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SHCTIOS I

IKTRQDUCTIC»i

L it to r in a  i r r o r a t a  (S ay) was s e l e c t e d  f o r  t h i s  s tu d y  f o r  s a y o r a l  

r e a s o n s  * F i r s t ,  L i t t o r i n a  i s  a b u n d an t  w i t h i n  d r iv in g  d is ta n c e  o f  

th e  U n iv e r s ity  o f  Maryland* S e c o n d ly ,  b e c a u se  th e  f o r a ,  w i t h  few 

e x c e p t i o n s ,  h a s  been  p r a c t i c a l l y  i g n o r e d ,  A s u rv e y  o f  th e  l i t e r a t u r e  

r e v e a l e d  t h e  f a c t  t h a t  th e  p r e v io u s  work which had b e en  done on L it ­

to r in a  was e i t h e r  o f  an i s o l a t e d  n a t u r e  o r  conoorned  w ith  some s p e ­

c i a l i s e d  p o r t i o n  o f t h e  a n im a l ,  no a t t e m p t s  h a v in g  e v e r  been  made t o  

exam ine th e  a n im a l  in  i t s  e n t i r e t y .  In t h i s  s tu d y  an  a t t e m p t  I s  made 

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

o f  t h e  s n a i l  -  t h a t  w h ic h ,  i n  p ro p e r  s e q u e n c e ,  s h o u ld  have  bean t h e  

i n i t i a l  work done on t h e  a n im a l .  An i n v e s t i g a t i o n  such a s  t h i s  can 

s e r v e  a s  a s p r in g  b o a rd  f o r  s u b se q u e n t  c y t o l o g i e s !  and p h y s i o l o g i c a l  

r e s e a r c h  on L i t t o r i n a .  T h i r d ly ,  an i n v e s t i g a t i o n  o f  t h i s  n a t u r e  has  

a  p r a c t i c a l  t r a n s f e r  v a lu e  o f  some im p o r ta n c e .  I f  t h e  a n im a l  s e r v e s  

a s  a  v e h i c l e  f o r  su n d ry  p a r a s i t e s  o f  w i l d - l i f e  and t h e n ,  u lt im a t e ly ,  

man, i t  seems qu it©  a p p a r e n t  t h a t  a  su rv e y  o f  th© m orphology and th e  

norm al h i s t o l o g i c a l  a s p e c t s  o f  t h e  a l im e n ta r y  t r a c t  o f  t h e  anim al be 

a v a i l a b l e  a s  a  p r e l i m i n a r y  o r  p r e r e q u i s i t e  f o r  p a th o lo g ic a l  i n v e s t i ­

g a t i o n s .

Th© e x t e n t  o f  t h e  i n v e s t i g a t i o n s  on t h i s  form  a r e  a s  fo l lo w s *  

Woodward (1942) r e p o r t e d  on t h e  developm ent and t h e  b e h a v io r  o f  th e  

n u r® s-c@ ils  o f  L i t t o r i n a j  Roinfco (1912) w ro te  r e l a t i v e  th e  d e v e lo p ­

ment o f  t h e  apyrene sp en sa to co a  o f  t h i s  forms iewcombo, P h i l l i p s ,



z

and Gould (1937) rep o rted  on th o  growth in d ic e s  o f  L itc o r in a j  Green 

and Green (1932) rep o rted  on th e  s h e l l  growth o f  th e  same form .

The L it t o r in id e e e  e re  prosobranoh g a s tr o p o d s , and th e y  a re  p laoed  

in  th e  suborder P e c t in ib r a n e h ia ta  b eca u se  th e s e  form s p o s s e s s  a p ec­

t in a t e  g i l l  or e te n id iu a  w hich i s  th e  c h ie f  r e s p ir a to r y  organ . They 

a r e  p la ced  in  th e  d iv i s io n  ft te n io g io ssa  by v ir t u e  o f  a  t a e n io g lo s s id  

rad u la  w ith  a  o h a r a o t e r is t io  to o th  arrangem ent, th e  L ib to r im id ea e  

have a f l a t  f o o t  w hioh i s  used  in  c r e e p in g  and a r e  th e r e fo r e  a s s ig n e d  

t o  th e  s u b d iv is io n  F la ty o d a .



SECTION II

vatbrxals asd mkthods

th© s n a i l s  which were used in  t h i s  s tu d y  w ere  a l l  c o l l e c t e d  i n  

t h e  v i c i n i t y  o f  C hesapeake Bay, s p e c i f i c a l l y  Solomons and O a l e s v i i l e ,  

M ary lan d . C o l l e c t i o n  t r ip s  w ere  made d u r in g  t h e  f a l l  and t h e  s p r i n g  

o f  1946 and 1947, L it to r in id e a e  a r e  t o  be found  i n  c o m m u n ity - l ik e  

c l u s t e r s  on Ammophllia a r e n a r i a ,  t h e  b each  gra ss  on w hich  th e  © n a i ls  

c l im b .  The h a b i t a t  o f t h e  s n a i l  i s  c o n s i d e r a b l y  v a r ie d , r a n g in g  in  

e x tre m es  from  area© o f  b e ac h  g r a s s  and mud to  a r e a s  w hich a r e  c h a r ­

a c t e r i s e d  by d e b r i s  and d e c a y in g  o r g a n ic  m a t e r ia l ,  r e p r e s e n t i n g  a 

d e v i a t i o n  from  th e  norm al h a b i t a t  o f  L i t t o r i n a .  Ho s i g n i f i c a n t  h i s t o ­

l o g i c a l  d i f f e r e n c e s  were s ee n  in  a n im a ls  c o l l e c t e d  from  such  w id e ly  

d i f f e r e n t  a r e a s .

The s n a i l s  w h ich  were used  f o r  s e c t i o n i n g  ran g ed  i n  l e n g t h  from  

f i f t e e n  t o  t h i r t y - f i v e  m i l l i m e t e r s .  F o r  m i c r o - d i s s e c t i o n ,  t h e  l a r g e r  

fo rm s were u sed  p r i m a r i l y  b e c a u s e  o f  t h e  g r e a t e r  e a s e  i n  manual ma­

n i p u l a t i o n .  F o r  m ic ro s c o p ic  s l id ®  w ork , s i z e  was n o t  a d e te r m in in g  

f a c t o r  r e l a t i v e  t h e  s e l e c t i o n  o f  t h e  a n im a l .  The s n a i l s  w h ich  were 

b r o u g h t  i n t o  t h e  l a b o r a t o r y  w ere  k e p t  in  g a l lo n  ju g s  and a q u a r i a .

These c o n t a i n e r s  w ere  co v e red  w i th  w ire  s c r e e n i n g ,  k  m ix tu r e  o f  

s e a  w ater  and  b each  gras© ta k e n  from t h e  im m edia te  v i c i n i t y  o f  t h e  

a r e a  o f  c o l l e c t i o n  was p u t  i n t o  t h e  c o n t a i n e r s .  In  t h i s  s tu d y  i t  

was c o n s id e r e d  n e i t h e r  d e s i r a b l e  n o r  n e c e s s a r y  t o  e s t a b l i s h  a  l a b ­

o r a t o r y  c o lo n y .  I n i t i a l l y ,  s e v e r a l  a t t e m p t s  were made t o  keep  l a r g e  

numbers o f  th e  s n a i l s  on hand m ere ly  f o r  th e  sak e  o f  co n v en ie n c e  o f
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having, th o  a n im a ls  a v a i l a b l e  a t  a l l  t im e s .  Howaver, th o  v a r i a t i o n s  

i n  t e m p e r a t u r e ,  t h e  r a p i d ,  c o n t i n u a l  e v a p o r a t io n  o f  t h e  sea. w a t e r ,  

t h e  s u b s e q u e n t  h ig h  m o r t a l i t y  r a t e  -  a l l  t h e s e ,  c o u p led  w i th  t h e  d i f ­

f i c u l t i e s  e n c o u n te re d  in  d i s s e c t i o n  s e r v e d  a s  f a c t o r s  w hich  c o n v in ced  

one t h a t  t h e  e s t a b l i s h m e n t  o f  c o l o n i e s  sh o u ld  be d i s p e n s e d  w i t h .  Con­

s e q u e n t l y ,  a s  more specimen® f o r  d i s s e c t i o n  and s e c t i o n i n g  w ere n e e d e d ,  

i t  was s u c h  more e f f i c a c i o u s  t o  r e t u r n  t o  t h e  c o l l e c t i n g  a r e a s  f o r  

add  i t  i  en a l f  o m s  •

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

f i c u l t y  was e n c o u n te re d  in  th e  l a b o r a t o r y .  Hi® s n a i l s  were k e p t  i n  

c o n t a i n e r s  i n t o  w h ich ,  i n i t i a l l y ,  a m ix tu r e  o f  s a n d ,  mud, and sea  

w a te r  was p l a c e d .  t h i s  p r o c e d u r e ,  a t  t h e  tire®, seemed e s p e c i a l l y  d e ­

s i r a b l e  a s  ©very a t t e m p t  was b e in g  mad® t o  s i m u l a t e ,  a s  n e a r l y  a s  

p o s s i b l e ,  t h e  n a t u r a l  h a b i t a t  o f  t h e  an im a l i n  an a t t e m p t  t o  red u ce  

t h e  h ig h  m o r t a l i t y  r a t e  so  p r e v a l e n t  w henever th e  a n im a l  I s  b ro u g h t  

and k e p t  in  t h e  la b o r a to r y .

I t  was s u b s e q u e n t ly  d i s c o v e r e d  t h a t  s e c t i o n i n g  be can.® an  im pos­

s i b i l i t y  b e c a u se  o f  sand  p a r t i c l e s  w hich  w ere i n g e s t e d  by t h e  s n a i l s .

To remedy t h e  d i f f i c u l t y ,  t h e  p ro c e d u re  o f  c o l l e c t i n g  s n a i l s  from  

a r e a s  o t h e r  th a n  t h a t  o f  b e ac h  sand  and k e e p in g  them in. Jugs  d ev o id  

o f  e i t h e r  sand  o r  mud was a d o p te d .  This s o lv e d ,  t o  a  g r o a t  e x te n t ,  

t h e  d i f f i c u l t y  o f  a lw ay s  f i n d i n g  sm a l l  g r a i n s  o f  sand  In  t h e  a l i ­

m e n ta ry  t r a c t .  This method c irc u m v en ted  th e  n e c e s s i t y  o f  u s in g  p a r ­

a f f i n e d  w ire  s c r e e n  o v e r  th e  bottom  o f  t h e  aq u a r iu m  a s  s u g g e s t e d  by 

C a r r i k e r  (1 9 4 6 ) .  I f ,  upon s e c t io n in g ,  i t  was found  t h a t  t h e  p a r ­

t i c u l a r  spec im en  s t i l l  had p a r t i c l e s  o f  s an d  i n  i t s  a l im e n ta r y  t r a c t ,  

no  a t t e m p t  was made t o  remove t h e  d e b r i s .  I n s t e a d ,  o n ly  t h a t  p o r t i o n  

o f  t h e  t r a c t  was u se d  w hich  was s u i t a b l e  f o r  m ic ro s c o p ic  w ork , th #
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rem ainder b e in g  d isr e g a r d e d .

B efore  a c t u a l  work co u ld  b© c a r r i e d  o u t  on th e  s n a i l s ,  some m ethod 

had t o  be d e v i s e d  whereby t h e  a n im a ls  co u ld  be removed i n t a c t  from  

t h e i r  s h e l l s  in  a  c o n d i t i o n  whioh was s u i t a b l e  t o  e i t h e r  s u b s e q u e n t  

m o rp h o lo g ic a l  o r  h i s t o l o g i c a l  s tu d i e s *

The removal o f  t h e  s n a i l  from  i t s  s h e l l  was a c t u a l l y  one o f  th e  

b i g g e s t  o b s t a c l e s  e n c o u n te re d  In  th e  e n t i r e  problem* In  t h e  b e g i n n i n g  

e v e r y  s u g g e s t i o n ,  c r i t i c a l  o r  c a s u a l ,  was t r ie d *  The l i t e r a t u r e  was 

c a r e f u l l y  re v ie w ed  in  an  attem p t to  f i n d  a method w h ich  would f a c i l i ­

t a t e  th e  rem oval o f  t h e  s n a i l  from it©  s h e l l .  S n a i l s  w ere  put In  sea  

w a t e r  i n  w hich  t e m p e r a t u r e s  ran g ed  from  f o u r  d e g re e s  c e n t i g r a d e  t o  

e i g h t y  d e c r e e s  c e n t ig r a d e . I h i s  procedure was r ep ea ted , u s in g  in s te a d  

f r e s h  w a t e r .  N e x t ,  a c i d i c  and b a s i c  m edia o f  v a r i o u s  c o n c e n t r a t i o n s  

w ere  s u b s t i t u t e d .  A l l  t y p e s  o f  **relaxersw such  as Epcom s a l t s ,  f o r  

i n s t a n c e ,  w ere  t r i e d .  Each o f  th e  m ethods p ro v ed  t o  be o f a b s o lu t e ly  

no  a v a i l .  In  f a c t ,  th e  a n t i t h e s i s  was t r u e .  E xposing  th e  s n a i l  t o  

such  v a r i e d  t r e a t m e n t s  p roved  t o  be d e t r i m e n t a l .  The a n im a ls  c o n t r a c t e d  

ev en  f a r t h e r  i n t o  t h e i r  s h e l l s ,  t h u s  m aking a  n o r m a l ly  d i f f i c u l t  t a s k  

p r a c t i c a l l y  an  i m p o s s i b i l i t y .  As a l a s t  r e s o r t ,  t h e  u se  o f  bone c l  iP~ 

p a r s  was t r i e d *  I t  i s  t r u e  t h a t  th e  method seems c r u d e ,  and one must 

ad m it  t h a t  a t  f i r s t  qu it©  a  number o f  s n a i i s  wore m u t i l a t e d  boyond u s e .  

However, i n  a  r e l a t i v e l y  s h o r t  w h i l e ,  f a c i l i t y  was a c q u i r e d ?  and w i th  

a  minimum o f  d i f f i c u l t y  and t im e ,  t h e  a n im a l  was removed by means o f  

t h e  c l i p p e r s  w i t h o u t  any  s i g n s  o f  m u t i l a t i o n .  By t r i a l  and e r r o r ,  

i t  was soon d i s c o v e r e d  t h a t  th o  b e s t  m ethod o f d e n u d in g  th e  an im a l 

was a s  fo l lo w s*  I n s e r t  t h e  bone c l i p p e r s  l a t e r a l l y  i n t o  t h e  p e r i s t o m e .  

Open c o n t a c t  w i th  t h e  c l i p p e r s ,  th e  s n a i l  im m e d ia te ly  w ith d ra w s  even  

f a r t h e r  i n t o  t h e  d i s t a l  c o i l e d  p o r t i o n s  o f  i t s  s h e l l ,  This s e r v e s  a s
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a te m p o ra ry  a d v a n ta g e  in  t h a t  th e  e n t i r e  a n t e r i o r  p o r t i o n  o f  t h e  s h e l l  

i s  th e n  f r e e  to  work i n .  By a p p l i c a t i o n  o f  p r e s s u r e  on b o th  s i d e s  o f  

t h e  p e r i s to m e ,  t h e  e n t i r e  s h e l l  can  be c ra c k e d  open a n t e r i o r l y  and  l a t ­

e r a l l y .  Thus t h e  e n t i r e  a n t e r i o r  end o f  t h e  a n im a l  i s  e x p o se d .  f i t h  

th e  a id  o f  d i s s e c t i n g  p ro b e s  and f o r c e p s  th e  an im a l can  q u i t e  r e a d i l y  

be  removed from, th e  c o i l e d  p o r t i o n  o f  i t s  s h e l l .  F i n a l l y ,  i t  i s  n e c e s ­

s a r y  t o  o u t  th e  s t r o n g  c a lo m e l l& r  m u s c le .  This m u s c le  s e r v e s  a s  th e  

a n im a l* s  o n ly  d i r e c t  mean# o f  a t t a c h m e n t  t o  t h e  s h e l l .  Animals denuded 

in  t h i s  f a s h i o n ,  r e q u i r i n g  l e s s  t im e  th a n  one m in u te ,  w ere  a c t i v e  and 

in  e v e ry  way s u i t a b l e  f o r  f u r t h e r  s tu d y .

S n a i l s  w hich  ware u sed  f o r  s e c t i o n i n g  war© s a c r i f i c e d  in  one o f  

two way® t f i r s t ,  by u s in g  th e  method as  su g g e ste d  by ©raw (19b6) o f  

p l a c i n g  th e  a n im a l , p r i o r  t o  f i x a t i o n ,  i n  s e a  w a t e r ,  t o  w h ich  was added 

a b o u t  one t e n t h  o f  i t s  volume o f  e t h y l  a l c o h o l  an d  t u r p e n t i n e  (a b o u t  

t e n  c u b ic  c e n t i m e t e r s  o f  t u r p e n t i n e  t o  e a c h  one hundred  c u b ic  c e n t i ­

m e te r s  o f  a l c o h o l )  and l e a v i n g  f o r  s e v e r a l  h o u r s ;  s e c o n d ly ,  by immers­

in g  t h e  a n im a l  d i r e c t l y  i n t o  t h e  f i x a t i v e  a t  room tem p eratu re . Upon 

s u b s e q u e n t  m ic ro s c o p ic  e x a m in a t io n ,  v e r y  l i t t l e ,  i f  a n y ,  a u t o l y s i s  o f  

th e  c e l l s  o f  t h e  a l i m e n t a r y  t r a c t  was n o t i c e d  when u s in g  e i t h e r  o f  

t h e  two m e th o d s .  The l a t t e r ,  b e in g  th e  s im p le r  o f t h e  two and e q u a l l y  

a s  e f f e c t i v e ,  w as , o f  c o u r s e ,  th e n  u se d  th r o u g h o u t  t h e  s tu d y .  as a  

c h e c k ,  a few o f  t h e  denuded a n im a ls  were p la c e d  in  i c e - f i l l e d  c o n ­

t a i n e r s  and k e p t  t h e r e  u n t i l  t h e  t e m p e r a tu r e  ran g ed  from  f i v e  t o  two 

d e g r e e s  c e n t i g r a d e .  These a n im a ls  w ere  th e n  p u t  i n t o  t h e  f i x a t i v e  

w hich  had been  b ro u g h t  down t o  t h e  same t e m p e r a t u r e .  Tho com para­

t i v e  r e s u l t s ,  upon m ic r o s c o p ic  ex a m in a tio n , v e r i f i e d  th e  p r e v io u s  c o n ­

t e n t  i  on t h a t  l i t t l e  o r  no a u t o l y s i s  o f  c e l l s  o c c u r r e d  when th e  a n im a ls
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w tr«  p la ced  in t o  th e  f i x a t i v e  w hich was k ep t a t  room tem perature* h av -  

lag. f o u n d  t h o  l o t  ta r  method o f  n o  e s p e c ia l  a d v a n ta g e , d e s p it e  the©©

-  fcemperatur© p r e ca u tio n s  t o  p rev en t a u t o l y s i s ,  once a g a in  th e  si;rp t© st  

o f  the th re e  methods was used*

For purpose* o f  g en era l f i x a t i o n ,  M olly '*  m i x t u r e ,  honker’* 

eublisk*t*»'bishrossat •  f i x t u r e ,  and b o o in 's  p ic r o - f o m o l  m ixtu re were 

a i l  tr ie d *  h o l l y ' s  f lu id  was found to  fee th e  moot s a t i s f a c t o r y  in  

th a t  th e  g ran u lar  c y to p la sm ic  c o n te n ts  w ere more r e a d ily  observed when 

f ix e d  in  t h i s  so lu t io n *

For pu rp oses o f  d eh y d ra tio n . H o lly 1 * m o d ified  procedure o f  u s in g  

th e  in c r e a s in g  c o n c e n tr e tlo n *  o f  e th y l a lc o h o l a lo n g  w ith  a te n  p er ­

c e n t  a lc o h o l ic  s o lu t io n  o f  io d in e  to  sev en ty  p ercen t o f  e th y l a lc o ­

h o l ,  J u s t  enough to  cau se  th e  l a t t e r  t o  turn th e  c o lo r  o f  p o rt w in e ,  

was estpioyed e x c lu s iv e ly  th rou gh out th e  in v e s t ig a t io n *  the a lc o h o l ic  

s o lu t io n  o f  io d in e  serv ed  to  remove co m p le te ly  a l l  t r e e s #  o f  th e  mer­

c u r ic  s a l t  w hich m ight © t i l l  fee p r e se n t from th e  f ix a t iv e *

C lea r in g  was c a r r ie d  out in  cedar o i l*  I n f i l t r a t i o n  and embed­

d in g  were c a r r ie d  o u t in  p a r a ff in *

f o r  m icro sco p ic  exam in ation *  d iv e r s e  type® o f  s e c t io n s  and m eth­

ods were u sed . F i r s t  o f  a l l ,  lo n g itu d in a l and c r o s s  s e r i a l  s e c t i o n s  

were made o f  th e  e n t ir e  denuded anim al* ■ s e o n d ly , th e  com plete  a l i ­

m entary t r a c t  was d is s e c t e d  from th e  anim al and c r o s s  © #ri# i s e c t io n s  

were made* T h i r d ly ,  fo r  p u rp oses ©f com parison , whenever any doubts  

p r e v a i le d , in d iv id u a l  p o r t io n s  o f  the a lim en ta ry  t r a c t  w ere i s o la t e d  

and run up se p a ra te ly *  th e s e  trere s e r i a l l y  s e c t io n e d , c r o s s  or lo n g i­

t u d in a l ly ,  a s th e  s i  tu a t lo n  demanded*

For g e n e r a l r o u tin e  s t a in in g ,  H arris * h em atoxy lin  w ith  an ©os in  

co u n ter  s ta in  was used* p r o * ir a te ly  ev ery  hundredth s e c t io n  o f  t i s s u e
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was s t a i n e d  w i th  i r o n  hem atoxylin* Using, t h i s  & a t  hod , one- c o u ld  o a s i i y  

v e r i f y  th e  n u c lea r  p a tte r n s  as  s e e n  w i th  th e  fo rm er  s t a i n  te c h n iq u e *

As t h i s  work was a h i s t o l o g i c a l  s t u d y ,  no o t h e r  s p e c i a l i s e d  r- ta in #  o f  

a c y t o lo g ie s !  n a t u r e  w ere c o n s id e r e d  as being, n ecessa ry *  T is s u e  u sed  

in  t h i s  phase o f  th e  work was c u t  a t  th ic k n e s s e s  ran g in g  from, f i v e  to  

t h r e e  m icro n s•

In  th e  m orp h o log ica l phase o f  th e  work i t  was soon r e c o g n ise d  

th a t  in  o r d e r  f o r  m ic r o -d is s e c t io n  t o  ha c a r r i e d  o u t  e f f e c t i v e l y ,  two

c o n d i t io n ®  h«*.d to  b® met* f i r s t ,  th e  anim al must be so c o n d i t i o n e d  

th a t  th e  th resh o ld  o f  i t s  resp on se  be r a ise d  above th e  l e v e l  of  stim u ­

la t i o n  induced by ord in ary  d i s s e c t in g  m ethods; and s e c o n d ly ,  i t  was 

e s s e n t i a l  to  have a s u r f a c e  on which t o  f i x  the sp ec im en , one w hich 

would perm it l i , - h t  to  be d ir e c te d  on th e  anim al from a l l  d ir e c t io n s  

sim u1 tan ® ou sly , and one w hich  would a l s o  hold  th e  w ater w-.ioh i s  ap­

p l i e d  a lm o s t  c o n t in u a lly  d u r in g  d i s s e c t i o n .

To f u l f i l l  t h e  f i r s t  c o n d i t i o n ,  s n a i l s  w ere  p la c e d  In  v a r i o u s  

c o n c e n t r a t i o n s  o f  magnesium s u l p h a t e  a  ad ca ior& l h y d r a t e  i n  sea  A& ter. 

n a r c o t i c s  such  a® e th e r ,  d i l u t e d  c o n c e n t r a t i o n s  o f a l c o h o l ,  and c h lo r o ­

form w ere found to  be a lm o s t  e n t i r e l y  u s e le s s *  I t  was found th a t  a 

m ix tu r e  o f  f o u r  p a r c e n t  c h lo r a l  h y d r a te  m ix tu r e  s e r v e d  a d u a l  p u r ­

p o s e ;  f i r s t  i t  b ro u g h t  a b o u t  a  g r e a t e r  degree o f  r e la x a t io n ;  s e c ­

o n d ly ,  i t  r e s u lt e d  in  one havin g a much q u ie te r  anim al w ith  w hich t o  

work u n d e r  the b i n o c u l a r  m ic ro s c o p e .  D ie s e c t i o n s  were made in  sea  

w ater w hich  was brought fro** th e  Immediate v i c i n i t y  in  w h ich  the s n a i l  

was c o l l e c t e d .  To f u l f i l l  th e  second c o n d it io n  and to  f u e l l i t a t #  d i s ­

s e c t io n ,  m edium -sised  p e t r i  d is h e s  war© p a r t l y  f i l l e d  w i th  wax, and 

th e  an im als were p la ced  in  th e s e  d is h e s  d u rin g  d is s e c t io n *  "ihis served
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a s  an  adm irab le b a t#  o f  o p e r a t i o n .  On© sm al l  i n s e c t  p in  was fo rea d  

th rou gh  tha a n t e r i o r  propodium  o f  t b s  an im a l down i n t o  th e wax b a s e  

o f  th e  p e t r i  d i s h  mid  an oth er th ro u g h  th e  p o s te r io r  e x t r e m i t y  o f  t h a  

a n im a l .  Thus t h e  a n im a l  was qu it©  e a s i l y  k e p t  i n  a  f i x e d  p o s i t i o n *  

F r e q u e n t  a p p l i c a t io n ®  o f  &%m w a t e r  and  c h l o r a l  h y d r a t e  a c t e d  a s  a  

l o c a l  a n e s th e s ia  and s im u l t a n e o u s ly  k e p t  t h e  d e l i c a t e  t i s s u e s  o f  th e  

s n a i l  from d r y in g  o u t  due to  t h e  i n t e n s i t y  o f  th e  l i g h t  w hich had 

t o  be k e p t  in  c l o s e  p ro x im i ty  o f  tho anim al in  o r d e r  t o  c a r r y  on w i th  

d i s s e c t i o n s *

I n s e c t  p in s  w ere  i n t e r t e d  i n t o  s m a l l  o v a i-sh a p ed  corks*  th e s e ,  

a lo n g  w ith  th in  g l a s s  ro d s  w h ich  were b e n t  and drawn o u t  a s  n e e d e d ,  

e e r r e d  a s  d i s s e c t i n g  in s t ru m e n ts *  To f u r t h e r  f a c i l i t a t e  d i s s e c t i o n ,  

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

v iew ed u n d e r  t h e  b i n o c u l a r  m ic ro s c o p e ,  s o l u t i o n s  o f  © a m in e ,  I n d i a  i n k ,  

m e th y le n e  b lu e  were i n j e c t e d  i n t o  th e  a l i m e n t a r y  t r a c t  o f  t h e  s n a i l*  

t i i i s  was a c c o m p lish e d  by means o f  g l a s s  r o d s  w hich  w ere  drawn o u t  t o  

a  d i a m e te r  w hich  was s m a l l e r  than, th e  o r a l  a p e r t u r e .  Hi© o t h e r  en d s  

w ere  c o v e re d  w i th  sm all r u b b e r  p i p e t t e  b u l b s .  T h is  p ro c e d u re  w as, o f  

c o u r s e ,  u sed  o n ly  d u r i n g  th e  m orp h o log ica l phase  o f  t h e  w o rk .  A nim als  

so t r e a t e d  w ere used  p e r i o d i c a l l y  i n  t h e  work of s e r i a l  s e c t io n s*  The 

a n im a ls  were o u t  a t  tw e n ty  m ic ro n s  and mounted u n s t a i n e d .  The s u b s e ­

q u e n t  c o n t r a s t  t ro u g h : ,  o u t  in  v i v i d  r e l i e f  t h a t  p o r t i o n  o f  t h e  a l i m e n t a r y  

t r a c t  whioh oa@ w an ted  t o  f o l l o w .
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The denuded s n a i l  i s  sp ir a lle d , i n  a  s i n i s t r a ! l y  e lo n g a t e d  fa sh io n *  

A n ter io r ly *  on© f in d s  t h e  p a l e ,  t r u n c a t e d  p ropodium  o r  th e  a n t e r i o r  

p r o j e c t i o n  o f  t h e  f o o t  ( P l a t e s  X and  IX ) .  the d o r s a l  s u r f a c e  o f  t h e  

propodium has  two l a t e r a l  r i d g e s  w hich  e x te n d  from  t h e  v e n t r a l  b a s e  

o f  t h e  t e n t a c l e s  t o  t h e  d o r s a l  m i d - l i n e  c o n c a v i ty  o f  t h e  p ropod ium .

This d e p r e s s i o n  i s  r e f e r r e d  t o  ms th e  p ro p o d ia l c o n c a v i ty  ( f i a t s  X I) .  

'Hie f o o t ,  s i t u a t e d  v e n t r a l l y  t o  t h e  p ropod ium , i s  oomposed o f  a l a r g e  

mass o f  m u s c u la r  t i s s u e  b e in g  c o v e re d  b y  a  gen era l body e p ith e liu m .

This m uscle i s  c o n t in u o u s  p o s t e r i o r l y  w ith  th e  c o lu m e ila r  m u sc le . By 

M a n s  o f  th e  l a t t e r  th e  an im a l  i s  f i r m ly  a d h e r e n t  t o  i t s  s h e l l .

n o rm a l ly  th o  head  i s  o n ly  s l i g h t l y  p r o t r u d e d .  I t  i s  c o n t ig u o u s  

l a t e r a l l y  w i th  two s h o r t ,  m u s c u la r ,  c ir c u l a r ly  s t r i a t e d  t e n t a c l e s .

A j o t  b l a c k  eye i s  s i t u a t e d  on a l a t e r a l  p r o j e c t i o n  o f  each  t e n t a c l e ,  

tho  eye  i s  l o c a t e d  a p p r o x im a te ly  on® t h i r d  o f  t h e  t e n t a c u l a r  l e n g t h  

from  th e  d i s t a l  t i p  o f  e ach  t e n t a c l e *

In  m a le s  a  s h o r t  t r a n s l u c e n t  p e n i s ,  a lm o s t  com parab le  i n  l e n g t h  

t o  a  t e n t a c l e ,  p r o j e c t s  from  t h e  l a t e r a l  c e p h a l i c  w a i l ,  p o s t e r i o r  

and v e n t r a l  t o  t h e  r i g h t  t e n t a c l e .  The p e n i s  i s  n o t  v i s i b l e  from a 

d o r s a l  v ie w , b e in g  h id d e n  by th e  d o r s a l  m antle w a ll  o f  th e  s n a i l .

The m a n t le  ( P l a t e s  I and I I I )  w hich  c o m p le te ly  e n c i r c l e s  th e  

a n t e r i o r  h a l f  o f  th e  a n im a l  i s  composed o f  a s h e a th  o f  e p i t h e l i u m .

I t  c o v e r s  th e  e n t i r e  c e p h a l i c  hemocoel© o f  t h e  s n a i l .  the m a n tle  ex ­

t e n d s  p o s t e r i o r l y  to  th e  v i s c e r a l  r e g i o n .  I t  i s  r e l a t i v e l y  t h i n ,  a s
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StCTIOM IV

^OnFHOLOaif OF THE ALE2&8 7AEY TRACT

The a l i m e n t a r y  t r a c t  i s  d i v i s i b l e  m o r p h o lo g ic a lly  i n t o  th e  f o l ­

lo w in g  r e g io n s ?  th e  b u c c a l  mass w i th  i t s  a n t e r i o r  o p e n in g ,  th e  m outh , 

t h o  eso p h a g u s, th o  stomach* th e  i n t e s t i n e ,  mod th o  rectum*

TH3 BUCCAL MSB

Tho b u c c a l  mass w i th  a l l  i t s  a s s o c i a t e d  s tr u c tu r e s  i s  s i t u a t e d  

i n  tho a n t e r i o r  p a r t  o f  tho  c e p h a l i c  hemGCoele. The c e p h a l i c  hsmo- 

c o e lo  l i e s  b e n e a th  th o  f l o o r  o f  th e m an tle  c a v i t y  and r e s t s  on t h e  

m u s c u la r  mass o f  th e  f o o t  ( P l a t e  I I I } *  The c e p h a l i c  hem oooele  i s  d i s ­

t i n c t l y  s e p a r a t e d  from  th e  p o s t e r i o r  v i s c e r a l  m ass by a  w a l l  o f  co n ­

n e c t i v e  t i s s u e .  the hem ecoele h a s  been  g iv e n  d iv e rs®  names such  as  

cep halus*  a n t e r i o r  s i n u s ,  e t c .  L ank© ste r  ( 1 8 8 1 ) ,  how ever, h a s  shown 

t h a t  t h i s  s t r u c t u r e ,  i n  w h ich  t h e  b u c c a l  mass w i th  i t s  r e l a t e d  s t r u c ­

t u r e s  a r e  l o c a t e d ,  i s  a  t r u e  h em ocaele . The b u e c e l  mass i s  f i r m l y  

su sp en d ed  i n  t h i s  c a v i t y  by many s h o r t  b u c c a l  m u sc le s  w hich  extend, 

o u tw a rd ly  in  l a t e r a l ,  d o r s a l ,  and  v e n t r a l  d ir e c t io n s .  Thus t h e  b u c c a l  

m ass i t s e l f  i s  a r e l a t i v e l y  immovable s tr u c tu r e .

The mouth resem b les  a sm all c i r c u l a r  p e r f o r a t i o n  in  th e  a n t e r i o r  

t i p  o f  th e  b u c ca l  m ass .  This a p e r t u r e  i s  bounded by th e  p e r i s t o m a l  r l  

The to n g u e -1  ik® p r o j e c t i o n s  o f  t h e  o d o n to p h o re  a r t  p e r i o d i c a l l y  seen  

p r o t r u d i n g  from i t  (P la te  11) .  The o r a l  a p ertu re  rem a in s  c lo s e d  e x ­

c e p t  d u r in g  fe e d in g  p e r i o d s .  The s o u th  i s  r a t h e r  d i f f i c u l t  t o  l o c a t e  

b e c a u s e  o f  th e  many pseudo  o r a l  o p en in g s  form ed by th e  numerous
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in v a g in a t io n s  and o v a g in a tio n a  o f  th e  p e r is to m a l t i s s u e  which surround  

i t *  This i s  e s p e c ia l ly  tru e  whenever in e  anim al i t  la  a c o n tr a c te d  

s ta g s*  P o s t e r io r ly ,  th o  pharynx opens i n t o  th o  esop h agu s.

The b u cca l c a v i t y  o f  tho pharynx e n c lo s e s  tho complex fe e d in g  

m echanism . &oet prom inent a re  th o  two od oatop hores ( P i n to e  II# V,

V I, V II , V II I , and <11 )• Thoso s tr u c tu r e s  e r e  tr ia n g u la r ly  shaped, 

d o r e o -v e a tr a 1ly  com pressed c a r t i la g in o u s  b o d ie s .  Their tx®« run in  

a s  a n t e r io r - p o s t e r l o r  d ir e c t io n ,  p a r s l i e l  w ith  th o  m ein a x is  o f  th o  

anim al* The o d ea to p h o rec , on t h e ir  a n te r io r -d o r s a l  s u r fa c e ,  t# rv a  os  

o c a n s to a t  su p p ort fo r  tho r e g u la r  s t r u c t u r e .

The ra d u la r  s tr u c tu r e  i s  found in  o mod io n  lo n g itu d in a l  su lc u s  

s i t u a t e d  betw een th e  odontophores on both th e ir  a n t e r io r  sad  v e n tr a l  

s u r fa c e s  ( F ia te s  VI and f l l } *  The rmbul&r ap p oratu s ( T lo to s  V, V I,

V II , and X II) l a  c o n ju n c tio n  w ith  th o  odoatophoro , a c t s  o s  tho e f f e c ­

t i v e  f e e d in g  m echanism . The radula s l i d e s  c o n t in u a l ly  and ind ep en­

d e n t ly  over  tn e  od on top h ere , p ro v id in g  in  t h i s  fa s h io n  oa e f f e c t i v e  

c u t t in g  or  ra sp in g  mechanism* to g e th e r , during f e e d la g ,  th e s e  two 

s tr u c tu r e s  o r e  c o n s id e r a b ly  e v e r te d . The ra d u la  i s  a lor*g, narrow , and 

e h lt in o u s  r ib b o n - l ik e  s t r u c t u r e .  I t  c a r r ie s  lo n g itu d in a l  rows o f  t e e t h ,  

th e  arrangem ent o f  whieft i s  o f  taxonom ic v a lu e , t h i s  s tr u c tu r e  has 

been c a l le d  d iv e r s e  na*es such as the b a sa l membrane, th e  l in g u a l p la t e ,  

and. th e  now a c ce p ted  te r m in o lo g y , th e  ra d u la r  r ib b on  { S o l ia s ,  1907? 

F r u v o t-F o l, 1926? and P s i l s ,  1 9 3 7 ) ,

The ra d u la r  membrane in s e r t s  on th e  d o r sa l su r fa c e  o f  th e  o d o a to -  

pb oral c a r t i l a g e s .  The ra d u la r  membrane whioh l i e s  in  th e  d o r sa l lo n ­

g itu d in a l  s u lc u s  o f th e  odontophores has l a t e r a l ,  s tr o n g , c h it in o u s  

e x te n s io n s  w hich r i s e  ou t o f  th e s u lc u s  and co v er  th e  odontophores
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( p l a t e s  VI and V II)*  The ra d u la r  ribbon e x te n d s  a n t e r io r ly  and d o r ­

s a l  ly  from  i t *  i n s e r t I o n  t o  th o  t i p  o f  t h e  o a r  t i l a g a s .  I t  curve* u n d e r  

t h e  odontophore t r a v e l i n g  p o s t e r io r ly  a lo n g  th e  m edian  s u l c u s  o f  th e  

v e n t r a l  s u r f a c e .  Tha r a d u l a  c o n t in u e s  v e n t r a l l y  and  p o s t e r i o r l y  th ro u g h  

a l a r g e  mass o f  m usc les*  v e n t r a l  to  th e  esop h agu s, to  th e  r ig h t  o f  th e  

m i d - l i n e  o f  t h e  c e p h a l i c  ho;.nocoele. I t  i s  a much c o n v o lu te d  s tr u c tu r e  

w h ich  ends in  a s m a l l ,  d i s t a l ,  i v o r y - c o l o r a d  b u lb  from w h ich  t h e  t e e t h  

o r i g i n a t e  (P la te  V ).

1350PKAGUS

P o s t e r i o r l y  th@ pharynx opens i n t o  a  r e l a t i v e l y  s m a l l  c i r c u l a r  

t u b a ,  th e  e so p h a g u s .  Upon g ro s s  i n s p e c t i o n  t h e  e so p h ag u s  i s  c o n s i d e r ­

a b ly  l e s s  m u s c u la r  th a n  t h e  b u c c a l  m ass .  'Throughout i t s  e n t i r e  l e n g t h  

t h e  e sophagus  i s  a co m p a retire l y  f l a c c i d  s t r u c t u r e *  The w a l l s  o f  t h e  

esophagus a r e  b o th  t h i n  and t r a n s l u c e n t .  The w a l l s  a r e  so t h i n  t h a t  

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

ing; s c o p e .  In fo rm  t h e  e so p h ag u s  i s  a u n i f o r m ly ,  c y l i n d r i c a l  tu b e  

w ith, i t s  o v e r a l l  d i a m e te r  re m a in in g  q u i t e  c o n s t a n t  th r o u g h o u t  i t s  e n ­

t i r e  l e n g t h  ( P l a t e s  IV, V, and X II ) .

The e so p h a g u s ,  from  i t s  o p en in g  i n  t h e  p o s t e r i o r  r e g io n  o f  t h e  

p h a ry n x ,  e x te n d s  from t h i s  p o i n t  th r o u g h o u t  a l l  o f  t h e  c e p h a l i c  herao- 

o oo le*  The e so p h ag u s  ru n e  p o s t e r i o r l y  th r o u g h  t h e  c e n t r a l  p o r t i o n  o f  

t h e  c e p h a l i c  h am oooele. I t s  c o u r r e  i s  r e l a t i v e l y  s t r a i g h t  u n t i l  i t  

i s  a b o u t  ready  t o  l e a v e  t h e  ham oooele t o  e n t e r  t h e  v i s c e r a l  E a s e .

B e fo re  ono can c o n t in u e  w i th  a d i s c u s s i o n  of t h e  e so p h ag u s  o r  

any o t h e r  p o r t i o n  o f  th e  anatomy o f  t h e  a l i m e n t a r y  t r a c t ,  w h ich  i s  

l o c a t e d  i n  th e  v i s c e r a l  r e g io n  o f  th e  a n im a l ,  an  e x p l a n a t i o n  o f  how 

t h e  te rm s  “ l e f t *  and “ r i g h t , ** “ventral**  and “d o r s a l ** a r e  going: t o  be



15

u s e d  i n  th e  s u c c e e d in g  p a g es  i® d e s i r a b l e *  I t  w i l l  be n e c e ssa r y  t o  r e ­

f e r  t o  P l a t e  i l l .  In  t h e  a d u l t  c o n d i t i o n ,  t h a t  p o r t i o n  o f  th e  anim al 

p o s t e r i o r  t o  t h e  c e p h a lic  hem ocoele has undergone c o n s id e r a b le  s i n i s t r a l  

r o t a t i o n ,  no much so t h a t  th a t  p o r t i o n  o f  th e  an im a l w hich was embryo- 

l o g i c a l l y  d o r s a l  i n  p o s i t i o n  i s  now a c t u a l l y  v e n tr a l in  p o s i t i o n  and 

v i e #  v e r s a .  S im ila r ly ,  t h a t  s i Am o f  tha a n im a l  w hich  was em b ryo log ies l l y  

th e  l e f t  h a l f  i s ,  i n  th e  a d u l t  c o n d i t i o n ,  t h e  r i g h t  h a l f *  The procedure  

h a s  been adopted o f  d e s i g n a t i n g  a r e a s  o f  th e  v i s c e r a l  mass a s  th e y  ap­

peared  i n  th e  em bryon ic  c o n d i t i o n ,  Thus th e eso p h a g ea l o p e n in g ,  fo r  

I n s ta n c e , i n  Plat®  I I I ,  th o u g h  i t  m ig h t  seem t o  be l o c a t e d  in  tho  r i g h t  

d o r s a l  p o r t i o n  o f  t h e  a n im a l, i s ,  i n  a c t u a l i t y ,  l o c a t e d  i n  th e  v e n t r a l  

l e f t  p o r t i o n  o f  th e  a n im a l .  A l l  o f  t h e  d e s c r i p t i v e  r e g i o n a l  term in o logy  

o f  v i s c e r a l  c o n t e n t s  w i l l ,  in  t h i s  p ap er, be g iv e n  i n  t o m s  o f  em bryo- 

l o g i c a l  p o s i t i o n s .

The e s o p h a g u s ,  a t  th e  J u n c tu r e  o f th a  © upha lie  homoc o o le  and t h e  

v i s c e r a l  nmss irhere s i n i s t r a !  t o r s i o n  has o c c u r r e d ,  band® s h a r p l y  t o  

t h e  r i g h t ,  d ip s  v e n t r a l l y ,  p i e r c e s  th e  c o n n e c t iv e  t i s s u e  boundary o f  

t h e  tw o a r e a s ,  and  e n t e r s  t h e  v i s c e r a l  mass a t  t h e  l e f t  a n t e r io r - la t e r a l  

m a rg in .  I n i t i a l l y ,  t h e  e so p h ag u s  fo l lo w s  i t s  v e n tr a l c o u r s e j so o n , 

how ever , i t  a b r u p t l y  bends  on i t s e l f ,  t r a v e r s e s  t h e  s u b s t a n c e  o f  th e  

v i s c e r a l  mass and assum es a v e r y  s u p e r f i c ia l  d o r s a l  p o s i t i o n .  I t  s a i n -  

t a i n s  t h i s  l e v e l ,  t r a v e ls  p o s t e r i o r l y ,  and d i r e c t l y  opens i n t o  t h e  l e f t  

l a t e r a l  a n t e r i o r  boun d a ry  o f  th e  s tomach ( P l a t e s  V and I I I ) .

D is s e c t io n  o f  th e  esophagus d i r e c t l y  p o s t e r io r  t o  th e  pharynx and 

th ro u g h o u t  m ost o f  t h o  c e p h a l i c  hem ocoeie i s  made e s p e c ia l ly  d i f f i c u l t  

by th e  p resen ce  o f  a  la r g e  d o r sa l mucous g la n d . Unis gland i s  con­

tig u o u s  w ith  th e  e s o p h a g u s j i n  f a c t ,  th e  esophagus tr a v e r s e s  th e  v e n tr a l
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s u b s t a n c e  o f  t h e  g land  ( P l a t e s  V and XX). Upon t h e  s l i g h t e s t  p r e s s u r e  

o r  p u n c tu r e ,  t h e  e x t r e m e ly  d e l i c a t e  w a l l s  o f  th© d o r s a l  g la n d  r u p t u r e ,  

and c o p io u s  am ounts o f  m u c o u s - l ik e  m a t e r i a l  a r e  e m i t t e d .  In  t h e  r e g io n  

o f  th© s to m a ch ,  d i s s e c t i o n  i s  hampered by th e  f a c t  t h a t  t h e  t e x t u r e  

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

w i t h  t h a t  o f  t h e  s u r r o u n d in g  m a t e r i a l .  In  a r e a s  su ch  as  t h e s e ,  t h e  

i n j e c t i o n s ,  a s  d e s c r i b e d  p r e v i o u s l y ,  were a lm o s t  i n v a l u a b l e .

f a i r e d  s a l iv a r y  g la n d s  a r e  p r e s e n t  i n  th© c e p h a l i c  h en oooele  

( P l a t e s  I ? ,  ¥ ,  and X I I ) .  They a r e  l o c a t e d  on e i t h e r  s i d e  o f  t h e  d o r ­

s a l  a n t e r i o r  p a r t  o f  t h e  e so p h a g u s .  These s a l i v a r y  g la n d s  a r e  ro u g h ly  

o v a l  o r  b e a n - s h a p e d ,  s l i g h t l y  c o n v o lu te d  and iv o r y  i n  c o l o r .  They a r e  

d i s c r e t e  s t r u c t u r e s  bounded by t h e i r  own c o n n e c t iv e  t i s s u e  c a p s u l e .  

O c c a s i o n a l l y ,  th© g la n d s  wrap th e m s e lv e s  a ro u n d  t h e  e so p h a g u s ,  b e in g  

th e n  c l o s e l y  a d h e r e n t  t o  th© e s o p h a g e a l  t r a c t .  Ihe  s a l i v a r y  g la n d s  

open a n t e r i o r l y  i n t o  two m in u te ly  sm a l l  d u c t s .  Those d u c t s  p ro c e e d  

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

i n t o  th© l a t e r a l  a n t e r i o r  p o r t i o n  o f  th e  b u c c a l  m ass .

ms STtm ci

The s tom ach  i s  a  l a r g o  i r r e g u l a r l y  shaped  c a v i t y  s i t u a t e d  in  th e  

d o r s a l  a n t e r i o r  h a l f  o f  th© v i s c e r a l  mass o f  t h e  an im al ( P l a t e s  X,

X I,  and  X I I ) .  Th® eso p h ag u s  t e r m i n a t e s ,  i n  a  fu n n e l- sh a p e d ,  f a s h i o n ,  

a lo n g  th o  l e f t  a n t e r i o r  d o r s a l  b o u n d ary  o f  th© stom ach . The i n t e s t i n e  

b e g in s  d i a m e t r i c a l l y  o p p o s i t e  t h e  e n t r a n c e  o f  th© esophagus  by means 

o f  a  l o n g i t u d i n a l  g roove  fro m  t h e  r i g h t  a n t e r i o r  m a rg in  o f  t h e  s tom ach  

a t  a l e v e l  somewhat lo w e r  t h a n  t h a t  o f  t h e  e so p h a g u s .  These two open­

i n g s ,  w i th  th® i n t e r v e n i n g  c o n n e c t iv e  t i s s u e ,  s e r v e  a s  -the a n ' to r i  o r
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b o u n d a ry  o f  th© s tom ach .

A n t e r i o r l y  and d o r s a l ly  t h o  s tom ach  i s  i n  c o n t a c t  w i th  tho  l i v e r ;  

d o r s a l l y  and  l a t e r a l l y  th® stom ach i s  in  c o n t a c t  w i th  gonadal t i s s u e .

1h© l a r g e  oo lu m a lia r  m u s c le ,  by  means o f w hich th o  an im a l  i s  s t r o n g l y  

a d h e r e n t  t o  t h e  s h e l l ,  i s  l o c a t e d  on t h e  m i d - v e n t r a l  s u r f a c e  o f  th e  

s tom ach .

The ro o f  o f  t h e  s tom ach  i s  c o r r u g a te d  In  a p p e a ra n c e  b e c a u s e  o f  

num erous low p a r a l l e l  r id g e s *  From t h e  f l o o r  o f  t h e  s tom ach  s e v e r a l  

f o l d s  p r o j e c t  i n t o  t h e  g a s t r i c  c a v ity *  Most c o n sp ic u o u s  i s  t h e  l a r g e  

g a s t r i c  f o l d  s i tu a te d -  midway betw een th e  e s o p h a g e a l  and  t h e  i n t e s t i n a l  

o p e n in g s  on t h e  f l o o r  o f  th e  s to m ach . I t  e x te n d s  a lo n g  th e  e n t i r e  

l e n g t h  o f  t h e  g a s t r ic  f l o o r  {P la t®  a ) .  The w id th  o f  th® g a s t r i c  f o l d  

i s  g r e a t e s t  on th® to p ;  t h u s  i t s  u p p e r  ed g es  o v e rh an g  s l i g h t l y .  the 

s h ap e  o f  t h e  f o l d  i n  c r o s s  s e c t i o n  can ro u g h ly  b© d e s c r ib e d  a s  b e in g  

T -sh a p e d .  The g a s t r i c  f o l d  i s  w i d e s t  p o s t e r i o r l y ,  a t  w h ich  r e g io n  i t  

f l a r e s  o u t  l a t e r a l l y ,  g r a d u a l l y  lo w e r in g  and  b le n d in g  i n t o  t h e  p o s t e r i o r  

and  th© p o s t e r i o r - l a t e r a l  b o u n d a r ie s  o f  th e  g a s t r i c  c a v i t y .  In  t h e  

m id - r e g io n  o f  th® stom ach t h e  g a s t r i c  f o l d  i s  much t h i n n e r  and  more 

o b v io u s ly  a  d i v i d i n g  s t r u c t u r e .  A n t e r i o r l y ,  i t  a g a in  f l a r e s  o u t  l a t ­

e r a l l y  t o  b lo n d  i n t o  th© a n t e r i o r  b o u n d a ry  o f  t h e  s tom ach  betw een th© 

e s o p h a g e a l  and the i n t e s t i n a l  o p e n in g s .  This f o l d  s e rv o s  t o  d i v i d e  

t h e  stomach in c o m p le te ly  i n t o  two s e p a r a t e  l o n g i t u d i n a l  g u t t e r s .  I t  

s e r v e s  a© a  p h y s i o l o g i c a l ,  n o t  n e c e s s a r i l y  an  a n a to m ic a l ,  d i v i s i o n  o f  

t h e  s to m ach . In  t h i s  way th© g a s t r i c  c o n t e n t s  a r e  k e p t  a t  l@a.«t p a r ­

t i a l l y  and te m p o ra r ily  s e p a r a t e d .  Thus t h e  p ro c e s s  o f  d i g e s t i o n  i s  

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

i s  t o  d i r e c t  th® f lo w  o f  c o n te n ts  o f  t h e  stom ach and s im u l ta n e o u s ly  

p r e v e n t  undue c o n ta m in a t io n  o f  food*



u

L a te r a l ly  and d o re& lly , th# g a s t r i c  w a l l s  are thrown up in t o  many 

p a r a l l e l  r id g e s .  The w a i l s ,  t o o ,  th e r e fo r e  p r e se n t  a d e f i n i t e  c o r ­

ru gated  app earance.

On th e  r i g h t  a n t e r i o r  m arg in  o f  t h e  s to m a ch ,  d i r e c t l y  l a t e r a l  t o  

th #  o p en in g  o f  t h e  i n t e s t i n a l  g ro o v e ,  th e  e p i t h e l i a l  l i n i n g  o f  th e  

etojsmch i s  m o d if ie d  i n t o  & u n iq u e  o u t i c u i a r  l i n i n g  ( P l a t e s  X I ,  X II ,  

a n d  X V II I ) .  I t  i s  c a l l e d  th© g a s t r i c  s h i e l d .  The s h i e l d  i s  a s l i g h t l y  

f l e x i b l e ,  i r r i d ® s c e n t ,  somewhat i r r e g u l a r  s t r u c t u r e .  ’Hi# s h i e l d  i s  

b r o a d e s t  a n t e r i o r l y ,  t a p e r i n g  o f f  g r a d u a l l y  a t  th® p o s t e r i o r  en d . The 

lo w e r  edge  o f  t h e  a s t r i e  s h i e l d  f i t s  i n t o  th e  m arg in  o f  on© of th® 

many l a t e r a l  g a s t r i c  f o l d s .  The l a t t e r  s e r v e s  a® an  a n c h o ra g e  f o r  

th® g a s t r i c  s h i e l d .  A t t h e  a n t e r i o r  end o f  th© g a s t r i c  s h i e l d ,  th© 

s t r u c t u r e  i s  b e n t  In w a rd ly  on i t s  d o r s a l  s u r f a c e  tow ard  th® m i d - l i n e  

,of t h e  s to m a ch ,  fo rm in g  i n  t h i s  f a s h io n  an  in c o m p le te  t u b e .  The g a s ­

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

g ro o v e ,  a n  o p e n in g  w h ich  ha® a  d i a m e te r  somewhat s m a l l e r  th a n  t h a t  o f  

t h e  i n t e s t i n a l  g ro o v e .  The g a s t r i c  c o n te n t® ,  a s  th e y  ar© p r o p e l l e d  

a lo n g  t h e  r i g h t  s i d e  o f  th® g a s t r i c  cham ber i n t o  th© i n t e s t i n a l  g ro o v e , 

u n d e rg o  c o m p re ss io n  i n t o  f e c a l  p e l l e t s  by v i r t u e  o f  t h i s  s h i e l d .  T h is  

p r o c e s s  o f  co m p ress io n  o f f e c a l  m a t e r i a l  i s  c o n t in u e d  a lo n g  t h e  i n t e s ­

t i n a l  r o u t #  t o  t h e  © ac te r io r .

Tin w m s f i m

th® i n t e s t i n e  b e g in s  from  th© r i g h t  a n t e r i o r  m arg in  of th e  s tom ­

ach  ( P l a t e s  X, X I, X II , an d  X X ). I t  ru n s  fo rw a rd  a n t e r i o r l y  from  t h e  

s tom ach  a s  a  f u n n e l - s h a p e d  i n t e s t i n a l  g roove  a t  th® same v e n t r a l  l e v e l  

a s  th® e so p h a g u s .  She d ia m e te r  o f  t h e  i n t e s t i n a l  g ro o v e  g r a d u a l l y
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n a r ro w s  p o s t e r i o r l y  u n t i l  no d i s t i n c t i o n  can  be made betw een i t  and 

th© i n t e s t i n e  p r o p e r .

Th© c o u rs e  o f  t h e  i n t e s t i n e  i s  an a n t e r i o r  and g r a d u a l l y  d o r s a l  

one w hich  t u r n s  s h a r p l y  t o  t h e  r i g h t  u n t i l  t h e  r a i d - l i n e  o f  th© a n im a l  

i s  r e a c h e d .  The i n t e s t i n e ,  a t  t h i s  p o i n t ,  i s  d i r e c t l y  under t h e  m a n tle  

c a v i t y .  I t  i s  s e p a r a t e d  from  t h e  c a v i t y  o n ly  by a  l a y e r  o f  t h i n  co n ­

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

b e n e a th  t h i s  v e ry  t h i n  c o n n e c t iv e  t i s s u e  l a y e r .  Th© i n t e s t i n e  bonds  

s h a r p l y  and  m o s t  a c u t e l y  back  on i t s e l f ,  t r a v e l i n g  t o  th© ex trem e  l e f t  

s i d e  o f t h e  a n im a l .  This  c o n v o lu t io n  o c c u r s  a t  th© same l e v e l  w h ich  

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

t i n a l  t r a c t  t a k e s  a  s h a rp  t u r n ;  t h i s  t im e ,  h o w ev er ,  th© c o u r s e  o f  th® 

t r a c t  i s  c o m p le te ly  r e v e r s e d  -  th© t r a c t  now p r o c e e d in g  tow ard  th© 

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

o f  th© m a n t le  c a v i t y  (P la t©  IX.). Th is  p o i n t  o f  em ergence o f  th© i n ­

t e s t i n a l  t r a c t  from  th e  v i s c e r a l  mass i n t o  t h e  m a n tle  c a v i t y  p r o p e r ,  

p l u s  a  c o n s t a n t l y  r e c u r r in g :  c o n s t r i c t i o n  i n  t h i s  r e g i o n ,  s e r v e s  a s  a  

m o rp h o lo g ic a l  lan d m ark  f o r  th e  b e g in n in g  o f  t h e  r e c tu m .

IKK RSCTSJM

M o r p h o lo g ic a l ly ,  th© re c tu m  i s  t h e  t e r m i n a l  p o r t i o n  o f  t h a  a l i ­

m e n ta ry  t r a c t .  On© d e s i g n a t e s ,  a s  th© rec tu m , t h a t  p o r t i o n  o f  th© 

t r a c t  w h ich  l i e s  a lo n g  th© p o s t e r i o r  r i g h t  m arg in  o f  t h e  m a n t le  c a v i t y  

and w hich  i s  s e p a r a t e d  from  th© i n t e s t i n e  p r o p e r  by means o f  t h e  con­

s t a n t l y  o c c u r r i n g  c o n s t r i c t i o n  o f  w h ich  m e n t io n  was made p r e v io u s  

( P l a t e s  I I I  and IX ) .

H i s t o l o g i c a l l y ,  a s  w i l l  be shown l a t e r ,  t h e r e  i s  no d i f f e r e n c e  

be tw een  t h e  i n t e s t i n e  p r o p e r  and w hat i s  h e r e i n  d e s i g n a t e d  a s  t h e
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ree tu su  In le n g t h ,  th e  rectum la  th e  s h o r t e s t  p o r t io n  o f  th# e n t ir e  

tr a c t*  In d iam eter* w ith  th® e x c e p t io n  o f  th® stomach* i t  i s  th® 

la r g e s t*

The co u rse  o f  th® rectum  i s  a s im p le  one* e a s i l y  d is c e r n ib le *  

a rea  w ith o u t c u t t in g  th e  m an tle  cow ering* The rectum  hugs th e  p o s­

t e r i o r  boundary o f  th e  m antle c a v ity *  cu rv in g  s l i g h t l y  a n t e r io r ly  t o  

open e v e n tu a lly  in t o  th e  m antle c a v i t y  a t  th e  extrem e r ig h t  s id e *  Hie 

end o f  th e  rectum  te r m in a te s  g r a d u a lly  in t o  a  sm all c ir c u la r  open in g  

surrounded b y  a s p h in c te r  m uscle* G rossly*  th e  reetum  i s  a  la r g e  and 

f l a c c i d  s t r u c tu r e  w ith  a l t e r n a t e  a r e a s  o f  th e  t r a c t  b e in g  sw o lle n  and 

th e n  n orm ally  co n tra cted *  Th® form er i s  due e n t i r e ly  t o  th e  p resen ce  

o f  th e  numerous f e c a l  p e l l e t s  lo c a te d  in  t h i s  reg ion *
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The e so p h a g u s  i s  a fch in -w aiied  s t r u c t u r e #  I t s  w a l l s  a r e  throw n 

up i n t o  i n t e r n a l  f o l d s  o f  d p i t h e Hum w hich  l i n o  t h e  lumen* This la y e r  

i s  s u p p o r te d  e x te r n a l ly  by an o u t e r ,  p o o r ly  d evelop ed  c i r c u l a r  l a y e r  

o f  m uscular f i b e r s .  The c e l l  w h ich  i s  found i n  th e  e p i t h e l i a l  l i n i n g  

i s  o f  t h e  c i l i a t e d  co lum nar v a r i e t y .  This ty p e  c e i l ,  i n  t u r n ,  I s  

p r e se n t i n  t h e  e so p h ag u s  i n  two d i s t i n c t  forms* f i r s t ,  th e  m o d i f i e d ,  

h i g h l y  d i s t e n d e d  g l a n d u l a r  c e l l j  s e c o n d ly ,  t h e  norm al c i l i a t e d  c o l l .

Hi® g la n d u la r  c e l l s  (F la t®  XVI) t r #  a c t u a l l y  m o d i f ie d  eelumnar 

c e l l s  o f  t h e  g o b l e t  v a r i e t y .  Those have  become im m ensely  d i s t e n d e d  

w i t h  mucus. These s e c r e t i n g  c e l l s  a r e  d e f i n i t e l y  l a r g e r  th a n  t h e i r  

p r e c u r s o r s ,  th© c i l i a t e d  co lum nar c e l l s ,  h eid en saan e  (IS M ) c la im s  

t h a t  t h e s e  c e l l s  have  c y c l e s  o f  b o th  s e c r e t i o n  and  c i l i a t i o n *  3fh ile  

I n  t h e  s e c r e t o r y  s tag © , such  c e l l s  l o s e  t h e i r  c i l i a .  I s  t h e  p o st*  

s e c r e t o r y  s t a g e  a r e g e n e r a tio n  o f  th e  c i l i a  o c c u r s .  One can say  in  

s u p p o r t  o f  Heidem&nns* c o n te n t io n  t h a t  i n  t h i s  i n v e s t i g a t i o n  a l l  c e l l s  

w h ich  w e re  o b s e rv e d  in  t h e  p r o -  and p o s t - s e c r e t o r y  s t a g e s  w ere  c i l i a t e d ,  

w h i l e  t h o s e  c e l l s  w h ich  w ere  examined i n  t h e  s e c r e t o r y  s t a g e  w ere  e n ­

t i r e l y  d e v o id  o f  any v e s t i g e  o f  c i l i a t i o n  ( P l a t e s  XV and  X V I). th e s e  

mucous c e l l s  a r e  p r e s e n t  th r o u g h o u t  th e  e n t i r e  e s o p h a g e a l  t r a c t ,  b e ­

in g  p r e s e n t  i n  v a r i o u s  d e g re e s  o f  d e v e lo p m en t .  The c y to p la sm  o f  t h e s e  

c e l l s  assum es  v a r io u s  t r a n s i t i o n a l  form s r a n g in g  from  an  a l v e o l a r  ty p e  

t o  a  r e l a t i v e l y  c l e a r  r e t i c u l a r  t y p e .  t h a t  p o r t i o n  o f  th e  c e l l  n e a r e s t
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th e  basem ent isemferane c o n ta in s  fin©  prom ucin  g r a n u l e s .  Quit© t y p ic a l ly

th e  a c c r e t i n g  c o l l s  o f  t h e  e so p h ag u s  a re  t o  be found a r r a n g e d  in  c l u s t e r s  

o r  g rouped  on l i t t l e  i s l a n d s  ( f l a t ©  X ? ) .  I t  i s  t h o s e  c o l l s  w hich g iv e  

t h e  c h a r a c t e r i s t i c  y e l lo w  c o l o r  t o  t h e  esop h agu s.

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

e so p h ag u s  i s  th e  c i l i a t e d  co lum nar © e l l .  These c e l l s  a r c  p r e s e n t  i n  

v a r y in g  s i z e s  and  fo rm s .  they  a r e ,  h ow ever , p re d o m in a n t ly  t a l l ,  t h i n ,  

and i r r e g u l a r  in  c o n to u r .  The c i l i a t e d  c e l l  i s  d a r k ly  s t a i n e d .  The 

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

a b l e ,  b asem en t membrane* The f r e e  ends o f  th e  c e l l s  a r«  co v e red  w i th  

an  a b u n d an t  amount o f  c i l i a .  The n u c l e i  a r e  s m a l l ,  o v a l  i n  s h a p e ,  

h ig h ly  c h r o m a t ic ,  and a r e  s t r a t i f i e d  i n t o  v a r i o u s  l e v e l s .  The norm al 

p o s i t i o n  o f  th e  n u c l e i  i s  a b a s a l  onej f r e q u e n t l y ,  th e y  a r e  m e d ia l l y  

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

p e a ra n c e  o f  pseudo  s t r a t i f i c a t i o n .  These c i l i a t e d  c e l l s  a r e  n o t  r e c ­

t a n g u l a r l y  co lum nar ©s one w ould e x p e c t .  They a r e ,  i n s t e a d ,  q u it©  

d i s p r o p o r t i o n a t e l y  t e l l  and t h i n  and  moat i r r e g u l a r .  A ll  t h i s  i s  due 

to  t h e  l a t e r a l  c o m p re ss io n  w hich th e y  a r e  s u b j e c t e d  t o  by t h e  num erous 

d i s t e n d e d  mucous c e l l s ,  t h e  v a r io u s  c o n to r t io n ®  assum ed by th e  e s o p h a g e a l  

t r a c t *  and t h e  inw ard  p r o j e c t i o n s  o f  th© e p i t h e l i a l  l i n i n g .  Tho c y t o ­

p lasm  in  a l l  o f  t h e s e  c e l l s  i s  n o rm a l ly  f i n e l y  b u t  d e n s e ly  g r a n u l a r .

The m u s c u la r  s t r u c t u r e  o f  th e  esophagus  c o n s i s t s  o f  d e f i n i t e l y  

c i r c u l a r l y  a r r a n g e d  l a y e r s  o f  m uscle  f i b e r s .  These f i b e r s  a r e  g en er­

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

w oven. The numerous n u c l e i  a r e  a r r a n g e d ,  more o r  l e a s ,  w i t h  t h e i r  

a x e s  a lo n g  th e  m ain d i r e c t i o n  o f  t h e  m uscle  f i b e r s .  The m u s c u la r  

l a y e r  i s ,  i n  t u r n ,  c o v e re d  by a c o n n e c t iv e  t i s s u e  sh eath  w hich  s u r ­

ro u n d s  n o t  o n ly  t h i s  r e g io n ,  b u t  a l l  o f  t h e  a l im e n ta r y  t r a c t .  In
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c r o s s  s e c t i o n  ( P l a t s  I k )  t h e  lumen o f  t h e  e so p h ag u s  i s  d iv id e d  by 

v i r tu ®  o f  e p i t h e l i a l  f o l d s  which p r o j e c t  in w a r d ly .  These i n v a g i n a ­

t i o n s  ar© co m parab le  t o  th e  s o - c a l l e d  v i l l i  o f  th e  h i g h e r  fo rm s .

THE £ TOUCH

The s to m ach , i n  c r o s s  s e c t i o n  (P la t©  XX) $ a p p e a r s  t o  be a g r e a t l y  

e n l a r g e d  e s o p h a g u s .  E p i t h e l i a l  f o l d s  ar® p r e s e n t  b u t  m os t i r r e g u l a r  

In  b o th  s is©  and a r r a n g e m e n t .  The i n n e r  w a l l s  o f  th© stom ach ar® 

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

i s  found  i n  t h e  e s o p h a g u s |  i n  f a c t ,  s i m i l a r  t o  t h a t  which w i l l  fee fo u n d  

t o  fee p r e s e n t  i n  t h e  r e m a in d e r  o f  t h e  v a r io u s  d i v i s i o n s  o f  th e  a l im e n ­

t a r y  t r a c t  (P la t©  X V II) .  The c e l l s  ar® a l l  o f  t h e  t a i l  co lu m n ar v a ­

r i e t y ,  and i n  a l l  in s ta n c e ®  e x c e p t  on®, th e y  a r e  d e n s e ly  c i l i a t e d .

P in e  g r a n u le s  a r e  d i s t r i b u t e d  in  th® ground  s u b s t a n c e  o f  th e  c e l l s ,  

b e in g  d e n s e r  tow ard  th® d i s t a l  ©nd o f  t h e  c e l l .  The p e r i - n u c l e a r  r e ­

g io n s  o f  th® c e l l  a p p e a r  t o  be r e l a t i v e l y  v a c u o l a t e d .  These c e l l s  

r e s t  on a  d e l i c a t e ,  th o u g h  c o n s t a n t l y  p r e c e p t l f e l e ,  ba sem en t membrane. 

Th© ro u n d ed  n u c l e i  o f  th® c a l l s  ar© b a s a l i y  s i t u a t e d ,  one t h i r d  o f  

t h e  d i s t a n c e  f rom  t h e  basem en t membrane. O c c a s i o n a l ly ,  th e  n u c l e i  

ar® s t a g g e r e d  i n  p o s i t i o n ,  th u s  p r e s e n t i n g  a g a i n ,  t o  t h e  c a s u a l  ob­

s e r v e r ,  t h e  a p p e a ra n c e  o f  pseudo s t r a t i f i c a t i o n .

The n u c l e i  o f  t h e  co lum nar c e l l s  a r e  s h a r p l y  m arked  o f f  from  

th® cytop lasm  fey a  d i s t i n c t  n u c l e a r  membrane. They ar© u s u a l l y  poo r 

i n  ©feroamtin, b u t  p ro m in en t  n u c l e o l i  ar© r e a d i l y  observed  t h r o u g h o u t  

a l l  or m ost o f  th© n u c l e i .

Gland c e l l s ,  f o r  a l l  i n t e n t  and p u r p o s e ,  ar© s o t  p r e s e n t  in  

t h i s  a r e a  o f  t h e  a l im e n ta r y  t r a c t .

Th® m u s c u la r  l a y e r  o f  th© stom ach i s  v e r y  p o o r ly  d e v e lo p e d .
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There  i s  in s te a d  a v a g u e , l o o s e l y  arranged ty p e  o f  a l v e o l a r  c o n n e c t iv e  

t i s s u e *  In t h e  r i g h t  a n t e r i o r  p o r t i o n  o f t h e  s to m ach , in  th e  r e g io n  

o f  th e  i n t e s t i n a l  o p e n in g ,  th e  e p ith e liu m  d e v e lo p s  a  e u t ic u la r  l in in g  

known as t h e  g a s t r ic  s h i e l d  (P la te s  X I, X II, and XVII I )*  The e p i t h e l i a l  

© e l l s  w h ich  s u p p o r t  th e  g a s t r i c  s h ie ld  a re  in v a r ia b ly  much t a l l e r  and 

narrow er than th e  a d ja ce n t columnar s e l l s  o f  th e  e p i t h e l i a l  l i n i n g .  

O b v io u sly , no c i l i a  a re  p r e s e n t  beneath  t h i s  sh ie ld *  This a r e a , a lo n g  

w i th  t h e  m o d i f ie d  g la n d u la r  p o r t i o n s  o f  th© eso p h a g ea l t r a c t ,  i s  th e  

o n ly  p a r t  o f  th e  e n t ir e  a lim en ta ry  t r a c t  w hich i s  la c k in g  i n  c i l i a t e d  

c e l l s . -  The c e l l s  in  th e  r e g io n  o f  th e  g a s t r ic  s h ie ld  ta k e  a much 

l i g h t e r  s t a i n  t h a n  th® n e ig h b o r in g  © e l l s  o f  th© g a s t r i c  e p i th e l iu m *

THE III TBS THIS

In  c r o s s  s e c t i o n ,  t h e  i n t e s t i n e  p r e s e n t s  a  v e r y  c o n s t a n t  and 

t y p i c a l  p i c t u r e  ( P l a t e s  XXI and  XXII}* Th© e p i t h e l i a l  t r a c t  i s  h i g h ly  

c o n v o lu te d  and th row n i n t o  numerous f o l d s .  T y p ica l  i n t e s t i n a l  v i l l i  

a r e  p r e s e n t  as  t h e  r e s u l t  o f  t h e  numerous i n v a g i n a t i o n s  o f  th© e p i ­

t h e l i a l  l i n i n g .  F o c a l  p e l l e t s  can be s e e n  b o th  m i c r o s c o p i c a l l y  and 

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

The t y p i c a l  c e l l  p r e s e n t  i n  th e  i n t e s t i n a l  t r a c t  i s  a g a in  t h e  t a l i ,  

c i l i a t e d ,  co lum nar c e l l .  In  t h i s  i n s t a n c e ,  th e  d i l a t i o n  i s  c o n s i d e r ­

a b ly  l o n g e r  th a n  in  any o t h e r  p o r t i o n  o f t h e  a l i m e n t a r y  t r a c t  e x c l u s i v e  

o f  t h #  re c tu m .

B ecause  o f  th© numerous i n t e s t i n a l  v i l l i  w h ich  a r e  p r e s e n t ,  t h e  

c o l l s  have  'undergone a g r e a t  amount o f  c o m p re ss io n .  This r e s u l t s  in  

th© n u c l e i  a p p e a r in g  t o  be l o c a t e d  a t  v a r i o u s  l e v e l s .  T h is  a,-a in  r e ­

s u l t s  i n  a  t r u e  p i c t u r e  o f  pseudo  s t r a t i f i e d  co lum nar e p i t h e l i u m .



m

Th® n u c l e i  a r e  g e n e r a l l y  b a s a l  in  p o s i t io n  and when fou nd bas a l l y  

s i t u a t e d ,  th®y &r# ovo id  in  shape* ishen t h e  n u c l e i  a r e  s i t u a t e d  i n  

t h e  d i s t a l  t h i r d  o f  t h e  c a l l s ,  i n  th® v i c i n i t y  o f  t h e  f r e e  e n d s ,  w here  

t h e r e  i® an i n c r e a s e d  amount o f  c o m p re s s io n ,  -th# n u c l e i  a r e  e lo n g a t e d  

i n  t h e  d i r e c t i o n  o f  t h e  i m i n  a x e s  o f  th e  c e l l s .  The ground s u b s ta n c e  

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

t h r o u g h o u t .

The c y to p la s m  in  th #  p ro x im a l  p o r t i o n s  o f  t h e  c e l l s  u s u a l l y  h a s  

a  f i n e l y  g r a n u l a r  t e x t u r e ,  h ow ever , i n  th #  re m a in d e r  o f  t h e  c e l l ,  

s p e c i f i c a l l y ,  th e  d i s t a l  o r  th e  f r e e  p o r t i o n ,  v a r y in g  q u a n t i t i e s  and 

© iaes o f  s e c r e t i o n  g r a n u le s  ar© much i n  e v id e n c e .  The d e g re e  and th e  

d i s t r i b u t i o n  o f  t h e  s e c r e t o r y  g r a n u le s  a p p a r e n t l y  co rrespond©  t o  t h e  

p h ase  w h ich  t h e  c a l l s  a r #  i n  a t  t h e  t im e  o f  o b s e r v a t i o n .  In  th e  f i n a l  

p h ase  o f  s e c r e t i o n ,  th e  e n t i r e  d i s t a l  end o f  t h e  c e l l  smy  be c a s t  o f f  

( P l a t e  X X II) .  th e  i n t e s t i n e  has  f o r  i t s  p r i n c i p a l  s u p p o r t  a  v e ry  t h i n  

l a y e r  o f  c i r c u l a r  m u s c u la r  t i s s u e .

TEX BSCTUM

H i s t o l o g i c a l l y ,  on# can f i n d  no u n iq u e  d i f f e r e n t i a t i n g  f e a t u r e s  

f o r  t h i s  t e r m i n a l  p o r t i o n  o f  t h e  a l im e n ta r y  t r a c t  (P la t©  X X II I ) .  t h i s  

r e g i o n  i s  i n  ©very i n s t a n c e ,  h i s t o l o g i c a l l y  co m p arab le  to  t h e  b e f o r e -  

d e s c r i b e d  i n t e s t i n a l  t r a c t .  On® u s e s  th© te rm  " re c tu m ” b e c a u s e  i t  

d e s i g n a t e s ,  a s  a  m o rp h o lo g ic a l  e n t i t y ,  t h a t  p o r t i o n  o f  th® a l i m e n t a r y  

t r a c t  which, l i e s  i n  th e  m a n t le  c a v i t y .  H i s t o l o g i c a l l y ,  t h e r e  i s  no 

n e c e s s i t y  f o r  a  d i v i s i o n  o f  th e  i n t e s t i n e  p r o p e r  from  th e  t e r m i n a l  

p o r t i o n  o f  t h e  t r a c t .



DISCUSSIOW

S t u d i e s  o f  a  n a t u r e  s i m i l a r  t o  t h e  on© u n d e r t a k e n  i n  t h i s  manu­

s c r i p t  ar® d i f f i c u l t  t o  f i n d ,  th© re a so n  b e in g  t h a t  th© aims war© a l ­

ways d i f f e r e n t .  Two w orks  a r e  w o r th  m en tio n in g . C a r r i k e r  and B i l s t a d  

(1946) r e p o r t e d  on th e  h i s t o l o g y  o f  th© a lim en ta ry  t r a c t  o f  tyan aea  

s t a & n a l i s  a p p r e s s a  ( S a y ) ,  th e  a n atom ica l b a s e s  o f  t h a t  s n a i l  had been  

w orked  o u t  p r i o r  t o  t h e i r  r e p o r t ,  th e  m orphology o f  th© a lim en ta ry  

t r a c t  o f  L. £ .  a p p r e s s a  (~ay) i s  e n t i r e l y  d i f f e r e n t  from  t h a t  r e p o r t e d  

her© on L it to r in a  -  d i f f e r e n t  is, t h a t  su ch  d iv i s io n s  a s  th© c r o p ,  

g issm rd , p y lo r u s  p re-esop h agu s and p o s te s o p h a g u s  a r e  n o t  a p p a r e n t  i n  

L i t t o r i n a .  C arrik er  and B ila ta d *  in  t h e i r  e x h a u s t iv e  h i s t o l o g i c a l  

i n v e s t i g a t i o n ® ,  were c o n ce rn ed  p r im a r ily  w ith  th e  ty p e  c e l l®  p r e s e n t  

r a t h e r  th a n  a  h i s t o l o g i c a l  co m parison  o f  t h e  v a r io u s  d iv is io n ®  o f  

th e  a l i m e n t a r y  t r a c t ,  th e y  r e a c h  a s i m i l a r  c o n c lu s io n ;  t h a t  i s ,  

w i th  th e  e x c e p t io n  o f  t h #  c rop  (w hich  i s  n ot p r e s e n t  i n  L i t t o r i n a )  

th e  a l i m e n t a r y  t r a c t  i s  c o m p le te ly  c i l i a t e d .  C a r r ik e r  and B ils ta d  

h av e  found  many m ere t y p e s  o f  c e l l s  t h a n  th o s e  r e p o r t e d  p r e v a l e n t  i n  

L i t t o r i n a .  T heir work was o f  e s p e c i a l  i n t e r e s t  in  t h a t  many s u g g e s te d  

p r o c e d u r e s  su ch  a s  l a b o r a t o r y  c o l o n i e s ,  e x t r a c t i o n  a i d s ,  and  tech n iq u e  

h in t®  w ere m e n t io n e d .  Meet s u g g e s t i o n s  w ere  t r i e d  b u t  d i s c a r d e d ,  a s  

m en tio n ed  i n  M a t e r i a l s  and M ethods, b e c a u se  s im p le r  t e c h n i q u e s  w ere 

d e v e lo p e d .

Most s i m i l a r  t o  th® work u n d e r ta k e n  in  t h i s  m a n u s c r ip t  i s  t h a t  

o f  Uagruder (1938) on t h e  Anatomy o f  th© F resh  W ater F ro so b ra n ch ia te
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G astropod, P lau rocera  c a n a l1oulatum  undulatum (S a y ). In g e n e r a l,  

th #  m o rp h o lo g ica l and th© h i s t o l o g i c a l  f in d in g s  o f  th© G astropod  

agreed  w ith  th a t  found in  h i t  c o r in a . Chit s ta n d in g  d i f f e r e n c e s  a re  t 

f i r s t ,  th© s a l iv a r y  g la n d s a s  d e sc r ib e d  by Yagruder war® lo n g  f i l a ­

mentous s tr u c tu r e s  w h ile  th o se  o f  L it to r in a  war® c ircu m scr ib ed  o v o id  

b o d ie s i  s e c o n d ly , th e  d is c o v e r y  o f  a c r y s t a l l i n e  s t y l e  and a s s o c ia t e d  

s tr u c tu r e s  a® rep o rted  by Magruder were n o t  t o  be found in  L it t o r in a .



S1CTI0I ? I I

SUMMARY

Anim als were removed from s h e l l s  by means o f bon© c l ip p e r s  and 

d i s s e c t in g  probes* H e lly  *s m ixture and m o d ified  procedure were u sed  

f o r  f i x a t io n  and d eh y d ra tio n . C lea r in g  was c a r r ie d  ou t in  cedar o i l |  

i n f i l t r a t i o n  and em bedding, in  p a r a f f in .

M o r p h o lo g ic a lly , th® a lim en ta ry  t r a c t  o f  L it to r in a  ir r o r a ta  (Say) 

la  d i v i s i b l e  in t o  th® fo l lo w in g  r e g io n s : th e  mouth (w hich opens in to

th e  a n t e r io r  t i p  o f th e  b u cca l m a ss) , th e  b u cca l mass and a s s o c ia te d  

s t r u c t u r e s ,  th e  esophagus (which opens in t o  th e  l e f t  a n t e r io r  r e g io n  

o f  th e  s to m a ch ), th© stom ach, th e  i n t e s t i n e  (w hich b eg in s  a t  th© r ig h t  

a n t e r io r  m argin o f th® stom ach and p roceed s a n t e r io r ly ) ,  th e  in t e s t i n e ,  

and th© rectu m .

H is t o l o g i c a l l y ,  th e  e n t ir e  e p i t h e l i a l  l in in g  o f th® a lim en ta ry  

system  i s  composed o f  c i l i a t e d  colum nar c e l l s .  In many in s ta n c e s ,  

th e  e p i t h e l i a l  l in i n g ,  beoaus© o f  a s t r a t i f i c a t i o n  o f  th© n u c le i ,  

brought about by th e  v i l l i  and c o n v o lu t io n s , appear® t o  be o f  th e  

s t r a t i f i e d  columnar v a r ie t y .  Such i s  n o t th e  ca se  a s  a l l  c e l l s  r e s t  

on a d e l i c a t e  basem ent membrane.

H igh ly  d is te n d e d  c lu s t e r s  o f  g la n d u la r  c e l l s  o f  th e  g o b le t  

v a r ie t y  ar® found in  th© t r a c t .  These a re  e s p e c i a l l y  prom inent in  

th® eso p h a g u s. Cytoplasm  in  m ost o f  th® columnar c o l l s  i s  norm ally  

f i n e l y  b u t d e n s e ly  g ra n u la r . N u c le i ar® found t o  be u s u a lly  b a s a l ly  

s i t u a t e d  and n u c le o l i  a re  v i s i b l e .  S u e le i  in  th e  b a s a l p o r t io n s  o f  

th e  c e l l s  are o v o id j th o se  in  th® fr e e  ends o f  th© c e l l s  ar© o fte n
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com pressed  i n  th® d i r e c t i o n  o f  t h e  lo n g  a x i s  o f  t h e  c e l l .

The m u s c u la tu r e  o f  t h e  a lim en ta ry  sys tem  i s  composed o f  c i r c u ­

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

th e  s tom ach in  w h ich  r e g io n  on© f i n d s  a  l o o s e l y  a r r a n g e d  ty p e  o f  

a l v e o l a r  c o n n e c t iv e  t i s s u e .



sec  n o *  t i i z  

PLATES ASS DESORIPTIOSS



pl a t e  i

EXPLANATION OF PLATE

CiM rft lu c id a  x 7 

D orsa l Tiew o f  denuded 

s n a i l  in  normal p o s i t io n

SSL  t o  p la t e  t

1 . Pro podium  

S* P er isto m a l rim  

$• T en ta c le s  

4* M antle margin  

6* Mantle 

6* Gonad



PLATE 1



PLATE 2

WEPLAJSATIOli OF PLATE

Camera lu c id a  x 7 

D orsa l v iew  show ing th© d o r s a l-  

a n t e r io r  su r fa c e  o f  th e  e x ­

ten d ed  propodium . The m antle  

hae been  fo r c e d  p o s t e r io r ly  

c o m p le te ly  e x p o s in g  th e  te n ­

ta c le s *

Key t o  p la t e  t

7* A n te r io r  su r fa c e  o f  propodium  

3* P rop od ia l c o n c a v ity  

9* Gdontophoroo p r o je c t in g  froci 

o r a l  a p er tu re  

10* P er isto m a l rim  

11* P ro p o d ia l r id g e  

12* T en ta c le s
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PLATE 3

EXPLAHATIOH OF PLATS 

Camera lu c id a  x  14

D o rsa l v ie w . S u p e r f ic ia l  d i s s e c t io n .  

M antle has been  c u t  s a g ! t a l l y .

The o u t ed ges spread la te r a d .

A l l  o f  th e  m an tle  c a v it y  now 

v i s i b l e .  The a n a l op en in g  and 

th e  rectum  are  v i s i b l e  a lo n g  

th e  r ig h t  and p o s te r io r  bound­

a r i e s  o f  th e  m a n t le  c a v i t y .

Key t o  p la t e  t

IS . Roof o f  c e p h a lic  hem ocoele  

14• A n a l open in g  

15 . Rectum

Id . Cut edge o f  m an tle
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PLATE 3



FLATS 4

SXPLASATXOK OF PLATE

Camara lu c id a  x 7 

D orsa l view* S u p e r f ic ia l  d i s ­

s e c t io n  o f  th e  c e p h a l i c  hemo- 

e o e le *  The r o o f has  been  c u t  

a a g i i a l l y ,  s p r e a d  l a t e r a d *

P o rtio n a  o f  t h e  b u e e a l  m ass ,  

esophagus* and s a l i v a r y  g la n d s  

a re  exposed*

Key t o  p l a t e i 

17* Median su lc u s  

IS* Cut edge o f  c e p h a lic  hem ocoele  

w hich has been spread  la to r a d  

19* S a liv a r y  d u ct  

20* S a liv a r y  gland  

30* Mucous g lan d  o f  m an tle  

40* Esophagus
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PLATE 5

RXFLAEAT308 OP PLATE

Camera lu c id a  x 7

D o rsa l view* Deep d i s s e c t io n  e x ­

p o s in g  th e  a lim en ta ry  t r a c t  to  

th e  p o in t  where i t  i s  about to  

le a v e  th e  c e p h a lic  hem ocoele.

His m ost a n te r io r  p o r tio n  o f  

th e  t r a c t  n orm ally  l i e s  in  th e  

m id - lin e  d orsad . In t h i s  p la t e ,  

i t  has been d is p la c e d  l& terad  

t o  dem on strate  th e  median s u l ­

c u s ,  r a d u la , and a d o r sa l v iew  

o f  th e  odon toph ore.

l e y  to  p la te?

17# C a r t ila g e  o f  odontophore

16 , M edian su lc u s

1 9 . Radula

2 0 . Radular sac

3 0 . D i s t a l  bulb o f radu la

4 0 . D o rsa l mucous gland o f  th e  

m an tle  c a v it y

b 0 . Esophagus
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PLATE 5

40

50

17
18
19

20

30



EXPLANATION OF PLATE

Camera lu c id a  x 14 

V e n t r a l  T ie #  o f  t h e  rad u la  demon­

s t r a t i n g  the l a t e r a l  f l a r e  o f  

r a d u l a  a t  th e  r e g io n  o f  i t s  

I n s e r t i o n

Key to  p l a t e i

6 . I n s e r t io n  o f  th e  radula

7.  Radula  t r a v e r s i n g ;  the  v e n t r a l  

median su lc u s

8 .  Badular s h i e ld  

9» Radul&r membrane



PLATE 6



m -X A M tlO K  Of PLAT'S

Caster© lu c id a  x 7

v iew  shearing  t h e  t i p s  o f  

th© c a r t i l a g i n o u s  o d o n to p h o re  

p r o j e c t i n g  a n t e r i o r l y  from  th© 

r a d u l a r  s h i e l d

Key t o  p l a t e  r

12 . Od on t o  oh o re

13. R a d u la r  s h i e l d

14. Radular sheath



PLATE 7



I' i . d

OF r-'iAT?

Camera l u c i d a  x  14

D o r s a l  v iew . Deep d i s s e c t i o n  e x ­

p o s in g  t h e  o d o n to p h o re e

Key t o  p l a t © :

TO. The t h i n  c o n n e c t iv e  c o v e r in g

w h ich  has  s p re a d  la t© ra d  

80* Two o d o n to p h o re s  w i th  o e d ia n  

s u l c u s  betw een them

9 0 . Cut edge o f  th e  m an tle
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PLATE 8



PLATS 9

UCPLAJATIOH OF PILATE

Camera la c id a  x 14 

B o rea l v ie w . S u p e r f ic ia l  d i s s e c ­

t io n  o f  th e  p o s te r io r  p o r tio n  

o f  th e  m antle c a v i t y ,  ex p o s in g  

th e  h ig h ly  co n v o lu ted  i n t e s t i n a l  

t r a c t  and th e  rectum

to  p la t e i

7 0 . The c o n s ta n t ly  o c cu rr in g  con­

s t r i c t i o n  w hich s e r v e s  a s  th e  

m o rp h o lo g ica l landmark f o r  th e  

b e g in n in g  o f  th e  rectum  

8 0 . The i n t e s t i n a l  t r a c t  proper
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PLATE ID

MPLASATIOi OF FI*ATB

Camera lu c id a  x  14

D o rsa l v ie w , peep d i s s e c t io n  o f  

th e  stom ach show ing th e  co rru ­

g a ted  appearance o f  th e  stom ach  

and th e  e so p h a g ea l and i n t e s t i n a l  

op en in gs

Key t o  p la t e  t

1 . L a te r a l co rru g a ted  w a l ls  o f  th e  

stom ach w ith  t h e ir  many low 

p a r a l l e l  r id g e s

2 .  The median g a s t r ic  f o ld  o f  th e  

stom ach f lo o r

$• I n t e s t in a l  opening

4 .  I n t e s t in a l  groove

5 . E sophageal open in g

6* S u p e r f ic ia l  l a t e r a l  co u rse  o f  

th e  esophagus
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FLATS 11

EXPLANATION OF P L A T S

Camera lu c id a  x  14

D o rsa l v ie w . Deep d is s e c t io n  

made a n t e r io r ly  t o  th© d i s ­

s e c t io n  a s  i l l u s t r a t e d  in  

P la te  10

l e y  t o  p l a t e ;

7* A n te r io r  end o f  i n t e s t i n a l  

groove w hich would j o in  w ith  

th e  b l in d  v e n tr a l  end o f  th e  

i n t e s t i n a l  t r a c t  o f  P la te  9

8* Opening o f th e  groove in t o  

stom ach

9* The la t e r a l  g a s t r ic  r id g e  

w hich  s e r v e s  as an anchorage  

f o r  th e  g a s t r ic  s h ie ld  

10* G a s tr ic  s h ie ld  

11* Gut l a t e r a l  edge o f  stom ach  

12* Cut m edial edge o f  stom ach
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PLATE II

. 8
9

10 

.11

12



PLATS 12

EXPLANATION OF PLATS

Came ra lu c id a  x 7 

D o rsa l v iew  o f  th e  anim al w hich  

has been  f o r c ib ly  expanded t o  

f a c i l i t a t e  p u t t in g  in  a sch e ­

m atic  drawing d e p ic t in g  th e  

e n t ir e  a lim en ta ry  t r a c t  a© i t  

i s  found in  th e  anim al

Key t o  p la t e tuniw«Mm

IS . T en ta c le

1 4 . Odontophore

1 5 . Median s u lc u s

1 6 . S a liv a r y  d u ct

1 7 . S a liv a r y  gland  

IS* Radula

19 . D i s t a l  bu lb  o f  rad u la

2 0 . D orsa l mucous gland  

5 0 . E sophageal op en in g

4 0 . Median g a s t r ic  f o ld  in  f lo o r  

o f  stomach  

8 0 . G a s tr ic  s h ie ld  

60* .L ateral g a s t r ic  f o ld  w hich  

s e r v e s  a s  anchorage f o r  th e  

g a s t r ic  s h ie ld  

7 0 . I n t e s t in a l  opening.

8 0 . I n t e s t in e  proper



£



56



L o n g i tu d in a l  s e c t i o n  o f  bha e s o p h ­

agus  x  l&Q

S e c t i o n  t h r o u g h  t h e  osopliapus 

show ing t h e  o p e n in g s  of th e  

p a i r e d  s a l i v a r y  g la n d s  a r e  two 

l a t e r a l  d i v e r t i e u i a e  fro,?, t h e  

m o s t  a n t e r i o r  p o r t i o n  o f th e  

t r a c t .  The p a i r e d  s a l i v a r y  

g la n d s  a r e  seen  p o s t e r i o r l y .
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PLATS 15

SXPLAKATIOK OF PLATS

L o n g i tu d in a l  s e c t io n  o f  th© esop h ­

agus  x 500

S e c t io n  o f  th e  esophagus tak en  from  

th e  m id -reg io n  o f  th e  c e p h a lic  

h em ocoele . A n te r io r ly , two c lu s t e r s  

o f  g la n d u la r  c e l l s  a re  v i s i b l e .

Those on th e  l e f t  s id e  o f  th© t r a c t  

a re  in  th e  p r o c ess  o f  s e c r e t io n .  

Mucin g ra n u le s  a re  b e in g  extru d ed  

in t o  th e  lumen o f th e  eso p h a g u s. 

P o s t e r io r ly  th© lumen narrow s t o  

i t s  norm al s i z e  b e in g  fla n k ed  on 

e i t h e r  s id e  by th e  colum nar o iH a t e d  

c e l l  o f  th e  esop h agu s.
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FLATS 16

EXPLANATION OF PL A'115

Dross s e c t io n  th rou gh  th e  esop h­

agus x  950

S e c t io n  tak en  through th© e so p h a g ea l  

w a ll  w hich  shows b o th  ty p es  o f  

c e l l s  p r e se n t  in  t h i s  r eg io n  o f  

th e  a lim en ta ry  tr a c t*  In th e  

d o r sa l p o r t io n  o f  th e  p la t e  g r e a t ly  

d is te n d e d  mucous c e l l s  a re  v i s i b l e .  

C i l ia  a r e  a b sen t in  th e s e  c e l l s .  

Cytoplasm  i© o f  an a lv e o la r  n a tu r e .  

On th e  r ig h t  m argin , th e  u su a l 

t a l l ,  th in  I r r e g u la r  c i l i a t e d  c e l l s  

a r e  v i s i b l e *  C i l ia  are  m ost abun­

dan t in  th e s e  c e l l s *  The sm all 

n u c le i  are s ta g g e r e d , g iv in g  th e  

appearance o f  pseudo s t r a t i f i c a t i o n .  

Underneath tha^e c o l l s  a d e l i c a t e  

la y e r  o f  c i r c u la r ly  arranged  m u scle  

f ib e r s  are  ev id en t*





PLATE 1 ?

EXPLANATION OF PLATE

C ross s o o t io n  o f  the stom ach  

w a ll  x  950

S e c t io n  throu gh  t h e  stom ach show­

in g  th e  t a l l ,  c i l i a t e d  columnar 

c e l l s ,  d i l a t i o n  l a  v e r y  d en se  

and r e g u la r  in  t h i s  p o r tio n  o f  

th e  t r a c t .  A d e l i c a t e  basem ent 

membrane i® v i s i b l e .  Hie n u c le i  

o f  th e  c e l l s  a re  b a s a l ly  arranged  

e x c e p t  a t  th e  lo iter  r ig h t  m argin  

where th e r e  i s  & c o n s id e r a b le  

s ta g g e r in g , th u s g iv in g  th e  ap ­

pearance o f  pseudo  s t r a t i f i c a t i o n .  

Ho m uscu lar la y e r  i s  e v i d e n t j i n ­

s te a d  th e  lo o s e ly  a r r a n g e d  co n ­

n e c t iv e  t i s s u e  i s  p r e s e n t .





PLATE 18

i£XPi*A!» a Ti.O»v OP PLA La*

C ross s e c t io n  x 3QQ

S e c t io n  tak en  through th a t  r e g io n  

o f  th e  stom ach in  th e  v i c i n i t y  

o f  th e  i n t e s t i n a l  groove where 

th e  e p i t h e l i a l  c e l l s  d ev e lo p  a 

c u t lc u la r  l in in g  known a s  the  

g a s t r ic  s h i e l d .  The e p i t h e l i a l  

c e l l s  which s u p p o r t  t h i s  s t r u c ­

tu r e  a r e  t a l l e r  than th e  a d ja c e n t  

c e l l s  and th ey  tak e a much l i g h t e r  

s t a in  th an  th e  n e ig h b o r in g  c e l l s .  

C i l ia  a r e  p r e se n t  on th e  ord in ary  

c e l l s  in  th e  l e f t  m argin o f  th e  

p l a t e ,  it basem ent membrane i s  

v i s i b l e  a lo n g  th e  l e f t  m argin o f  

th e  c e l l s .
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PLATE 19

EXPLANATION OF PLATE

L o n g i t u d i n a l  s e c t i o n  x 1£*5

S@cti.os taken. a t  t h i s  low im g -  

n l f i e & t i o a  t o  d e m o n s t ra te  t h e  

c o r r u g a t e d  a p p o a ra n e e  o f  th e  

i n t e r i o r  o f  t h e  stomach* P o s t  

a p p a r e n t  a r c  t h e  num erous low  

p a r a l l e l  r id g e s *

mailto:S@cti.os
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PLATS 20

EXFLAMTIOS OF PLATE

C ross s e c t io n  x  SCO

B o o t l e  tak en  th rou gh  th e  v i s c e r a l  

hump show ing the r e la t io n s h ip  o f  

th e  c e n t r a l ly  s i t u a t e d  stom ach  

and th e  op en in gs o f  th e  esophagus  

and i n t e s t i n e .  The e so p h a g ea l 

open in g  i s  s i t u a t e d  on th e  l e f t  

(em 'o ry o lo g io a lly  sp e a k in g ) s id e  

o f  th e  stom ach. The i n t e s t i n a l  

groove* w ith  f e o a l  p e l l e t s *  i s  

s i t u a t e d  on th e  r ig h t  s id e  o f  th e  

stom ach.





PLATE 21

BXPLASmOtf OP PLAf'K

C ross s e c t io n  o f  th© i n t e s t i n e  x 500

Complete c r o s s  s o o t io n s 1 view  o f  th© 

l a t e s t I n a l  t r a c t  show ing th e  gen­

e r a l i s e d  arrangem ent o f  th® I n t e s ­

t i n a l  v i l l i ,  th© c i l i a t i o n ,  and 

th e  f e e a l  p e l l e t s *  n o t ic e  th a t  th e  

I n t e s t i n a l  v i l l i  a re  much more num­

ero u s  and h ig h er  than th o se  found  

in  th e  rectum . 2he c i l i a  a r e  much 

more prom inent th an  th a t  w hich i s  

found in  any o th er  p o r t io n  o f  th e  

tr a c t*
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PLATE 22

EXPLANATION OF PLATS

Cross s e c tio n  o f th e  in t e s t in e  x  960

S e c t io n  tak en  through th e  m id -reg io n  

of the  i n t e s t i n a l  t r a c t  proper  

show ing th e  h ig h ly  com pressed  

colum nar c e l l s  o f  th e  i n t e s t i n a l  

v i l l i .  The appearance i s  on© of 

pseudo s t r a t i f i c a t i o n .  C i l ia  in  

t h i s  r eg io n  o f th e  a lim en ta ry  t r a c t  

a re  lo n g er  than in  any o th e r  p a r t .  

N u c le i ,  when b a s a l in  p o s i t i o n ,  are  

o v o id . Toward th e  fr e e  ends o f  the  

c e l l s  th e  n u c le i  a re  com pressed in  

th e  d ir e c t io n  o f  th e  main a x e s  o f  

th e  c e l l s .  N u c le o li  a re  v i s i b l e  in  

th e  n u c le i .  A reas o f  th in  c ir c u la r  

m u scle  a r e  v i s i b l e  a lo n g  th e  l e f t  

m argin of th e  i n t e s t i n e .
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PLATE 23

EXPLANATION OF PLATE

C ross s o o t io n  o f  th e  rocturn x  300

S e o t io n  tak en  through th e  m id -reg io n  

o f  th e  rectum* V is ib le  are th e  

r e c t a l  v i l l i ,  f e c a l  p e l l e t s ,  and 

o i l i a *  This p la t e  i s  h i s t o l o g i c a l l y  

com parable t o  th a t  o f  P la te  21 o f  

th e  in t e s t in e *  The v i l l i  in  t h i s  

r e g io n  a re  n o t  q u ite  a s  h ig h  a s  

th o s e  found in  th e  i n t e s t i n a l  t r a c t .  

The d iam eter  o f  th e  t r a c t  i s  con­

s id e r a b ly  g r e a te r  than th a t  o f the  

i n t e s t i n a l  tr a c t*
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