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R E S U M E  

-On considere les principes de l 'écologie chimique e t  de l a  chemo- 
réception e t  on donne des exemples de substances composées qui  possèdent des 
a c t i v i t e s  biologiques, sur tout  dans l e  controle de l 'alimentation. On a 
i s o l é  e t  carac ter isé  beaucoup de produits na ture ls  marins, mais on n ' a  déter- 
miné qu'en peu de cas l eu r s  rô les  biologiques ou Bcologiques. D'autre pa r t ,  
on a déc r i t  un assortiment de react ions produites chimiquerrent dans lesquelles  
le  médiateur chimique ne s ' e s t  pas identifié. ,  

Entre l e s  substances composées qu'on a dé jà  iden t i f i ées ,  beaucoup 
sont  des produits du métabolisme secondaire, lesquels  par lem caractère mê~e 
se sont  rëvéle's c m  trés in téressants  pour l e  chimiste orgenique. Pourtant 
il y a d 'aut res  cas qui  impliquent des composés simples du rr6tabolisn-e 
primaire. Les phagostimulants pour l e  turbot ,  e h t h a l m u s  maximus, par exemple, 
sont  l ' inos ine  e t  l t i n o s i n e  5f-monophosphate; pour 16 Dover $le, Solea - solea,  -- 
l e  phagostimulant est l e  glycine bétaine. 

-The basic principles of chemi.ca1 ecology and chemoreception w i l l  be 
discussed and exarnples given of compounds known t o  possess biologi<:al a c t i v i t y ,  
par t icular ly  i n  the coritrol of feeding behavioiir. Many nimndreds of marine 
natura l  products have been i so la ted  and characterized, but i n  only a few i i i -  

s tances have tfieir biological o r  ecological ro les  been determined. Conversely , 
a wide variety of chemically mediated behavioural responses have been described 
where the  chemical. mediator remains imidentified. - 

Of the  compounds which have s o  f a r  k e n  iden t i f i ed ,  many a r e  products 
of secondary metabolism which, by t h e i r  very nature, have proved the  most in- 
t e res t ing  t o  the  organic chemist. However, i n  other  instances rather. simple 
compounds of primary metabolism a r e  involved. Iriosine and inosine 5-mono- 
phosphate, f o r  example, a r e  the  feeding stimulants f o r  the  turbot ,  Scpphthahys 
niaximus while glycine betaine is the  feeding stimulant f o r  the  Dover so le ,  Solea 
sgTèa;-'- 

- - 
F4 O T S - C L E S : Ecologie chimique, Cheuiur6ception, Télémédiateurs chimiques. 

K E Y ili 0 R D S : Chemical ecology , Ckiemreception, Senliochemicals. 
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I 
INTRODUCTION 

The term chemical  ecology is used t o  d e s c r i b e  chemica l  i n t e r a c t i o n s  
between organisms wh i l e  t h e  term chemoreception is  r e s t r i c t e d  t o  t h o s e  i n t e r -  
a c t i o n s  i n v o l v i n g  pr imary  o r  secondary  chemosensory cells i n  t h e  r e c e i v i n g  organ- 
i s m .  The chemica l  s i g n a l s  have been termed semiochemicals  (Regnier ,  1971) o r  
chemica l  t e l e m e d i a t o r s  (Auber t ,  1971) and can  be d i v i d e d  i n t o  two groups ;  phero-  
mones, where t h e  r e l e a s i n g  and r e c e i v i n g  i n d i v i d u a l s  belong t o  t h e  same s p e c i e s  
m * s o n  & Luscher,  1959) ; and a l l e l o c h e m i c s ,  where t h e  two i n d i v i d u a l s  a r e  of  
d i f f e r e n t  s p e c i e s  (Whi t taker  & Feeny, 1971). The a l l e l o c h e m i c s  are f u r t h e r  
d i v i d e d  i n t o  al lomones,  which g i v e  an a d a p t i v e  advantage  t o  t h e  r e l e a s i n g  s p e c i e s ,  
and kairomones which g i v e  an a d a p t i v e  advantage  t o  t h e  r e c e i v i n g  s p e c i e s  
(Whi t taker  & Feeny, 1971).  

Many n a t u r a l  p roduc t s  have been i s o l a t e d  from marine  p l a n t s  and an ima l s ,  
b u t  i n  on ly  a few i n s t a n c e s  have t h e i r  e c o l o g i c a l  r o l e s  been a s c e r t a i n e d  ( f o r  a 
r e c e n t  rev iew,  see Daloze e t  a l . ,  1980).  Two approaches  t o  t h e  s t u d y  o f  marine 
n a t u r a l  p r o d u c t s  are p o s s i b l e .  One, favoured by o r g a n i c  c h e m i s t s ,  i n v o l v e s  t h e  
i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  mar ine  n a t u r a l  p r o d u c t s ,  perhaps  fo l lowed by 
t h e  s t u d y  of  t h e i r  b i o l o g i c a l  a c t i v i t i e s .  The second more l o g i c a l  approach 
s t a r t s  w i t h  a  known b i o l o g i c a l  a c t i v i t y  o r  behav iou ra l  r e sponse ,  fo l lowed by t h e  
subsequent  p u r i f i c a t i o n  o f  t h e  a c t i v e  m a t e r i a l .  I n  t h i s  a r t i c l e ,  t h e  s i g n a l s  
w i l l  be grouped acco rd ing  t o  t h e i r  e t h o l o g i c a l  effects. 

1. PXERWûNES I N  REPRODUCTION 

1.1. Gamete a t t r a c t a n t s  

The male gametes o f  mar ine  a l g a e  a r e  a t t r a c t e d  by s u b s t a n c e s  r e l e a s e d  
by e g g s  o f  t h e  same s p e c i e s .  A l 1  t h e  gamete a t t r a c t a n t s  s o  f a r  c h a r a c t e r i z e d  
have been po lyunsa tu ra t ed  l i n e a r  o r  c y c l i c  hydrocarbons-ectocarpene ( 1 )  from 

m u l t i f  i d e n e  (2 )  from C u t l e r i a  m u l t i f  i d a  and f u c c o s e r r a -  
(MUller,  1977).  

1 2 

1.2. Spawnfng-inducing pheromones 

There is a , cons ide rab le  amount of ev idence  f o r  t h e  involvement o f  
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spawning-inducing pheromones i n  mar ine  i n v e r t e b r a t e s  t h a t  undergo epidemic  spaw- 
ning . -1n t h e  crown-of - t h o r n s  s t a r f  i s h  Acan thas t e r  p l a n c i ,  gamete release by 
one i n d i v i d u a l  i nduces  o t h e r  r i p e  s t a r f i s h  t o  spawn, and a c e l l - f r e e  f r a c t i o n  
wascktained from e x t r a c t s  of gametes which induced spawning (Beach , e t  -* a l  7 1975) .  
The a c t i v e  m a t e r i a l  was d i a l y s a b l e  and h e a t  s t a b l e ,  b u t  no f u r t h e r  i n fo rma t ion  
is  a v a i l a b l e  conce rn ing  its chemical  n a t u r e .  

1.3. Sex a t t r a c t a n t s  

Once a g a i n  l i t t l e  is known o f  t h e  chemica l  n a t u r e  of  s e x  a t t r a c t a n t s  
a l t hough  o b s e r v a t i o n s  i n  t h e  aquarium and i n  t h e  s e a  i n d i c a t e  t h a t  t h e s e  a r e  
widespread th roughou t  t h e  c r u s t a c e a n s  and mol luscs .  Ryan (1966) demonst ra ted  
t h a t  t h e  pre-moult  female  of  t h e  swimming c r a b  Por tunus  s a n g u i n o l e n t u s  secretes 
a s e x  pheromone i n  h e r  u r i n e  t h a t  a t t r a c t s  a d u l t  males.  K i t t r e d g e  e t  a l . ,  
(1971) have s t u d i e d  t h e  c o u r t s h i p  and mating behaviour  of  t h r e e  brachyuran c r a b s ,  
and found t h a t  pre-moult  f ema les  o f  a l 1  s p e c i e s  e l i c i t e d  c o u r t s h i p  from males. 
F u r t h e r  s t u d i e s  i n d i c a t e d  t h a t  t h e  moul t ing  hormone c rus t ecdysone  is t h e  sex  
pheromone i n  t h e s e  s p e c i e s .  

1.4. Sex-determining pheromones 

I n  s n a i l s  of  t h e  genus  Crep idu la  t h e  female r e l e a s e s  a subs t ance  which 
a t t r a c t s  t h e  s e x u a l l y  u n d i f f e r e n t i a t e d  young i n t o  h e r  v i c i n i t y ,  and which sub- 
s e q u e n t l y  p ro longs  t h e  i n i t i a l  male phase (Coe, 1953) .  Larvae o f  t h e  e c h i u r a n  
B o n e l l i a  f u l g i n o s a  deve lop  i n t o  f ema les  i f  t h e y  se t t le  on an i n e r t  s u b s t r a t e ,  
b u t  develop  i n t o  s m a l l e r ,  p a r a s i t i c  males  i f  t h e y  set t le  on a female  o f  t h e  same 
s p e c i e s  ( ~ i ~ r e l l i  -- e t  a l . ,  1967).  A photodynamical ly-ac t ive  pigment, b o n e l l i n  
i d e n t i f i e d  a s  a c h l o r i n  o f  unusual  s t r u c t u r e ,  was i s o l a t e d  from B o n e l l i a ,  ( P e l t e r  
e t  -- a l . ,  1976). T h i s  pigment i n  t h e  p re sence  of  l i g h t  l y s e d  e r y t h r o c y t e s ,  des -  
t r o y e d  ech ino id  gamete f u n c t i o n  and a r r e s t e d  t h e  development o f  B o n e l l i a  eggs  
(Agius e t  -- a l . ,  1979) .  However, it remains  t o  be de termined whether  t h i s  c h l o r i n  
is t h e  pheromone r e s p o n s i b l e  f o r  growth i n h i b i t i o n  and m a s c u l i n i z a t i o n .  

1.5. Spawning m i g r a t i o n  

Perhaps  t h e  most s p e c t a c u l a r  example o f  chemoreception is t o  be found 
i n  t h e  spawning mig ra t ion  of  salmon. Mid-ocean n a v i g a t i o n  would appear  t o  be by 
means of  t h e  d e t e c t i o n  of  t h e  e a r t h ' s  magnet ic  f i e l d  (Rommel1 & McCleave, 1973) 
b u t  when t h e  f i s h e s  r each  t h e  e s t u a r y ,  chemoreception is  used t o  f i n d  t h e i r  way 
t o  t h e  home stream o r  t r i b u t a r y  ( H a s l e r ,  1971).  The e l e c t r i c a l  r e s p o n s e s  of  t h e  
o l f a c t o r y  system of a d u l t  spawning chum salmon, Oncorhynchus - k e t a ,  were found t o  
Vary on s t i m u l a t i o n  w i t h  d i f f e r e n t  s t r eam w a t e r s  ( K a j i  e t  a l . ,  1975). 

Nordeng (1971) h a s  proposed t h a t  t h e  homing o f  t h e  c h a r ,  S a l v e l i n u s  
a l p i n u s ,  i n  Norway was i n f l u e n c e d  by pheromones s e c r e t e d  i n  t h e  s k i n  mucus of  
f r y  and descending  s m o l t s  of  t h e  same popu la t ion .  Behavioura l  ( S e l s e t  & DQving, 
1980) and e l e c t r o p h y s i o l o g i c a l  (DQving -- e t  a l . ,  1980) i n v e s t i g a t i o n s  i n d i c a t e ,  how- 
e v e r ,  t h a t  t h e s e  "pheromones" may o r i g i n a t e  from s o u r c e s  o t h e r  t han  t h e  s k i n  mucus. 

2. FACTORS CONTROLLING SETTLEMENT AND SITE SELECTION * 
2.1. S e t t l e m e n t  o f  l a r v a e  

The l a r v a e  o f  many mar ine  i n v e r t e b r a t e s  must set t le  upon a s u i t a b l e  



s u b s t r a t e  b e f o r e  t h e y  can  metamorphose i n t o  t h e  a d u l t  form, and t h e  c h o i c e  o f  
s e t t l e m e n t  s i te is chemica l ly  c o n t r o l l e d  ( C r i s p ,  1974).  Experiment w i t h  t h e  
b a r n a c l e  Balanus b a l a n o i d e s  i n d i c a t e d  t h a t  t h e  s e t t l e m e n t  r e sponse  is due t o  a 
subs t ance  o r i g i n a t i n g  i n  a d u l t  b a r n a c l e s  and adsorbed t o  t h e  rock su r round ing  
them. ~ r a c t i o n a t i o n  of  an e x t r a c t  o f  b a r n a c l e s  y i e l d e d  two components a c t i v e  
i n  protnoting s e t t l e m e n t  (Gabbott  & Larman, 1971).  One component was a p r o t e i n ,  
a s s o c i a t e d  w i t h  a n u c l e i c  a c i d  f r a c t i o n ,  wh i l e  t h e  o t h e r  was probably  a poly-  
s a c c h a r i d e - p r o t e i n  complex. 

The l a r v a e  of t h e  hydroid Coryne uch idae  se t t le  on t h e  a l g a  Sargussum 
r o t i l e ,  and two compounds, 6 - t o c o t r i e n o l  ( ' a n d i t s  2,3-epoxide a r e  a c t i v e  i n  
i nduc ing  s e t t l e m e n t  (Kakinuma -- e t  a l . ,  1977). I n  t h e  c a s e  of t h e  a s s o c i a t i o n  o f  
t h e  aba lone  H a l i o t i s  r u f e s c e n s  and c e r t a i n  r e d  a l g a e ,  s e t t l e m e n t  is induced by 

-aminobutyr ic  a c i d  and phycoe ry th rob i l i n ,  bo th  c o v a l e n t l y  bound t o  p r o t e i n s  i n  
t h e  i n t a c t  a l g a e  (Morse -- e t  a l . ,  1979) .  A s  i n  t h e  c a s e  of  t h e  b a r n a c l e s ,  d i r e c t  
c o n t a c t  w i th  t h e  t tadsorbedt t  s e t t l e m e n t  f a c t o r  is n e c e s s a r y  under n a t u r a l  c o n d i t -  
i o n s  i n  t h e  sea. 

2.2. Symbiosis  and commensalism - 

- Many symbio t i c  o r  commensal a s s o c i a t i o n s  have  been documented, and t h e r e  
is  ev idence  f o r  a chemica l  a t t r a c t i o n  o f  t h e  symbiont  towards  t h e  h o s t  organism 
(Dirnock & Davenport ,  1971).  I n  one c a s e  a t  l e a s t ,  t h e  h o s t  s t a r f i s h  was a t t r a c -  
t e d  t o  its symbio t i c  worm, i n d i c a t i n g  t h a t  t h e  a s s o c i a t i o n  is  m u t u a l i s t i c  (Wagner 
e t  a l . ,  1979).  -- 

S t e w a r t  (1970) h a s  s t u d i e d  t h e  chemotac t i c  r e sponse  o f  t h e  po lychae te  
Ophiodromus p u g e t t e n s i s  towards  its h o s t ,  t h e  s t a r f i s h  P a t i r i a  m i n i a t a .  Two low- 
molecu la r  weight  components were r e q u i r e d  f o r  a c t i v i t y ,  t h e  components normal ly  
be ing  bound t o  a l a r g e r  c a r r i e r  molecule.  One component, w i t h  a mo lecu la r  weight  
o f  approximate ly  180, caused  an i n c r e a s e  i n  t h e  n o n - d i r e c t i o n a l  locomotory a c t i v -  
i t y  o f  t h e  po lychae te ,  w h i l e  t h e  o t h e r  component, mo lecu la r  weight  approximate ly  
280, e l i c i t e d  t h e  chemotac t i c  response .  

.3. SREY-PREDATOR INTERACTIONS AND FEEDING 

3.1. Escape r e s p o n s e s  

P reda to ry  s t a r f i s h  induce  avoidance  o r  e s c a p e  r e s p o n s e s  i n  many p o t e n t i a l  
p rey  organisms.  Most o f  t h e  responding  an ima l s  a r e  mol luscs ,  b u t  s e n s i t i v e  
echinoderms and c o e l e n t e r a t e s  have a l s o  been r e p o r t e d .  The r e sponse  can  be i n -  
duced a t  a d i s t a n c e ,  b u t  t h e  most v i o l e n t  r e a c t i o n s  are observed f o l l o w i n g  con- 
tact w i t h  t h e  s t a r f i s h .  E x t r a c t s  of t h e  s t a r f i s h  are a l s o  e f f e c t i v e ,  and t h e  
a c t i v e  m a t e r i a l  p r e s e n t  i n  t h e  s t a r f  i s h  M a r t h a s t e r i a s  g l a c i a l i s  which- i n d u c e s  
escaoe r e a c t i o n s  i n  t h e  whelk Buccinum undatum, t h e  s c a l l o p  Chlam s o p e r c u l a r i s  

s is a m i x t u r e  o f  s a ~ o n i n s  -+ Mackie e t  a l - -  and t h e  b r i t t l e  s tar  Oph io th r ix  f r a g i l i  - - . - , . . - - . - - - - - - - - -- 7 
1968; Mackie, 1970) .  Acid h y d r o l y s i s  of t h e  sapon in  y i e l d e d  t h e  p a r e n t  ster- 
o i d s ,  mar thas t e rone  ( 5 )  and its 24,25-dihydro d e r i v a t i v e  (Turner  e t  a l  1971; - -* 9 
Smith e t  a l . ,  1973).  -- 



S a p o n i n s  are a l s o  r e s p o n s i b l e  f o r  t h e  e s c a p e  r e s p o n s e  o f  t h e  s n a i l  
Melagraphia a e t h i o p s  t o  t h e  s t a r f i s h  C o s c i n a s t e r i a s  c a l a m e r i a  (Laurenson ,  1 9 7 0 ) .  
E s c a p e  r e a c t i o n s  by m o l l u s c s  have  been o b s e r v e d  i n  t h e  p r e s e n c e  o f  p r e d a t o r y  
g a s t r o p o d s  and Laurenson  (1970)  h a s  shown t h a t  t h e  e s c a p e  r e s p o n s e  o f  M.  a e t h i o p s  
t o  t h e  t h a i d  Haustrum haus torum is c a u s e d  by u r o c a n y l c h o l i n e ,  o r i g i n a t x n g  i n  t h e  
hypobranch ia l -  g l a n d .  

Alarm pheromones a r e  employed by s e v e r a l  m a r i n e  o r g a n i s m s .  When an  
i n d i v i d u a l  o f  t h e  c o l o n i a l  sea-anemone A n t h o p l e u r a  e l e g a n t i s s i m a  is i n j u r e d ,  a 
s u b s t a n c e  is  r e l e a s e d  which c a u s e s  o t h e r  members o f  t h e  s p e c i e s  t o  c o n t r a c t  
(Howe & S h e i k h ,  1 9 7 5 ) .  The a c t i v e  m a t e r i a l ,  a n t h o p l e u r i n e  ( 6 ) ,  h a s  been shown 
t o  b e  a b e t a i n e ,  c l o s e l y  r e l a t e d  t o  c a r n i t i n e .  

The c a r n i v o r o u s  s e a - s l u g  Navanax i n e r m i s  f o l l o w s  mucus t r a i l s  l a i d  
down by i n d i v i d u a l s  o f  its own s p e c i e s  and by nurnerous p r e y  o p i s t h o b r a n c h s .  
I f  a n  i n d i v i d u a l  is i n j u r e d  o r  a t t a c k e d ,  a g l a n d  d e p o s i t s  a y e l l o w  s e c r e t i o n  on- 
t o  t h e  mucus t r a i l  which h a s  t h e  effect  of i n d u c i n g  immedia te  t r a i l - b r e a k i n q  
by o t h e r  members o f  t h e  s p e c i e s .  The y e l l o w  s e c r e t i o n  h a s  been shown t o  con-  
t a i n  t h r e e  a c t i v e  m e t h y l k e t o n e s ,  navenones  A ,  ( 7 ) ,  B (8 )  and C ( 9 )  ( S l e e p e r  & 
F e n i c a l ,  1 9 7 7 ) .  

3.2. D e f e n s i v e  s e c r e t i o n s  

Many m a r i n e  p l a n t s  and a n i m a l s  p roduce  compounds which r e n d e r  them 
u n p a l a t a b l e  t o  h e r b i v o r e s  and c a r n i v o r e s .  S a p o n i n s  p r e s e n t  i n  t h e  e g g s  and 
l a r v a e  of t h e  c r o w n - o f - t h o r n s  s t a r f i s h  A c a n t h a s t e r  p l a n c i  make them u n p a l a t a b l e  
t o  p l a n k t i v o r o u s  f i s h e s  ( L u c a s  e t  a l . ,  1 9 7 9 )  and t h e  s a p o n i n s  o f  C o s c i n a s t e r i a s  
t e n u i s p i n a  a c t  a s  f e e d i n g  d e t e r r e n t s  f o r  t h e  Dover s o l e ,  S o l e a  s o l e a  (Mackie & -- 
M i t c h e l l ,  i n  p r e p a r a t i o n ) .  H e r b i v o r o u s  C a r i b b e a n  f i s h e s  d o  n o t  e a t  t h e  g r e e n  
a l g a  ~ h i ~ o c e ~ h a l u s  phoen ix  and t h e  f e e d i n g  d e t e r r e n t s  have  been i d e n t i f i e d  a s  
two l i n e a r  s e s q u i t e r p e n o i d s ,  r h i p o c e p h a l i n  ( 1 0 )  and r h i p o c e p h e n a l  ( 1 1 )  (Sun & 
F e n i c a l ,  1 9 7 9 ) .  
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C r i n o i d s  o r  s e a  f a n s  a r e  i n  g e n e r a l  avoided  by f i s h  and o t h e r  p r e d a t o r s ,  
and p o l y k e t i d e  s u l p h a t e s  (12)  have been i s o l a t e d  from comatul id  c r i n o i d s  which 
act as f e e d i n g  d e t e r r e n t s  f o r  s e v e r a l  s p e c i e s  o f  f i s h  (Rideout  - e t  ,* a l  1979) .  
These p o l y k e t i d e s  have an anthraquinone  s t r u c t u r e  and Rideout  , e t  ,* a l  9 (1979) 
r e p o r t e d  t h a t  an thraquinone  2-su lphonate  i tself a c t e d  as a f e e d i n g  d e t e r r e n t .  
Anthraquinones such  as c a r m i n i c  a c i d  and t h e  d y e s  A l i z a r i n  Red S and Acid Blue 
45  a l s o  served  as  f e e d i n g  d e t e r r e n t s  f o r  t h e  Dover s o l e  (Mackie & M i t c h e l l ,  i n  
p r e p a r a t i o n ) .  

A medium r i n g  h a l o e t h e r  , b r a s i l e n y n e  ( 1 3 ) ,  h a s  been i s o l a t e d  from t h e  
op i s thobranch ,  Aplys ia  b r a s i l i a n a  and t h i s  compound a c t s  as a f e e d i n g  d e t e r r e n t  
a g a i n s t  s e v e r a l  s p e c i e s  o f  f i s h  (Kinnel  - e t  -* a l  1979) .  

3.3. .Food a t t r a c t a n t s  and f e e d i n g  s t i m u l a n t s  

The chemica l  c o n t r o l  o f  f e e d i n g  behaviour  h a s  been s t u d i e d  i n  c o n s i d e r -  
a b l e  d e t a i l  i n  t h e  c o e l e n t e r a t e s .  Chemicals p r e s e n t  i n  t h e  body f l u i d s  o f  t h e  
p rey  organism and r e l e a s e d  by p e n e t r a t i o n  o f  nematocys ts  s t i m u l a t e  i n g e s t i o n  o f  
t h e  food.  P r o l i n e  and t h e  t r i p e p t i d e  reduced g l u t a t h i o n e  a r e  t h e  commonest 
f e e d i n g  a c t i v a t o r s ,  a l t hough  c e r t a i n  c o e l e n t e r a t e s  are s t i m u l a t e d  by v a l i n e  o r  
g lu t amine  (Lenhoff & L i n d s t e d t ,  1974).  

I n  h i g h e r  an ima l s ,  f e e d i n g  behaviour  may be c o n t r o l l e d  by s e v e r a l  
chemica l  f a c t o r s :  a t t r a c t a n t s ,  i n c i t a n t s  ( b i t i n g  f a c t o r s )  and s t i m u l a n t s  
(swallowing f a c t o r s ) .  V i sua l  f e e d e r s  are, by d e f i n i t i o n ,  a t t r a c t e d  t o  t h e i r  food 
by s i g h t  and long-range  chemica l  a t t r a c t i o n  is n o t  i nvo lved .  However, i n  a n i -  
mals such  as t h e  l o b s t e r ,  Homarus gammarus, t h e  chemica l  s e n s è s  are used t o  de-  
tect food ,  and m i x t u r e s  o f  chemica l s  s e r v e  as t h e  a t t r a c t a n t  (Mackie, 1973).  The 
eel, Angu i l l a  Japonica ,  is a t t r a c t e d  by m i x t u r e s  of  t -amino-acids,  a l t hough  t h e s e  
m i x t u r e s  were n o t  as e f f e c t i v e  as t h e  e x t r a c t  o f  shor t -necked clam upon which 
t h e y  were based (Konosu -- e t  a l . ,  1968) .  On c o n t r a s t ,  two s p e c i f i c  food a t t r a c t -  
a n t s  f o r  Car ibbean r e e f  f i s h  have been i s o l a t e d  from mol luscs  by S a n g s t e r  e t  a l . ,  
(1975). Arcamine (14)  was ob ta ined  from t h e  musse1 -- Arca z e b r a  and s t rombine  
(15)  from t h e  conch Strombus g i g a s .  



The components of the mixture were dissolved in 40 ml distilled water, adjusted 
to pH 6.5 by the addition of NaHC03 and made to a final volume of 60 ml. 

Table 1. Composition of chemical mixture, based upon the analysis of an 
extract of squid muscle (Mackie, 1973). 

Table 2. Sea bass, Dicentrarchus labrq, mean weight l5g. Feeding 
stimulant activity of chemical mixture and constituents. 

C;S 

O .250 
O. 032 
0.016 
0.024 
0.032 
1 .O00 
1.250 
O. 100 
0 .O52 
O .O28 
0.044 
O. 100 

L-arginine 
L-lysine HC1 
L-histidine HC1 
L-tyrosine 
L-phenylalanine 
betaine HC1 
TMAO HC1 
'INA HC1 
hy poxanthine 
inosine 
AMP 
L- (+) -1actic acid 

taurine 
L-aspartic acid 
L-glutamic acid 
L-proline 
glycine 
L-alanine 
L-threonine 
L-serine 
L-valine 
L-methionine 
L-isoleucine 
L-leucine 

- 

The dry diet was prepared by mixing the following ingredients: vitamin-free 
casein, 55g; dextrin, log; -cellulose, 12.7g; D-glucose, 5g; cod-liver oil, 
3g; capelin oil , 6g; binder (Edifas B , ICI, Glasgow) , 5g; vitamin mixture 
(Cowey 5 &., 1972), 0.5g; food dye (Sunset Yellow, ICI, Manchester), O.lg, 
30 ml of the solution of feeding stimulant mixture (Table 1) and 140 ml dis- 
tilled water was added and thoroughly mixed. 

g 

0.370 
0.020 
0.058 
1.610 
O. 980 
0.300 
O .O48 
0.036 
0.040 
O .O40 
O. 032 
O. 060 

Test fraction 

Complete chemical mixture 
Amino-acid mixture 
Non-amino-acid components 
Aromatic and basic amino-acids 
Neutra1 and acidic amino-acids 
Neutra1 amino-acids 
Neutra1 amino-acids (Il-f orms ) 
Proline + glycine 
Neutra1 amino-acids minus proline, glycine 

Moist diet eaten/lOOg/day ( g )  
Mean - + S.E.M. 

6.62 + 0.34 
5.50 - 0.32 
O 
O 
5.05 2 0.70 
4.20 + 0.76 
0.27 7 0.18 
0.67 - 0.'40 
O 

- 



Mixtures  of  L-amino-acids are t h e  f e e d i n g  s t i m u l a n t s  f o r  t h e  rainbow 
t r o u t  , Salmo g a i r d n e r i - ( ~ d r o n  & Mackie, 1978) and f o r  t h e  p l a i c e ,  P l e u r o n e c t e s  
latessa, and dab ,  Limanda l imanda a l though  i n  t h e  la t te r  two s p e c i e s  o t h e r  

Ehemicals  enhanced t h e  a c t i v d c k i e ,  1981 1. I n o s i n e  and i n o s i n e  5 l -mono- 
phosphate a r e  t h e  s p e c i f i c  f e e d i n g  s t i m u l a n t s  f o r  t h e  t u r b o t ,  Scophthalmus 
maximus, o t h e r  n u c l e o s i d e s  and n u c l e o t i d e s  t e s t e d  be ing  i n e f f e c t i v e  (Mackie & 
Adron, 1978).  A l 1  t h e s e  f i s h  are p r i m a r i l y  s i g h t - f e e d e r s ,  wh i l e  t h e  Dover s o l e ,  
S o l e a  s o l e a ,  d e t e c t s  i ts  food a t  a d i s t a n c e ,  by means o f  smell o r  t a s t e ,  and -- 
g l y c i n e  b e t a i n e  i n  t h i s  case a c t s  as a t t r a c t a n t  and f e e d i n g  s t i m u l a n t  f o r  t h e  
a d u l t  an imal  (Mackie e t  a l . ,  1980): I n  t h e  j u v e n i l e ,  amino-acids a r e  r e q u i r e d  
i n  a d d i t i o n  t o  g l y c i n e  b e t a i n e .  

The p u f f e r  f i s h ,  & p a r d a l i s ,  is  a l s o  s t i m u l a t e d  t o  i n g e s t  food by 
t h e  p re sence  o f  g l y c i n e  b e t a i n e  p l u s  amino-acids (Ohsugi e t  a l  1978) and t h i s  , -* 9 

mix tu re  h a s  been i m p l i c a t e d  i n  t h e  f eed ing  behaviour  of t h e  p i g f i s h ,  Or tho  ristis 
, c h r y s o p t e r u s  (Car r  e t  a l . ,  19771, t h e  r ed  sea bream, Chr s o  h rs major  Goh & -- 

Tamura, 1980) and t h e  shr imp,  Palaemonetes p u g i o  (Car* 
-?-- 

The chemica l  n a t u r e  of t h e  f e e d i n g  s t i m u l a n t  of sea b a s s ,  D icen t r a rchus  
l a b r a x ,  a s i g h t - f e e d e r ,  h a s  a l s o  been s t u d i e d  u s i n g  t h e  same d i e t s  and chemica l  
m i x t u r e s  as wi th  t h e  Dover s o l e  (Table  1 ) .  E s s e n t i a l l y  a l 1  t h e  f e e d i n g  s t i m u l a n t  
a c t i v i t y  r e s i d e d  i n  t h e  L-amino-acid f r a c t i o n ,  t h e  non-amino-acid components 
be ing  comple t e ly  i n a c t i v e  (Table  2 ) .  Subd iv i s ion  of t h e  amino-acids showed t h a t  
t h e  mix tu re  of  n e u t r a l  L-amino-acids was h i g h l y  a c t i v e ,  wh i l e  t h e  co r re spond ing  
D-amino-acids were i n a c t i v e .  However , t h e  two major  n e u t r a l  amino-acids,  p r o l i n e  - 
and g l y c i n e ,  were t o g e t h e r  e s s e n t i a l l y  i n a c t i v e ,  a s  were t h e  remaining  n e u t r a l  
amino-acids,  i n d i c a t i n g  s y n e r g i s t i c  e f f e c t s  (Table  2) .  

4 .  ALLELOPATHIC EFFECTS 

Ra the r  less obvious ,  b u t  still an a s p e c t  of chemica l  eco logy ,  a r e  
v a r i o u s  chemica l s  produced by phytoplankton  and micro-organisms which i n f l u e n c e  
t h e  metabolism, growth o r  behaviour  of o t h e r  organisms.  Lucas (1947) proposed 
t h e  term e c t o c r i n e  f o r  t h e  e x t e r n a l  m e t a b o l i t e s  of phytoplankton  which c o n t r o l  
compe t i t i on  and i n t e g r a t i o n  i n  a q u a t i c  ecosystems.  The f i l t r a t i o n  r a t e  o f  
Daphnia is slowed by s u b s t a n c e s  r e l e a s e d  by dense  s e n e s c e n t  c u l t u r e s  of  C h l o r e l l a  
and o t h e r  a l g a e ,  and t h i s  might  be a n  e x p l a n a t i o n  f o r  t h e  observed r e d u c t i o n  i n  
t h e  d e n s i t y  o f  zooplankton  i n  h igh  d e n s i t i e s  of phytoplankton  i n  t h e  s e a  and l a k e s  
(Lucas,  1947; Ryther ,  1954) .  Hardy (1936) was t h e  f i r s t  t o  r e p o r t  t h a t  t h e r e  
was a "pa tch ines s"  i n  t h e  d i s t r i b u t i o n  of p l ank ton  i n  t h e  sea and t h i s  f i n d i n g  
cou ld  i n d i c a t e  t h e  involvement of chemica l  t e l e m e d i a t o r s ,  b u t  t h e r e  is  no d i r e c t  
ev idence  f o r  t h i s .  

Many o t h e r  chemica l ly  mediated i n t e r a c t i o n s  between b a c t e r i a ,  a l g a e  and 
an ima l s  have been r e p o r t e d  and t h e  i n t e r e s t e d  r e a d e r  is  r e f e r r e d  t o  a r e c e n t  re- 
view by Gau th ie r  and Aubert  (1981).  



5. CHEMOSENSORY MECHANISMS 

The f i r s t  s t e p  i n  chemoreception is though t  t o  i n v o l v e  t h e  r e v e r s i b l e  
b ind ing  of  t h e  chemica l  s t i m u l u s  t o  t h e  r e c e p t o r  s u r f a c e ,  which r e s u l t s  i n  t h e  
p roduc t ion  of  ne rve  impulse.  Cagan and h i s  CO-workers have s t u d i e d  t h e  
"binding" of l qC- l abe l l ed  amino-acids t o  f r a c t i o n s  ob ta ined  from t h e  o l f a c t o r y  
e p i t h e l i u m  o f  t h e  rainbow t r o u t  Salmo g a i r d n e r i  (Cagan & Z e i g e r ,  1978) ,  and from 
t h e  b a r b e l s  o f  t h e  c a t f i s h ,  I c t a l u r u s  p u n c t a t u s  (Krueger & Cagan, 1976; Zelson 
& Cagan, 1979) .  I n  t h e  rainbow t r o u t  system, t h e r e  was a r e a s o n a b l e  c o r r e l a t i o n  
between e x t e n t  o f  b ind ing  of  t h e  l a b e l l e d  amino-acids and t h e i r  r e p o r t e d  r e l a t i v e  
s t i m u l a t o r y  e f f e c t i v e n e s s  measured e l e c t r o p h y s i o l o g i c a l l y .  

However, Brown & Hara (1981) have a l s o  s t u d i e d  t h e  "accumulation" o f  
1 4 c - l a b e l l e d  amino-acids by a  f r a c t i o n  from o l f a c t o r y  e p i t h e l i u m  o f  S. g a i r d n e r i  
and t h e y  have concluded t h a t ,  w h i l e  s a t u r a b i l i t y ,  r e v e r s i b i l i t y  and a f f i n i t y  were 
reasonab ly  c o n s i s t e n t  w i th  r e c e p t o r  c r i t e r i a ,  t h e  k i n e t i c s  o f  t h e  a s s o c i a t i o n  
were n o t .  

T i s s u e  from a r e a s  of t h e  t u f b o t  (Scophthalmus maximus) bucca l  c a v i t y  
r i c h  i n  t a s t e  buds r e v e r s i b l y  "bind" C- l abe l l ed  i n o s i n e ,  t h e  f e e d i n g  s t i m u l a n t  
f o r  t h i s  f i s h .  There was a  h i g h l y  s i g n i f i c a n t  c o r f g l a t i o n  between f e e d i n g  
s t i m u l a n t  a c t i v i t y  and t h e  a b i l i t y  t o  compete w i t h  C- inos ine  f o r  a  series o f  
f i f t e e n  n u c l e o s i d e s  and n u c l e o t i d e s  ( M i t c h e l l ,  i n  p r e p a r a t i o n ) .  It is hoped t o  
s t u d y  t h e  k i n e t i c s  of  b ind ing  o f  t h i s  system. 

BIBLIOGRAPHY 

ADRON 3.W. and MACKIE A.M. - 1978 - S t u d i e s  on t h e  chemica l  n a t u r e  o f  f e e d i n g  
s t i m u l a n t s  f o r  rainbow t r o u t ,  Salmo g a i r d n e r i  Richardson.  3. F i s h  Biol . ,  
12 ,  p. 303-310. 

AGIUS L., 3ACCARINI V . ,  BALLANTINE 3 . A . ,  FERRITO V . ,  PELTER A . ,  PSAILA A.F. and 
ZAMMIT V.A. - 1979 - Photodvnamic a c t i o n  o f  b o n e l l i n ,  an in t eaumen ta l  
c h l o r i n  o f  B o n e l l i a  v i r i d i s '  Rolando (Ech iu ra ,  ~ o n e l l i i d a e )  . tomp. 
Biochem. Phys io l . ,  638,  p. 109-117. 

AUBERT M.  - 1971 - Telemediateurschmiques e t  e q u i l i b r e  b io log ique  oceanique .  
Ire P a r t i e :  Theor ie  g e n e r a l e .  Rev. I n t .  Oceanogr. - Med., 21,  p. 5-16. 

BEACH D.H. ,  HANSCOMB N.3. and ORMOND R.F.G. - 1975 - Spawning pheromone i n  crown- 
o f - t h o r n s  s t a r f i s h .  Nature ,  Lond., 254, p. 135-136. 

BROWN S.B. and HARA T.3. - 1981 - Accumulation of  chemostimulatory amino a c i d s  
by a  sedimentable  f r a c t i o n  i s o l a t e d  from o l f a c t o r y  r o s e t t e s  of  rainbow 
t r o u t  (Salmo g a i r d n e r i ) .  Biochim. biophys.  - Acta ,  675, p. 149-162. 

CAGAN R.H. and ZEIGER W.N. - 1978 - Biochemical  s t u d i e s  o f  o l f a c t i o n :  Binding 
s p e c i f i c i t y  of  r a d i o a c t i v e l y  l a b e l l e d  s t i m u l i  t o  an i s o l a t e d  o l f a c t o r y  
p r e p a r a t i o n  from rainbow t r o u t  (Salmo - g a i r d n e r i ) .  --- Proc.  Natl. Acad. 
Sei. USA, 75,  p. 4679-4683. --  

CARR W.E.S., BLUMENTHAL K.M. and NETHERTON 3.C. - 1977 - Chemoreception i n  t h e  
p i g f i s h ,  O r t h o p r i s t i s  ch rysop te rus :  t h e  c o n t r i b u t i o n  of  amino a c i d s  
and b e t a i n e  t o  s t i m u l a t i o n  o f  f e e d i n g  b e h a v i w r  by v a r i o u s  e x t r a c t s .  
Comp. Biochem. P h y s i o l  . , 58A, p  .69-73. 

20 



CARR W.E.S. - 1978 - Chemoreception i n  the shrimp, Palaemonetes pugio: the r o l e  
o f  amino acids and betaine i n  e l i c i t a t i o n  o f  a feeding response by 
extracts. Comp. Biochem. Physiol. 61A, p. 127-131. 

CO€ W.R. - 1953 - Inf luences of association, i s o l a t i o n  and n u t r i t i o n  on the 
sexua l i ty  o f  sna i l s  o f  the genus Crepidula. 3. exp. Zool., 122, p. 
5-19. 

CRISP D.3. - 1974 - Factors in f luenc ing the settlement o f  marine inver tebrate 
larvae. I n  Chemorece t i o n  i n  Marine Organisms (edited by P.T. Grant 
and A.M. Mackie 7-9- , p. 177-265. Academic Press, London and New York. 

DALOZE D., BRAEKMAN 3.C. and TURSCFl B. - 1980 - Chemical communication i n  the 
marine environment. I n  Animals - and Environmental Fi tness (edi ted 
by R. G i l l es ) ,  p. 243-261. Pergamon Press, Oxford and New York. 

DIMOCK R.V. and DAVENPORT D. - 1971 - Behavioural s p e c i f i c i t y  and the induct ion 
o f  host recogni t ion i n  a symbiotic polychaete. B io l .  Bul l .  mar. b i o l .  ---- 
Lab. Woods Hole, 141, p. 472-484. - -- 

WVING K.B., SELSET R. and THOMMESEN G. - 1980 - Ol factory s e n s i t i v i t y  t o  b i l e  
acids i n  salmonid f ishes. Acta Physiol. Scand., 108, p. 123-131. 

GABBOTT P.A. and LARMAN V.N. - 1971 - Electrophoret ic  examination o f  p a r t i a l l y  
p u r i f i e d  ex t rac ts  o f  Balanus balanoides containing a settlement 
inducing factor .  I n  Fourth European Marine Biology Symposium 
(edi ted by D.3. Crisp), p. 143-153. Cambridge Univers i ty  Press, 
Cambridge. 

GAUTHIER M.3. and AUBERT M. - 1981 - Chemical telemediators i n  the marine env i r -  
onment. I n  Marine Organic Chemistry (Elsevier Oceanography Series), 
(edi ted by E.K. Duursma and R. Dawson), 31, p, 225-257. Elsevier /  
North Holland, Amsterdam. 

GOH Y. and TAMURA T. - 1980 - E f f e c t  of amino acids on the feeding behaviour i n  
red sea bream. Comp. Biochem. Physiol., 66C, p. 225-229. 

HARDY A.C. - 1936 - Observations on the uneven d i s t r i b u t i o n  o f  oceanic plankton: 
Discovery Rep., 11, p. 511-538. 

HASLER A.D. - 1971 - Or ientat ion and f i s h  migration. I n  - Fish Physiology (edited 
by W.S. Hoar and D.3. Randall) , Vol. V I ,  p. 429-510. Academic Press, 
New York and London. 

HOWE N.R. and SHEIKH Y.S. - 1975 - Anthopleurine: a sea anemone alarm pheromone. 
Science, K., 189, p. 386-388. 

KA31 S., SATOU M., KUDO Y., UEDA K. and GORBMAN A. - 1975 - Spectral  analysis o f  
o l f ac to ry  responses of adu l t  spawning chum salmon (Onchorhynchus keta) - 
t o  stream waters. Comp. Biochem. Physiol., 51A, p. 711-716. 

KAKINUMA Y., NISHIHIRA M., KAT0 T. and KUMANIRENG A.S. - 1977 - Bioassav o f  the 
R t o r t i l e  on the settlement 8 f  the . Mar. B io l .  Stat. Asamushi, 16, --- 

KARLSON P. and LUSCHER M. - 1959 - Pheromones - a new term f o r  a c lass o f  b io -  
l o g i c a l l y  ac t ive  substances. Nature, E., 183, p. 55-56. 



KINNEL R.C., DIETER R.K., MEINWALD 3., VAN ENGEN D. ,  CLARDY 3 , ,  EISNER T.,  
STALLARD M.O. and FENICAL W. - 1979 - Brasilenyne and cis-dihydror- 
hopophytin: antifeedant medium-ring haloethers from axea-hare 
(Aplysia brasi l iana).  - Proc. Nat1 -- Acad. u. USA, 76, p. 3576-3579. 

KITTREDGE 3.S., TERRY M. and TAKAHASHI F.T. - 1971 - Sex pheromone ac t iv i ty  of 
the molting hormone, crustecdysone, on male crabs. Fishery K., 
69, p. 337-343. 

KONOSU S., FUSETANI N. ,  NOSE T.  and HASHIMOTO Y. - 1968 - Attractants fo r  ee l s  
i n  the extract  of short-necked clam - II. Survey of constituents 
e l i c i t i ng  feeding behaviour by fractionation of the extracts .  - B u l l .  

Soc. scient. Fish 34, p. 84-87. 3ap. - - - 9  

KRUEGER 3.M. and CAGAN R3H. - 1976 - Biochemical studies of t a s t e  sensation. 
Binding of L- (  H)-alanine t o  a sedimentable fract ion from ca t f i sh  
barbe1 epithelium. - 3. - biol. * Y  Chem 251, p. 88-97. 

LAURENSON D.F. - 1970 - Behavioural and physiological s tudies of the escape 
response e l i c i t ed  i n  members of the Trochidae by thaid and s ta r f i sh  
predators. --- Ph.D Thesis, University of Auckland, New Zealand. 

LENHOFF H.M. and LINDSTEDT K.3. - 1974 - Chemoreception i n  aquatic inverteb- 
ra tes  w i t h  special emphasis on the feeding behaviour of coelenterates. 
I n  Chemorece t ion i n  Marine Organisms (edited by P.T. Grant and A.M. 
Mackie +-- , p. 143-175. Academic Press, London and New York. 

LUCAS D.F. - 1970 - The ecological e f fec t s  of external metabolites. - Biol. k., 
22, p. 270-295. 

LUCAS 3.S., HART R.3., HOWDEN M.E. and SALATWE R. - 1979 - Saponins i n  eggs and 
larvae of Acanthaster planci ( L . )  (Asteroidea) as  chemical defences 
against planktivorous f i sh .  3. exp. E. Biol. Ecol., 40, p. 155-165. 

MACKIE A.M. - 1970 - Avoidance reactions of marine invertebrates t o  e i the r  steroid 
glycosides of s t a r f i sh  or synthetic surface-active agents. 3. 2. 
mar. Biol. Ecol., 5, p. 63-69. - -- 

MACKIE A.M. - 1973 - The chemical basis of food detection i n  the lobster Homarus 
gammarus. Mar. Biol., 21, p. 103-108. 

MACKIE A.M. - 1981 - Identif icat ion of the gustatory feeding stimulants. In 
Chemoreception -- i n  Fishes (edited by T.3. Hara). ElsevierfNorth Holland, 
Amsterdam ( i n  press). 

MACKIE A.M. and ADRON 3.W. - 1978 - Identif icat ion of inosine and inosine S'-mono- 
phosphate as  the gustatory feeding stimulants for  the turbot, Scophth- 
almus maximus. Comp. Biochem. Physiol., 60A, p. 79-83. 

MACKIE A.M., ADRON 3.W. and GRANT P.T. - 1980 - Chemical nature of feeding s t i m u -  
l an t s  for  the juvenile Dover sole,  -- Solea solea ( L . ) .  - 3. * f  Fish B i 0 1  
16, p. 701-708. 

MACKIE A .M. , LASKER R . and GRANT P .T . - 1968 - Avoidance reactions of a mollusc 
~bccinum undatum t o  saponin-like surface-active substances i n  ext racts  
of the s t a r f i çh~s t e r i a s  rubens and Marthasterias g lacia l is .  Comp. 
Biochem. Physiol., 26, p. 415-428. 

MORSE D.E., HQOKER N. , DUNCAN H. and JENSEN L. - 1979 - \( -Aminobutyric acid, a 



neurotransmitter induced planktonic abalone larvae t o  s e t t l e  and 
&gin metamorphosis. Science, N.X., 204, p. 407-410. 

t l  

WLER D.G. - 1977 - Chemical basis o f  sexual approach i n  marine brown algae. 
i n  Marine Natural Products Chemistry (edited by D.3. Faulkner and 
W.H-C- 351-360. Plenum Press, New York. 

NIGRELLI R.F., STEMPIEN M.F., RUGGIERI V.A., LIGUORI V.A. and CECIL 3.T. - 1967 - 
Substances of p o t e n t i a l  biomedical importance from marine organisms. 
Fedn Proc. Fedn Am. Socs. exp. m., 26, 1197-1205. -- -- - 

NORDEMG H. - 1971 - 1s the l o c a l  o r i en ta t i on  o f  anadromous f i shes determined by 
pheromones? Nature, Lond . , 233, 411-413. 

OHSUGI T., HIDAKA 1. and IKEDA M. - 1978 - Taste receptor s t imu la t ion  and feed- 
i n g  behaviour i n  the pu f fe r  Qparda l is .  II. Effec ts  produced by 
mixtures o f  const i tuents o f  clam extracts.  -- Chem. Senses Flavour, 3, 
p. 355-368. 

PELTER A., BALLANTINE 3.A., FERRITO V., 3ACCARINI V., PSAILA A.F. and SCHEMBRI 
P.3. - 1976 - Bonel l in,  a most unusual ch lor in .  - - -  3.C.S. Chem. -03 C m  
p. 999-1000b 

REGNIER F.E. - 1971 - Semiochemicals, s t ructure and funct ion. - Biol .  Reprod., 
4, p. 309-326. 

RIDEOUT 3.A., SMITH N.B. and SUTHERLAND M.D. - 1979 - Chemical defense o f  c r i n -  
o ids by polyket ide sulphates. Experientia, 35, p. 1273-1274. 

ROMLL S.A. and McCLEAVE 3.D. - 1973 - S e n s i t i v i t y  o f  American,eels (Angui l la  
ros t ra ta )  and A t l a n t i c  salmon (Salmo sa la r )  t o  weak e l e c t r i c  and 
magnetic f i e l d s .  3. Fish. Res. Bd Can., 30, p. 657-663 

RyAN E,P. - 1966 - Pheromone: evidence i n  a decapod crustacean. Science, F.I., 
151, p. 340-341. 

RYTHER 3.H. - 1954 - I n h i b i t o r y  e f f e c t s  of phytoplankton upon the feeding o f  
Daphnia magna w i t h  reference t o  growth, reproduct ion and surv ival .  
Ecology, 35, p. 522-533. 

SANGSTER A.W., THWS S.E. and TINGLING N.L. - 1975 - F ish  a t t rac tan ts  from 
marine invertebrates. Arcamine from Arca zebra and strombine from 
Strombus gigas. Tetrahedron, 31, p. 1135-1137. 

SELSET R. and DgVING K.B. - 1980 - Behaviour o f  mature anadromous char (Salmo 
alpinus L.) towards odorants produced by smolts o f  t h e i r  own population. 
Acta Physiol. Scand., 108, p. 113-122. - 

SLEEPER H.L. and FENICAL W. - 1977 - Navenones A-C: t ra i l -b reak ing alarm phero- 
mones from the marine opisthobranch Navanax inermis. - 3. - Am. - Chem, Soc., 
99, p. 2367-2368. 

SMITH D.S.H., TURNER A.B. and MACKIE A.M. - 1973 - Marine steroids. Part  1. 
Structures o f  the p r i n c i p a l  aglycones from the saponins o f  the s ta r f i sh ,  
Marthasterias g l a c i a l i s .  3. Chem. Soc. Perkin - Trans. I, p. 1745-1754. 

STEWART W.C. - 1970 - Nature o f  the a t t rac tan t  emitted by the astero id host o f  
the  commensal polychaete, Ophiodromus pugettensis. -- Ph.D. -9 Thesis 
Un ivers i ty  o f  Ca l i fo rn ia .  



SUI H.H. and FENICAL W. - 1979 - Rhipocephalin and rhipocephenal; Soxic feeding 
deterrents from the t r op i ca l  marine alga Rhipocephalus phoenix. Tetra- 
hedron Lett., 5, p. 685-688. -- 

TURNER A.B., SMITH D.S.H. and MACKIE A.M. - 1971 - Characterization o f  the 
p r i nc i pa l  s tero ida l  saponins o f  the s t a r f i sh  Marthasterias g lac ia l i s :  
structures o f  the aglycones. Nature, Lond., 233, p. 209-210. 

WAGNER R.H., PHILLIPS D.W., STANDING 3.0. and HAND C. - 1979 - Commensalism or 
mutualism: a t t rac t ion  o f  a sea s ta r  towards i t s  symbiotic polychaete. 
3. exp. mar. Bio l .  Eco~., 39, p. 205-210. - 

WHITTAKER R.H. and FEENY P.P. - 1971 - Allelochemics: chemical in terac t ions be- 
tween species. Science, N.X., 171, p. 757-769. 

ZELSON P.R. and CAGAN R.H. - 1979 - Biochemical studies o f  taste sensation - V I I I .  
P a r t i a l  characterizat ion o f  alanine-binding taste receptor s i t es  o f  
ca t f i sh  I c ta lu rus  punctatus using mercurials, sulphydryl reagents, t r y -  
psin and phospholipase C. Comp. Biochem. Physiol., 648, p. 141-147. 


