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I n t r o d u c t i o n

The b u t t e r f i s h ,  P e p r i l u s  t r i a c a n t h u s  ( P e c k ) , and 

h a r v e s t f i s h ,  P_. o a r u  ( L i n n a e u s ) ,  a r e  p e r c i f o r m  f i s h e s  o f  t h e  

s u b o r d e r  S t r o m a t e o i d e i  ( H a e d r i c h  1 9 6 7 ) .  Members o f  t h i s  s u b o r d e r  

a r e  c h a r a c t e r i z e d  by  a u n i q u e ,  t o o t h e d ,  s a c c u l a r  o u t g r o w t h  o f  t h e  

g u l l e t  l o c a t e d  i m m e d i a t e l y  p o s t e r i o r  t o  t h e  f o u r t h  g i l l  a r c h  

( W i l l u g h b y  1 6 8 6 ;  G u n t h e r  1 8 6 0 ;  G i l l  1862 ;  J o r d a n  and  Evermann 

1 8 9 6 ;  R e g a n  1 9 0 2 ;  G i l c h r i s t  1 9 2 2 ;  B u h l e r  19 30 ;  B a r n a r d  1948;  

M a n s u e t i  1 9 6 3 ;  I sok aw a  e t  a l .  1965 ;  H a e d r i c h  1967 ;  Horn 1 9 7 0 ) .  

T h i s  s t r u c t u r e  h a s  b e e n  r e f e r r e d  t o  a s  an  e s o p h a g e a l  c r o p  o r  

p h a r y n g e a l  s a c .  A l t h o u g h  t h i s  o r g a n  i s  d e s c r i b e d  i n  s e v e r a l  

s t u d i e s ,  i t s  f u n c t i o n  i s  n o t  c l e a r l y  u n d e r s t o o d .

The  b u t t e r f i s h  a n d  h a r v e s t f i s h  a r e  s y m p a t r i c ,  i n h a b i t i n g  

c o a s t a l  and  o c e a n i c  w a t e r s  i n  t h e  W e s t e r n  N o r t h  A t l a n t i c .  The 

b u t t e r f i s h  r a n g e s  f r o m  Nova  S c o t i a  t o  F l o r i d a  ( H i l d e b r a n d  and 

S c h r o e d e r  19 28 ;  B i g e l o w  and S c h r o e d e r  1953 ;  Liem and S c o t t  1966)  

and  i s  c o m m e r c i a l l y  i m p o r t a n t  t h r o u g h o u t  mo s t  o f  i t s  r a n g e .  The 

h a r v e s t f i s h  i s  f o u n d  f r om  M a s s a c h u s e t t s  t o  F l o r i d a ,  t h r o u g h o u t  

t h e  G u l f  o f  M e x i c o ,  a n d  s o u t h  t o  A r g e n t i n a  ( H i l d e b r a n d  a n d  

S c h r o e d e r  1 9 2 8 ;  B i g e l o w  a n d  S c h r o e d e r  1 9 5 3 ;  H o e s e  a n d  Moore  

1 9 7 7 ) .  As a d u l t s  t h e s e  f i s h e s  a r e  p e l a g i c  and  m i g r a t e  n o r t h w a r d  

a n d  i n s h o r e  i n  s p r i n g  i n  r e s p o n s e  t o  w a t e r  t e m p e r a t u r e  c h a n g e s  

(Horn 1 9 7 0 ) .

F o o d  h a b i t  s t u d i e s  o f  t h e s e  f i s h e s  h a v e  b e e n  l i m i t e d  i n  

d e s c r i p t i v e  s c o p e  b e c a u s e  t h e i r  f o o d  i s  o f t e n  g r o u n d - u p  and 

u n r e c o g n i z a b l e .  H i l d e b r a n d  a n d  S c h r o e d e r  ( 1 9 2 8 )  n o t e d  t h i s
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d i f f i c u l t y ,  b u t  f o u n d  a few f i s h  w i t h  c y c l o i d  s c a l e s  and wha t  

a p p e a r e d  t o  be  s t r a n d s  o f  a l g a e  i n  t h e i r  s t o m a c h s .  B i g e l o w  and 

S c h r o e d e r  ( 1 9 5 3 )  c l a i m e d  t h a t  b u t t e r f i s h  f e e d  on s m a l l  f i s h ,  

s q u i d ,  c r u s t a c e a n s ,  and  a n n e l i d  worms.  They a l s o  r e p o r t e d  t h a t  

c t e n o p h o r e s  had  b e e n  fo u n d  i n  a few s t o m a c h s  a t  Woods Hole  b u t  

t h a t  t h e s e  we re  n o t  a common d i e t a r y  i t e m .  Liem and  S c o t t  (1966)  

r e p o r t e d  t h a t  b u t t e r f i s h  e a t  s m a l l  f i s h e s ,  a m p h i p o d s ,  s h r i m p ,  and  

m a r i n e  worms.  Two o t h e r  s t o m a c h  c o n t e n t  a n a l y s e s  o f  b u t t e r f i s h  

c o l l e c t e d  i n  t h e  N o r t h w e s t  A t l a n t i c  r e p o r t e d  a s i g n i f i c a n t  

p e r c e n t a g e  o f  u n i d e n t i f i a b l e  a n i m a l  r e m a i n s  (Maurer  and Bowman 

1 9 7 8 ;  Bowman a n d  M i c h a e l s  1 9 8 4 )  . I n  t h e  f i r s t  s t u d y  o f  

b u t t e r f i s h  c o l l e c t e d  f r o m  1 9 6 9  t o  1 9 7 2  u n i d e n t i f i a b l e  a n i m a l  

r e m a i n s  c o m p r i s e d  18 .6% o f  c o n t e n t s ,  w h i l e  t h e  r e c o g n i z a b l e  

p o r t i o n  i n c l u d e d  t u n i c a t e s  and  c r u s t a c e a n s .  The l a t t e r  s t u d y  

p r e s e n t e d  f o o d  d a t a  o f  b u t t e r f i s h  c o l l e c t e d  f ro m 1973 t o  1976 

f r o m  Nova  S c o t i a  s o u t h  t o  Cape H a t t e r a s .  I n  t h e  M i d - A t l a n t i c  

r e g i o n  s t o m a c h s  w e r e  f o u n d  t o  c o n t a i n  35 .3% m i s c e l l a n e o u s  

( u n i d e n t i f i e d  m a t e r i a l )  , a n d  a l s o  i n c l u d e d  t h a l i a c e a n s ,  

p o l y c h a e t e s ,  a n d  c o e l e n t e r a t e s . I n  t h e  S o u t h e r n  New E n g la n d  

r e g i o n  i t  was  r e p o r t e d  t h a t  58 .6% o f  s t o m a c h  c o n t e n t s  w e r e  

m i s c e l l a n e o u s ,  w h i l e  p o l y c h a e t e s ,  c r u s t a c e a n s ,  and  t h a l i a c e a n s  

w e re  i n c l u d e d  i n  t h e  i d e n t i f i a b l e  p o r t i o n .

F o o d  h a b i t s  o f  h a r v e s t f i s h  a r e  l e s s  w e l l  k n o w n  b u t  

H i l d e b r a n d  and S c h r o e d e r  (1928)  i n d i c a t e d  t h a t  s t o m a c h  c o n t e n t s  

a p p e a r e d  t o  be  i d e n t i c a l  t o  t h a t  o f  t h e  b u t t e r f i s h :  g r o u n d - u p  and 

o f t e n  u n r e c o g n i z a b l e .  Horn (1970)  ex am in e d  a few l a r g e  (up t o
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150  mm SL) s p e c i m e n s  o f  h a r v e s t f i s h  and  f o u n d  t hem t o  c o n t a i n  

medusan  and c t e n o p h o r e  r e m a i n s  and s m a l l  c r u s t a c e a n s .

J u v e n i l e  b u t t e r f i s h  a n d  h a r v e s t f i s h  (up  t o  100 -  110 mm 

s t a n d a r d  l e n g t h )  a r e  o f t e n  f o u n d  i n  a s s o c i a t i o n  w i t h  medusae  o r  

o t h e r  f l o a t i n g  o b j e c t s  ( P e a r s o n  1941 ;  D u n n i n g t o n  and  M a n s u e t i  

1 9 5 5 ;  M a n s u e t i  1 9 6 3 ;  S c h w a r t z  1 9 6 4 ;  C a r g o  a n d  S c h u l t z  1 9 6 6 ;  

H a e d r i c h  1 9 6 7 ;  P h i l l i p s  e t  a l .  1 9 6 9 ;  H o r n  1 9 7 0 ) .  F o o d  o f  

j u v e n i l e s  was r e p o r t e d  t o  be  c o e l e n t e r a t e  and  c t e n o p h o r e  r e m a i n s  

( P e a r s o n  1941 ;  D u n n i n g t o n  and M a n s u e t i  1955 ;  M a n s u e t i  1963 ;  Horn 

1 9 7 0 ;  O v i a t t  a n d  K r e m e r  1 9 7 7 ) .  I n  C h e s a p e a k e  Bay j u v e n i l e  

b u t t e r f i s h  a n d  h a r v e s t f i s h  a r e  o f t e n  s y m b i o t i c a l l y  a s s o c i a t e d  

w i t h  t h e  s c y p h o m e d u s a , C h r v s a o r a  g u i n o u e c i r r h a  ( M a n s u e t i  1 9 6 3 ) .  

The i n t e r a c t i o n s  o b s e r v e d  r a n g e d  f ro m co mm en s a l i s m  t o  p a r a s i t i s m  

o r  p r e d a t i o n  w i t h  y o u n g  P e o r i l u s  u t i l i z i n g  t h e  j e l l y f i s h  a s  a 

r e f u g e  a n d  o l d e r  f i s h e s  a c t i v e l y  f e e d i n g  upon  t h e  n e m a t o c y s t  

c o n t a i n i n g  t e n t a c l e s  a n d  m a n u b r i a  o f  t h e  m e d u s a e .  M a n s u e t i  

(1963)  h y p o t h e s i z e d  t h a t  t h e  p h a r y n g e a l  s a c  s e c r e t e s  a p r o t e c t i v e  

s u b s t a n c e  o r  somehow f a c i l i t a t e s  f e e d i n g  on n e m a t o c y s t  c o n t a i n i n g  

t i s s u e s .

The  s e a  n e t t l e ,  C h r v s a o r a  g u i n g u e c i r r h a , i s  a b u n d a n t  i n  

C h e s a p e a k e  Bay f r o m  May t o  Se p t em b e r  (Ca rg o  and S c h u l t z  1966 ;  

Ca rgo  and  S c h u l t z  1967;  C a l d e r  1 9 7 7 ) .  The p r e s e n c e  o f  c n i d a r i a n  

p a r t s  a m o n g  t h e  s t o m a c h  c o n t e n t s  o f  t h e  b u t t e r f i s h  a n d  

h a r v e s t f i s h  i n d i c a t e s  t h a t  t h e s e  f i s h e s  c o n s u m e  n e m a t o c y s t -  

c o n t a i n i n g  t i s s u e  w i t h  no  a p p a r e n t  ha rm .  Howeve r ,  t h e  s t i n g s  

have  b e e n  o b s e r v e d  t o  be  l e t h a l  t o  young P e p r i l u s  when b o t h  t h e



j e l l y f i s h  and  t h e  f i s h  h av e  b e e n  d i p - n e t t e d  t o g e t h e r  f o r c i n g  t h e  

f i s h  t o  c o n t a c t  t h e  t e n t a c l e s  ( M a n s u e t i  1 9 6 3 ) .

The  p h a r y n g e a l  s a c  h a s  r e c e i v e d  s u p e r f i c i a l  d e s c r i p t i v e  

t r e a t m e n t .  A d e t a i l e d  e x a m i n a t i o n  o f  t h e  c e l l s  a n d  t i s s u e s  

l i n i n g  t h e  lumen o f  t h e  p h a r y n g e a l  s a c ,  t h e  p o s s i b l e  s e c r e t o r y  

r o l e  o f  t h e  s a c ,  and t h e  f u n c t i o n  o f  t h e  s a c  i n  t h e  d i g e s t i v e  

p r o c e s s  h a s  n o t  b e e n  d o n e .  The p r e s e n c e  o f  e s o p h a g e a l  t e e t h ,  t h e  

m u s c u l a r  a p p e a r a n c e  o f  t h e  s a c ,  and t h e  a p p e a r a n c e  o f  t h e  s t o m a c h  

c o n t e n t s  have  l e d  s e v e r a l  a u t h o r s  t o  s u g g e s t  t h a t  i t  may be  u s e d  

t o  g r i n d  f o o d  ( H i l d e b r a n d  and  S c h r o e d e r  1928 ;  M a n s u e t i  1963 ;  Horn 

1 9 7 0 ) .

T h i s  s t u d y  d e s c r i b e d  i n  d e t a i l  t h e  m o r p h o l o g y  o f  t h e  

p h a r y n g e a l  s a c  o f  P e o r i l u s  t r i a c a n t h u s  and P.  p a r u  t h r o u g h  t h e  

u s e  o f  h i s t o l o g i c a l  a n d  h i s t o c h e m i c a l  m e t ho ds  and i n f e r e d  i t s  

f u n c t i o n a l  r o l e  i n  t h e  u t i l i z a t i o n  o f  medusae  a s  a f o o d  i t e m .
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Methods

Spe c im ens  o f  b u t t e r f i s h  r a n g i n g  f rom 18 mm -  174 mm s t a n d a r d  

l e n g t h  (SL) and  h a r v e s t f i s h  r a n g i n g  f rom 20 mm -  125 mm SL were  

o b t a i n e d  f r o m  t h e  V i r g i n i a  I n s t i t u t e  o f  M a r in e  S c i e n c e  (VIMS) 

t r a w l  s u r v e y s  o f  t h e  t r i b u t a r i e s  o f  t h e  l o w e r  C h e s a p e a k e  Bay and 

t h e  N a t i o n a l  M a r i ne  F i s h e r i e s  S e r v i c e  (NMFS) g r o u n d f i s h  s u r v e y s  

o f  t h e  c o a s t a l  A t l a n t i c  Oc ean .  F i s h e s  we r e  c o l l e c t e d  by t h e  VIMS 

s u r v e y s  f rom May t o  O c t o b e r ,  1983 and J u n e  t o  S e p t e m b e r ,  19 8 4 .  

Spec ime ns  we re  c o l l e c t e d  by t h e  NMFS s u r v e y s  f rom G e o r g es  Banks  

and Cape May, NJ t o  Cape F e a r ,  NC i n  March and S e p t e m b e r ,  1984 

( s e e  Append ix  A f o r  c o l l e c t i o n  and s i z e  d a t a ) .

A l l  f i s h e s  we re  f i x e d  i n  10% n e u t r a l  b u f f e r e d  f o r m a l i n  and 

t h e n  t r a n s f e r r e d  t o  50% i s o p r o p y l  a l c o h o l  f o r  s t o r a g e .  S t a n d a r d  

l e n g t h ,  f o r k  l e n g t h  a n d  t o t a l  l e n g t h  w e r e  r e c o r d e d  w h e n e v e r  

p o s s i b l e .  P h a r y n g e a l  s a c s  w e r e  r e m o v e d  a n d  t r i m m e d  f o r  

h i s t o l o g i c a l  e x a m i n a t i o n .  S tomachs  we re  removed and s t o r e d  i n  

50% i s o p r o p y l  a l c o h o l  f o r  l a t e r  c o n t e n t  a n a l y s i s .

P h a r y n g e a l  Sac

P h a r y n g e a l  s a c s  f rom 39 h a r v e s t f i s h  and 103 b u t t e r f i s h  we re  

e x a m i n e d .  T h e i r  g r o s s  a n a t o m y  was  s t u d i e d  u n d e r  l o w - p o w e r  

m a g n i f i c a t i o n  u s i n g  a d i s s e c t i n g  s t e r e o - m i c r o s c o p e . I n  

p r e p a r a t i o n  f o r  h i s t o l o g i c a l  e x a m i n a t i o n  t h e  s a c s  w e r e  d e 

c a l c i f i e d  i n  0 . 1  N HCL f o r  18 -  36 h o u r s  t h e n  washed  i n  t a p  w a t e r
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f o r  4 h o u r s .  The  t i s s u e  was t h e n  d e h y d r a t e d  t h r o u g h  a g r a d e d  

a l c o h o l  s e r i e s  a n d  p r o c e s s e d  f o r  p a r a f f i n  embedd ing  f o l l o w i n g  

s t a n d a r d  h i s t o l o g i c a l  p r o c e d u r e .  C r o s s  s e c t i o n s  we re  c u t  t h r o u g h  

t h e  t h i c k e s t  p o r t i o n  o f  t h e  s a c  a t  r i g h t  a n g l e s  t o  t h e  a n t e r i o r -  

p o s t e r i o r  a x i s .  L o n g i t u d i n a l  s e c t i o n s  we re  made d o r s o - v e n t r a l l y  

a l o n g  t h e  p l a n e  o f  t h e  a n t e r i o r - p o s t e r i o r  a x i s  t o  b i s e c t  t h e  

c e n t r a l  lumen o f  t h e  s a c .  S e m i - s e r i a l  s e c t i o n s  we re  c u t  a t  6 um 

and s t a i n e d  w i t h  H a r r i s '  h e m a t o x y l i n  and  e o s i n .  Me as u r em en t s  o f  

c e l l s  a n d  s t r u c t u r e s  o f  t h e  p h a r y n g e a l  s a c  we r e  made w i t h  an 

o c u l a r  m i c r o m e t e r  on a  m o n o - o b j e c t i v e  m i c r o s c o p e .  A l c i a n  b l u e -  

p e r i o d i c  a c i d  -  S c h i f f  (A B - P A S )  t e c h n i q u e  w a s  u s e d  f o r  

i d e n t i f i c a t i o n  o f  g l y c o p r o t e i n s  (Luna 1 9 6 8 ) .  The AB-PAS was u s e d  

a t  d i f f e r e n t  p H ,  2 . 5  a n d  1 . 0 ,  t o  d e t e r m i n e  t h e  p a r t i c u l a r  

c o n j u g a t e d  p r o t e i n  i n  t h e  g o b l e t  c e l l  v a c u o l e .  Wi th  t h i s  method  

t h e  g o b l e t  c e l l s  may s t a i n  e i t h e r  b l u e ,  r e d ,  o r  a c o m b i n a t i o n  o f  

t h e  tw o  c o l o r s .  P r e d o m i n a n t l y  a c i d  g l y c o p r o t e i n s  a r e  f o u nd  i n  

t h o s e  c e l l s  s t a i n i n g  b l u e  o r  b l u e - r e d  a f t e r  ABpH2.5-PAS,  w h i l e  

t h o s e  s t a i n i n g  r e d  o r  r e d - b l u e  c o n t a i n  p r i n c i p a l l y  n e u t r a l  

g l y c o p r o t e i n .  The a c i d  g l y c o p r o t e i n s  may be  e i t h e r  s i a l o m u c i n s  

o r  s u l p h o m u c i n s . U s i n g  A B p H l . 0 - P A S  c e l l s  w h i c h  c o n t a i n  

s u l p h o m u c i n s  s t a i n  p o s i t i v e l y  w i t h  a l c i a n  b l u e ,  a n d  t h o s e  

c o n t a i n i n g  s i a l o m c i n s  s t a i n  PAS p o s i t i v e .  T h i s  m u l t i p l e  AB-PAS 

p r o t o c o l  i d e n t i f i e d  t h e  t y p e  o f  g l y c o p r o t e i n  p r e s e n t ,  and f u r t h e r  

c h a r a c t e r i z e s  t h e  a c i d  g l y c o p r o t e i n  b e i n g  p r o d u c e d  by t h e  g o b l e t  

c e l l s .  A s s e s s m e n t  o f  t h e  method i s  d e s c r i b e d  i n  more d e t a i l  by 

J o n e s  and  Re id  (1973)  .
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B u c c a l  C a v i t y

The  b u c c a l  c a v i t i e s  o f  t h e s e  f i s h e s  we r e  e xa m in e d  f o r  any  

s t r u c t u r e  t h a t  may a i d  i n  i n g e s t i o n  o f  n e m a t o c y s t  c o n t a i n i n g  

t i s s u e .  T h e y  w e r e  s e c t i o n e d  i n  c r o s s  and  l o n g i t u d i n a l  p l a n e s  

and s t a i n e d  w i t h  H a r r i s '  h e m a t o x y l i n  and  e o s i n  i n  an  a t t e m p t  t o  

s t u d y  t h e  e n t i r e  e p i t h e l i a l  l i n i n g .

S tomach

S t o m a c h  c o n t e n t s  we re  a n a l y s e d  f r o m  34 h a r v e s t f i s h  r a n g i n g  

i n  s i z e  f r o m  17 mm SL t o  68 mm SL c a u g h t  i n  t h e  York and  J ames  

R i v e r s  i n  S e p t e m b e r ,  1 9 8 3  a n d  1 9 8 4  when  t h e  s e a  n e t t l e  was  

a b u n d a n t  i n  t h e s e  w a t e r s .  S e v e n t y - f i v e  b u t t e r f i s h  we re  exam ine d  

f o r  s t o m a c h  c o n t e n t  a n a l y s i s .  They  r a n g e d  i n  s i z e  f r o m  23 mm SL 

t o  174 mm SL and  we r e  c o l l e c t e d  f ro m t h e  c o a s t a l  A t l a n t i c  Ocean .  

C o n t e n t s  f r o m  a l l  f i s h e s  w e r e  i d e n t i f i e d  u s i n g  a s t e r e o s c o p i c  

d i s s e c t i n g  m i c r o s c o p e  a n d  t h e  r e l a t i v e  a b u n d a n c e  o f  e a c h  f o o d  

i t e m  was  e s t i m a t e d  f o r  c o m p a r i s o n  w i t h  p r e v i o u s  f o o d  h a b i t  

s t u d i e s .  S m e a r s  w e r e  made  o f  u n i d e n t i f i a b l e  c o n t e n t s  a n d  

e x a m i n e d  u n d e r  h i g h  p o w e r  w i t h  a  m o n o - o b j e c t i v e  m i c r o s c o p e  t o  

d e t e r m i n e  i f  n e m a t o c y s t s  f r om medusan  f o o d  i t e m s  we r e  p r e s e n t .  

E s t i m a t e s  we re  made o f  r e l a t i v e  p r o p o r t i o n s  o f  d i s c h a r g e d  v e r s u s  

u n d i s c h a r g e d  n e m a t o c y s t  c a p s u l e s .  N e m a t o c y s t  c a p s u l e s  w e r e  

c o n s i d e r e d  t o  b e  d i s c h a r g e d  i f  e i t h e r  a n  e m p t y  c a p s u l e  o r  a 

c a p s u l e  w i t h  a t t a c h e d  e x p e l l e d  t h r e a d  was o b s e r v e d .  M e a s u r e m e n t s
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o f  n e m a t o c y s t s  w e r e  made w i t h  an  o c u l a r  m i c r o m e t e r  on a  mono

o b j e c t i v e  m i c r o s c o p e .  T h e  s t o m a c h  pH o f  b u t t e r f i s h  a n d  

h a r v e s t f i s h  was  m e a s u r e d  i n  f r e s h l y  c a u g h t  s p e c i m e n s  u s i n g  pH 

s t i c k s  ( C o l o r p H a s t  r  , EM R e a g e n t s )  . F i s h e s  f o r  t h i s  p u r p o s e  

we re  c a u g h t  i n  t h e  York R i v e r ,  V i r g i n i a .
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R e s u l t s

G r o s s  Anatomy o f  t h e  P h a r y n g e a l  Sac

The p h a r y n g e a l  s a c  i n  b u t t e r f i s h  and  h a r v e s t f i s h  was l o c a t e d  

i m m e d i a t e l y  p o s t e r i o r  t o  t h e  f o u r t h  g i l l  a r c h  and was f o l l o w e d  by 

a  s h o r t  e s o p h a g u s  and  t h e  s t o m a c h  ( F i g .  1 ) .  The s a c s  o f  t h e  two 

s p e c i e s  w e r e  s i m i l a r .  T he y  w e r e  g l o b e - s h a p e d  w i t h  a s h a l l o w  

c l e f t  r u n n i n g  a n t e r i o r  t o  p o s t e r i o r  a l o n g  t h e  d o r s a l  m i d - l i n e  and 

a p p e a r e d  m u s c u l a r  e x t e r n a l l y .  C i r c u l a r  m u s c l e  b u n d l e s  wrapped  

t h e  s a c  ( F i g . 2) .

The p h a r y n g e a l  s a c s  r a n g e d  i n  s i z e  f r om 4 mm d i a m e t e r  x 4 mm 

l e n g t h  i n  a h a r v e s t f i s h  o f  32 mm SL t o  12 mm m ed i an  d i a m e t e r  x 10 

mm l e n g t h  i n  f i s h  o f  125  mm SL. I n  b u t t e r f i s h  t h e  s a c s  we re  

s m a l l e r  p r o p o r t i o n a t e l y  m e a s u r i n g  2 . 5  mm x 2 mm l o n g  i n  a 32 mm 

SL f i s h ,  and  1 2 . 5  mm x 1 1 . 5  mm l on g  i n  a  152 mm SL f i s h .  The 

s a c s  i n  a l l  s i z e s  e x a m i n e d  w e r e  m o r p h o l o g i c a l l y  s i m i l a r  

i n d i c a t i n g  c o m p l e t e  d e v e l o p m e n t  a t  an e a r l y  a g e .

Two p a i r s  o f  p h a r y n g e o b r a n c h i a l  p l a t e s  we r e  l o c a t e d  d o r s a l l y  

a t  t h e  e n t r a n c e  t o  t h e  p h a r y n g e a l  s a c  and e x t e n d e d  p a r t i a l l y  i n t o  

t h e  s a c  ( F i g .  3 ) .  The p o s t e r i o r  p a i r  o f  p l a t e s  we re  e l o n g a t e d  

a n d  t a p e r e d  c a u d a l l y .  A l l  f o u r  p l a t e s  had l a r g e  c o n i c a l  t e e t h  

c o v e r i n g  t hem .  S i m i l a r  p l a t e s  o p p o se d  t hem v e n t r a l l y .

T h e  i n t e r i o r  o f  t h e  s a c  was d o m i n a t e d  b y  two  d i s t i n c t  

f e a t u r e s .  A l o n g  t h e  d o r s a l  a n d  v e n t r a l  m i d - l i n e s  w e r e  two
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c e n t r a l  r i d g e s  p r o t r u d i n g  i n t o  t h e  l u m e n .  T h e s e  r i d g e s  had 

numerous  c o n v o l u t i o n s  on t h e  s u r f a c e .  I n  t h e  h a r v e s t f i s h  t h e r e  

we re  s i n g l e  rows o f  s i m p l e  c o n i c a l  t e e t h  b e t w e e n  t h e  f o l d s  on t h e  

r i d g e s .  T h e s e  t e e t h  w e r e  s i m i l a r  t o  t h o s e  f o u n d  on  t h e  

p h a r y n g e o b r a n c h i a l  p l a t e s  and e x t e n d e d  p a r t i a l l y  i n t o  t h e  lumen 

( F i g .  4 ) .  Be tween  t h e  s i m i l a r  f o l d s  i n  b u t t e r f i s h  we re  t h e  same 

s i m p l e  t e e t h  ( F i g .  5 ) .  Bo th  c e n t r a l  r i d g e s  f l a t t e n e d  t o w a r d  t h e  

p o s t e r i o r  o f  t h e  s a c .  The s e c o n d  p r o m i n e n t  f e a t u r e  o f  t h e  s a c s  

was  t h e  p a p i l l a e  l i n i n g  t h e  l a t e r a l  w a l l s  ( F i g .  6 ) .  T h e s e  

s t r u c t u r e s  w e r e  d e n s e l y  p a c k e d  a n d  r a n g e d  f r o m  1 t o  2 mm i n  

l e n g t h  and 0 . 2  t o  0 . 6 5  mm i n  d i a m e t e r .  The l a r g e s t  p a p i l l a e  we re  

f o u n d  a l o n g  t h e  w a l l s  o f  t h e  c e n t r a l  p o r t i o n  o f  t h e  s a c  w i t h  t h e  

d i s t a l  p a p i l l a e  b e i n g  r e d u c e d  i n  s i z e .  T h e y  w e r e  e r e c t  and

c o v e r e d  w i t h  t h e  same l i n i n g  a s  t h e  r e s t  o f  t h e  i n t e r i o r  o f  t h e

s a c .  The s u p p o r t  f o r  a p a p i l l a  was t h e  e s o p h a g e a l  t o o t h .  I t  was 

a b u l b  s h a p e d  s t r u c t u r e  w i t h  a b a s e  o f  f i n e ,  t a p e r e d  r o o t s  t o  

a n c h o r  i t  i n  t h e  u n d e r l y i n g  m u s c u l a r  l a y e r .  I t  was c o v e r e d  w i t h  

many  f i n e  u p t u r n e d  t e e t h  w h i c h  p r o t r u d e d  t h r o u g h  t h e  t i s s u e  

c o v e r i n g  i t  and was t y p i c a l  o f  t e l e o s t  t e e t h  i n  m i c r o s t r u c t u r e  

( F i g .  7 & 8 ) .  The e s o p h a g e a l  t e e t h  we re  m o r p h o l o g i c a l l y  s i m i l a r  

i n  b o t h  s p e c i e s .

U n d e r l y i n g  t h e  r i d g e s  and p a p i l l a e  we re  two m u s c l e  l a y e r s

( F i g .  6 ) .  A l o n g i t u d i n a l  l a y e r  e x t e n d e d  o v e r  t h e  l e n g t h  o f  t h e

s a c  ( a n t e r i o r  t o  p o s t e r i o r )  and was t h i c k e s t  u n d e r  t h e  c e n t r a l  

r i d g e s .  A c i r c u l a r  m u s c l e  l a y e r  was o u t e r m o s t .
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Histology of the Pharyngeal Sac

T h e  p h a r y n g e a l  s a c  i n  b o t h  t h e  b u t t e r f i s h  a n d  t h e  

h a r v e s t f i s h  was composed o f  f o u r  t i s s u e  l a y e r s  t h a t  a r e  t y p i c a l  

o f  t h e  d i g e s t i v e  t r a c t s  o f  v e r t e b r a t e s .  Thes e  l a y e r s  f r om t h e  

l u m i n a l  l i n i n g  o u t w a r d  w e r e  t h e  m u c o s a  ( t u n i c a  m u c o s a ) ,  t h e  

s u b m u c o s a  ( t e l a  s u b m u c o s a ) ,  t h e  m u s c u l a r i s  ( t u n i c a  m u s c u l a r i s  

e x t e r n a ) ,  a n d  t h e  s e r o s a  ( t u n i c a  s e r o s a ) .  A p h a r y n g e a l  s a c  

m e a s u r i n g  6 . 7  mm x 6 . 1  mm f rom an 87 mm SL b u t t e r f i s h  was t h e  

model  f o r  t h e  f o l l o w i n g  d e s c r i p t i o n .

The mucosa  l i n e d  t h e  e n t i r e  lumen o f  t h e  s a c  ( F i g .  9 ) .  I t  

was  c o m p o s e d  o f  e p i t h e l i u m  a n d  g o b l e t  c e l l s  on t o p  o f  a t h i n  

a c e l l u l a r  b a s e m e n t  membrane and a l a m i n a  p r o p r i a  o f  c o n n e c t i v e  

t i s s u e .  Along  t h e  c e n t r a l  lumen o f  t h e  s a c  ( d o r s a l  and  v e n t r a l  

r i d g e s )  t h e  mucosa  c o n s i s t e d  o f  a squamous  e p i t h i a l  l a y e r  15 -  25 

c e l l s  t h i c k  (50 - 1 50  urn). L u m i n a l l y  t h e  squamous  c e l l s  a p p e a r e d  

k e r a t i n i z e d .  G o b l e t  c e l l s  we re  s c a t t e r e d  t h r o u g h o u t  t h e  mucosa  

o f  t h e  c e n t r a l  lumen b u t  we re  c o n c e n t r a t e d  n e a r  t h e  e n t r a n c e  o f  

t h e  c e n t r a l  c a n a l .  T h e s e  c e l l s  we re  roun d  o r  o v a l  s h a p e d  i n  

s e c t i o n ,  a r e  embedded among t h e  squamous  e p i t h e l i a l  c e l l s ,  and 

when s t a i n e d  w i t h  HHE had a b l u e  c e l l  membrane ,  a c l e a r  i n t e r i o r ,  

and a d a r k  f l a t t e n e d  n u c l e u s  a t  t h e  b a s e  o f  t h e  c e l l  ( F i g .  1 0 ) .  

F o l l o w i n g  R e i f e l  a n d  T r a v i l l  (1977)  I  d e s i g n a t e d  t h e s e  g o b l e t  

c e l l s  a s  Type A. On t h e  l a t e r a l  w a l l s  o f  t h e  s a c  t h e  mucosa  was 

d i f f e r e n t  f r o m  t h a t  f o u n d  l i n i n g  t h e  c e n t r a l  c a n a l  ( F i g .  1 1 ) .  

C u b o i d a l  e p i t h e l i u m  o n l y  o n e  o r  two  c e l l s  t h i c k  o v e r l a i d  a
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u n i c e l l u l a r  l a y e r  o f  g o b l e t  c e l l s .  They we re  8 -  14 um x 19 -  29 

um and c o n t a i n e d  a s m a l l ,  r o u n d ,  d a r k  b l u e  n u c l e u s  a t  t h e  b a s e .  

I  d e s i g n a t e d  t h e s e  g o b l e t  c e l l s  a s  Type B ( R e i f e l  and T r a v i l l  

1 9 7 7 )  ( F i g .  12)  • They we re  more numerous  and we re  n o t  d e e p l y  

embedded i n  t h e  mucosa  a s  we r e  Type A g o b l e t  c e l l s .  T h i s  l a y e r  

o f  g o b l e t  c e l l s  was  c h a r a c t i z e d  a s  t r a n s i t i o n a l  e p i t h e l i u m ,  

r a t h e r  t h a n  c o lu m n a r  e p i t h e l i u m ,  b e c a u s e  t h e  g o b l e t  c e l l s  d i d  n o t  

e x t e n d  f r o m  t h e  b a s e m e n t  m em b r an e  t o  t h e  l u m e n .  A t h i n  

a c e l l u l a r  b a s e m e n t  membrane s u p p o r t e d  t h e  e p i t h e l i a l  mucosa .  A 

l a m i n a  p r o p r i a ,  composed  o f  f i b r o u s  c o n n e c t i v e  t i s s u e  f rom 20 t o  

50 um t h i c k ,  s u p p o r t e d  t h e  mucosa  ( F i g .  1 1 ) .

T h e r e  was no d i s t i n c t  b o u n d a r y  s e p a r a t i n g  t h e  submucosa  and 

t h e  l a m i n a  p r o p r i a  ( F i g u r e  1 1 ) .  I n  t h e  p h a r y n g e a l  s a c  t h e  

s u b m u c o s a  w a s  c o m p o s e d  o f  a r e o l a r  c o n n e c t i v e  t i s s u e  a n d  

l o n g i t u d i n a l  s u b m u c o s a l  m u s c l e .  A r t e r i e s ,  v e i n s ,  g r a n u l a r  c e l l s ,  

a n d  l y m p h o c y t e s  we re  s c a t t e r e d  t h r o u g h o u t  t h e  c o n n e c t i v e  t i s s u e  

l a y e r .  The  l o n g i t u d i n a l  m u s c l e  was s t r i a t e d ,  l o o s e l y  b u n d l e d ,  

and v e r y  t h i c k  a l o n g  t h e  c e n t r a l  r i d g e s .  T h i s  m u s c l e  s h o u l d  n o t  

b e  c o n f u s e d  w i t h  a c i r c u l a r  m u s c u l a r i s  o r  a m u s c u l a r i s  mucosae  

(Groman  1982)  , wh i c h  was n o t  p r e s e n t  i n  t h e  p h a r y n g e a l  s a c s  o f  

t h e s e  f i s h .  The e s o p h a g e a l  t e e t h  we re  a n c h o r e d  i n  t h i s  l a y e r .

The  m u s c u l a r i s  was  c o m p o s e d  o f  d e n s e l y  p a c k e d  s t r i a t e d  

m u s c l e  b u n d l e s  w r a p p i n g  t h e  s a c .  Two m u s c u l a r  s p h i n c t e r s  were  

p r e s e n t  w i t h i n  t h i s  l a y e r .  They we re  l o c a t e d  a t  t h e  a n t e r i o r  and 

p o s t e r i o r  o p e n i n g s  o f  t h e  c e n t r a l  c a n a l  o f  t h e  s a c  ( F i g .  10 &

13) .
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The s e r o s a  was n o t  w e l l  d e f i n e d  i n  t h e  s p e c i m e n s  I e x a m in e d .  

T h e r e  was a l a y e r  o f  l o o s e ,  f i b r o u s  c o n n e c t i v e  t i s s u e  s u r r o u n d i n g  

t h e  p h a r y n g e a l  s a c s ,  b u t  e p i t h e l i a l  c e l l s  we re  n o t  p r e s e n t  ( F i g .  

11) .
The p h a r y n g e a l  s a c  o f  t h e  h a r v e s t f i s h  was v e r y  s i m i l a r  t o  

t h a t  o f  t h e  b u t t e r f i s h .  The  tw o  s a c s  we re  g r o s s l y  v i r t u a l l y  

i n d i s t i n g u i s h a b l e ,  b u t  a f e w  d i f f e r e n c e s  w e r e  a p p a r e n t  

h i s t o l o g i c a l l y .  I n  t h e  h a r v e s t f i s h 1 s s a c  Type B g o b l e t  c e l l s  

we re  l o c a t e d  p r i m a r i l y  a t  t h e  b a s e s  o f  and  b e tw e e n  t h e  p a p i l l a e .  

T hes e  c e l l s  we re  c lumped  r a t h e r  t h a n  d i s t r i b u t e d  i n  a s i n g l e  c e l l  

l a y e r ,  and  we re  l e s s  numerous  t h a n  i n  t h e  b u t t e r f i s h ' s  s a c  ( F i g .

14) . T h e r e  d i d  n o t  a p p e a r  t o  be  any  Type A g o b l e t  c e l l s  i n  t h e  

mucosa  o f  t h e  h a r v e s t f i s h .  The squamous  e p i t h e l i a l  l a y e r  o f  t h e  

mucosa  o f  t h e  h a r v e s t f i s h  was up t o  20 c e l l s  and  119 um t h i c k .  

T h e s e  c e l l s  w e r e  a l s o  k e r a t i n i z e d  a l o n g  t h e  o u t e r  l a y e r  ( F i g .

15) .

A l l  t h e  g o b l e t  c e l l s  ( T yp e  A a n d  Type  B) f o u n d  i n  t h e  

p h a r y n g e a l  s a c s  o f  b o t h  f i s h e s  s t a i n e d  b l u e  a f t e r  ABpH2.5-PAS 

i n d i c a t i n g  a c i d  g l y c o p r o t e i n s  we re  p r e s e n t  ( F i g .  1 6 ) .  F o l l o w i n g  

s t a i n i n g  w i t h  A B p H l . 0 -P A S  a l l  t h e  c e l l s  w e r e  e i t h e r  r e d  o r  

m ag e n t a  d e m o n s t r a t i n g  t h e  p r e d o m i n a n c e  o f  s i a l o m u c i n s  ( F i g .  1 7 ) .

B u c c a l  C a v i t y

The  b u c c a l  c a v i t y  o f  t h e  b u t t e r f i s h  a n d  h a r v e s t f i s h  was 

l i n e d  w i t h  an  o r a l  m uc o sa  and d i d  n o t  c o n t a i n  any s p e c i a l i z e d



s e c r e t o r y  o r  a c c e s o r y  s t r u c t u r e s .  The mucosa  was c o m p r i s e d  o f  

squamous  e p i t h e l i u m  s e v e r a l  c e l l  l a y e r s  t h i c k  and  u n d e r l a i d  by  an 

a c e l l u l a r  b a s e m e n t  m e m b r a n e  ( F i g .  1 8 ) .  The  o r a l  m u c o s a  was 

c o n t i n u o u s  w i t h  t h e  mucosa  l a y e r  o f  t h e  p h a r y n g e a l  s a c .

S tomach  C o n t e n t  A n a l y s i s

T h i r t y - f o u r  h a r v e s t f i s h  s t o m a c h s  we re  e x a m in e d  (Ap pend ix  B, 

T a b l e  2 ) ;  25 w e r e  f u l l  and  9 we re  p a r t i a l l y  f u l l .  E x c e p t  f o r  one  

w h o l e  ( 0 . 5  mm l o n g )  and one  p a r t i a l  c r u s t a c e a n  and s e v e n  s m a l l  

t e l e o s t  s c a l e s  ( 0 . 8  x 1 . 3  mm) t h e  c o n t e n t s  w e r e  a w h i t e ,  

t r a n s l u s c e n t  m a t e r i a l .  Medusan  r e m a i n s  we re  i d e n t i f i e d  i n  18 

s t o m a c h s  b a s e d  o n  t h e  p r e s e n c e  o f  n e m a t o c y s t s ,  w h i c h  w e r e  

i d e n t i f i e d  u n d e r  m a g n i f i c a t i o n .  I n  f o u r  o f  t h e  e i g h t e e n  l e s s  

t h a n  50 % o f  t h e  n e m a t o c y s t s  we re  d i s c h a r g e d ,  and  i n  n i n e  50 % o r  

more  we re  d i s c h a r g e d .  I n  t h e  r e m a i n i n g  s a m p l e s  t h e r e  we re  v e r y  

f e w  n e m a t o c y s t s  p r e s e n t  a n d  a n  e s t i m a t e  o f  d i s c h a r g e d  v e r s u s  

u n d i s c h a r g e d  was n o t  made .  Two o f  t h e  f o u r  t y p e s  o f  n e m a t o c y s t s  

r e p o r t e d  i n  t h e  s e a  n e t t l e  w e r e  i d e n t i f i e d .  They a r e  t h e  Type I ,  

a t r i c h o u s  i s o r h i z a s ,  and Type I I I ,  e u r y t e l e s  ( B u r n e t t  e t  a l .  1968 

-  t h e  A t r i c h o u s  H a p l o n e m e  'A* a n d  H e t e r o t r i c h o u s  M i c r o b a s i c  

e u r y t e l e s ,  r e s p e c t i v e l y ,  o f  P a p e n f u s s  1 9 3 6 ) .  The  T y pe  I 

n e m a t o c y s t s  we r e  o v a l  and  m e a s u r e d  15 x 20 -  25 um ( F i g .  1 9 ) .  I 

n o t e d  t h e  c o i l e d  meshwork  i n t e r i o r  b u t  d i d  n o t  o b s e r v e  any  o f  

t h i s  t y p e  t o  be  d i s c h a r g e d .  The Type I I I  n e m a t o c y s t s  we re  o v a l  

and  m e a s u r e d  7 x 14 um ( F i g .  2 0 ) .  T h i s  t y p e  o f  n e m a t o c y s t  was
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much m o r e  n u m e r o u s  t h a n  T ype  I n e m a t o c y s t s .  The  p r o x i m a l  

p o r t i o n  o f  t h e  d i s c h a r g e d  t h r e a d  was  t h i c k e n e d  a n d  10 um i n  

l e n g t h .  The r e m a i n d e r  o f  t h e  t h r e a d  was n a r r o w e r ,  t a p e r e d ,  and 

u p  t o  1 0 0  um i n  l e n g t h .  I  o b s e r v e d  b o t h  d i s c h a r g e d  a n d  

u n d i s c h a r g e d  n e m a t o c y s t s  o f  t h i s  t y p e .

T h e  c o n t e n t s  i n  t h e  r e m a i n i n g  s t o m a c h s  w e r e  n o t

i d e n t i f i a b l e .  No s t r u c t u r e s  o r  r e c o g n i z a b l e  c e l l  t y p e s  we re

o b s e r v e d .

E i g h t y  b u t t e r f i s h  s t o m a c h s  we re  e xa m ine d  (Appendix  B, T a b l e  

1 ) .  Two w e r e  e m p t y .  The  r e m a i n i n g  s t o m a c h s  c o n t a i n e d  68 % 

u n i d e n t i f i e d  m a t e r i a l  a n d  32 % s m a l l  c r u s t a c e a n s ,  c r u s t a c e a n  

r e m a i n s ,  a n d  a f ew  t e l e o s t  s c a l e s .  A c l o s e  e x a m i n a t i o n  o f  

s a m p l e s  o f  t h e  u n i d e n t i f i e d  m a t e r i a l  u s i n g  h i g h - p o w e r  

m a g n i f i c a t i o n  ( m o n o - o b j e c t i v e  m i c r o s c o p e )  r e v e a l e d  no  

n e m a t o c y s t s .  T h es e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  o t h e r  s t u d i e s  o f  

s t o m a c h  c o n t e n t s  o f  b u t t e r f i s h  c o l l e c t e d  i n  c o a s t a l  A t l a n t i c  

w a t e r s  (Bowman, M a u r e r ,  and Murphey 1976 ;  Maure r  and Bowman 1978 ;  

Bowman and  M i c h a e l s  1984)  , i n  wh i ch  t h e y  fo u n d  a h i g h  p e r c e n t a g e  

o f  u n i d e n t i f i e d  m a t e r i a l  and t u n i c a t e s .

The  pH o f  t h e  g a s t r i c  j u i c e s  m e a s u r e d  on s e v e n  b u t t e r f i s h

and one  h a r v e s t f i s h  was foun d  t o  a v e r a g e  pH 3.
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D i s c u s s i o n

L a c k i n g  i n  t h e  l i t e r a t u r e  i s  a c o m p r e h e n s i v e  e x a m i n a t i o n  o f  

t h e  f u n c t i o n a l  r o l e  o f  t h e  p h a r y n g e a l  s a c  and  how i t s  p r e s e n c e  i s  

r e l a t e d  t o  t h e  u n u s u a l  d i e t  ( t o x i c  m e d u s a n  t i s s u e )  o f  t h e s e  

f i s h e s .  I n  t h e  p r e s e n t  s t u d y  I have  a t t e m p t e d  t o  r e l a t e  t h e  two 

t h r o u g h  m o r p h o l o g i c a l  and  h i s t o l o g i c a l  e x a m i n a t i o n  and i n f e r  t h e  

f u n c t i o n a l  r o l e  t h e  s a c  p l a y s  i n  p r e - d i g e s t i o n  o f  f o o d  i t e m s .  

The p h a r y n g e a l  s a c  was t y p i c a l  i n  c o m p o s i t i o n  o f  t e l e o s t  u p p e r  

a l i m e n t a r y  c a n a l s .  T h e  d i s t i n g u i s h i n g  f e a t u r e s  w e r e  t h e  

t h i c k e n e d  m u s c u l a r  w a l l s  and  t h e  p a p i l l a e  l i n i n g  t h e  s a c .  The 

f u n c t i o n  o f  t h e s e  a p p e a r e d  t o  be  t o  s e l e c t i v e l y  g r i n d  and s h r e d  

t h e  f o o d  o f  t h e  f i s h .  From t h e  ABPAS s t a i n i n g  i t  was d i s c o v e r e d  

t h a t  t h e  g o b l e t  c e l l s ,  w h i c h  w e r e  t y p i c a l  e s o p h a g e a l  m u c o i d  

c e l l s ,  s e c r e t e d  s i a l o m u c i n s .  R e f e r e n c e s  t o  t h e  f u n c t i o n a l  

d i f f e r e n c e s  b e t w e e n  t h e  v a r i o u s  m u c o i d  g l y c o p r o t e i n s ,  

p a r t i c u l a r l y  t h o s e  o f  f i s h ,  c o u l d  n o t  be  fo u n d  i n  t h e  l i t e r a t u r e .  

I n  mammals a  s h i f t  i n  t h e  p r o d u c t i o n  o f  t h e  t y p e  o f  p r e d o m i n a n t  

g l y p r o t e i n  w i t h i n  g o b l e t  c e l l  p o p u l a t i o n s  h a s  b e e n  shown t o  o c c u r  

i n  r e s p o n s e  t o  i n f e c t i o n  ( J o n e s  e t  a l .  1975)  and t o  i r r i t a n t s  

(Lamb and Re id  1968;  J o n e s  e t  a l .  1 9 7 3 ) .  T he s e  s t u d i e s  d e s c r i b e  

a n  i n c r e a s e  i n  number s  o f  g o b l e t  c e l l s  p r o d u c i n g  s u l p h o m u c i n s , 

s u g g e s t i n g  t h a t  t h i s  g l y c o p r o t e i n  may f u n c t i o n  t o  p r o t e c t  o r  e a s e  

t h e  s t r e s s  on t h e  mucosa .  Such a r o l e  may be  p o s s i b l e  f o r  t h e  

s i a l o m u c i n s  b e i n g  s e c r e t e d  by t h e  g o b l e t  c e l l s  o f  t h e  p h a r y n g e a l  

s a c  o f  s t r o m a t e o i d s . T h e s e  c e l l s  w e r e  v e r y  n u m e r o u s  i n  t h e
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f i s h e s  I  s t u d i e d  a n d  t h e  d i e t  o f  medusan  t e n t a c l e s  i s  u n u s u a l  

among f i s h e s  and may be  s t r e s s f u l  t o  t h e  i n t e r n a l  t i s s u e s  o f  t h e  

a l i m e n t a r y  c a n a l .  I  p r o p o s e  t h a t  i t  i s  t h e  r o l e  o f  t h e  s a c  t o  

g r i n d  and  t r i g g e r  t h e  n e m a t o c y s t s  t o  d i s c h a r g e ,  r e l e a s i n g  t h e i r  

t o x i c  c o n t e n t s .  The mucous f rom numerous  g o b l e t  c e l l s  may h e l p  

t o  p r o t e c t  t h e  l i n i n g  o f  t h e  s a c  and  e a s e  p a s s a g e  o f  t h e  c o n t e n t s  

t o  t h e  s t o m a c h .  The o b s e r v a t i o n  t h a t  n o t  a l l  s t o m a c h  c o n t e n t s  

we re  g r o u n d  beyond  r e c o g n i t i o n ,  e . g .  t h e  s m a l l  c r u s t a c e a n s  f o u n d  

w h o l e  i n  s t o m a c h s  o f  b u t t e r f i s h ,  i s  e v i d e n c e  f o r  v o l u n t a r y  

c o n t r o l  o f  t h e  c r u s h i n g  f u n c t i o n .  P a s s a g e  o f  f o o d  i t e m s  t h r o u g h  

t h e  s a c  may be  c o n t r o l l e d  by t h e  s p h i n c t e r s  a t  e a c h  end  o f  i t .  

The a c i d  e n v i r o n m e n t  o f  t h e  s t o m a c h  i s  c a p a b l e  o f  b r e a k i n g  down 

t h e  p r o t e i n a c e o u s  t o x i n  i n t o  d i g e s t i b l e  e l e m e n t s ,  a p o s s i b l e  r o l e  

f o r  t h e  s t o m a c h  d u r i n g  i n g e s t i o n  o f  medusan  t i s s u e .

The b u c c a l  c a v i t y  o f  t h e s e  f i s h  p r e s e n t e d  an en igma i n  t h a t  

i t  was l i n e d  w i t h  a t h i n  l a y e r  o f  m u co s a ,  s e e m i n g l y  u n p r o t e c t e d  

f r o m  t h e  s t i n g i n g  o f  t h e  n e m a t o c y s t s  o f  t h e  j e l l y f i s h  a s  i t  i s  

f i r s t  b i t t e n .  N o t e w o r t h y  was  t h e  l a c k  o f  t a s t e  b u d s  i n  t h i s  

a r e a .  I t  i s  p o s s i b l e  t h a t  d u r i n g  f e e d i n g  t h e  f o o d  i t e m s  a r e  n o t  

h e l d  i n  t h e  m o u t h  b u t  a r e  n i p p e d  o f f  a n d  s i m u l t a n e o u s l y  

f o r c e f u l l y  i n h a l e d  i n t o  t h e  g u l l e t ,  wh i c h  would l e a d  d i r e c t l y  t o  

t h e  p h a r y n g e a l  s a c .  D i r e c t  o b s e r v a t i o n  o f  t h e  f e e d i n g  b e h a v i o r  

and m e c h a n i c s  was n o t  p o s s i b l e  d u r i n g  t h i s  s t u d y ,  b u t  I  s u s p e c t  

t h a t  i t  w o u l d  b e  v a l u a b l e  i n  a s s e s s i n g  t h e  i m p a c t  o f  t h e  

n e m a t o c y s t s  on t h e  b u c c a l  c a v i t y .

H a e d r i c h  (1967)  r e v i e w e d  h i s t o r i c a l  l i t e r a t u r e  on t h e  e a r l y
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c l a s s i f i c a t i o n  o f  s t r o m a t e o i d s  and n o t e d  many r e f e r e n c e s  t o  t h e  

p r e s e n c e  o f  t h e  p h a r y n g e a l  s a c s .  S e v e r a l  s t u d i e s  s u p e r f i c i a l l y  

d e s c r i b e d  t h e s e  s t r u c t u r e s  o r  m e r e l y  n o t e d  t h e i r  p r e s e n c e  i n  

f a m i l i e s  t h a t  a r e  c u r r e n t l y  i n c l u d e d  i n  t h e  s u b - o r d e r  

S t r o m a t e o i d e i  . J o h n  R a y ’ s s t u d i e s  ( W i l l u g h b y  16 86 )  n o t e d

p h a r y n g e a l  s a c s  i n  S t r o m a t e u s , w h i c h  he m i s t a k e n l y  i n t e r p r e t e d  t o  

b e  a s e c o n d  s t o m a c h .  C u v i e r  and V a l e n c i e n n e s  (1833)  d e s c r i b e d  

t h e  p h a r y n g e a l  s a c s  i n  b o t h  " l e s  S t r o m a t i e s "  a n d  " l e s  

C e n t r o l o p h e s . "  G u n t h e r  (1860)  exam ined  t h e  two g e n e r a  S t r o m a t e u s  

a n d  C e n t r o l o o h u s  and d i s c o v e r e d  " t h e  g i l l - r a k e r s  o f  t h e  u p p e r  

s e g m e n t  o f  t h e  l a s t  b r a n c h i a l  a r c h  e n l a r g e d  and d e n t i g e r o u s  o r  

s a c c i f o r m ,  and  p r o j e c t i n g  b a c k w a r d s  i n t o  t h e  o e s o p h a g u s . "  J o r d a n  

a n d  E v e r m a n n  (1896)  and Regan ( 1 9 0 2 ) ,  w h i l e  d i s a g r e e i n g  on t h e  

c l a s s i f i c a t i o n  o f  t h e  g r o u p  c o m p r i s i n g  t h e  modern s t r o m a t e o i d s ,  

a g r e e d  on t h e  p r e s e n c e  o f  t e e t h  i n  t h e  e s o p h a g u s  o f  t h e  g e n e r a .  

G i l c h r i s t  ( 1922 )  s t u d i e d  t h e  e s o p h a g e a l  t e e t h  o f  s e v e r a l  S o u t h  

A f r i c a n  s t r o m a t e o i d s  a n d  p r e s e n t e d  a d e t a i l e d  d e s c r i p t i o n  o f  

t h e i r  s t r u c t u r e  a n d  a t t a c h m e n t  w i t h i n  t h e  s a c s .  Based  on t h e  

s u p p o r t  and a t t a c h m e n t  o f  t h e  e s o p h a g e a l  s a c s  i n  t h e  g u l l e t  he 

s u g g e s t e d  t h a t  t h e y  a r e  n o t  " s t r i c t l y  o e s o p h a g e a l ,  b u t  a r e  

d e r i v e d  f r o m  an  e x t e n s i o n  b a c k w a r d s  o f  p h a r y n g e a l  e p i t h e l i u m . "  

He l a t e r  c o m m e n t e d  t h a t  t h e s e  t e e t h  h a v e  " d o u b t l e s s  some 

c o n n e x i o n  w i t h  t h e  n a t u r e  o f  t h e i r  f o o d"  and " t h a t  some ( o f  

t h e s e  f i s h e s )  f e e d  on m e d u s a e . "  B a r n a r d  (1948)  p r e s e n t e d  work 

h e  h a d  d o n e  on  t h e  e s o p h a g e a l  t e e t h  o f  some s t r o m a t e i d s .  

C o r r e c t i n g  some o f  G i l c h r i s t ' s  e r r o r s  he a d d r e s s e d  t h e  t o p i c  o f
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e s o p h a g e a l  o r  p h a r y n g e a l  d e r i v a t i o n  o f  t h e  s p i n i f e r o u s  l i n i n g  o f  

t h e  s a c s .  B a r n a r d  s t a t e d  " I t  seems r a t h e r  d o u b t f u l  t o  me w h e t h e r  

d e t a i l e d  s t u d i e s  o f  t h e  s t r u c t u r e s  i n  q u e s t i o n  would c o n f i r m  t h i s  

v i e w . "  I n d e p e n d e n t  o f  G i l c h r i s t ' s  work and p r i o r  t o  B a r n a r d ' s  

s t u d y  B u h l e r  ( 1 9 3 0 )  c l o s e l y  e x a m i n e d  t h e  e s o p h a g e a l  s a c s  o f  

s e v e r a l  s t r o m a t e o i d s ,  i n c l u d i n g  P e o r i l u s  t r i a c a n t h u s . He 

p r o p o s e d  t h e  t e r m  " R a c h e n s a c h e "  ( p h a r y n g e a l  s a c s )  t o  r e p l a c e  

e s o p h a g e a l  s a c s  t o  b e t t e r  i n d i c a t e  t h e  o r i g i n  o f  t h e  s t r u c t u r e s .  

B u h l e r ' s  w o r k  u s e d  s e r i a l  m i c r o g r a p h s  p r i m a r i l y  a n d  i s  a 

s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  u n d e r s t a n d i n g  o f  t h e  o r i g i n ,  

m o r p h o l o g y ,  and  p o s s i b l e  f u n c t i o n  o f  t h e  t e e t h  i n  t h e  p h a r y n g e a l  

s a c s .  I s o k a w a  e t  a l .  (1965)  ex amin ed  e s o p h a g e a l  t e e t h  o f  n i n e  

s p e c i e s  o f  P a c i f i c  s t r o m a t e o i d s  n o t i n g  t h e  s t r u c t u r e  o f  t h e  t e e t h  

and a t t a c h m e n t  b o n e .  They s u g g e s t e d  t h a t  t h e  a r r a n g e m e n t  o f  t h e  

b a s a l  b o n e s  i n  t h e  s a c s  o f  two s p e c i e s ,  T e t r a g o n u r u s  c u v i e r i  and 

T.  a t l a n t i c u s . may have  b e e n  w e l l - s u i t e d  f o r  f o o d  s t o r a g e  i n  t h e  

s a c s .

Grey  (1955)  r e p o r t e d  on t h e  d i g e s t i v e  s y s t e m  o f  s t r o m a t e o i d  

f i s h e s  o f  t h e  g e n u s  T e t  r a g o n u r u s  ( R i s s o ) .  He r  F i g u r e  16 

e r r o n e o u s l y  d e s c r i b e d  t h e  s t o m a c h ,  e s o p h a g u s ,  and p h a r y n g e a l  s a c  

a s  t h e  s t o m a c h  d i v i d e d  i n t o  g a s t r i c  and  e s o p h a g e a l  p o r t i o n s  by a 

m u s c u l a r  c o n s t r i c t i o n .  She s u g g e s t e d  t h a t  t h i s  d i g e s t i v e  s y s t e m  

may be  an  a d a p t a t i o n  f o r  t h e  s p e c i a l i z e d  d i e t  o f  c t e n o p h o r e s  and 

c o e l e n t r a t e s , a n d  f u r t h e r  n o t e d  t h a t  t h e  a n t e r i o r  e s o p h a g e a l  

p o r t i o n  w i t h  i t s  p r o l o n g e d  p h a r y n g e a l  b o n e s  e x t e n d i n g  i n t o  t h e  

m u s c u l a r  a p p a r a t u s  m ig h t  be  a method  f o r  moving f o od  b a c k w a r d s
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i n t o  t h e  g a s t r i c  p a r t  o f  t h e  s t o m a c h .  H a e d r i c h  (1967)  c o n s i d e r e d  

T e t r a g o n u r i d a e  t o  b e  t h e  d e r i v e d  f a m i l y  o f  t h e  s e c o n d  b r a n c h  o f  

t h e  s t r o m a t e o i d  s u b - o r d e r  w i t h  N o m e i d a e  a s  t h e  i n t e r m e d i a t e  

g r o u p .  He r e p o r t e d  t h a t  n o m e i d s  h a v e  s m a l l e r  s a c s  and s m a l l  

p a p i l l a e  mak ing  i t  an e f f i c i e n t  s h r e d d i n g  o r g a n .  However ,  t h e  

d i e t  o f  t h e s e  f i s h  i s  n o t  w e l l  known b u t  t h o u g h t  t o  i n c l u d e  

j e l l y f i s h .

A l l  o f  t h e s e  s t u d i e s  hav e  n o t e d  t h e  p r e s e n c e  o f  a m o d i f i e d  

e s o p h a g e a l  s t r u c t u r e  a n d  s e v e r a l  s u g g e s t  f o o d  h a n d l i n g  a s  a 

p o s s i b l e  f u n c t i o n .  H o w e v e r ,  m o r e  d e t a i l e d  s t u d y  o f  t h e  

p h a r y n g e a l  s a c  h a s  b e e n  c o n f i n e d  t o  m o r p h o l o g i c a l  s t u d i e s  o f  t h e  

e s o p h a g e a l  t e e t h  o f  v a r i o u s  s t r o m a t e o i d s .  The p r e s e n t  s t u d y  ha s  

e x a m i n e d  t h e  h i s t o l o g i c a l  s t r u c t u r e  o f  t h e  s a c s  o f  t w o  

s t r o m a t e o i d s  i n  an  a t t e m p t  t o  f u r t h e r  c l a r i f y  s t r u c t u r e  and 

p o s s i b l e  f u n c t i o n  o f  t h e  s a c  a s  an  a c c e s s o r y  o r g a n .

H a e d r i c h  (1967)  i n c l u d e d  i n  h i s  r e v i e w  and c l a s s i f i c a t i o n  o f  

s t r o m a t e o i d s  a s t u d y  o f  t h e  b r a n c h i a l  a s s e m b l i e s  o f  

r e p r e s e n t a t i v e s  o f  mos t  o f  t h e  g e n e r a  r e c o g n i z e d .  He d i s c u s s e d  

t h e  m o r p h o l o g y  o f  t h e  p a p i l l a e  and e s o p h a g e a l  t e e t h  w i t h i n  t h e  

p h a r y n g e a l  s a c s  and r e l a t e d  i t  t o  t h e  e v o l u t i o n a r y  g r a d i e n t  o f  

' p r i m i t i v e '  t o  ' d e r i v e d '  members o f  t h e  s u b - o r d e r .  He f u r t h e r  

c o r r e l a t e d  t h e s e  c h a n g e s  i n  t h e  s a c s  w i t h  t h e  f e e d i n g  h a b i t  s h i f t  

f r o m  m o re  o r  l e s s  o m n i v o r o u s n e s s  t o  i n c r e a s e d  u t i l i z a t i o n  o f  

j e l l y f i s h  f o r  f o o d .  He c o n s i d e r e d  S t r o m a t e i d a e  t o  be  a d e r i v e d  

f a m i l y  i n  a b r a n c h e d  l i n e a g e  wh ich  i n c l u d e s  C e n t r o l o p h i d a e  a s  an  

i n t e r m e d i a t e  g r o u p  b e t w e e n  t h e  a n c e s t o r  o f  t h e  s t r o m a t e o i d s  and
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t h e  p r e s e n t  S t r o m a t e i d a e .  The c e n t r o l o p h i d s  a r e  g e n e r a l i s t s  i n  

t h e i r  f o o d  h a b i t s  f e e d i n g  on  f i s h ,  s q u i d ,  c r u s t a c e a n s ,  a n d  

so m e t i m es  g a r b a g e  ( H a e d r i c h  1 9 6 7 ) .  S t r o m a t e i d s ,  a s  r e p o r t e d  by  

H a e d r i c h  and  i n  t h i s  s t u d y ,  f e e d  m a i n l y  on s m a l l  c r u s t a c e a n s  and 

m e d u s a n s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  my s t o m a c h  a n a l y s i s  

o f  P e o r i l u s  mo s t  o f  t h e  s m a l l  c r u s t a c e a n s  we re  w h o l e ,  b u t  t h e r e  

was  a l a r g e  p e r c e n t a g e  o f  u n i d e n t i f i e d  m a t e r i a l  t h a t  a p p e a r e d  

s h r e d d e d  o r  g r o u n d  u p .  T h i s  o b s e r v a t i o n  c o u p l e d  w i t h  t h e  

p r e s e n c e  o f  s t r i a t e d  m u s c l e  i n  t h e  p h a r y n g e a l  s a c  s u g g e s t s  t h a t  

t h i s  o r g a n  i s  u n d e r  v o l u n t a r y  c o n t r o l  and  ne ed  n o t  c r u s h  a l l  f o o d  

i t e m s .  I n  s t u d y i n g  f i s h e s  o f  t h e  g e n u s  P e o r i l u s  ( S t r o m a t e i d a e )  

Horn (1970)  n o t e d  t h a t  t h e  p h a y n g e a l  s a c  h a s  m u s c u l a r  w a l l s  and 

a p p e a r s  t o  f u n c t i o n  a s  a s h r e d d i n g  o r  g r i n d i n g  o r g a n  o f t e n  

c a u s i n g  s t o m a c h  c o n t e n t s  t o  be  u n r e c o g n i z a b l e .  H i l d e b r a n d  and 

S c h r o e d e r  ( 1 9 2 8 )  a l s o  s u g g e s t e d  t h a t  g r i n d i n g  t h e  f o o d  i s  a 

p o s s i b l e  f u n c t i o n  o f  t h e  t e e t h  fo u n d  i n  t h e  e s o p h a g u s .

B a s e d  on  t h e  n e m a t o c y s t s  p r e s e n t  i n  s t o m a c h s  exam ined  i n  

t h i s  s t u d y ,  and p r e v i o u s  r e p o r t s ,  i t  seems p r o b a b l e  t h a t  t h e  s e a  

n e t t l e  i s  a m a j o r  p a r t  o f  t h e  d i e t  o f  b u t t e r f i s h  and h a r v e s t f i s h  

i n  C h e s a p e a k e  Bay f rom May t o  S e p t e m b e r ,  ev en  t h o u g h  c o n t a c t i n g  

i t s  t e n t a c l e s  i s  l e t h a l  t o  t h e s e  f i s h e s  ( M a n s u e t i  1 9 6 3 ) .  B u r n e t t  

a n d  h i s  c o l l e a g u e s  have  e x t e n s i v e l y  s t u d i e d  p h y s i c a l ,  c h e m i c a l ,  

and p h y s i o l o g i c a l  p r o p e r t i e s  o f  t h e  n e m a t o c y s t  venom ( B u r n e t t  e t  

a l .  1 9 6 8 ;  B u r n e t t  a n d  S u t t o n  1 9 6 9 ;  B u r n e t t  and G o l d n e r  1970;  

B u r n e t t  a n d  G o u l d  1 9 7 1 ;  B u r n e t t  a nd  C a l t o n  1973;  B u r n e t t  and 

C a l t o n  1974 ;  B u r n e t t  and  C a l t o n  1976;  Warn i ck  e t  a l .  1981;  Cobbs
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e t  a l .  1 9 8 3 ;  C a l t o n  a n d  B u r n e t t  1 9 8 3 ;  K e l m a n  e t  a l .  1 9 8 4 ) .  

G r i n d i n g  a n d  h i g h - s p e e d  h o m o g e n i z a t i o n  we re  t h e  mos t  e f f e c t i v e  

p h y s i c a l  m e a n s  o f  d i s c h a r g i n g  n e m a t o c y s t s  f o r  t h e  p u r p o s e  o f  

c o l l e c t i n g  venom ( B u r n e t t  e t  a l .  1 9 6 8 ) .  The s o l u b l e  t o x i n  ha s  

b e e n  c h a r a c t e r i z e d  a s  p r o t e i n a c e o u s  w i t h  a m o l e c u l a r  w e i g h t  o f  

1 0 0 , 0 0 0  -  4 0 0 , 0 0 0  a t o m i c  u n i t s .  I t  i s  n e u r o t o x i c ,  m y o t o x i c ,  and 

c a r d i o t o x i c  ( r e p o r t e d  i n  t e s t  a n i m a l s  -  f i d d l e r  c r a b s  and m i c e ) ,  

a s  w e l l  a s  c a p a b l e  o f  p r o d u c i n g  d e r m o n e c r o s i s  a n d  h e m o l y s i s  

( r e p o r t e d  i n  m i c e  a n d  hu man s )  ( B u r n e t t  and Gould 1 9 7 1 ) .  The 

p r o t e i n a c e o u s  c h a r a c t e r  o f  t h i s  t o x i n  a l l o w s  i t  t o  be  d e n a t u r e d  

a t  low pH ( < pH 6 . 8 )  r e n d e r i n g  i t  h a r m l e s s  ( B u r n e t t  and G o l d n e r  

1 9 7 0 ) .  T h u s ,  a t  t h e  m e a s u r e d  pH o f  3 . 0  f o u n d  i n  t h e  s t o m a c h s  o f  

b u t t e r f i s h  and h a r v e s t f i s h  t h e  t o x i n  would be  b r o k e n  down.  T h i s  

d e n a t u r a t i o n  may be  p a r t  o f  a s y s t e m  w he r eb y  t h e  p h a r y n g e a l  s a c  

g r i n d s  t h e  j e l l y f i s h  t e n t a c l e s ,  t r i g g e r i n g  t h e  n e m a t o c y s t s  t o  

d i s c h a r g e  and r e l e a s e  t h e i r  t o x i n .  F o l l o w i n g  a c i d  d e n a t u r a t i o n  

o f  t h e  t o x i n  i n  t h e  s t o m a c h  t h e  now h a r m l e s s  p r o d u c t s  c o u l d  be 

a b s o r b e d  i n  t h e  i n t e s t i n e .  Such a r o l e  seems c o n s i s t e n t  w i t h  t h e  

m o r p h o l o g i c a l  a n d  h i s t o l o g i c a l  s t r u c t u r e  o f  t h e  s a c  a n d  t h e  

o b s e r v e d  c o n d i t i o n  o f  t h e  s t om ac h  c o n t e n t s  o f  t h e s e  f i s h e s .

F u r t h e r  r e s e a r c h  s h o u l d  be  d i r e c t e d  t o w a r d  d i r e c t  b e h a v i o r a l  

o b s e r v a t i o n  a n d  p h y s i o l o g i c a l  s t u d y  o f  n e m a t o c y s t  v e n o m  

d e t o x i f i c a t i o n .  An a p p r o p r i a t e  e x p e r i m e n t  would be  t o  f e e d  t h e  

f i s h  a k n o w n  q u a n t i t y  o f  j e l l y f i s h  t e n t a c l e s  w i t h  a known 

c o n c e n t r a t i o n  o f  n e m a t o c y s t s .  F o l l o w i n g  a s e r i e s  o f  t i m e  

i n t e r v a l s  t h e  m a t e r i a l  c o u l d  be  removed f rom t h e  p h a r y n g e a l  s a c
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and  s t o m a c h  and b i o a s s a y e d  f o r  t o x i c i t y .  The r e s u l t s  would s e r v e  

t o  f u r t h e r  c l a r i f y  t h e  r o l e  t h e  s a c  p l a y s ,  i f  a n y ,  i n  c h e m i c a l l y  

a l t e r i n g  t h e  m e d u s a n  f o o d  o f  t h e s e  f i s h .  A d d i t i o n a l l y ,  

e x a m i n a t i o n  o f  t h e  a n a l o g o u s  o r g a n s  f o u n d  i n  t h e  g u l l e t s  o f  

l e a t h e r b a c k  t u r t l e s  and a l e p o c e p h a l i d  f i s h e s ,  two o t h e r  a n i m a l s  

t h a t  f e e d  on m e d u s a e ,  and t h e  method t h a t  t h e s e  c r e a t u r e s  u s e  t o  

c o p e  w i t h  t h e i r  u n u s u a l  f o od  may a i d  i n  u n d e r s t a n d i n g  how t h e  

s t r o m a t e o i d s  do s o .
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C o n c l u s i o n

The b u t t e r f i s h  and h a r v e s t f i s h  a r e  members  o f  t h e  s u b - o r d e r  

S t  r o m a t e o i d e  i . T h i s  g r o u p  o f  f i s h e s  i s  d i s t i n g u i s h e d  by t h e  

p r e s e n c e  o f  an  a c c e s s o r y  o r g a n  i n  t h e  g u l l e t ,  t h e  p h a r y n g e a l  s a c ,  

and by  h a v i n g  an u n u s u a l  d i e t  o f  medusae  d u r i n g  p a r t  o r  a l l  o f  

t h e i r  l i v e s .  The  p h a r y n g e a l  s a c  was  m u s c u l a r  a n d  c o n t a i n e d  

e s o p h a g e a l  t e e t h  a n d  many  g o b l e t  c e l l s ,  w h i c h  p r i n c i p a l l y  

s e c r e t e d  t h e  g l y c o p r o t e i n  g r o u p  o f  s i a l o m u c i n s .  S p h i n c t e r s  we re  

l o c a t e d  a t  t h e  a n t e r i o r  and  p o s t e r i o r  o p e n i n g s  o f  t h e  s a c .  T hes e  

m u s c l e s  may c o n t r o l  p a s s a g e  o f  f o o d  t h r o u g h  t h e  s a c .  Food o f  

t h e s e  t w o  s p e c i e s  w a s  m e d u s a e ,  s m a l l  c r u s t a c e a n s ,  a n d  

u n i d e n t i f i e d  s o f t  m a t t e r .  Some c r u s t a c e a n s  we re  p a s s e d  t h r o u g h  

t h e  p h a r y n g e a l  s a c  w h o l e .  T h i s  o b s e r v a t i o n  and t h e  p r e s e n c e  o f  

s t r i a t e d  m u s c l e  i n  t h e  p h a r y n g e a l  s a c ' s  w a l l  i n d i c a t e d  v o l u n t a r y  

c o n t r o l  o f  t h i s  o r g a n ' s  m u s c l e  m a s s .  The r o l e  t h e  s a c  p l a y s  i n  

p r e - d i g e s t i o n  o f  f o o d  i s  n o t  c l e a r .  E v i d e n c e  p r e s e n t e d  t o  

i n d i c a t e  a g r i n d i n g  and s h r e d d i n g  f u n c t i o n  o f  t h e  p h a r y n g e a l  s a c  

w a s :  t h e  t h i c k e n e d  m u c o s a l  l i n i n g ,  h e av y  m u s c u l a r  w a l l s ,  f i n e

u p t u r n e d  e s o p h a g e a l  t e e t h  i n  t h e  p a p i l l a e ,  n u m e r o u s  m u c o u s  

s e c r e t i n g  c e l l s ,  and  t h e  a p p e a r a n c e  o f  t h e  medusan  r e m a i n s  i n  t h e  

s t o m a c h .  The s t o m a c h  s e c r e t i o n s  o f  t h e s e  f i s h e s  a r e  a c i d i c  (pH 

3) . The n e m a t o c y s t  t o x i n  o f  t h e  s e a  n e t t l e  c a n  be  d e n a t u r e d  a t  

t h i s  low pH.
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Table 1. Harvestfish
Specimen Collection

Number L o c a t i o n D a t e

01 * Y-20 091483
02 Y-20 091483
03 Y-20 091483
04 Y-20 091483
05 Y-05 091483
06 Y-05 091483
07 Y-15 081883
08 Y-15 081883
09 Y-15 081883
10 Y-15 081883
11 Y—11 083183
12 Y - l l 083183
13 Y-P 090783
14 Y-P 090783
15 Y-P 090783
16 Y-07 092484
17 Y-07 092484
18 Y-07 092484
19 Y-07 092484
20 Y-07 092484
21 Y-07 092484
22 Y-07 092484
23 Y-07 092484
24 Y-07 092484
25 Y-07 092484
26 Y-07 092484
27 Y-07 092484
28 Y-07 092484
29 Y-07 092484
30 ** 092484
31 ** 092484
32 ** 092484
33 * * 092484
34 ** 092484
35 ** 092484
36 ** 092484
37 ** 092484
38 ** 092484
39 JAM 050885

Pharyngeal Sac
SL TL FL S e c t i o n

35 41 46 c r o s s
33 39 43 c r o s s
37 43 49 c r o s s
34 39 46 c r o s s
32 38 43 c r o s s
27 33 35 c r o s s
38 45 49 c r o s s
43 50 55 c r o s s
50 57 64 c r o s s
28 32 36 c r o s s
70 81 94 c r o s s
48 56 62 c r o s s
31 37 41 c r o s s
75 86 101 c r o s s
49 57 65 c r o s s
61 72 81 none
60 70 79 none
40 50 55 l o n g i t u d i n a l
59 69 79 l o n g i t u d i n a l
57 68 76 l o n g i t u d i n a l
69 82 93 l o n g i t u d i n a l
60 72 82 l o n g i t u d i n a l
71 82 93 l o n g i t u d i n a l
30 38 t l o n g i t u d i n a l
30 38 t l o n g i t u d i n a l
60 71 82 l o n g i t u d i n a l
57 66 77 none
50 54 61 l o n g i t u d i n a l
43 51 57 l o n g i t u d i n a l
46 55 61 l o n g i t u d i n a l
43 53 59 l o n g i t u d i n a l
30 37 42 l o n g i t u d i n a l
23 29 31 l o n g i t u d i n a l
33 39 45 l o n g i t u d i n a l
20 t 27 l o n g i t u d i n a l
27 34 38 l o n g i t u d i n a l
32 40 45 l o n g i t u d i n a l
26 t 37 l o n g i t u d i n a l

125 144 168 l o n g i t u d i n a l

* L o c a t i o n s :  Y -  York R i v e r ,  V i r g i n i a  (number  i n d i c a t e s  m i l e s  
f r o m  m o u t h ) ; Y-P -  York R i v e r  a t  mou th  o f  P o r o p a t a n k  R i v e r ;  JAM- 
C o l l e c t e d  o f f s h o r e  s o u t h  o f  mou th  o f  C h e s a p e a k e  Bay.

** Lower C h e s a p e a k e  Bay -  Hampton Bar  o r  mouth  o f  Back R i v e r

t  L e n g t h  n o t  a v a i l a b l e  -  damaged  c a u d a l  f i n
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TL

95
83
85
88

140
145
115
140

86
100
115

99
140
105

90

90
132
126
116
117
124
110
113
112
115
118
103
117
124
120
119
117
116
113
124
122
100
120
120
116
108
111
220
200
198
191

Butterfish
C r u i s e * S t a t i o n
Number Number

8 4 -0 2 43
84 -02 43
84 -02 43
84 -02 43
84 - 02 48
84 - 02 48
84 - 02 48
84 -02 48
84 - 02 48
84 - 02 48
84 - 02 48
84 -02 48
84 -02 45
84 - 02 45
84 - 02 45
84 -0 2 45
84 - 02 45
84 - 02 45
84 - 08 55
8 4 -0 8 55
8 4 -0 8 55
8 4 -0 8 55
8 4 -0 8 55
8 4 -0 8 55
84 -0 8 55
8 4 -0 8 55
84 -0 8 55
84 -0 8 55
8 4 - 0 8 55
8 4 - 0 8 55
8 4 - 0 8 55
8 4 - 08 55
8 4 - 08 55
8 4 - 08 55
8 4 - 08 55
8 4 - 0 8 55
8 4 - 08 55
8 4 - 08 55
8 4 - 0 8 55
84 -08 55
84 -08 55
84 -08 55
84 -0 8 55
8 4 - 08 09
8 4 - 08 09
8 4 - 08 09
84 - 08 09

D a t e SL FL

030684 77 85
030684 65 74
030684 68 75
030684 71 78
030684 111 120
030684 115 122
030684 86 97
030684 110 120
030684 66 74
030684 83 92
030684 84 94
030684 74 85
030684 113 123
030684 84 96
030684 73 83
030684 74
030684 71 80
030684 110 118
091784 97 110
091784 90 101
091784 92 105
091784 96 110
091784 84 95
091784 87 100
091784 87 99
091784 86 99
091784 91 103
091784 85 95
091784 90 103
091784 94 108
091784 92 104
091784 90 103
091784 87 101
091784 87 102
091784 87 99
091784 92 107
091784 93 106
091784 82 95
091784 92 106
091784 89 104
091784 86 100
091784 81 94
091784 82 96
09 84 170 191
09 84 152 171
09 84 150 169
09 84 147 167
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

TL

205
195
210
194
189
187
230
225
215
220

58
65
42
44
50

140
170
140
144
130
169
155
171
141
140
125

C r u i s e
Number

S t a t i o n
Number D a t e SL FL

84- 08 09 09 84 158 181
84 -0 8 09 09 84 150 172
8 4 - 08 09 09 84 159 182
8 4 - 0 8 09 09 84 146 165
8 4 - 0 8 09 09 84 148 168
8 4 - 08 09 09 84 145 163
8 4 -0 8 02 09 84 174 198
8 4 - 0 8 02 09 84 169 193
8 4 - 0 8 02 09 84 165 188
8 4 - 0 8 02 09 84 170 193
l o w e r C h e s .  Bay 092484 43
8 4 - 0 8 87 092084 48
8 4 - 0 8 87 092084 31
8 4 - 0 8 87 092084 29
8 4 - 0 8 87 092084 36
8 4 - 0 8 96 092184 41
8 4 - 08 96 092184 38
8 4 - 0 8 96 092184 32
8 4 - 0 8 96 092184 34
8 4 - 0 8 96 092184 27
8 4 - 08 96 092184 25
8 4 - 0 8 96 092184 23
8 4 -0 8 96 092184 36
84 -0 8 96 092184 39
8 4 - 0 8 96 092184 40
8 4 - 0 8 96 092184 18
8 4 - 0 8 96 092184 20
8 4 - 08 121 092284 51
8 4 - 0 8 121 092284 50
8 4 - 08 121 092284 47
8 4 - 0 8 121 092284 48
84 - 0 8 121 092284 50
8 4 - 0 8 121 092284 47
84 -0 8 121 092284 45
8 4 - 0 8 121 092284 43
8 4 -0 8 121 092284 44
8 4 - 0 8 121 092284 32
8 4 - 08 121 092284 24
8 4 - 08 166 092684 105 122
8 4 - 08 166 092684 127 146
8 4 - 0 8 166 092684 109 126
8 4 - 08 166 092684 109 126
8 4 - 0 8 166 092684 96 112
8 4 - 08 166 092684 129 150
8 4 - 0 8 166 092684 118 138
8 4 - 08 166 092684 130 148
8 4 - 0 8 166 092684 107 124
84 -0 8 166 092684 103 120
84 -0 8 166 092684 95 106
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Sp ec im en
Number

C r u i s e
Number

S t a t i o n
Number Da te SL FL TL

97 8 4 -0 8 166 092684 116 134 155
98 84 - 08 166 092684 93 110 130
99 84 -0 8 166 092684 98 113 130

100 84 -0 8 166 092684 112 130 147
101 84 -0 8 166 092684 102 119 135
102 84 -0 8 166 092684 124 137 166

N o t e :  M i s s i n g  FL o r  TL was t h e  r e s u l t  o f  damaged  c a u d a l  f i n .  

* T a b l e  3 c o n t a i n s  s t a t i o n  l o c a t i o n  i n f o r m a t i o n .
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Table 3. Butterfish Collection Station Locations
C r u i s e  S t a t i o n  L a t i t u d e  L o n g i t u d e  D e p t h  (m)

*  *

8 4 - 0 2 43 34 11 N 77 45 W 16

8 4 - 0 2 45 34 22 N 77 23 W 12

8 4 - 0 2 48 34 30 N 77 05 w 21

8 4 - 0 8 2 * * ** **

8 4 - 0 8 87 35 46 N 75 28 w 18

8 4 - 0 8 96 36 37 N 75 42 w 17

8 4 - 0 8 121 38 34 N 74 51 w 24

8 4 - 0 8 166 39 40 N 72 04 w 149

8 4 - 0 8 55 38 29 N 73 38 w 68

8 4 - 0 8 9 ** ** **

* L a t i t u d e  and  l o n g i t u d e  g i v e n  i n  d e g r e e s  and  m i n u t e s .

** l o c a t i o n s  a r e  on G e o r g e s  Banks  ( l a t .  41 29 -  42 07 N
l o n g .  65 47 -  66 50 W). W ea th e r  c o n d i t i o n s  p r e v e n t e d  e x a c t  

l o c a t i o n s  and d e p t h s  b e i n g  d e t e r m i n e d .
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1 .

en
r

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Butterfish Stomach Contents

C r u s t a c e a n s  U n i d e n t i f i a b l e
C o n d i t i o n
o f  S tomach  Whole Rema ins  % t o t a l  % t o t a l

f u l l X 50 50
f u l l X X 85 * 15
f u l l X 95 5

p a r t i a l X 25 95
f u l l X 95 5

p a r t i a l X X 100
p a r t i a l X 95 5
p a r t i a l X 50 50

f u l l
p a r t i a l X

X 50 50
75

p a r t i a l X 25 75
p a r t i a l X X 85 15
p a r t i a l X X 95 5
p a r t i a l X 10 90
p a r t i a l X X 50 50
p a r t i a l X X 50 50
p a r t i a l X 5 95
p a r t i a l X X 50 50

f u l l X X 100
p a r t i a l X X 75 25

f u l l X X 100
p a r t i a l X X 60 40
p a r t i a l X X 50 50
p a r t i a l X X 50 50
p a r t i a l X X 50 50
p a r t i a l
p a r t i a l
p a r t i a l

X
X

25
100

75

100
p a r t i a l X X 90 10
p a r t i a l
p a r t i a l

X X 100
100

p a r t i a l X X 1 99
p a r t i a l X X 10 90
p a r t i a l X 1 99
p a r t i a l X 5 95

f u l l
p a r t i a l
p a r t i a l
p a r t i a l
p a r t i a l

X 1 99
100
100
100
100

p a r t i a l
emp ty
empty

p a r t i a l

X 50 50

100
f u l l

p a r t i a l
f u l l

p a r t i a l
p a r t i a l

X 1 99
100
100
100
100
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C r u s t a c e a n s  U n i d e n t i f i a b l e
Spec im en  C o n d i t i o n  

Number o f  S tomach Whole Rema ins  % t o t a l  % t o t a l

68 f u l l 10 0
69 p a r t i a l 100
70 p a r t i a l 100
71 p a r t i a l 100
72 p a r t i a l 100
75 p a r t i a l 100
76 f u l l 100
77 f u l l 100
78 f u l l 100
79 f u l l X 10 90
80 f u l l 100
81 f u l l X 1 99
82 f u l l 100
83 p a r t i a l X 5 95
84 f u l l 100
85 f u l l X X 5 95
86 p a r t i a l 100
87 p a r t i a l 100
88 p a r t i a l X 5 95
89 p a r t i a l X X 5 95
90 p a r t i a l 100
91 p a r t  i a l 100
92 p a r t i a l X 10 90
93 p a r t i a l X 1 99
94 p a r t i a l 100
95 p a r t i a l 100
96 p a r t i a l X 25 75
97 p a r t i a l X X 20 80
98 f u l l X X 5 95
99 p a r t i a l X X 50 50

100 p a r t i a l 100
101 p a r t i a l 100

* I n c l u d e s  5 % t e l e o s t  s c a l e s
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T a b l e  2 .  H a r v e s t f i s h  S tom ach  C o n t e n t s

Medusan N e m a t o c y s t s  U n i d e n t i f i a b l e
Sp e c im en  C o n d i t i o n  Re ma ins  % %

Number o f  S tom ach  % T o t a l  R e l e a s e d  Not  R e l e a s e d  % T o t a l

42 p a r t i a l 100 * * **
43 f u l l 100
44 f u l l 95 5 95 * 5
45 f u l l 100 25 75
46 f u l l 100
47 p a r t i a l 100 30 70
48 p a r t i a l 100 ** **
49 f u l l 100
51 f u l l 100
52 f u l l 100 ** **
53 f u l l 100
54 f u l l 100 95 5
55 f u l l 100 50 50
56 f u l l 100 90 10
57 f u l l 100 50 50
58 f u l l 100 90 10
59 f u l l 1 ** ** 99
60 f u l l 1 * * ** 99
61 f u l l 100
62 f u l l 100
63 f u l l 100
64 f u l l 100
65 f u l l 100
66 f u l l 100
67 f u l l 100 50 50
68 f u l l 100
69 p a r t i a l 100
70 p a r t i a l 100 75 25
71 p a r t i a l 100 75 25
72 p a r t i a l 100
73 p a r t i a l 100
74 p a r t i a l 100 10 90
75 f u l l 97 95 5 t  3
76 f u l l 100

** Not  D e t e r m i n e d

* C o n t a i n e d  5 % t e l e o s t  s c a l e s

t C o n t a i n e d  3 % c r u s t a c e a n s
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Figure 1. Butterfish cut open to show internal organs, ga, gill
arches; p s , pharyngeal sac; e, esophagus; s, stomach.
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F i g u r e  2 .  B r a n c h i a l  ~ g u t  a s s e m b l y  o f  a b u t t e r f i s h .  

p h a r y n g e a l  s a c ;  g a , g i l l  a r c h e s ;  cm,  c i r c u l a r  m u s c l e s

s t o m a c h .

p s , 
s ,
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Figure 3. Gullet of butterfish. pp, pharyngeobranchial plates.
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Figure 4. Central ridge of interior of pharyngeal sac
harvestfish. mf, mucosal folds? ct, conical tooth.

of a
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Figure 5, Central ridge of interior of pharyngeal sac
b u t t e r f i s h .  m f , m u c o s a l  f o l d s ;  c t ,  c o n i c a l  t o o t h .

of a
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F i g u r e  6 .  I n t e r i o r  o f  p h a r y n g e a l  s a c  o f  a b u t t e r f i s h .  p ,  p a p i l l a ?  

lm,  l o n g i t u d i n a l  m u s c l e ;  cm, c i r c u l a r  m u s c l e .
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Figure 7. Esophageal tooth of a butterfish.

56



57



F i g u r e  8.  L a t e r a l  w a l l  o f  p h a r y n g e a l  s a c  o f  a b u t t e r f i s h .  

e s o p h a g e a l  t o o t h  ( i n  s e c t i o n ) . HHE s t a i n .

e t ,
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F i g u r e  9 .  C e n t r a l  l u m e n  o f  t h e  p h a r y n g e a l  s a c  o f  a 32 mm SL 

b u t t e r f i s h .  mf mucosa ;  s s e ,  s t r a t i f i e d  squamous  e p i t h e l i u m ;  l p ,  

l a m i n a  p r o p r i a ;  gA,  T yp e  A g o b l e t  c e l l  ( l o n g i t u d i n a l  s e c t i o n -  

HHE s t a i n ) .
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F i g u r e  10 .  C e n t r a l  lumen o f  a n t e r i o r  p o r t i o n  o f  t h e  p h a r y n g e a l  

s a c  o f  a n  87 mm SL b u t t e r f i s h .  m, m u c o s a ?  s s e ,  s t r a t i f i e d  

squamous  e p i t h e l i u m ?  gA, Type A g o b l e t  c e l l ?  l p f l a m i n a  p r o p r i a ?  

s p h  f s p h i n c t e r  -  c i r c u l a r  m u s c l e  b u n d l e  ( l o n g i t u d i n a l  s e c t i o n -  

HHE s t a i n ) .
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F i g u r e  1 1 .  L a t e r a l  w a l l  o f  t h e  p h a r y n g e a l  

b u t t e r f i s h .  m f m u c o s a ?  s m ,  s u b m u c o s a ;  

e p i t h e l i u m ?  c e ,  c u b o i d a l  e p i t h e l i u m ?  gB,  Type 

l a m i n a  p r o p r i a ;  e t ,  e s o p h a g e a l  t o o t h  -  i n  

( l o n g i t u d i n a l  s e c t i o n  -  HHE s t a i n ) .

s a c  o f  a 152 mm SL 

t s e ,  t r a n s i t i o n a l  

B g o b l e t  c e l l s ?  I p ,  

s e c t i o n ?  s r ,  s e r o s a
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F i g u r e  1 2 .  M u c o s a  o f  t h e  p h a r y n g e a l  s a c  o f  a 1 5 2  mm SL 

b u t t e r f i s h .  g B f Type B g o b l e t  c e l l ;  n ,  n u c l e u s  o f  g o b l e t  c e l l ;  

e t f e s o p h a g e a l  t o o t h  -  i n  s e c t i o n ;  c e ,  c u b o i d a l  e p i t h e l i u m ;  l p ,  

l a m i n a  p r o p r i a  ( l o n g i t u d i n a l  s e c t i o n  -  HHE s t a i n ) .
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F i g u r e  13 .  C e n t r a l  lumen o f  p o s t e r i o r  p o r t i o n  o f  p h a r y n g e a l  s a c  

o f  an 87 mm SL b u t t e r f i s h .  s s e ,  s t r a t i f i e d  squamous  e p i t h e l i u m ;  

gA, Type A g o b l e t  c e l l ;  s p h ,  s p h i n c t e r  -  c i r c u l a r  m u s c l e  b u n d l e ;  

l p r  l a m i n a  p r o p r i a  ( l o n g i t u d i n a l  s e c t i o n  -  HHE s t a i n ) .
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F i g u r e  1 4 ,  L a t e r a l  w a l l  o f  t h e  p h a r y n g e a l  s a c  o f  a 34 mm SL 

h a r v e s t f i s h .  m, m u c o s a ;  s s e ,  s t r a t i f i e d  squamous  e p i t h e l i u m ;  

t s e ,  t r a n s i t i o n a l  squamous  e p i t h e l i u m ;  gB,  Type B g o b l e t  c e l l ;  

e t r e s o p h a g e a l  t o o t h  -  i n  s e c t i o n ;  l p ,  l a m i n a  p r o p r i a  

( l o n g i t u d i n a l  s e c t i o n  -  HHE s t a i n ) .
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F i g u r e  1 5 .  C e n t r a l  l umen o f  p o s t e r i o r  p o r t i o n  o f  t h e  p h a r y n g e a l  

s a c  o f  a  40 mm SL h a r v e s t f i s h .  mr m u c o s a ;  s s e ,  s t r a t i f i e d  

s q u a m o u s  e p i t h e l i u m ;  l p ,  l a m i n a  p r o p r i a  ( l o n g i t u d i n a l  s e c t i o n -  

HHE s t a i n ) .
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s s e  m l p
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F i g u r e  1 6 .  Mucosa o f  t h e  p h a r y n g e a l  s a c  o f  a 90 mm SL b u t t e r f i s h .  

ABpH2.5-PAS s t a i n .  gB,  Type B g o b l e t  c e l l  -  AB p o s i t i v e  ( b l u e )  

( l o n g i t u d i n a l  s e c t i o n ) .
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F i g u r e  1 7 .  M u c o s a  o f  t h e  p h a r y n g e a l  s a c  o f  a n  87 mm SL 

b u t t e r f i s h .  ABpHl .0 -PAS s t a i n .  g B r Type B g o b l e t  c e l l  -  PAS 

p o s i t i v e  (magen ta )  ( l o n g i t u d i n a l  s e c t i o n ) .
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F i g u r e  1 8 .  B u c c a l  c a v i t y  o f  a b u t t e r f i s h .  m, m u c o s a ;  

squamous  e p i t h e l i u m ;  bm, b a s e m e n t  membrane .

s e ,
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Figure 19. Type I nematocyst of sea nettle (from stomach content
sample of harvestfish) .
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Figure 20. Type III nematocyst of sea nettle (from stomach
content sample of harvestfish).
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