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T h e  P r o t e c t i o n  of the  A n e m o n e  F i s h ,  Amphiprion 

The key to  the  p ro tec t ion  of various pomacen t r i d  
fishes f rom the  nematocysts"  of symbiot ic  sea anemones  
lies in t he  curious behaviora l  process  t e rmed  'accl ima- 
t ion '  ~, ~. At  the  s ta r t  of accl imation,  a pomacen t r i d  fish 
(Genus Amphiprion or Dascyllus) is s tung  by  a sea 
anemone ' s  nema tocys t s ;  a t  the  end of th is  period, the  
same fish is no longer stung.  Two major  hypo theses  seek 
to  explain t he  accl imat ion process.  The  f irs t  of these  
implies t h a t  the  sea anemone  is responding  to its sym-  
biot ic  f ish in such a way  t h a t  its p a t t e r n  of n e m a t o c y s t  
discharge is a l tered or inhibi ted  s -5  The second hypo thes i s  
suggests  t h a t  t he  sea anemone  is the  pass ive  pa r t ne r  and  
t h a t  the  fish is able to p ro tec t  itself by  somehow al ter ing 
or affect ing i ts  own epithel ial  mucous coat ing ~, 6-s. 

This s tudy  of the  anemone  fish, Amphiprion xanthurus 
Cuvier and  Valenciennes  and  the  sea anemone,  Stoichactis 
kenti H a d d o n  and  Shackleton,  b o t h  f rom the  Phi l ippines ,  
has  resolved some of the  discrepancies  in the  above work  
and indicates  t h a t  anemone  fishes are p ro t ec t ed  by  
someth ing  associated wi th  the i r  surface mucous  coat.  

Reciprocal  expe r imen t s  were conduc ted  in which  b o t h  
acc l imated  fish (i.e., t hose  l iving wi th  a sea anemone  
at  the  t ime  of the  exper iment )  and  unacc l imated  fish 
(i.e., isolated f rom all con tac t  wi th  sea anemones  for 
one week or more) were t e s t ed  against  the  same species 
of sea anemone  b o t h  wi th  and w i thou t  acc l imated  fish 
of t he  same species. 

The ra t ionale  for these exper imen t s  was br ief ly as 
follows: if only the  acc l imated  fish was not s tung  by  sea 
anemones ,  b o t h  wi th  and w i thou t  fish, th is  would indicate  
t h a t  some change  had  occurred to t he  fish dur ing accl ima- 
t ion  which  resul ted in its protec t ion .  Conversely,  if only 
the  sea anemone  conta in ing  acc l imated  fish failed to  
s t ing the  fish (either acc l imated  or unaccl imated) ,  th is  
would indica te  some change had  occurred to the  sea 
anemone  dur ing accl imat ion which  resul ted in t he  f ish 's  
protec t ion .  

P re l iminary  tes t s  revealed  t h a t  the  anemone ' s  ten-  
tacles adhere  to organic mater ia l  due to the  discharge 
of bas i t r ichous  isorhiza nematocys t s .  Therefore  th is  adhe-  
sion response,  the  ' j umping '  hack  of t he  fish upon  
ten tac le  contact ,  con t rac t ion  of the  anemone ' s  t en tac les  
and  the  a d h e r e n c e  of smal l  t en tac le  f r agment s  and  
bl is ter ing of t he  f ish 's  epidermis  were all used as cr i ter ia  
t h a t  an exper imenta l  f ish was being s tung  by  the  anemone ' s  
nematocys t s .  Tests  w i th  live p rey  as well as var ious  
organic mater ia ls  were conduc ted  b o t h  before and  af ter  
each expe r imen t  to  ensure t he  anemones  were fully 
capable  of p rey  capture .  The results  of these  exper imen t s  
axe given in t h e  Table.  

The acc l imated  fish were no t  s tung  by  sea anemones ,  
e i ther  wi th  or w i thou t  acc l imated  fish, suggest ing t h a t  
someth ing  h a d  occurred to  the  fish dur ing  accl imat ion 
which  resul ted in i ts  protec t ion .  The surface mucous  
coat ing  appa ren t l y  served as th is  p ro tec t ion  since an  
acc l imated  fish was immedia te ly  s tung  when  th is  coat ing  
was wiped off or d i s tu rbed  (Table). Some 44 addi t iona l  
reciprocal  expe r imen t s  of the  same type,  only using two 
species of California sea anemones ,  Anthopleura xan- 
thogrammica (Brandt)  and  Anthopleura elegantissima 
(Brandt) ,  wi th  Amphiprion xanthurus gave the  same 
resul ts :  all t he  unacc l imated  fish were s tung  while all 
the  acc l imated  fish were not .  These exper imen t s  were of 
in te res t  because Anthopleura h a d  never  before encoun- 
te red  any species of anemone  fishes in i ts  na tu ra l  environ-  
ment ,  ye t  Amphiprion xanthurus became p ro t ec t ed  in 
the  same m a n n e r  as w i th  t he  t ropical  sea a n e m o n e ,  
Stoichactis. In  all cases, the  acc l imated  f ish 's  surface 

xanthurus, f r o m  th e  S ea  A n e m o n e ,  Stoichactis kenti 

Results of presenting Amphiprion xanthurus to Stoichactis kenli 
anemOllCS 

Fish Anemone Total Summary 
(without (with No. of of results 
fish) fish) experi- 

ments 

Unacclimated + + Unacclimated 
(9) (8) 17 fish stung 

Acclimated - -  - -  Acclimated fish 
(6) (7) 13 not stung 

Total No. of 15 15 30 
experiments 

After wiping + + Acclimated fish 
off surface of (3) (3) immediately 
acclimated fish became 

unacclimated 

Numbers in parentheses refer to number of individual experiments. 
+ = fish stung; -- = fish not stung. 

mucous  coat  seems to  ac t  by  mask ing  the  f ish 's  no rmal  
s t imul i  for n e m a t o c y s t  discharge. 

Careful inspect ion  of those  papers  suggest ing t h a t  t he  
sea anemone  was pe rhaps  a l ter ing its n e m a t o c y s t  discharge 
p a t t e r n  in response  to  an anemone  fish reveal  t h a t  in 
some cases these  au thors  were t es t ing  fishes acc l imated  
to  one species of anemone  agains t  an ent i re ly  d i f ferent  
species of anemone  w i t h o u t  conduc t ing  the  necessary  
reciprocal  expe r imen t s  ~-5. 

Zusammen[assung. Reziproke  Kombina t i onsve r suche  
zeigen, dass <~ angew6hnte  ~ Anemonenf i sche  n ich t  yon  See- 
an emo n en  genesselt  werden,  die der  gleichen Ar t  ange- 
h6ren,  m i t  der sie zusammenge teb t  haben.  N ich t  ange- 
w6hn te  Fische werden  durch  Seeanemonen  gen6sselt  
unabhangig ,  ob le tz tere  angew6hn te  Fische beherbergen  
oder  nicht .  Wird  die OberflXche angew6hn te r  Fische 
abgewischt ,  ver l ier t  sie ihren  Schutz",  
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