended, e x c r e t s  mucus which expands i n  a spi- 
der ne t  p a t t e r n ;  it has  been seen t o  ca tch  and wrap specimens 
of t he  medusa i n  t h i s  manner (Fukuchi, Yoshida and Hara 
1971). 

- 

ffomiphota 

The Non-Tentaculata Beha; sp. are large and more voracious 
than t h e  o ther  ctepophores (Bigelow 1926). Lebour (1922) sta- 
t ed  t h a t  when Beho i  and P i k w t o b h a r - h h  are present  t oge the r ,  t he  
former feeds on the  l a t t e r .  &hoh has a rapid d iges t ive  acti-  
v i t y  devouring P l e w r o b m c h i a  and 8 O L . i ~ ~ p h h  (Bigelow 19261, and 
it always less abundant than e i t h e r  of t he  l a t t e r ,  which re- 
f l e c t s  on the  equi l ibr ium found i n  t h e i r  respective populations.  

S tudies  on the senso r i a l  mechanisms of BeAoc? cuCumL4 and 
B. OVO& by Horridge (1965b) showed t h a t  j u i c e  of pulverized 
P l e w L o b m c h i a  appl ied t o  t h e  l i p s  of BeAol?' caused a s t rong  fee- 
ding response, and when C. C u m L 3 ,  €3. ovaAa, and P t e w t o b t a c k i a  
co-occur, t h e  long t e n t a c l e s  of P l e w r o b m c h i a  are caught by t h e  
cur ren t  a t  the side of BehO'e' which r a p i d l y  engulf and s w a l l o w  
the  P l e  wtabrrachia.  

8ehoE could acc identa l ly  d i g e s t  crustaceans o r  f i s h ,  b u t  
when remnants of those organisms are found i n  BetLoz may come 
from t h e  food i n  the  prey consumed by t h e  ctenophores (Kamshi- 
lov 1960b). Mantenfel (1941 considered t h a t  Behoi probably fed 
on her r ing  i n  the Barents Sea. Kamshilov (1960 a , b ) ,  ind ica ted  
t h a t  a 35 mm-long Behog swallowed and digested 31 Bok%~opA& 
about 20 mm-long, and t h a t  it also f ed  on PtewLob&chh.  How- 
ever ,  P h i l l i p s  e t  a1 (1969) described P e p h d u h  a tep ido tun  (har- 
v e s t  f i s h )  as commensal with %ehOc! o v d a ,  and Matthews and 
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Shoemaker (1952) observed the f i s h  P&LLILi&hq sp. , Syngndhub ,  
ffemicahanx ambly&qnchw, and Chlorrobcombm ( S c o m b u )  chrryb W U A ,  
swimming i n  and out of Berroe i n  the Mississ ippi  Sound near Bilo- 
x i  , Mississippi.  

Betlog usual ly  inhab i t  the deeper l aye r s ,  t o  about 100 m - 
depth, avoiding the  surface waters where there  is danger of t h e  
“destruct ive wave ac t ion”  (.Bigelow 1926) . 

The swimming a c t i v i t y  increases  i n  both 8ehOk and 8o&Ylop- 
b i b  i n  the presence of the prey (Swanberg 1974) o r  the s w a r m s  of 
prey animals. 

8 o k h o p b d  in t jundibuhn move through the water with “ t h e i r  
large pa i r ed  peristomieae ( o r a l )  lobes expanded l i k e  trawl-doors, 
and these were observed came together  occasional ly  t o  enclose 
q u a n t i t i e s  of water containing food organisms (Nagabushanam - 
1959). 804%0pba a r e  ex t remely  voracious, and ca l cu la t ions  by 
Kamshilov (1960b) indicated t h a t  2 Bof inopbh can el iminate  i n  
one month a population of C d a M U  a t  a concentration of 300 per 
m3. A 23 rnm-long 8. inQundibuRum w a s  observed t o  capture 18 
small copepods of various species  and 15 cladocerans, a l l  of 
which w a s  d igested i n  58 minutes; 2.5-3 mm specimens digested 
one C d m W  per hour and 10 t o  11 i n  two hours. They w i l l  a l s o  
take capel in  larvae although it w i l l  take several  hours t o  d i -  
gest  (Kamshilov 1960b, Kamshilov e t  a l  1958). 

&&h#pb& intjundibulum appeared i n  t h e  plunger jars  and 
aquarium tanks a t  Plymouth (Lebour 1922, 1925) containing La- 
p h i u  p i b C a t U k h  (anglers)  l a rvae ,  together  with copepods, on 
which the larvae had been a c t i v e l y  feeding; bu t  although it w a s  
thought t h a t  8. indundibuRum would prey on c o p e p d s  and$e an- 
g l e r s  larvae would be s a f e ,  t h i s  w a s  not the case. 8. @*&AvI~~- 
bLLem caught and devoured the f i s h  larvae.  
cribed 4 t o  30 mm 8. i n & n d c b u h n  grabbing the lafvae 9 f h  - 
t h e i r  t e n t a c l e s .  Although the  f i s h  s t ruggled,  the lob&*;,of the 
ctenophore would close on the prey, engulfing it w i t h i n , ” i t s  
mouth; i t  was then conveyed t o  the  stomach t o  be promptly d i g e s  
ted.  

LebQur ( l a q  des- 

Predatory behavior has a l s o  been described f o r  the cteno- 
phores Leucothea mdR;icoRniA and Mnemyopbh sp. 
of the pu l sa t ions  of the o r a l  lobes and t e n t a c l e s  of 1. d- 
C O W i b  were observed t o  increase with the presence of prey or-  
ganisms (Horridge 1965a). The gathering of bunches of plank- 

The a c t i v i t y  



48 ANGELES ALVARIRO 

ton  performed by t h i s  species w e r e  t y p i c a l  (carying them t o  t h e  
mouth). Plankton animals were not a t tached t o  the  f inger - l ike  
pro t rus ions  sca t t e red  over t h e  body of  t he  ctenophore b u t  only 
on the  tentacles and oral  lobes. The f inge r s  d a r t  o u t  and - 
s t r i k e  the passing zooplankton, which immediately become par- 
t i a l l y  paralyzed. It appears t h a t  some powerful poison is  pre- 
s en t  a t  t he  t i p  of  t h e  f inge r s ,  probably produced by the  l a rge  
glandular c e l l .  The f i n g e r s  (Horridge 1965a) a re  extremely sen 
s i t i v e  t o  v ib ra t ions ,  and a 100 a t  10 c/s v ibra t ion  5 mm - 
away from t h e  t i p  o f  t h e  f i n g e r  is  detected.  A disturbance of 
t h i s  degree may be produced by a copepod or o the r  zooplankter,  
with t h e  f inge r  extending about 5 mm t o  reach the prey. 

The feeding mechanism of  MnemyaphL4 L'eidyiwas descr ibed by 
Main (1928). Nelson (1925) observed these  animals i n  Barnagat 
Bay dur ing  severa l  years  and seasons and found t h a t  a t  summer 
temperature (more than 20°C) , t he  r a t e  of d iges t ion  of food 
and ejection of res idues  are so rap id  t h a t  it i s  necessary t o  
examine t h e  specimens j u s t  a t  the  t i m e  of  capture, as t h e  s to-  
moderm empties i n  20 t o  30 minutes. 
po lar  length from Solomon, Maryland, w e r e  observed t o  feed on 
AcaAL& .lk~nha, consuming 472 copepods per hour,  bu t  the  ra te  of  
reeding changedin r e l a t i o n  with the  concentrat ion of  copepods 
and the  s i z e  of  t h e  ctenophore, the  l a rge  specimens consuming 
more food (Bishop 1967).  However, M. L'eidqi, t he  m o s t  abundant 
zooplankter i n  the  e s t u a r i e s  of t h e  mid-Atlantic United S t a t e s ,  
i t s e l f  experiences a reduct ion i n  its biomass i n  spr ing  with 
the  occurrence of t h e  Medusae Chhyhaoha quinquecdnhu and t h e  
Nuda ctenophore Behd ovah.I which feed a c t i v e l y  on M. L'eidqi 
(Miller 1974).  M. mcctLadqi appears t o  be one of  t he  most i m p o r  - 
t a n t  bioeconomic plankton species i n  the  Mississ ippi  Sound, in-  
habi t ing  t h e  surface waters i n  concentrat ions of 10-100 indiv i -  
dua ls  per m2, and feeds  on microplankton, r e su l t i ng  i n  a dras- 
t i c  reduct ion on the  zooplankton abundance with the  increase  i n  
numbers of M. mccnadgL ( P h i l l i p s  e t  a1  1969). 

M. L'eidqi 5 t o  70 mm i n  

Reported accounts and observat ions on the  food of ctenopho 
res show t h a t  they are carnivores  and may produce se r ious  devas  - 
t a t i on  of zooplankters.  However, Ctenophora appear i n  patchy 
d i s t r i b u t i o n  and are mainly abundant i n  c lose  t o  shore waters 
where product iv i ty  i s  usual ly  extremely high, because of  t h e  
occurrence of  la rvae  of  benthic  and coas t a l  Crustacea, Mollusca, 
Annelids, etc. Ctenophora may, i n  t h i s  contex t ,  act as a regu- 
l a to ry  agent  of those populat ions,  while o the r  zooplankton popu - 
l a t i o n s  survive i n  the  more offshore loca t ions ,  away from t h e  
a c t i v i t y  of dense populations of ctenophores. However, t he  C t e  - 
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mphora populations themselves may be l imited by predation of 
some species  of Ctenophora on other species of the same group. 

CTENOPHORA: Ocyropszs maculata ( R a n g )  1828 
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TABLE 111. OBSERVATIONS ON THE FOOD OF CTENOPHORA 

Order: Family 
Species Food ruthor 

CYDIPPIDAE: Mertenslidae 

Mp/Ltenbia owin (Fabricius) 
1780 AUW%AA gaen&ldic~ (young 

Sculpin f i s h ) ,  and other zooplankt.rs 

Fish larvae 

lampea pancehina (Chun) 1880 Salpa (Tunicata) 

: Pleurobrachiidae 

P W b n a c h i a  sp. Oyster larvae 

CdLUULb (Copepoda); P O h c & h 4  1.N- 
and other  Crustama; Chubtognatha 

Shel l f ish and other Mollusca larvae 

Eggs and f i s h  larvae; Copepodai 
Euphauaiidae; muall Crustacea; 
Coelenterata; Chaetognatha 

copepoaa 

Young f i s h  

Capelin larvae; cp(nnu6 tcopapoda)~ 
Euphausiidae; other  Cruatacea; other 
Ctenophora 

Eggs and larvae of cod, Mackerel, 
haddock and other  f i sh ;  Copepoda; 
Euphausiidae; Decapda larvae; 
Chae tognat ha 

Ckpea paLLasi larvae 

1860 p b e u d o u  ntbu&uA copepodites 
PLewob-chLa baclrei L. Agassiz 

and adu l t s  (Copepoda); naupl i i  
larvae 

Labidocenn thispinoba, Acahtin 
t o m a ,  ca(anus heCgo&d&ub, 
COILYCMU (Copepoda); Ahtenria 
b d b l a ;  Cladocera; Chaetognatha: 
other  zooplankters 

Labidocenn thispinoba, C o i y c a a u  
anglicLLs. Oncaea, P a h a c d a n t u  panvub, 
Eutenpina ac~.i.L6anb, Acahtia t o m a ,  
Rkincaeuucb naduttu, copepod eggs 
and nauplii!  Euadne nouhanni, 
E. bpini6Ua (Cladocera) 

Pf-euhobkwhia globma k s e r  
1903 Fish egg# and larvae; Copepoda; 

ChM tognatha 

PLpwrobnnJLia piletu (Fabricius) 
1780 Any planktonic organism 

Bigelow, 1909 

myor, 1912 

Warbison et a1. 
1978 

Kincaid, 1915 

Ilbour, 1922 

Nelaon, 1925 

B i g e l o r ,  1926 

B i p l o r  md 
Lesl ie ,  1930 

Hardy, 1956 

?&ashiloo, 1959 

Fra.ar, 1962 

Stevenson, 1962 

Bishop, 1968 

nimta, 1972 

Hirota, 1974 

Nagabhuah- md 
Jothinayagm, 1977 

Bigelow, 1915 
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TABLE 111. Cont. 

Order: Family Food Author 
Species 

LabJuLb * other ,fish larvae; 
CatcUuLb lj.mm&u , c-pagu 
.typ+llA (Copepoda); Po- and 

young c o r n  and Labhud syngnacud 

G e b u  larvae,  crab zoea and other 
Crustacea larvaet C h ~ t o g ~ ~ t h a  

(pipe-fish) , Gob- d U n p a N u l ,  
pla ice  eggs and her r ing  larvae; 
CatcUuLb, Tonom, Pbeudoafanu  
(~opepcda)~ Gebia and other crustacea 
larvae; Euphausiidae; Uysidaceai 
Cunaceai Chaetognatha; oiho@KM 

(Appendicularia)~ o ther  Ctenophora 

Fish larvae; Copepda; Chaetognatha 

PLewobhackia p3eu 
(Fabricius) 1780 O L t h O W  nMQ, o.blnicib, Acn/Ltia 

& u b i ,  Pahacazanud p h u u b .  
PbcdOCAhXU &ng&, caeanud 
h d g o h d i w ,  Cw5wpaged Kmyeni, 
(Copepoda), Evadne b p i n i 6 W ,  
E. .teJgeatinn, Podon (Cladocera); 
Crustacea l r r r ~ ~ i  Ltumllibranch 
larvae: pn lychuta ;  chaetognathai 
Oikop(euhz dioica (Appendicularia) 

and adul t  Cdanub and other Copepodai 
mphausiidaei muhipodat Mysidaceai 
Evadne, Podon (cladooera) I cu~ucaai 
Decapoda and Cirripedia larvae; 
Lamellibranch and Echinodermata larvaer 
O i k o p e e w ,  ThuUzcecr (Tunicata) ; 
Phytoplankton 

CaK.unuA p(urnchhub Ccopepoda) 

S M b d  (Mdusae) 

Eggs and f i a h  larvae; egg., Mupl i i  

Llennipbha Paprneta olun 1898 

8oLinopi.b sp. Clupeidae, other fish larvae,  and 
other zooplankters 

Lopki(l6 p.i6catohiu6 and o t h r  
fish larvae 

various zooplankters 

Psecldocalancra &ng+, A c a h t i a  
c(aclai, Tonom L o n g r c o W  (Copepoda) 
Evadne nondnanni, Podon intOmediu4 
(Cladocera) J naupl i i  l amae  

!atour, 1922 

Isobour, 1923 

Nvarii io,  1956. 
1956b 

Lazamva, 1962 

ha#r, 1970 

Ism, 1974 

lukuchi, Y0.hida 
and Hara, 1971 

Rmer m t  r l ,  1975 

W t e n f e l ,  1941 

m A M r ,  1962 

&bur, 1923 

Llbour, 1925 

Alvu i rk ,  1956. 

mgabushnm, 1959 
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TABLE 111. Cont. 

Food Author Ordart Family 
specie. 

Bocinopkid vitnea L. ma.siz 

Leucchthea mut.tiwIuLid re~&es 

k y o p d i b  Leidyi A. Agaasir 

1882 Copepoda; Ostracod. 

1882 Various sooplankters 

1865 oDppod.1 O Y b M  and other 
~ l l u 6 c a  larvae (T-do, Ihnkio) I 
d e t r i t u s  

Accutip ToMa (Copepoda) 

Entomostrace. 

Fish egg. and l a rvmi  Copepoda1 
Cladocerai Uy.iF,caa: *hipod., 
CrvMaai Brachyuran and Cirripedia 
larvae; Annelidar Nollusca 

l(nenY0pkid r n c d y i  Mapr 1900 Hicroplankton 

Copepoda; Bahnach nauplii2 
Mollusca Veliger larvae 

Ewkmnpharcl vexiucgena 
Gegcnbaur 1856 Copepoda 

Loginova urd m n o v  
1%7 

Swanberg, 1974 

Horridge, 1965. 

IWlmn, 1925 

Bishop, 1967 

Nilhr, 1974 

Burrdl and van 
Engel. 1976 

Kmtmr, 1979 

P h i l l i p .  e t  al, 1969 

Baker and Move, 
1974 

Earbiwn et a1, 
1978 

H a r b i m o n  e t  .l, 
1978 

W l b i m  O t  al, 
1978 

am, iseo 

Biqolow, 1926; 
Ivohilw, 1960. 
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TABLE I l l .  Cont. 

Mrring 1arv.s and juvenilesi 
other zooplanktere m t e n f e l ,  1941 

Labour, 1922 

l~bour, 1923 

Rorridg., 19651, 

Swanberg, 1974 

mrridqa, 1965b 

Hiller, 19748 
Burrell and van 
Eng.1 ,  1976 

awankrg. 1974 
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PREDATION BY CHAETOGNAMA 

Plankton ind ica to r  sDecies such as Chaetognatha are use fu l  
i n  f i s h e r i e s  research t o  i d e n t i f y  the  c h a r a c t e r i s t i c s  of r i c h  or 
poor water regions,  which i n  tu rn  a f f e c t  f i s h  populations (Rus- 
s e l l  1939). Plankton conditions may thus operate i n  two ways; 
influencing the  su rv iva l  of recent ly  hatched f i s h  producing a 
strong pa ren ta l  population and causing the a l t e r a t i o n  of t he  
routes of migration of f i s h .  

Such an example i s  the  r i c h  plankton S a g i k t u  degaMn wa- 
t e r s  and poor plankton content of t he  s. h&OhU waters,  a w e l l -  
documented f a c t  i n  the work of many years by Russell and o t h e r s  
a t  t h e  Marine Laboratory i n  Plymouth, England; s i m i l a r  s t u d i e s  
have been c a r r i e d  out  i n  Scotland by Fraser (1952, 1961).  Ru 
s e l l  (1939) noted t h a t  the highest  percentage of s. h&OhU occu - 
r r i n g  i n  1938 coincided w i t h  t h e  lowest amount of spr ing f i s h  
larvae (Clupeidae not included) .  However, the lack of d a t a  on 
the f i s h  larvae f o r  o the r  seasons, and t h e  exclusion of t h e  C l u  
peidae l a rvae ,  may i n  some cases ,  a l te r  the  r e s u l t s  t o  some de- 
gree. 

Chaetognatha feed on Copepoda, other  Chaetognatha, O s t r a -  
coda, Medusae, Salps and the larvae of o the r  marine animals 
(Oye 1918). The food of t h e  chaetognaths i s  concidered hetero- 
genous (Cella Croce 1963) , including cannibalism, and represen- 
t a n t s  of every group i n  the plankton: diatoms, c i l i a t e s ,  Tintin- 
nids (Protozoa, Medusae (Coelenterates) , Crustacea, Copepoda, 
Amphipoda, Cladocera, l a r v a l  s t ages  of Crustacea, Mollusca P t e -  
ropoda and Heteropoda, Chaetognatha, Tunicata, f i s h  eggs and 
larvae.  A l i s t i n g  of food of chaetognaths i s  given i n  T a b l e  
I V .  

Analysis of t he  i n t e s t i n a l  content of Chaetognatha from the 
Northeast of Amazon estuary included c u t i c l e  of copepods and 
fragments of Dinoflagel la tes ,  diatoms and r ad io l a r i ans  (Barth 
1963). Rakusa-Suszczewski (1969) indicated t h a t  i n  summer s. 
e teganh  from the North Sea w a s  feeding on Pheudocdanu donga- 
X U  and C d a n u h  binmahchicucs showing a preference f o r  the for-  
mer, even when c.  dimatrchicw was the most abundant species  i n  
the region. The se l ec t ion  by s. &eganh of P. etongatuh c o n t r i  
buted t o  the  decrease of t h i s  species  i n  the waters and t o  the- 
g rea t e r  r e l a t i v e  abundance of c.  ~inmahCkicU. Analyses of 
food content of few individuals  of S. e&gaMn from the B a l t i c  
Sea (Rozanska 1971) indicated 2 t o  1 2 %  w i t h  food i n  t h e i r  gu t s ,  
and an increase of intake of food during day l igh t ,  while fee- 
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ding mainly on copepods. 
of Southeastern Aus t ra l ia  (Thomson 19.47) show t h a t  they feed 
mainly on Copepoda, f i s h  la rvae  and o the r  chaetognaths, and are 
considered to  p l a y  an important part i n  the  food cycle  of t h e  
pelagic  communities because of t h e i r  r o l e  as competitors and 
prey. Chaetognatha eat  l a rvae  of f i s h  and of small  c rus tacea  
(Johnson and Snook 1927) ,  young f i s h  (Graham e t  a1 1954);  f i s h  
la rvae ,  copepods c i l ia tes  and cannibalism w a s  more outs tanding 
i n  SaghXa endlaLa, S. hexaptem and S. U p i d a  (Suarez-Caabro 
1955 and au tho r ' s  data) ; preying also on f i s h  l a rvae ,  copepods, 
euphausiids,  cladocerans,  amphipods o ther  c rus tacea  and the  lar-  
vae of other animals of commercial importance (Alvariiio 1962, 
1965, 1974). The prey i n  the  d iges t ive  t r ac t  of chaetognaths 
from the  Agulhas Current region (Stone 19691, S. en@&U, P. dtra - 
ca, S.  bipuMc&xXa, S .  ~ema-tadentata,  S. h e x a p t e m ,  S. habu&a, 
S. byha, S .  Ahidea&, S, &%ox, S .  minima, S .  heguRahh, S .  
dec ip iem,  S .  bedati, K.  a u b U ,  S. planotavtin, included Cope- 
poda and o the r  Chaetognatha, and were no t  found ea t ing  f i s h  l a r -  
vae, i n  a region where Clupeidae and M U & U C ~ U ~  f i s h  populat ions 
are abundant. In  the  Agulhas Current region it i s  expected t h a t  
the l a rge  specimens of Chaetognatha would be devouring a good 
amount of f i s h  la rvae .  

S tudies  of the Chaetognatha population 

The food organisms found i n  the  d iges t ive  t rac t  o f  chaetog- 
naths  from the  Hilutangan Channel, Phi l ipp ines ,  i n  January 1972 
(Jumao-as and Westernhagen 1975) included 401 Copepoda (74.8%), 
105 Chaetognatha (19.6%), 7 Foraminifera (1 .3%) ,  6 Echinoid lar- 
vae (l.l%), 6 Decapod la rvae  (l.l%), 4 f i s h  la rvae  (0.8%), 3 Tu- 
n ica t a  (0.6%), 1 Polychaeta la rvae  (0 .2%),  1 Isopoda (0.2%) and 
1 ve l ige r  la rvae  (0 .2%) .  The species observed were S. end- 
( the m o s t  abundant and showing highest  degree of cannibal ism),  
S. n e g l e h ,  S. habuhXa, S .  heguRahin, KhohvLitta paci6ica, S. 
bedat i ,  S. decipienb, S .  p d c h m ,  S. ~ U L O X ,  K .  hubLL&b, S. pa- 
&@ea b s  S .  clehn&den.tata), P .  h c a ,  S. h e x a p W c a .  
and Westernhagen (1975) d i d  not f i nd  considerable va r i a t ions  i n  
d i e t a ry  composition with season and s tanding crop  of t he  plank- 
ton  communities. 

Jumao-as 

The stomach content of t h e  Chaetognatha collected i n  the  
Arabian Sea during t h e  In t e rna t iona l  Indian Ocean Expedition 
(Nair and R a o  1973) included f i s h  l a rvae ,  Polychaeta l a rvae ,  Os- 
tracoda, o the r  chaetognaths,  Copepoda (Centtropageb , E u c h U A ,  
Cahgcaew , OLthona, L u c i c a a ,  Oncaeal and r a r e l y  ffmpactLcaid 
copepods. 

Several  au thors  have given accounts of  t h e i r  observat ions 
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on the  e f f e c t s  of chaetognath populations on f i s h  larvae. The 
cons is ten t  presence of f i s h  la rvae  i n  t h e  gut  of Chaetognatha 
(Lebour 1922, 1923) ind ica t e s  these  animals prey on young f i s h ,  
mainly Chpea hahengu ,  i n  the  North At lan t ic .  Similar  s i t ua -  
t i ons  (Bigelow 1926) show t h a t  chaetognaths should be a serious 
menace to the  stock of  var ious  f i s h  i n  the  Gulf of Maine region. 
Corbin (1947) published data on Scombeh bcombhu and Sahdina 
pi lchcthdw l a rvae ,  toge ther  with information on co-occurring 
abundance of Chaetognatha S .  AetOba, S. ekkpIM, S. &?Ammica 
( a s  S. Aematoden&xXa),  S. l g h a  and t h e  Siphonophore Mqginea 

& t h % t i C a .  The da ta  SLOW t h a t ,  the  presence of S. bcambm.~4 l a r  - 
vae coincided with n o  o r  few Chaetoqnatha or Siphonophorae, an5 
high concentrat ions of these  chae tqna ths  occmred  with f e w  or 
absence of S. bcombnw. Similar observat ions w e r e  made for chae  
tognaths  o f f  Cal i forn ia  (Alvarifio 1979, 1980b) pr imar i ly  between 
S. en@aXa, S. hexap tem and S. schippbae, and E n g h a u l h  mohdax 
larvae.  

Zooplankton s tud ie s  o f f  Bombay during 1944 t o  1947 ( B a l  and 
Pradham 1952) ind ica ted  t h a t  h ighes t  number of sag- coincided 
with lowest amount of f i s h  larvae.  In  1945 t h e  high number of 
chaetognaths d id  not  correspond t o  a l o w  number of f i s h  larvae; 
however, a high concentrat ion of copepods occurred, which may 
have a f f ec t ed  t h e  r e s u l t s ,  as w a s  alsodemonstrated i n  Alvariiio 
(1980b). The quan t i t a t ive  d i s t r i b u t i o n  of chaetognaths (Furnes- 
t i n  1960) S. setoba, S. en&uh, S. s e h n a t o d e n t a t a ,  S .  biprmota- 
&, and bUytUut% QMma.bichOlU l a rvae ,  ind ica ted  that h ighes t  
concentrat ions of chaetognaths coincided with l o w  numbers of  an- 
chovy la rvae  and vice-versa.  S tudies  on the  d i s t r i b u t i o n  of  
Chaetognatha a t  Coringa Bay, India  (Rao 1962) also include da ta  
on plankton; and when Chaetognatha, Ctenophora ( P l e w L o b U c h h )  
and Medusae were abundant, no or few f i s h  la rvae  w e r e  observed, 
and vice-versa. 

Ecological survey s t u d i e s  of t he  Sco t t i sh  f i she ry  and t h e  
changes i n  t h e  plankton during the  per iod 1949 t o  1959 ( W i l l i a m s  
1961) include da ta  on Copepoda, Chaetognatha, Euphausiidae, 
young f i s h  and eggs obtained with t h e  Hardy Plankton Recorder; 
although the  da t a  a r e  presented i n  annual averages,  it can be 
found t h a t  i n  more than 50% of the  year ly  periods, high concen- 
t r a t i o n s  of la rge  chaetognaths coincided with low averages of 
f i s h  la rvae .  Plankton co l l ec t ions  obtained a t  Eddystone, o f f  
England during severa l  months of 1950, 1959, 1960 showed (South 
ward 1962) t h a t  highest  concentrat ion of  S. &gaM and S. be- 
$Oba coincided with no Clupeidae la rvae ,  and h ighes t  number of 

- 
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these larvae o r  any o the r  f i s h  occurred with sca t t e red  specimens 
of S. M&Iha and/or S. e&gcWb, and high concentrations of t he  
medusae m o p e  $eAxaphyUa and the siphonophore Mugghea d&?n- 
k i C U  and moderate amount of chaetognaths, coincided with no f i s h  
larvae.  

The d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  of the plankton i n  the  
oceanic f i s h i n g  grounds of salmon i n  the  North P a c i f i c  (Tsuruta 
1963) showed i n  80% of cases t h a t ,  high concentration of s. d e -  
g m b  o r  medusae concurred with absence of Pleuronectidae and 
Gadidae f i s h  larvae.  In the  tuna f i s h i n g  grounds of t he  Mar- 
s h a l l ,  G i lbe r t  and Phoenix Is lands,  the abundance of s. bipwcta - 

coincided w i t h  s c a r c i t y  o r  absence of f i s h ;  and i n  waters 
around Bikini  A t o l l ,  high concentration of any of t h e  chaetog- 
n a t h s  ( m a i n l y  S. pacidica, S. hexap$eha, S. endhta ,  P J b a b a g i -  
x% ch.Uco) coincided with lowest occurrence of f i s h  larvae.  In 
the tuna f i s h i n g  grounds of t h e  Indian Ocean, o f f  N i a s  I s l ands ,  
concentrations of any of S. bipunctcLta, S. paci&ica, S. endlata, 
s. WguRatLib species coincided a l s o  with s c a r c i t y  o r  absence of 
f i s h  larvae (Tsuruta 1963). 

Systematic l ist  of zooplankters (Lakkis 1971) a t  surface 
waters o f f  Lebanon during 1969 show, t h a t  lowest q u a n t i t i e s  of 
f i s h  larvae coincided with l a rge  amounts of Medusae, Chaetogna- 
t h a ,  and Ctenophora, and h ighes t  concentrat ions of f i s h  larvae 
and eggs w i t h  high numbers of Copepoda and Cladocera. 

Observations on the feeding of s. d e g m b  from the north- 
w e s t  North Sea (Wimpenny 1937) ind ica t e  they eat  Copepoda, main 
l y  CdaMuS d i m m c h i c w .  The number of i nd iv idua l s  containing- 
food w a s  g r e a t e s t  i n  June and J u l y ,  with an average of 30.5% 
f o r  the whole year.  Analyses of the diagrams from Wimpenny 
(1937) f o r  S. &egmb, s. &?$toha, c.  ~hlm.V~ckicW, show t h a t  f o r  
1934, high concentrations of c .  @UtWtChicuS coincided with no 
S. eleganA and 3. bdaba ,  and vice-versa,  and t h a t  the d i s t r i b u -  
t i o n  of t he  copepods agreed with concentrations of phytoplankton 
they were feeding on; t hus  an inverse r e l a t i o n  w a s  found f o r  t h e  
proportion of food i n  the  stomachs of chaetognaths and the densL 
t y  of t he  zooplankton populations,  which appeared more abundant 
i n  regions r i c h  i n  phytoplankton, where copepods w i l l  be grazing. 
Studies  of zooplankton i n  t h e  northwest north Sea (Bainbridge 
and Forsyth 1972) c o r r e l a t  t h e  r e l a t i o n  of zooplankton with phy- 
sical  changes i n  the  environment and i n  the he r r ing  stock i n  an 
attempt t o  understand the  dramatic changes observed in t h i s  f i -  
shery, which diminished progressively u n t i l  i ts  v i r t u a l  disa-  
ppearance. The study of the plankton showed t h e  presence of lay 
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ge q u a n t i t i e s  of Sagma b o  s p e c i f i c  data)  and T o r n o p t W ,  with 
a pos i t i ve  r e l a t i o n  with t h e  t o t a l  number of Copepoda, p r inc ipa l  
food of her r ing .  Thus the  f luc tua t ions  i n  t he  abundance of Cda 
n u  and spdUUk&k (main food organisms of her r ing)  and abundanz 
ce of plankton preda tors  could have caused t h e  numbers of f i s h  
larvae t o  decrease d r a s t i c a l l y .  

In S t .  Margaret 's  Bay, Canada, t he  sag,&% elkganA biomass 
was found t o  be negat ively r e l a t e d  CSameoto 1975) with zooplank- 
ton biomass (Pbeudacdanw, Ternom), while the Cladocerans Po- 
don and Evadne and the  copepod Euhy.temotta were pos i t i ve ly  corre-  
l a t e d  t o  e i t h e r  S. &eganb number or biomass. 
t h a t  the animals may be r eac t ing  t o  one another o r  t o  environmen 
t a l  f a c t o r s  t o  which theyrespond pos i t i ve ly  o r  nega t ive ly ,  a l -  
though the  negative c o r r e l a t i o n s  observed may have been produced 
by a predatory/prey a c t i v i t y .  

It was implied 
- 

Mechanical waves c o n t i t u t e  t he  most e f f i c i e n t  t ransmission 
i n  the waters ,  and t h e  v ib ra t ions  produced by prey, enemies, 
e t c .  , a re  r eg i s t e red  by the  aquat ic  animals. Water v ib ra t ions  
e l i c i t  an escape r eac t ion ,  un less  t h e  v ib ra t ions  a re  of t he  f r e -  
quency range and amplitude adequate f o r  t h e  animals t o  make a n  
accurate  movement towards t h e  prey t o  catch it. The nervous 
system of the  chaetognaths includes some mechanisms of in tegra-  
t i on  which discr iminate  the  c h a r a c t e r i s t i c s  s igna l  of t he  typ i -  
c a l  prey, i t s  dis tance and d a r t  d i r e c t i o n  (Horridge and Boulton 
1967). The eyes of t h e  chaetognaths a r e  of a p a r t i c u l a r  s t ruc -  
t u re  with a t  l e a s t  f i v e  lenses  poin t ing  i n  d i f f e r e n t  d i r ec t ions .  

The animals are  t ransparent ,  and they can see down through 
t h e i r  own body (Hardy 1956). Eakin and Westfall  (1964) indica-  
ted t h a t  since Chaetognatha inhab i t  t he  subsurface oceanic wa- 
t e r s  where l i g h t  i s  weak and d i f fuse ,  t he  small l e n t i c u l a r  bo- 
d i e s  within the  eye might be useful  f o r  a s u f f i c i e n t  percept ion 
of t he  l i g h t  t o  s t imula te  the photoreceptor tubules;  they even 
tempt t o  speculate  t h a t  the conical  body i n  the  photoreceptors 
c e l l  might have wave guide e f f e c t s  o r  t h a t  it might a c t  a s  a 
resonator i n  t he  manner of a l a s e r .  The accuracy of v is ion  i n  
Chaetognatha i s  unknown i n  regard t o  determination of t h e  loca- 
t i o n  and d is tance  of the prey, and because of t h e i r  indiscr imi-  
nat ing feeding a t  dayl ight  and n igh t ,  it i s  assumed t h a t  they 
might d e t e c t  the  vict im by a v ibra t ion  sense,  loca ted  i n  the  
c i l i a r  t u f f s  and b r i s t t l e s  s ca t t e r ed  over t h e i r  body, and the 
corona C i l i a t a  which may function a l s o  a s  chemoreceptor. 

Because Chaetognatha feed both i n  the  dark and i n  l i g h t ,  



PReDATION BY CHAETOGNATHA 59 

it may he t h a t  capture of prey is unaffected by the  presence o r  
absence of l i g h t ,  suggesting t h a t  they may have another mecha- 
nism besides  the v i s u a l  de t ec t ion ,  such is  t h e  perception of the 
prey by v ib ra t ions  produced o r  chemicals released (Scheuer 1977). 
Spade& cephd0p.tUi.a (benthic chaetognath) fed w e l l  i n  daytime, 
and S a g m  species d a r t  d i r e c t l y  towards a moving prey i n  t h e  
l i g h t ,  r a t h e r  than r e ly ing  on chance contact  f o r  food (Meve 
1964). S p d &  cephdopXma under laboratory conditions w a s  
able t o  make accurate feeding movement towards any source of vi-  
b ra t ions  are9 t o  20 c/s w i t h  an amplitude of 100 t o  500 pm a t  t h e  
dis tance of 1 t o  3 nun (Horridge and Boulton 1967). It w a s  then 
observed t h a t  S . cephdeoyztua a t t a c k s  only with a small range f r e  
quency (9 t o  20 c/s) , and t h a t  is  a l s o  s e n s i t i v e  t o  t h e  amplitude 
of t he  v i b r a t i o n  of 100 t o  500 pm a t  a dis tance of 1 to 3mm. The 
responses f a l l  o f f  above 20 c /s  o r  below 9 c/s f o r  a v ib ra t ion  of 
constant amplitude. 

S p d e L h  were observed t o  grab the prey (Parry 1944) only 
when it i s  above o r  behind i t s  head, which may ind ica t e  the  tac- 
t i l e  o r  o the r  s e n s i t i v i t y  receptor  r o l e  of the corona Cil ia ta .  
The food organisms appear i n  the gut  of chaetognaths, with the  
heads toward the  anus of the chaetognaths, which ind ica t e s  Chae- 
tognatha a t t ack  head on. Hardy (1956) explained the behavior of 
Chaetognatha i n  the ocean, r e s t i n g  motionless u n t i l  a prey or-  
ganism swims by and suddenly a t  " l ightning speed" t h e  chaetog- 
nath d a r t  forward, i n  the appropriate  d i r e c t i o n ,  propelled by 
the v i o l e n t  up and down f lapping of the t a i l ,  s t r i k i n g  with - 
speed and accuracy, capturing t h e  prey with the rapid grab of 
the hooks and t ee th .  In  t h i s  manner, chaetognaths are able  t o  
cover i n  a f l a s h  by t h e i r  d a r t  swimming 5 o r  6 t i m e s  t h e i r  own 
length.  

response can be t r i gge red  by a source of v ib ra t ion  of approxima- 
t e  co r rec t  combinations of amplitude, frequency, and locat ion.  
General v ib ra t ion  is  i n e f f e c t i v e  (Horridge and Boulton 1967) be- 
cause s t rong s t i m u l i  excessively c l o s e  t o  the  c i l i a r y  organs p r o  
duce an escape movement response. 
system of chaetognaths must include some mechanism (Horridge and 
Boulton 1967) t o  i d e n t i f y  the c h a r a c t e r i s t i c  s i g n a l s  of a typ i -  
c a l  prey, its distance,  and locat ion.  Chaetognatha probably use 
both t h e i r  sensory mechanism, v i b r a t i o n  and chemical s e n s i t i v i t y ,  
and the eyes, t o  capture food. Their unimpaired feeding abil i-  
t y  i n  t h e  dark i n d i c a t e s  t h a t  chaetognaths may w e l l  r e l y  t o  a 
large e x t e n t  on the numerous tangoreceptors covering t h e i r  body 
and the corona C i l i a t a ,  and under l i g h t  conditions by using a l s o  
the eyes perception. I n  t h i s  manner they alternate use of both 
methods of sensory perception t o  capture food, under dark and 
l i g h t  conditions.  

Experiments on SpadeUa showed t h a t  t h e i r  a c t u a l  feeding - 

This i n d i c a t e s  t h e  nervous 
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S. &&2ganb and S. b&OdU were observed by Rakusa-suszczews- 
k i  (1969) feeding more a c t i v e l y  a t  n ight  ( i n  agreement w i t h  Pea- 
r r e  1973 f o r  s. d t g a n b  from Bedford Basin, Nova Scot ia )  t and a 
r e l a t i o n  w a s  found between the  frequency of food spec ies  i n  t h e  
gut content  of t he  preda tors  and i t s  frequency i n  the  biotope,  
and l a rge  spec ies  were ab le  t o  grab l a r g e r  food ind iv idua ls ,  
being poss ib le  t o  obta in  the  s i z e  range of food depending on the  
s i ze  of t he  preda tors .  However, continuous d a i l y  s t u d i e s  by 
Mironov (1960) on the food of s. betoha from the  Bay of Sevasto- 
pol ind ica ted  t h a t  "apparently the  i n t e n s i t y  of feeding i s  not  
l inked with any p a r t i c u l a r  time of day*'r but r a t h e r  i s  r e l a t e d  
t o  the  a v a i l a b i l i t y  of food. 

To t r y  t o  determine the d a i l y  food r a t i o n  of Sag&7k, Miro- 
nov (1960) assumed t h a t  t he  longer per iod of time necessary t o  
d iges t  food (Copepoda and o ther  Crustacea) , the  more probable it 
i s  t h a t  ind iv idua ls  with f u l l  i n t e s t i n e s  w i l l  be found more f r e -  
quent ly  than ind iv idua ls  with empty i n t e s t i n e s .  Conversely, t he  
sho r t e r  t h e  d iges t ive  t i m e  ( f i s h  la rvae  prey) t h e  more o f t en  
a re  found indiv idua ls  with empty d iges t ive  t r a c t s .  The f a c t  
t h a t  many chaetognaths a re  found with no food i n  the d iges t ive  
t r a c t  i nd ica t e s  t h a t  'may be a long period between evacuation of 
remains of previous meal and in take .  No o r  few indiv idua l  with 
empty i n t e s t i n e s  would be observed i f  feeding follows immediate- 
l y  evacuation of remains of previous meal. Ava i l ab i l i t y  of food, 
length of d iges t ion  t i m e ,  and r egurg i t a t ion  of food by animals 
under the  s t r e s s  of capture  a r e  f a c t o r s  which must  be considered. 

Copepoda a re  more f requent ly  found i n  the  gut of chaetog- 
naths  due t o  a v a r i e t y  of f ac to r s ;  f o r  example, need t o  capture  
more ind iv idua ls  of t h i s  group than f i s h  la rvae  t o  f u l f i l  t he  nu 
t r i t i o n a l  requirements; the  exoskeleton of Copepoda l a s t s  a far-  
longer time under a t t ack  by the  d iges t ion  process and remains 
longer i n  the d iges t ive  t r a c t  before expel led;  and Copepoda cons 
t i t u t e  t he  most abundant zooplankters and a re  therefore  always 
ava i lab le .  

- 

In  t h e  d iges t ive  t r a c t  of Chaetognatha I observed f i s h  l a r -  
vae a t  advanced s tages  of development more of ten  than yolk sac 
Larvae. In f a c t ,  yolk sac la rvae  a r e  very r a r e l y  seen i n  the  
stomachs of chaetognaths. 
idly diges ted  by the  Chaetognatha reducing the  chances t o  ob- 
serve them, o r  Chaetognatha more e f f i c i e n t l y  d e t e c t  the  vibra-  
t i o n s  produced by the  swimming of w e l l  developed larvae than 
those by the  yolk sac  la rvae .  
natha descr ibed by Newbury (1972) t o  catch food organisms 

Ei ther  the  yolk sac  la rvae  a r e  rapi- 

The feeding behavior of Chaetog- 
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appears c lose ly  r e l a t e d  t o  the  a c t i v i t y  of t h e  prey. 
kibpuia consumed a c t i v e l y  swimming h f A k t l  b u t  not t h e i r  eggs 
swir l ing  i n  the  waters, and a l s o  fed on l i v i n g  plankton while 
ignoring dead organisms. These observat ions ind ica t e  t h a t  chaz 
tognaths ioca t e  and a t t ack  t h e  prey when the  l a t t e r  is  ac t ive-  
l y  swiming,  producing v ib ra t ions  and turbulence i n  the waters. 
Such is, t h e  v ib ra t ion  produced by the  continuous f i l t e r - f eed -  
ing Copepoda, which f i t  within t h e  range of v ibra t ion  t o  which 
Chaetognatha respond. Chaetognatha may s e l e c t  s p e c i f i c  cope- 
pods by the frequency of the v ib ra t ions  produced. 
evident  need f o r  more experimental work on the  v ib ra t ion  r a t e  
reg is te red  by each spec ies  of chaetognath under var ious envi ron  
mental condi t ions ,  and the  v ib ra t ion  ranges produced by the or-  
ganisms considered food of Chaetognatha, t o  properly understand 
t h e i r  feeding behavior and feeding p a t t e r n ,  and t o  e luc ida te  
the  p a r t  played by senso r i a l  organs i n  $he feeding behavior. 

sag- - 

There i s  an 

Kotori  (1969) es t imated t h a t  t h e  maximum consumption of 
food i s  always lower than t h e  amount of e x i s t i n g  food organisms 
(and it m u s t  be o r  they w i l l  s t a rve )  , and that Chaetognatha may 
consume 8.1 t o  70 % (average 23.5 %) of t h e  s tanding crop of 
food organisms i n  the  waters they inhab i t .  Mironov (1960) ca l -  
culated t h a t  S. Aetoaa consumed d a i l y  about 0.5 % of the  mean 
ava i lab le  plankton biomass. These es t imat ions  w i l l  f l u c t u a t e  
d r a s t i c a l l y  with t h e  number of chaetognaths, spec ies ,  t he  domi- 
nant s tage  of dtxelopment, type of food, and condi t ion of t h e  
populations.  

Laboratory experiments show tha t  sUgit&I kis)llida has a ma- 
x i m u m  r a t e  of inges t ion  (Reeve 1964) which w i l l  not  exceed with 
the  a v a i l a b i l i t y  of food, and f i e l d  observat ions by Nagasawa 
and Marumo (1972) on s. nagae ind ica ted  the  food contained ra- 
t i o  w a s  “a f f ec t ed  ne i the r  by food dens i ty  nor by the copepod 
number per Sag&%Z”. Indeed, labora tory  observat ions on the  
feeding behavior of chaetognaths ind ica t e  they a re  adapted t o  
use and encounter concentrat ions of food organisms which a re  
pa t ch i ly  r a t h e r  than uniformly d i s t r i b u t e d  and a t  low dens i ty  
(Reeve e t  a 1  19751. 

Revee (1964) observed the  feeding behavior of s. ki@da 
during long periods Ctropical A t l a n t i c  spec ies )  maintaining one 
specimen per each 50 m l  j a r  i n  the laboratory.  ~~ n a u p l i i  
were o f f e red  as food t o  each j a r  t o  measure t h e  feeding capabi- 
l i t i e s  of S. ki6pida. It w a s  found that they capture  more than 
an average 2 Ah/temia per hour, bu t  i f  s tarved w i l l  take severa l  
i n  a few minutes. Feeding r a t e s  increased with the  s i z e  of t h e  
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and se l ec t ion  of food increased with age. S .  hdpida  ingested 
up t o  64 %, and 37.6 % f o r  S ,  nagae CNagasawa and Marumo 1972) 
own dry weight of food per  day, and herbivores  i n  a na tu ra l  co- 
mmunity reached a maximum of only 30 % (Riley and Bumpus 1946). 

One t o  two day-old s. kidphfU appeared t o  be able t o  recoq 
nize and dea l  with food as does the  a d u l t  (Reeve and Walter 
19721, feeding on copepod n a u p l i i  and copepodites of Acarttia 
&mha and &%LOna Manu. They did not take Eb t i f e ra  o r  c i l i a t e s ,  
perhaps due t o  t h e i r  l a rge  s i z e  o r  because they d id  not  produce 
the type of v i b r a t i o n s  which s t imula te  the sensory apparatus  of 
the chaetognath. The s i z e  of food ingested i s  r e l a t e d  t o  the  
maximum expansion of t h e  mouth of t he  chaetognath. 

The food passed i n  8 seconds t o  the end of t h e  gut  immedig 
t e l y  following inges t ion ,  and i f  severa l  prey organisms are in- 
gested i n  rap id  succession,  they a r e  l i ned  up, one i n  f r o n t  of 
the o the r ,  occupying t h e  whole length of t h e  gut,  I n  t h i s  ma- 
nner it appears (Cosper and Reeve 1975) t h a t  an a d u l t  s. hhp.i- 
da could capture  enough food a t  one t i m e  t o  s a t i s f y  i t s  optimal 
n u t r i t i o n a l  requirements f o r  a 24-hour period. Data on the du- 
r a t i o n  of d iges t ion  i n  var ious  Chaetognatha i s  presented i n  Ta- 
b l e  V. 

SagLthz ki6pLda can live without food f o r  a t  l e a s t  7 days 
using body p ro te in  a s  energy source (Reeve 1964). Lee U974) 
explained t h a t  t h e  p ro te in  does not  have an energy s torage  func 
t i on  and low l e v e l s  of n e u t r a l  l i p i d s  a r e  assoc ia ted  with plank- 
ton with cons tan t  feeding requirements such a s  Chaetognatha, 
Ctenophora, both. low i n  n e u t r a l  l i p i d s ;  t hus  spec ies  of those 
groups can s t a rve  w i t h i n  48 hours i f  they do not e a t .  

- 

Chaetognaths do not  s t o r e  food reserves  and t h e i r  high - 
need of p ro te ins  r e s u l t s  i n  a high ac t ive  predatory capaci ty .  
Data on d iges t ive  e f f i c i ency  (Cosper and Reeve 1975) of these 
carnivores ,  f o r  ins tance ,  s. hhyzida, suggest t h a t  a 400 Ug dry 
weight adul t  i n g e s t s a  maximum of about 9 % of i ts  own weight i n  
food per day, o r  37 pg dry  wight, feeding on copepods, and w i l l  
be most e f f i c i e n t  preying on f i s h  la rvae .  

The es t imat ions  of Sameoto U972) on the K-cal consumed by 
S. eleganb w a s  higher than the  est imated Copepoda production 
for the  per iod,  t he re fo re  suggesting t h a t  S. &gun6 may have 
another source of food which was not  recorded i n  the  samples 
analyzed. The food w a s  probably f i s h  l a rvae ,  which is digested 
r ap id ly  a f t e r  inges t ion  and thus o f f e r  few chances t o  be obser- 
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ved i n  the  gut of t he  chaetognaths co l lec ted .  

Studies  on feeding behavior o f  S .  deganb, the  only chae- 
tognath taken i n  t h e  waters  near  t he  southeast  coas t  of New- 
foundland (Praser  1969) suggest t h a t  a f t e r  s o r t i n g  t h e  co l lec-  
t i o n s  i n  the  labora tory  within an hour a f t e r  capture ,  most of 
ind iv idua ls  were dead and of those s t i l l  a l i v e ,  only 5% survi-  
ved overnight; no feeding was observed i n  these dying p lankters .  
A t  Plymouth I also observed the  j a r s  with alive plankton 
brought d a i l y  t o  t h e  laboratory.  The spec ies  included, 3. &e - 
ganb and s. 6e&ba could be seen da r t ing  about ac t ive ly  ca t -  
ching f i s h  larvae and copepods; however, t h e i r  a c t i v i t y  dimi- 
nished progressively w i t h  t h e  physical  de t e r io ra t ion  of t he  
body which apparent ly  impaired the  normal physiology of t h e  a n i  
m a l ,  u n t i l  they died. Similary I observed the  same r e s u l t s  
with S.  eunetLCtica and S.en@Lta co l l ec t ed  of f  Scr ipps P i e r  and 
of f  San Diego, Cal i forn ia .  The vacuolar c o l l a r e t t e - l i k e  t i s s u e  
covering t o t a l l y  the  body appears t o  be a f f ec t ed ,  t h e  animal 
cannot regenerate t h i s  t i s s u e ,  t he  anatomical damage i s  not re-  
ve r s ib l e  , and the  specimens endure a progressive de t e r io ra t ion  
u n t i l  death. The b e s t  method t o  c o l l e c t  chaetognaths a l i v e  i s  
with a bucket, i n  t h i s  manner they a re  caught together  w i t h  a 
good amount of water, and the  body of these animals is  not me- 
chanica l ly  damaged o r  s u f f e r s  any o ther  kind of in jury .  

- 

I n  m o s t  cases ,  the above mentioned Chaetognatha were not  
i n  a normal, hea l thy  condi t ion when observed i n  the  laboratory 
and the  animals were growing progressively weaker and consequen 
t l y  t h e i r  physiologic funct ions would not  be performed a t  a pro - 
per  r a t e .  Further  more, d iges t ion  of Crustacea would be more 
labor ious  than d iges t ion  of s o f t  body zooplankters such a s  
Chaetognatha o r  f i s h  la rvae ,  as the d iges t ive  a c t i v i t y  necessa- 
ry  t o  break down the  ex te rna l  teguments t o  reach t h e  d iges t ive  
p a r t s  of the  body of the  animals is g r e a t e r  f o r  the  crustaceans 
than f o r  the  s o f t  body prey. This should be kept  i n  mind when 
comparying laboratory r e s u l t s  t o  the  feeding and predat ion pro- 
cesses  i n  the oceans, and when making assumptions about t he  i m -  
p a c t  of predat ion on f i s h e r i e s .  
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TPELE I V .  OBSERVATIONS ON ME FOOD OF CHAETOGNATHA 

Food luthor spcie. 

spa- gaebnoi  A l v a r i b  1978 Copepodat Invertebrate larva. 

Euhnohnia d W r r i t t e r - M o n y  
1909 Copepoda; Euphauaiidae 

S a g m  sp. 

S w  bedoti  n6ruredc 1895 

P u r y ,  1944 

tlorridg. .Id 
Boulton, 1961 

Alvuillo,  197@ 

Tchindonwa, 1959 

T.rat&ki e t  41, 1977 

Tokioka, 1939 

Tchindonov.. 1959 

AlvariRo, 1965 

Us, 1966 

Sullivan, 1980 

Ilawbury, 1978 

IAbOUr, 1922 

B i g . l o r ,  1916 

h a a u t i  olivor, 
1954 

Rudy,  19% 

Uicol, 1960 

Alvariiio (unpu- 
bliahmd data) 
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TABLE I V .  C M t .  

Spmcies A u t h o r  

Sagitta bipunctata PUOY 
and Gaimard 1827 

S. bipurctata (probably 

1911) 
S. 6 h i d W  rt i t ter-hhony 

Fish 1UVMl Panacrrtow6; -0- 
cacanud, taco-, c-pageb, 
O ~ O M ,  on~aea, rmw, 
l ( i c n o b ~ ,  EdVlpinU (Cop.podd1 
Evadne, Podon, RnLCia (clndocmra)~ 
ostraccdar eggs, ve l iger  l a r v u i  
Chaetognatha; Dinoflaqellatsmr 
Diatomscea 

FlSh larvae; Copepoda; 
Crwatacea lam.((; Mollusca 
larvae; Chaetogrutha 

Al3vudk M, A. vy&Jlaea, 
CoLanub, Toahnu&, Cenhpageb, 
PahacaCanI& (Copepoda) 

Tigi~iopud japoniccls Ccopepoda) 

Cihpea h a e n g a  larvae 

young fish; Copepoda 

Copepoda 

m y ,  1922, 
1923 

ston., l%9 

Pearre, 1971 

Alvuifio (unpu- 
blished data) 

nudtroi, 1959 

TJrano, 1971 

Ubour, 1923 

B i g . l a r ,  19261 
Kuhlrurn, 1977 

Iu, 1%6, 1974 

Nkurmn, 1%6 

~ u t a - l l u a c c n n ~  
ki, 1%9 

notanska, 19711 
samoto, 1972; 
King, 1979 
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TABLE I V .  t o n t .  

species pood Author 

S a g m  e & g W  Verrill 1873 lCopepo3a) I Nauplii; Polychaeta; 
(Cont.) Chaetognaths; Podon Lerccbehti, 

Euadne n o h n i  (Cladocera); 
Tintinnidae; M t i f e r a  & A m ,  1973, 

1981 

Chaatognatha 

Copepoda i Chsetognatha 

Fish larvae; Copepoda; 
Chaetognaths 

Fish larva; COUJCnwb, 
calcuur6 CCopepoda); Luci@, 
other Crustacea; Chaetognathai 
ShaCia d e m W a ~  and other 
Tunicata 

Decapod larvae 

Stepkanopyrid polrnehiaM 
(Diatoracea) 

Oncaea, CoqceUa, Eucalanclb, 
C o q y ~ n e ~  (Copepoda) 

Qlaetognatha 

Fish larvae; P-, 
ccacl6ocalanud, Ct.enocalanub, 
caloca(aws, cenz,wppgeb, OLthOna, 
Oncaea, Coru/caeub. uicnobete&t, 
E i L t . * t p i n a ,  T e n o U  (Copepoda) ; 
Euadne, Podon, Penieca (Cladocera); 
other Crustacea; Chaetognathai 
Dinoflagellates 

Fish U A U b O c a l n ~ ,  larvae! PMacaLancld, CtenocclLonUs, 

Tenom, ccrdacin, Mecynoceha 
Acahtia. OiAona, Oncaea, 
COhYCaeuA COh C&. 

Sappihina, CopeLin (Copepoda); 
Euadne, Podon, Penicca (cladoceral; 
Arthropod eggs; Chaetognatha; 
Appendiculariai Dinoflagellata: 
Diatomacea 

Copepoaa; C h a e w a t h a i  
Oikopteum (~ppendicular ia )  I 
CI l la ta  

C&caCutU, Cenowpagea, 

MicMseteizo. L9.i.O. 

N v u i l o  (unpu- 
blished &tal 

Gmy, 1930 

Furnestin, 1953, 
1957 

suiirer-Caabro, 
1955 

Furnestin, 1957 

Wickstead, 1965 

Alwida Prado, 
1968 

SmM, 1969 

Venter, 1969 

Pearre, 1974 

marre, 1976 

8-r, 1978 
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TABLE I V .  CMt. 

Food Author species  

sagi,t&l enb&tA Grassi 1881 

Sagi&&~ ewtehLtica Nvariiio 1961 

Sag- eurina wltchanoff  1909 

SagiA&~ 6ehox Doncaster 1903 

S a g i t t a  6-d utter-Zahony 
1911 

S q i t t a  gazethe  Ritter-Zahony 
1909 

Cow jut&, SW h e m ,  
Cepota mwwpMha2ma f i s h  larvae 

Fish larvae; COpe@ai Euphaumiidae 
larvae; Hydromedusae; Siphonophorm ; 
chaetognath. 

Eggs fmd larvae of Enghautid nW*; 
Ahtenrin 4aLina 

S d n o p s  &a,  Enghautid 
m/utax larvae1 copepodai Crusta-. 
larvae! Hydromedusae: olaetogmtha 

CaCnnub he lgobdicub  (c0pepoda)i 
cladocerai Crustacea larvae; 
olaetognatha 

Eggs and f i s h  larvae: COpepoda; 
m l l u s c a  larvae; Polychaeta; 
chaetognath;  Appendicularia 

Diatomaceas 

mgner, 1980 

AlvlrilTo (unpu- 
blished data)  

V.R. Nair, 1976 

Nvarii5o (mpu- 
blishad data)  

E l i n n .  1960 

PUronov, 1960 

Nagamam (in 
Nagasawa and 

mulp 1976) 

Fish h N M ;  
Euphausiidae; CNStaCOa 
larvae; Medusae; SiphonoDhorM 

C W ,  colycaecra (copem), 
Hypaio (Amphipads) 

Fish larvae 

Fish-larvae; Copepoda; 
Cladocera; Amphipodai 
Hydromedusae; Appendicularia 

Furnestin,  1957 

Heydorn, 1959 

Almsida Prado, 
1968 

stone, 1969 

venter ,  1969 
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TABLE I V .  Cont.  

specie. F& Author 

Sag- h e w  d'0rbigny 1843 Fish larvae; copapCdaj 
chactcgnatha 

SCrgCtto 4 M  Krohn 1853 

?ish larvae1 C O ~ O ~ C ~ ~ J  
Qlmtognatha 

Acohtio .to)(ba, Oithona M M  
(Copepoda) i Qlsctognatha 

cowpoaar Oatracoda 

~ ~- 

David, 1955 

Alvuiflo (Unpu- 
b l i h e d  data)  

S&OZ-Caabm, 
1955 

Furnestin,  1957 

Subror-Caabro, 
1955 

?urnastin,  1957 

R.eve, 1964 

W i d .  Prado, 
1968 

mve and Walter, 
1972 

m e w  e t  el. 
1975 

Alvarifm (unpu- 
blished detd 

Tchindonovm, 
1959 

Stom, 1969 

Venter, 1969 
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TABLE I V .  Cont.  

species Food Author 

S a g i t t a  nacnOCephaCa Pbwler 1905 

SagLtta m4XinuI (Conant) 1896 

Sa$i,Ua Mgae Alvarifio 1967 

Sagitta pa&&ca Tokidca 1940 

S a g i t t a  pc(ckkl Doncaster 1903 

kgL€.&% Mbust.4 Doncaster 1903 

Siphonophoraer draetognatha 

Qlaetognatha 

Elldraeb  (Copepoda) ; Amphipodai 
T m p W d  (Polychaeta) i 
Chaetoqnatha 

Fish larvae 

Fish larva88 Copepodar 
Euphausiidae; Crustacea larvae 

Copepoda 

Panadanus, UauboCatAnub, 
cteJlOCacM(lb, cococacanclb, 
O A O n a ,  centnopage4, cTIcaQ.4, 
C O h Y C a e U ,  L ( i W b d d h .  
Ed-+ (Copepod.); Evadne, 
penicia (Cladocera) ; Crustacea 
larvae; veliger larvae1 
invertebrate eggs; Chaetognath 

Snall  Copepoda; Invertebrate 
larvae 

Fish l a r v m ;  Copepoda; Cru8taCea 
larvae} Hydromedusae; Mollusccl 
larv&e 

Fiah 1aNaar Copepoda} CN8taCOa 
larvae; Polychmta larvae 

NvariRo (mp- 
blished data)  

Tchindonova, 
1959 

mr.zdri e t  a l .  
1977 

Alvarifio (mp- 
bliahed data) 

Bige low,  1926 

We, 1966 

AlvariRO (unpu- 
blished data)  

Venter, 1969 

Pearre, 1974, 
1976 

Nvaril io (Unpu- 
blished data)  

Naguawa and 
Eheumo, 1972 

Uvariiio bmpu- 
bli8hed data) 

AlvariRo (unpu- 
blished data)  

Alvui lo  (mpu- 
bli .had data)  

S t o n ,  1969 
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TABLE 1V. Cont .  

species rood Author 

Fish lUvM1 Coppala1 Crustacea 
larvae I Euphawiidm 

%& tObiah& N v u i i i o  1961 Copepod81 hrphrusiidae 

A l v u i h  (unpu- 
blished data) 

uv=i i io  (mpu- 
hlished data)  

h u m s t i n ,  1957 

Stone, 1969 

Alvariilo (unpu- 
blishod data)  

Wiqanny, 1937 

wironov, 1%0 

RJrwa-Susrcunsk 
1969 

lKuhk.nn, 1977 

AlvuLib (unpu- 
bliahed data)  

Ventmr, 1969 

Alvuilio (unpu- 
blished data) 

A l v a r i b  (unpu- 
bliahed data) 

hrvJi (in 
Nagasam and e - 1916) 
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TABLE I V .  Cont. 

species Food nuthor 

Sagdta ZetebioA Fowler 1905 C h u b  ptumchb, Undincrla 
vutg(Lhid. E d  ngu, (Cont , 1 
E. W b U ,  E. bUb.lblUiA, 

coknutu, R .  n(ldlLbb, 

z G 

CHAETOGNATHA: Sag i t ta  scrifipsae Alvariiio 1963 
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OTHER ZOOPLANKTON PREDATORS ON F I S H  LARVAE AND SOME ZOOPLANKTER 
COMPETITORS FOR FOOD WITH F I S H  LARVAE. 

COPEPODS 

Revision of s t u d i e s  conducted by var ious b i o l o g i s t s  (as r e  - 
viewed i n  Russell  1931) regarding food of f i s h ,  shows the  i m -  
portance of free-swimming copepods i n  the economy of l i v i n g  ma- 
r i n e  organisms. A l l  f i s h e s  of commercial importance feed on 
Copepoda a t  some t i m e  of t h e i r  l i f e  cycle ,  and c e r t a i n l y  a t  
least  during t h e i r  e a r l y  s t ages  of development. Pelagic species, 
such as sardine,  anchovy, herr ing,  and mackerel, (probably the 
m o s t  successful  of f i s h  populations) feed d i r e c t l y  on Copepoda. 
Therefore, Copepoda c o n s t i t u t e  the main connection i n  the com- 
plicate web between the diatoms and the carnivores.  Indeed, the 
abundance of copepods concurred with h ighes t  concentration of an - 
chovy larvae (Alvarifio 1979, 1980b) i n  the Ca l i fo rn ia  region. 

Copepods are d i s t r i b u t e d  i n t o  t h r e e  ca t egor i e s  of feeding 
c h a r a c t e r i s t i c s  (Es t e r ly  1916; Lebour 1922 , 1923; Wickstead 1962) 
based on examination of the  stomach content and s t r u c t u r e  of 
mouth p a r t s .  These include diatom feeders ,  omnivores, and car- 
nivores.  The observed foods of Copepoda and other predatory 
Crustacea, Mollusca, and Annelida i n  the plankton realm are lis- 
t e d  i n  Tab le  V I .  

Several marine copepods have been observe t o  f a t a l l y  i n j u r e ,  
capture o r  i nges t  young f i s h  and f i s h  larvae during laboratory 
experiments. Species of Copepoda common i n  the surface w a t e r s  
of the Ca l i fo rn ia  Current, LabidOcena j~flae, 1. M p h o A a ,  and 
Pon?k.UophLh O c c i d e W ,  appear t o  show some predation on f i s h  
l a rvae  (Li l le lund and Lasker 1971).  These copepods may detect 
and react t o  v ib ra t ions  produced by the larvae t a i l  beat by cap- 
t u r i n g  and b i t i n g  the  larvae.  Young anchovy larvae are more 
vulnerable t o  predat ion by these copepods, bu t  when the swimming 
a b i l i t y  of t he  anchovy increases  with age, the copepods are less 
e f f e c t i v e  f i s h  larvae feeders  o r  a t t acke r s .  P. occidental& was 
able t o  k i l l  anchovy up t o  t h r e e  and a half  day-old (Li l le lund 
and Lasker 1971), and the  authors  explain t h a t  "although capture 
and ingest ion of f i s h  larvae w a s  a common fact  under laboratory 
condi t ions,  it i s  r a r e  t o  f i n d  a copepod w i t h  a captured f i s h  
l a rvae  i n  Formalin-preserved plankton". The copepod l a b i d o c ~  
-?hhphlo4a occurs i n  the upper 10 m of t h e  Ca l i fo rn ia  Current,  
s t r a t a  which are a l s o  occupied by t he  larvae of hyuuhh m O h -  
dux, SadLnop4 caehutea, Scombm japonicus, Ttrachwu~b 4ymmcOr.L- 
Cu6, and c O ~ O & b d  4&, b u t  a q u a n t i t a t i v e  r e l a t i o n  between 
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these copepods and the  f i s h  larvae has not  been analyzed i n  na- 
tu re .  During experiments by Li l le lund and Lasker (1971) the 
addi t iona l  hh?nl& larvae included as an a l t e rna te  prey decrea- 
sed the feeding of L.  &Jr,&p&Ob.U on the  f i s h  larvae.  The labo- 
r a to ry  observations ind ica te  " tha t  marine copepods may be e f f e c  
t ive predators  on l a r v a l  f i s h ,  a t  l e a s t  i n  the sense t h a t  a pre - 
dator  need not devour i ts  prey but  is  equal ly  e f f ec t ive  i f  it 
i n j u r e s  it mortally". 

Experiments rear ing  f i s h  larvae of a e M u  oce&Ihh show 
(Garstand 19001 they were devoured by Harpacticoid copepods, 
mainly ldia &AC&, which had entered the  aquarium system; the  
rapac i ty  of these copepods ind ica te  they attacked heal thy 25 mm 
long young Gob& d t L t U b  and fed indiscr iminately on l ive,  mo 
ribund, and dead &Ylniu6 larvae. The omnivorous copepod T W O  
ha b n g i c o m b ,  Centmpages tqpicu, Cdanu ~inmartckicu, and- 
L a b k f O C W  #0&.7.4$0& were fed on a mixed d i e t  of copepods and 
diatoms (Lebour 19221, and the carnivorous homdeacerra p&UAo-  
ni fed on o ther  copepods and f i s h  larvae (Lebour 1923). Exami- 
nation of d iges t ive  content of carnivorous Copepoda, L a b i d o c a ,  
homdeacerra, Ca'&opages,  Euchaeta, 
feed mainly on other  copepods CGould 19661. The copepod canda- 
Cia bhady i  commonly found i n  the Singapore region (Wickstead 
1959) w a s  observed ea t ing  Sagma en@Uk ( the most abundant 
Chaetognatha i n  t h a t  region) ; however , no da ta  have been publ i -  
shed on i ts  feeding on f i s h  larvae,  which would probably take 
place i f  they are abundant i n  the  loca t ions  inhabited by C .  bt la  
dyi .  Females of the carnivorous copepods Cundacia a e w p i c a  
have been observed (Wickstead 19651 s i z ing  Myctophid f i s h  lar- 
vae. 

and Candad showed they 

- 

The study by Samyshev (1973) of the  phytophagous, predato- 
ry  and euryphagous copepods from the Gulf of Guinea, ind ica tes  
t h a t  predatory copepods reach the  80 % of the  t o t a l  copepods - 
biomass i n  the 500-299 m l aye r s ,  35 % a t  the  200-100m, and 40 % 
a t  100-0 m depth, and considers t h a t  the r e l a t ion  of phytopha- 
gous copepods t o  predators  i n  the upper 100 m layer  a t  the zo- 
ne of divergence could be dependent on the r a t e  of upwelling i n  
the  Equatorial region. The carnivorous copepods i n  the  region 
included, Oncaea sp. , Oithona sp, Euchaeta rnaALna, E. pahacon- 
cinna, E. hebed, Euchaeta sp., Patraeuchaeta sp. , MiwseteUa 
g m W ,  M. mbea, Cohycaeu sp. , Euchaeta n m h a  considered 
one of the most predatory of copepods, but  no information w a s  
provided on the  prey consumed. Deep sea adul t  copepods from 
the  Sargasso Sea, Euchaeta media, E. nohvegica, E .  M d U R a ,  
Euchaeta sp. , H&uwnhabdub ab yhbae-ib , H. compaotu5, ff . n0hVegi - 
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ea, Euaugap?ZU sp., contained only crustacea remains i n  t h e i r  
g u t s  (Harding 1974). The d iges t ive  t r a c t s  of Pheudockiheeea po- 
.eghp~nU and S c a p h O ~ U S  tnagnu4 (from the  slope waters o f f  Nova 
Scot ia )  contained remains of Euphausiids and Copepoda. 

EUPHAUS I IDS 

Some spec ies  of Euphausiidae a r e  omnivorous o r  carnivorous. 
The euphausid Meganyctiphaned n o w e g i c a  w a s  observed by H o l t  
and Tattersall (1905) t o  feed upon f i s h  l a rvae ,  Decapoda la rvae ,  
and Heteropoda. Euphausiids of the  Gulf of Maine feed c h i e f l y  
on phytoplankton, bu t  M .  KOhVegicd were observed c lasp ing  b i t s  
of her r ing  re fuse  from the  packing f a c t o r i e s  (Bigelow 1926) and 
feeding on young f i s h  and copepods; specimens were a l s o  found 
with masses of the diatom Rh.ikOhoLe& i n  t h e i r  stomachs. M .  - 
nOhVegica from Loch Fyne fed on C a t a n U  &nmcM&cW, Pahaeu- 
chaeta notvegica,  eucaridean spec ies ,  o ther  euphausiids,  dino- 
f l a g e l l a t e s ,  diatoms, f e rn  sporangia, d e t r i t u s ,  a lgae ,  and d i g  
t e ran  eggs. 
phaus i ids  t o  o the r  organisms i n  the  plankton was high (Fisher 
and Goldie 1959). 

Cannibalism occurred when t h e  proport ion of eu- 

Laboratory s t u d i e s  by Theilacker and Lasker (19731 on Eu- 
p h u i a  pacL&ica and Enghautih mohdax l a rvae ,  t h e  most abundant 
Euphausiidae and Clupeidae, respec t ive ly ,  i n  the Cal i forn ia  Cu 
r r e n t  region,  appear t o  ind ica t e  t h a t  "the average number of an 
chovy l a rvae ,  juveni le  euphausiids can process  i n  a day ca t -  
ching, ea t ing ,  d iges t ing ,  and excre t ing  i s  10 o r  l e s s .  Increa- 
s ing  the  prey concentrat ion above t h i s  number had no e f f e c t  on 
feeding i n  t he  volumes tes ted" .  The authors  ind ica t e  t h a t  t he  
r e s u l t s  "suggest a cons tan t  feeding r a t e  with food no t  a l i m i -  
t i n g  f ac to r " .  Theilacker and Lasker (1973) observed t h a t  t he  
amount of feeding was n o t  a f f ec t ed  by the  addi t ion  of more prey 
i t e m s  and t h a t  increased l a r v a l  a c t i v i t y  decreased the  a b i l i t y  
of E. pad&ica t o  capture  anchovy larvae.  E. pacL&&xx exhibi-  
ted a 60 % successfu l  catch rate when deal ing with one day (new 
l y  hatched) and 2 day-old la rvae ,  bu t  t h e  capture  r a t e  dimini- 
shed t o  1 7  % f o r  the  th ree  day-old la rvae ,  and t o  11 % f o r  4 
day-old la rvae .  E. paCLdLCa ingested few eggs i n  t h e  laborato-  
r y ,  poss ib ly  due to  e i t h e r  t he  eggs being unavailable t o  t h e  
euphausiids (eggs f l o a t  a t  the  surface of waters) o r  produce no 
v ib ra t ions  i n  the water, which would a t r a c t  euphausiids. Thai- 
lacker  and Lasker (1973) ca l cu la t ed  that the  number of f i s h l a r v a e  

c 

- 
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2 E .  paddica could consume da i ly  p e r m  
gard less  of the presence of other  zooplankters. 

surface w a s  2.847, re- 

Chlorophyll pigments have been found i n  considerable 
amounts i n  the stomachs of such omnivorous o r  carnivorous eu- 
phausiid species as Nem&hc&&A g a m ,  N. t n h ~ p ~ ,  N. &ne- 
&, N .  aa%w&Lccr, N .  d . i d ~ i d 2 . h  and Euphaubia pad&ica. 
on these f indings w i l l  ind ica te  these pigments may have some 
physiological ro le  i n  the metabolism of euphausiids, or are to- 
t a l l y  removed from the  system during defecation. 

Work 

AMPH I PODS 

The Amphipoda E L L t h W &  sp. prey upon small planktonic 
animals i n  the  Gulf of Maine (Bigelow 1926); although it w a s  
no t  observed feeding on young f i s h ,  t h e i r  stomachs have been 
found t o  be packed with copepods h i n l y  cc%&?YluS and TemOU),  
pieces  of o ther  crustaceans, and f i s h  eggs. 

The observed food i n  Copepoda and other  predatory Crusta- 
cea a re  l i s t e d  i n  T a b l e  V. 

AMPHIPOD& Hyperoche  medusarum greyer 1838 
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TABLE V. OBSERVATIONS ON THE FOOD OF PELAGIC CRUSTACEA 

?ood Author CLASS: ORDER 
Species 

CRUSTACEA: COPEPODA 

AcanthocyCLopd we& 
(Robertson and Cannon) 1981 N o h p i s  hudboni f i ah  larvae Harting, Jud. 

Md E V L n m ,  1982 

Acahtia claudi Giesbrecht 1889 
Sulcanus conf l ic tus  Nicholls 1944 GLadio&wu inpartipeb and 

other Copepoda 

A- tonha Dana 1849 

Lonsdalc e t  al, 
1979. 

A n o M c o ~ e n a  patteuoni Templeton 
1837 copepods, f i s h  larvae Iabour, 1922, 

1925 

Oould, 1966 

Icbour, 1922 Copepod. 

Coppcda naupl i i  and 
copepoditas; Phytoplankton 

sardine post-larvae 

Copepodai Chaetognatha; 
other zooplankters 

Fish larvae 

Lutdry, 1981 

Karlovack, 1967 candaoia sp. 

Candacia b d y i  Scott  1904 
Wick.taad, 1959 

widtstead, 1965 Candacia ae&Lopica Dana 1849 

Can& c o h b h e  campbell 
1929 

CoLycaeub , ( C a C u  Cierabrecht 
1891 

Iledusm; Cmstacsa Could, 1966 

Post l a rva l  f i s h  ECectnona 
h i 6 6 O i  mper,  1980 

C y d o p  6icubpidaX.u thomssi- 
Viacyclops t h o m i  (Robertson 
and Csnnon) 1981 Momne bcualis ( s t r iped  bass), 

M. m e h i m  (white perch) 
larvae Smith and Smrm- 

ham, 1981 

Hading ,  Jud. 
and Evans, 1982 

Barding, 1974 Eua~lgap2.h sp. 

Euchaeta e b n g &  Ester ly  1913 
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TABLE V .  Cont. 

77 

Food Author C W S I  ORDER 
W c i e s  

Euchaeta media Giesbrecht 1888 

Euchaeta nokuegica ewck 1872 

Euchoeta toma Giesbrecht 1895 

ldya & i c e t a = T i b b e  4uncata 
( b i r d )  1837 

hbidoceha j 0 t . h  Ester ly  1906 
labodocem m p i n o b a  Ester ly  

1905 
PontEteLLopbi4 occidentatib 

Ester ly  1906 

labi.&ceka U p i n o i a  Ester ly  
1W3 

OCdkona m a  Giesbrach 1892 

Pleunomanna quadnrurgdtata 

PheudockihetCa potybpina ~ r o d a k y  

Scaphocalanub magnub (T. Scot t )  1894 

Sapphhina angubta Dana 1849 

Temoha ~,S~~@LLI (Dana) 1849 

(Dah11 1893 

19% 

T o w  di4cllllddu Thompson 
and Scot t )  1897 

Bentheuphwia Mlb40pb G.O. srrs 
1885 

Euphaudia pacidica Hansen 1911 

P e  pahutu, Oithana &.Lm.Uh 
(Copepoda) i naupl i i  n n ,  lm 
bka.tucCircd phoductcld (hake) eqgr 
and larvae Ed1e~'nnd Y(0, 

1983 

Cabnub; other crustacea maolrs, 1970 

Accutiatonba, Cem9wpageb 
hepatub (Copepoda) C-r, 1960 

C&nu~ naupl i i ,  E- 
copepd i t e s  Brodrr, 1970 

Pi8h larvae caratand, 1900 

Fish larvae 

WLincacCWub naupl i i  

Euphsuriidm 

Thatla dernochaticn (Tunicata) 

Gobiccb sp. f i s h  larvae 

Copepoda; Medusae i Chaetognathai 
Radiolaria,  Tintinnidae; 
Phytoplankton 

Eggs and fi8h larvae 

Young f i sh ;  C o p e P o Q ;  E u p b w i i d a ;  
Oecapoda larvaer Heteropoda 

Li l l s lund  m d  
Lmkar, 1%5 

Brocks. 1970 

ambler .ad 
m a t ,  1974 

Bolt end h- 
ttersal, 1905 

B i g o h u ,  1'926 
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TABLE V. Cont. 

CUSS: OROER 
species Author 

Thydanopo& aequacib Hanwn 1905 

Thydanopoda chis&& G.O. sus 

ThIjbanOpOda egmgh Hanwn 

1885 

1905 

Thysanopoda nonocantha Ortman 
1893 

CycCoihone and other f i s h  larvae1 
Coppodat Euphausiidae J Uysideceat 
Chsatognathar p l a g i c  cephalopodai 
Radiolaria 

Juvenile fish 

?ish l u v a e r  PLecMonann~l, 
0-M (Copepoda) r Euphausiidaej 
Decapod Crustacear Chaetognath. 

hcdonald ,  1927 

?islmr ud 001- 
die .  1959 

Hayrand. 1979 

sauEoto, 1980 

mmto, 1972 

Roger, 1973 

Hu, 1978 

Tchinbonova, 
1959 

Hu, 1978 

Rxpr, 1973 

Wemoto, 1977 
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TABLE V.  Cont. 

CLASS: ORDER 
Species Food Author 

Thybanoebba inehni.4 (-dyer) 1846 aZhniXcub; Plytoplankton 
(Cont .) 

Thybanoebba haddLii (n. Sam) 1840 Copepoda 

: WSIDACEA 

Mybidopbib big&& Tattersall 1926 
Neornyopbib MRlLicnna (s.1. Smith)  

1873 

Mybidopkib didecphyb N O W  1906 

Mybidopbib gibboba G.O. Sars 1885 

Neomy4ib metcedi4 ( H O ~ S )  

Accutin tonba, Centmpageb .p. 
PbeUdO&lM COllOnonab, 
PUMdUbUM c h a d b i h o b ~ ,  
OithOM COtcnnrrO (Copepoda) 

Copepoda 

Copepodat Dinoflagellata 

EubiAhenwno hhndoidu,  
(Harpacticoid Copepoda) 

: I SOPODA 

Rocin& beLCiceps pge.#enbib 

Conchoccia ametha Milller 1906 

Juvenile Pacific Salmon 

Gob& fish l a r ~ ~  

Crustaceai Tintinnidat 
Radiolaria, Coccolithofloridat 
Foraminiferat Silicoflagellat.st 
Diatmacea 

Crustacea, Tintinnidat 
Radiolaria, Coccolithophorida 

Conchoecia W c a  (Lubbock) 1865 
Conchoecia nhynchena niiller 1906 
Conchoecia b e c m e n d a  Vavra 1906 crustacea 

Conchoecia bibpinoba Claus 1890 
Conchoecin e c k i n a t a  Muller 1906 Crustaciat Diatomrcea 

Conchoecia bone& Sara 1865 
Conchoecia e l e g w  sars 1865 
Conchoecin obtubata Sars 1865 crustacea 

Conchoecia bkogbbengi Iles 1953 Coccolithophora; Foraminiferat 
Silicoflagellatai Diatomecea 

Conchoecia spin(n0bChis Claus 1874 Myctophid fish] Crustaceat 
Chaetognathai Tintinnidat 
Mdiolariai Coccolithophoridai 
Foraminiferat Silicoflagelatat 
Diatomacea 

8amOt0, 1980 

S m o t o .  1980 

?ulton, 1982 

huchlin, 1970 

Nauchliru, 1970 

Siegfried and 
Itop.che, 1980 

mvotny and 
mhnken, 1971 

mqnar, 1960 

Tchindonova, 
1959 

%hindonova, 
1959 

Angal, 1970,1972 

Iles, 1961 

Llofwn, 1941 

-1, 1972 1970, 

An-1, 1970, 
1972 
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TABLE V. Cont. 

Author 

Anonys sp. 

CaLLi0p.h ep. 

E1LtheaLbmr sp. 

Pteropodai P. &&ca and 
o ther  Amphipoda 

Fish eggsi Ca&vuu, Ternow 
(Copepoda) ; Euphauaiidae; 
Amphipods; Decapod larvae 

Eu.&nuA& capucebra * 
Theubwa gadL&adL Gu(rin- 

Hyp&a g a h  t m t a g u )  1813 

Idnevi l le  1825 Copepodai Euphausiidae 

copepodai Ib l lusca  

ifllpe4oche Wdubahm Wdyer) 1837 (%pea p&?.a4i and f l a t  f i sh  larvae 

panatherridto japonica Bovallius 18871 
T h e i d t o  japonica Methidia and o ther  copepodai 

Suphauniidae; Ostracodai 
Wedusaei Poraminiferai Radiolariai 
Tintinnidae 

PaRatkenridto Libeuula 
(Lid, t e  nsta i n  
Therris-to C i b e C U a  

182 2- 
Cod larvae 

Fukuch;, Yoshida, 
H a m ,  1971 

rukuchi, Yoshida, 
nata, 1971 

Bigelow, 1926 

Conover, 1%0 

~ n o v e r ,  1960 

Westernhagan and 
Rosenthal , 1976 

Newt0 and Yoo,  
1970 

bheader and 
Evans, 1975 

Zhuravlev and 
Ueyman, 1976 

Y a m a d I i t a  urd 
Joh ( C a u n i c a -  
tion) 

ma, 1966 

Ntuch i ,  yoahid. 
Hara, 1971 

Lee, 1966 
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TABLE V.  Cont. 

Food Author CLASS: ORDER 
species 

P e n w  k e h a t h m  m r s k a l  1775 

SVlgebtkh hh&%h Hansen 1903 

Seqeb tes  LUcenh Hansen 1903 

Fish larvaet Eupahusiidae; 
amphipodai other Crustaceai 
Pol ychae t a i Echinodermat a mNkovJLpi and 

?'roy.man, 1973 

"chindonova , 
19598 Rsnfro 
and m u c y ,  1966 

Copepodai Euphausiidaei 
Tintiniidae 

Pishi c ~ u 6  pUdb&W, 
Pmcahuh pmvuh, Euchaeh 
mahina, candacia sp, & m a  
v u ,  c(aL16ol2xkkmh McuicoJlniA, 
Mond.i.Ua typica, Paneuchaetcr 
meLci, PLelrnonanna gkaacilis, 
Oithona pCumi,jm, GdLet~ l r6  
E ~ k i h e U a  sp. (Copepoda) i 
Chaetognathai Malluscai 
Diatoaacea 

Piaht Copepoda; Chaetognath. 

(*loti, 1969 

"chindonova, 
1959 

Stawr, 19101 
B i - l a ,  1926 

Decapod larvae Young f i sh}  mall Crustacea 

Homanuh cunehicanuh nilne- 
Edwards 1837 (larvae) Other Crustacea MlQn M d  

Fowler. 1890 

Honoh~a vuCgahi6 Linnaeus 1758 
(larvae 1 

PacincM116 VUlglvLih = 
PaLinruuLs d.tpha.4 Fabricius 1787 

Decapod larvae} Copepoda tebour, 1922 

SquLUa dehmaRehti= 
~ O h q u d &  dehmmesti (Risw) 1816 TmM LongicoJlniA   opep pod.) I 

Crustacea 

HydtoaeduMe 

Ubour, 1925 

w i l l i r a o n  (in 
'Ihous, 1%3) 

Phyllosons of JUU6 LaL(mdei 

Shoj iu ,  19638 
wrrnkind a t  a1  
1976 

Fish larvaer Copepodai other 
Crustaceai Iladusaeer Chaetognathai 
Tintinnidae Tchindonaa, 

1959 

Hytenodohn g- S.I. smith 
1886 coppcdar amphipodai Ostracodai 

other Crustacea8 MdusMi 
Pol ychae ta i  ChautuynaLhar 
Radiolaria Tchind-a, 

1959 

Gennada.4 bomatib Rsthbwm 1902 Copepodai other  Crustacea; 
Wdunae I Chaetognathai 



82 

Food Author 
CLASS: ORCBR 
specie. 

_L 

RAdiolariai T i n t h i d m  

Finhi other Crustacea 

rids other mustaceai 
Tintinnidan 

Tchindonova, 
1959 

Tchindonova, 
1959 

Tchindonova, 
1959 

Tchindonova, 
1959 

EUPHAUSIACEA: Eufi haus ia  pac i f ica  Hansen 10 11 
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Information on the prey o f f  of Pelagic mollusca appears 
compiled i n  T a b l e  V I .  

CEPHALOPODS 

Cephalopoda predat ion on young f i s h  can have a d r a s t i c  
e f f e c t  on some f i s h e r i e s .  Johnson (1942) described the  beha- 
v i o r  of Pmaoctopub apo.ttyon feeding on s m a l l  f i s h  and shrimps 
i n  Friday Harbor. 
ward with the t e n t a c l e s  extended i n  a canopy under which f i s h  
and shrimps are captured; contract ing the  t e n t a c l e s ,  the catch 
is forced slowly i n t o  t h e  mouth. 
cess i n  a rapid succession, making 15 of t hese  hauls  i n  twenty 
minut e s . 

The octopus obtained food by g l id ing  for-  

The octopus repeated t h i s  pro 

The squid Om&b&pheb $Odah&.lA w a s  observed by Hjory 
and Dah1 (1900) as reported i n  Murray and Hjort  (1912), pur- 
suing t h e  he r r ing  i n  Norwegian waters. 
t h a t  t hese  squids "general l ly  appear i n  enormous shoals  coming 
from the open ocean i n  p u r s u i t  of the herr ing shoals  on which 
they gorge themselves greedly". The coincidence of g r e a t  quan- 
t i t i es  of h&Ob&ephU sp. together  with several  hydromedusae 
(Lucas and Henderson 1936) coincided with t h e  breakdown of t h e  
Shetland he r r ing  f i s h e r y  during 1931. 

Those authors  explained 

Octopus v d g a h i b ,  Lof ig0  VUkgatLis and se@ Od~icinatih 
k i m e d d a  appeared i n  g r e a t  abundance (Cort and P6rez-Gsndaras 
1973) i n  the Sahara Bank during 1966-1967 i n  a region about 50m 
deep, o f f  the Spanish Sahara. 
cana.k&m&, Paghub paghw and o the r  f i s h  used t o  be extremely 
abundant i n  t h a t  region, but  t h i s  abundance has decreased dras- 
t i c a l l y  s ince 1960 due t o  overfishing. Coincident with t h i s  
condition, the population of cephalopods i n  the region has in- 
creased due t o  l ack  of n a t u r a l  predators .  Thus t h e  abundant ce 
phalopod population w i l l  be preying on the young and larvae of- 
Sparidae, preventing these populations from regaining s t rength.  
Examination of stomach contents  of cephalopods i n  t h i s  a r ea  in- 
d i ca t ed  t h a t  they feed on young Pleuronectidae,  Sparidae, Mo- 
l l u s c a ,  and Crustacea. However, i n  t he  f a r  offshore adjacent  
region o f f  Spanish Sahara, l a rge  Sparidae , Thachwulb &u.lchuJuh, 
and SCOtnbeh acombhus were abundant and preyed on Cephalopoda 
Larvae. I n  this manner, t h e  cephalopod populations are contro- 
l l e d  by the predatory a c t i v i t y  of Sparidae and other  f i s h  popu- 
l a t i o n s .  In  the Sahara B a n k  region the depleted Sparidae popu- 

The Sparids P W U k X  d e n h x ,  D. 
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l a t i ons  do not  harm the Cephalopoda l a rvae ,  and so the  g r e a t  num 
ber of squids and Octopoda devour the  young and l a r v a l  f i s h  occu 
r r i n g  i n  t h e  region. It appears t h a t  the f i s h  population can 0; 
l y  be l imited by s c a r c i t y  of food and by t h e  f i she ry .  A cephalo 
pod f i s h e r y  has  s t a r t e d  t o  develop i n  the  Sahara region, and it-’ 
i s  expected t h a t  it w i l l  help t o  r e s t o r e  the  predatory/prey equi 
librium. Similar ly ,  absence o r  s c a r c i t y  of Pan- /Leg& - - 
{spiny lobster) off Sahara (Maigret 1976) coincided with abundan 
ce of h7bpu4 vdgaJuh and S e p h  OddiCind2.h. 

- 
c 

CEPHALOPODA, OCTOPODA: Allofiosus m o l l i s  Verrill 1880 
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TABLE V I .  OBSERVATIWS ON THE FOOD OF PELAGIC MOLLUSCA 

85 

Food Author CLASS: ORDER 
w c i e s  

GAWROPODA: HEl'EWPODA 

Hetmpod spp. 

CMdiapOda pLacenta 
(Lesson) 1830 

Cluinahia chib.tata 6. japonica 
Spoel 1972 

CahiMhia sp. 

m a n i a  japonica k u t a n i  
1955 

: GY-ONATA 

CLione Uucina (Phipps) 1774 

CEPnWPODA: OCKIPODA 

OctopuA Wtgahis Cuvier 1797 

Fish larvae; Ctenophora; 
phnanirna sp. (Xyperiidae); 
Salpa (Ruricata) 

Physonectae b rac t s  (Siphonophorae) 

Teach. 1949 

Hammer e t  a l ,  
1975 

Harmer e t  a l ,  
1975 

Soapy, 1980 

Graham, 1955 

Fish 14xvae; Euphausiidae; 
other Crustaceat Cephalopod4 

Conovar Md 
hlli, 1974 

Burukovmkyi and 
Froye-, 19738 
cort UId pcrez- 
Ghdaras ,  1973 

Fish l4rv.e; Decapod Crwtacea Johnmn, 1942 
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TABLE V I .  Gont. 

Food Author C U S S :  ORDER 
species  

T o b t e s  ~ a g i # & ~  ( w a r c k )  

LoLigo peelei Lesueur 1821 
1979 

Larvae and juvenile f ish!  
Euphausiidaei c r h s  and other 
Crustaceai Cephalopda 

~o&go opale6cm Berry 1911 Swmbe~~ japoniw l a r v m i  
adu l t  k.&?mh (Crustacea) 

Fish; Copepodai Cupbusiidaer 
Amphipodai Cum&cea; nysidaceai 
Ostracoda; other Crustaceai 
Gastropcdar Polychaetai 
Cepahlopodai Radiolaria 

LoUgo WLgahid Lamarck 1822 
Sepia 0IjIjicinacib kiennedda 

Rsng 1837 Fish larvae1 Crustaceai m l l u s c a  

~ymptectoteuthis IStenohuthd) 
o u m e M i . 6  (Lesson) 1830 young f i sh ,  CIUstawaI 

cepha1opoaa 

MydOpkidae f i s h ,  f lying f i s h  
ad other f isnr  Crustaceai 
Squids 

Spptecto@u.ihia .hmLno6a -saki 

Lbm~&&pired b w  Wsueur) 

rhnatw.pke6 pte~opccb (steenstrup) 

T o b . @ 6  angoletuis Mam 1962 

1915 

1821 

1885 
young f inhi  Cruntawai 
cephslopoaa 

Burukwskji and 
Froye-n, 1973 

Hurley, 1976 

mrpov, 1979 

cort ud P(rer- 
G&ul&ras, 1973 

Mi., 1977 

Pilipova, 1974 

OTHER PREDATORY ZOOPLANKTERS 

Predation by f i s h  is not  considered in  t h i s  uork. Other predatory planktonic organisms a re  tho 
pelagic worms. L i t t l e  is k- on the feeding cha rac tn r i a t i c s  of t h s r  a n h l s ,  ud t k  few o b s e w i  
t ions on the  food of pelagic Polychaeta appear compiled i n  Tlble VII. 

TABLE VII. FOOD OF PELAGIC YORMS 

CLASS* ORDER 
Species Food Author 

young hrrinqr A g a h  e t e g w  
(siphonophorae) 

Chaetognaths 

~ompcehid h e l g o t a d ~ m  Crwff  
1879 hR.eHg116 and other fish 

larvae; Chaetognath; 
u l i c e l l u l a r  organisms 

T@o6wlex nuLLehi Bush 1851 Olaetognatha 

Ncemwn, 1962 

Wschkov, 1972 
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SUMMARY 

The data  gathered on the  food of carnivorous zooplankters, 
together  with observat ions on the  f a i l u r e  of year-class  of f i s h  
coincident  w i t h  g r e a t  abundance of predatory planktonic  orga- 
nisms, i nd ica t e  t h a t  it i s  paramount f o r  f i s h e r i e s  research t o  
sys temat ica l ly  analyze plankton, as food as w e l l  a s  plankton 
predators .  S tudies  should be increased on t h e  feeding of va- 
r i o u s  fish l a rvae  and carnivorous zooplankters , together  with 
determinations on the voracious capaci ty  of each of t h e  plank- 
ton predator  spec ies  r e l a t e d  t o  t h e  f i s h  la rvae .  Larval f i s h  
and t h e i r  bas i c  food a r e  g r e a t l y  u t i l i z e d  by the  planktonic  c a 5  
nivores ,  a f a c t o r  which cont r ibu tes  to  the  source of mor t a l i t y  
d i r e c t l y  by predat ion,  and i n d i r e c t l y  by competition f o r  food 
when the preda tors  consume food of la rvae  ava i l ab le  i n  the 
ocean. Continuous monitoring by oceanic surveys on the  spaw- 
ning region of f i s h  and o the r  i nve r t eb ra t e s  of commercial in- 
t e r e s t  should be accomplished toge ther  with the  q u a l i t a t i v e  and 
quan t i t a t ive  d i s t r i b u t i o n  of food and predatory zooplankters. 

The study of long and short-term f luc tua t ions  i n  t h e  ahun- 
dance and d i s t r i b u t i o n  of zooplankters (Glover e t  a 1  1961) 
appears t o  hold a considerable promise t o  d e t e c t  and analyze 
physico-chemical-biological changes i n  the  environment, and c o ~  
sequently i n  the commercial f i s h  stocks, as well as the e f f e c t  
of predat ion on the  abundance of r e c r u i t s  t o  i n t e g r a t e  the  f i s h  
stocks.  Once t h i s  mult iple  f a c i e s  of research is  properly 
achieved (Hardy 1956) “can we s a f e l y  think of t r y i n g  t o  p red ic t  
the e f f e c t  of such changes i n  the  f i she ry“ .  
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