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INTRODUCTION

E n v i r o n m e n t a l  F a c t o r s  a s  an  I n f l u e n c e  on  t h e  D i s t r i b u t i o n  
o f  S t re a m  B e n th o s

Members o f  t h e  s t r e a m  b e n t h o s  e x i s t  u n d e r  t h e  

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

i n t e r r e l a t e d  e n v i r o n m e n t a l  f a c t o r s .  These  f a c t o r s  may 

c a u s e  movement among t h e  b e n t h o s  d i r e c t l y ,  t h r o u g h ’ t h e  

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

way a s  t o  i n d u c e  t h e  r e s p o n s e  o f  movement .  I n  e i t h e r  

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

i n  t i m e  i s  t h e  n e t  r e s u l t  o f  t h e  movements  b r o u g h t  a b o u t  

by e n v i r o n m e n t a l  f a c t o r s .  I t  i s  t h e  m ain  o b j e c t i v e  o f  

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

o f  t h e s e  f a c t o r s  on t h e  m ovem en ts ,  and t h u s  t h e  d i s t r i b u ­

t i o n ,  o f  a  member o f  t h e  s t r e a m  b e n t h o s  -  t h e  p r o s o b r a n c h  

g a s t r o p o d ,  Campeloma d e c i s u m  Say.  The r a t e  and  d i r e c t i o n  

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

c o n d i t i o n s  i n  an  a r t i f i c i a l  s t r e a m  s y s t e m .  The e n v i r o n ­

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

s u b s t r a t e  t y p e ,  and  l i g h t  c o n d i t i o n  ( l i g h t  v e r s u s  d a r k ) .  

These  t h r e e  f a c t o r s  w ere  ’. n o t c h o s e n  ' a r b i t r a r i l y  b u t  ~ 

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

on movement and  on t h e  b a s i s  o f  t h e  e x t e n t  t o  w h ich  t h e i r  

i m p o r t a n c e  was i n v e s t i g a t e d  i n  o t h e r  s t u d i e s  on t h e  

movements  and  d i s t r i b u t i o n  o f  Campeloma.

1
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The r e l a t i v e  i m p o r t a n c e  o f  e a c h  o f  s e v e r a l  e n v i r o n ­

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

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

d i s c u s s i o n  i n  t h e  l i t e r a t u r e .  I t ’ s o f  o b v i o u s  v a l u e  f o r  

t h e  p r e s e n t  s t u d y  t h a t  t h i s  d i s c u s s i o n  be r e v i e w e d ,  

e s p e c i a l l y  a s  i t  p e r t a i n s  t o  Campeloma. The s i g n i f i c a n c e  

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

t o  o b s e r v e d  d i s t r i b u t i o n s  o f  Campeloma i n  t h e  f i e l d ,  i s  

t o  a  l a r g e  d e g r e e  d e p e n d e n t  upon  t h e  r e l a t i v e  i m p o r t a n c e  

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

r e v i e w  e s t a b l i s h e s  t h e  b a c k g r o u n d  n e c e s s a r y  f o r  any  

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

F a c t o r s  Known o r  T hough t  t o  be I n f l u e n t i a l  i n  D e t e r m i n in g  
t h e  D i s t r i b u t i o n  o f  S t ream  B e n th o s  ( P a r t i c u l a r l y  Campelo­
ma) and  t h e i r  R e l a t i v e  I m p o r t a n c e

S n v i r o n m e n t a l  f a c t o r s  a r e  c a t e g o r i z e d  a s  a b i o t i c  o r  

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

p h y s i c a l .  I t  w i l l  be s t r e s s e d  now and  s e v e r a l  t i m e s  

l a t e r  t h a t  t h e s e  f a c t o r s  a r e  i n t e r r e l a t e d .  They a f f e c t  

e a c h  o t h e r  and  f r e q u e n t l y  i n t e r a c t  i n  t h e i r  i n f l u e n c e  

upon  t h e  d i s t r i b u t i o n  o f  t h e  s t r e a m  b e n t h o s .  They a r e ,  

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

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

i m p o r t a n t  i n t e r r e l a t i o n s h i p s .
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C h em ica l  f a c t o r s ,  c a l c i u m  and o t h e r  i o n s

C h em ica l  f a c t o r s  o f  known o r  p o t e n t i a l  i m p o r t a n c e  

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

o t h e r  i o n s ,  h a r d n e s s  and  a l k a l i n i t y ,  pH, and o x y g e n .

C a lc iu m  i s  a  c h e m i c a l  f a c t o r  o f  p a r t i c u l a r  i m p o r ­

t a n c e  t o  m o l l u s k s  a s  a r e q u i r e m e n t  f o r  s h e l l  f o r m a t i o n .

I t  i s  a l s o  n e c e s s a r y  f o r  a n i m a l  m e t a b o l i s m  and  t h e  g ro w th  

o f  a q u a t i c  p l a n t s  (A b d e l  M a le k ,  1 9 5 8 ) .  C a lc iu m ,  t h e n ,  i s  

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

d i s t r i b u t i o n  o f  s t r e a m  b e n t h o s  i s  n o t  c l e a r .  C a lc ium  

c o n c e n t r a t i o n  and  w a t e r  h a r d n e s s  a r e  c l o s e l y  r e l a t e d  and 

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

c a l c i u m  c a r b o n a t e .  vfnat i s  known a b o u t  t h e  d i s t r i b u t i o n ­

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

B o y c o t t  (1936)  b e l i e v e s  t h a t  one o f  t h e  e n v i r o n ­

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

w h e t h e r  o r  n o t  a  h a b i t a t  i s  s u i t a b l e  f o r  f r e s h w a t e r  

m o l l u s k s  i s  c a l c i u m .  Hard w a t e r  ( h i g h  c a l c i u m  c o n t e n t )  

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

( low  c a l c i u m  c o n t e n t )  b u t  i t  i s  d i f f i c u l t  t o  a s s e s s  i t s  

i m p o r t a n c e  i n  n a t u r e  b e c a u s e  c o m p a r a b le  h a b i t a t s  t e n d  to  

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

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

o r  o v e r r i d d e n  by o t h e r  f a c t o r s .
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The s c a l e  o f  h a r d n e s s  w h ic h  humans a p p l y  to  t h e i r  

w a t e r  s u p p l i e s  i s  n o t  v e r y  a p p r o p r i a t e  f o r  u s e  i n  r e f e r ­

ence  t o  m o l l u s k s  ( B o y c o t t ,  1 9 3 6 ) .  W ate r  f o r  human u s e  i s  

n o t  c o n s i d e r e d  h a r d  u n l e s s  i t  c o n t a i n s  a t  l e a s t  50 

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

c o n t a i n s  20 m i l l i g r a m s  p e r  l i t e r  o r  l e s s ,  a c o n c e n t r a t i o n  

w h ich  seems s u f f i c i e n t l y  g r e a t  f o r  most  m o l l u s k s  and  i s ,  

to  them, h a r d  w a t e r .

A b i o l o g i c a l  s u r v e y  team w o r k in g  i n  T e n n e sse e  fo u n d  

Campeloma d e c ! su m  i n  w a t e r s  r a n g i n g  f ro m  7 t o  135 p a r t s  

p e r  m i l l i o n  c a l c i u m  c a r b o n a t e ,  C. l e w i s i i  i n  w a t e r s  f rom 

10 t o  20 ,  and  C. oonderosum  i n  w a t e r s  f ro m  63 to  70 

(S h o u p ,  194-3). T h i s  i s  u s e f u l  i n f o r m a t i o n  b u t  i t  i s  no 

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

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

r a t h e r  t h a n  s o m e th in g  e l s e ,  i s  t h e  l i m i t i n g  f a c t o r .  

A c t u a l l y ,  t h e  c a l c i u m  c o n t e n t  o f  t h e  w a t e r  may be o f  v e r y  

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

Campeloma. M o r r i s o n  (1 932)  r e p o r t s  t h a t  Campeloma i s  t h e  

o n l y  member o f  i t s  f a m i l y  and one o f  t h e  few f r e s h w a t e r  

p r o s o b r a n c h s  t h a t  can  t o l e r a t e  e x t r e m e l y  s o f t  w a t e r .  He 

b e l i e v e s  t h a t  Camoeloma l i v i n g  u n d e r  such c o n d i t i o n s  

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

f ro m  t h e  open  w a t e r  a b o v e .  T h i s  seems p a r t i c u l a r l y  

f e a s i b l e  f o r  a b u r r o w i n g  s n a i l ,  Abdel Malek (1953)
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m e n t i o n s  t h e  i m p o r t a n c e  o f  " t h e  c a l c i u m  c o n t e n t  o f  t h e  

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

c o l l o i d a l  co m plex ,  t h e  c a l c i u m  c a r b o n a t e  i n  s o i l  l i m e ,  

and  t h e  c a l c i u m  s i l i c a t e  i n  r o c k  f r a g m e n t s "  i n  a n a l y z i n g  

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

c o n t e n t  o f  a  p a r t i c u l a r  body o f  w a t e r  a p p e a r s  t o  c o n t r o l  

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

s h e l l s  a r e  t h i c k  o r  f r a g i l e " .

Prom t h i s  d i s c u s s i o n  i t  may be c o n c l u d e d  t h a t ,  f o r  

Campeloma: 1 ) t h e r e  i s  some minimum am ount  o f  a v a i l a b l e  

c a l c i u m  w hich  i s  e s s e n t i a l  to  l i f e  a s  w e l l  a s  f o r  g ro w th  

and  r e p r o d u c t i o n ;  2 ) t h e  c a l c i u m  c o n t e n t  o f  t h e  w a t e r  i s  

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

s t r a t e ;  3 ) i t ' s  l i k e l y  t h a t  t h e r e  a r e  f ew ,  i f  a n y ,  s t r e a m s  

w i t h i n  t h e  r a n g e  o f  Campeloma w h ich  a r e  s u f f i c i e n t l y  low  

i n  c a l c i u m  f ro m  one s o u r c e  o r  t h e  o t h e r  t o  be i n t o l e r a b l e  

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

m a c r o d i s t r i b u t i o n ;  and 4 ) o f  i t s e l f ,  c a l c i u m  i s  o f  l i t t l e  

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

r e l a t i o n s h i p  h a s  b een  e s t a b l i s h e d  b e tw e e n  t h e  c h e m i c a l  

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

t y p e .

Abdel  Malek (1958)  d i s c u s s e s  t h e  i m p o r t a n c e  i n  t h e  

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

s n a i l s  c a n n o t  t o l e r a t e  a  v e r y  h i g h  s a l t  c o n t e n t .  Some 

magnesium i s  n e c e s s a r y  b u t  a n  e x c e s s  i s  h a r m f u l .  Sodium
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may o c c u r  a s  a  c h l o r i d e ,  s u l f a t e ,  o r  c a r b o n a t e .  A h i g h  

r a t i o  o f  sod ium  t o  c a l c i u m  i s  h a r m f u l  b e c a u s e  t h e  sodium 

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

Small  am o u n ts  o f  i r o n  a r e  n e c e s s a r y  f o r  a l g a l  g r o w th  and  

i t  s e ld o m  o c c u r s  i n  s u f f i c i e n t  am ounts  to  be l i m i t i n g  to  

m o l l u s k s .  H igh c o n c e n t r a t i o n s  o f  t h e s e  o r  o t h e r  i o n s  may 

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

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

a r i s e  o n l y  due t o  p o l l u t i o n .

Chem ica l  f a c t o r s . h a r d n e s s  and  a l k a l i n i t y

W ate r  h a r d n e s s  i s  c a u s e d  by t h e  b i c a r b o n a t e s  and 

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

n i t r a t e s  o f  c a l c i u m  and magnes ium (Abdel  M a le k ,  1 9 5 3 ) .  ■ 

A l k a l i n i t y  i s  a  more s p e c i f i c  t e rm  r e p r e s e n t i n g  t h e  

b i c a r b o n a t e  c o n t e n t  a l o n e .  Both  can  be e x p r e s s e d  a s  

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

a b o v e  d i s c u s s i o n  on c a l c i u m  a p p l i e s  to  h a r d n e s s  and  

a l k a l i n i t y  a s  w e l l .  I n  f a c t ,  h a r d n e s s  and  t h e  c o n c e n t r a ­

t i o n  o f  a l l  i o n s  i n  w a t e r  a r e  i n t e r r e l a t e d .  " I n  n a t u r a l ­

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

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

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

s u l p h a t e ,  an d  sod ium ,  a r e  a l s o  more a b u n d a n t  t h a n  t h e y  

a r e  i n  s o f t  w a t e r s .  Hard  w a t e r  h a s ,  t h e r e f o r e ,  n o t  o n l y  

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

( H y n e s ,  1 9 7 0 ) .

Hynes  (1 9 7 0 )  c o n c l u d e s  " t h a t  w a t e r  h a r d n e s s  i s  a  

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

i n v e r t e b r a t e s " .  How ever ,  t h e r e  i s  no e v i d e n c e  t o  d a t e  

t h a t  Camoeloma i s  among th em .  Harman and  3 e r g  (1 971)  

f o u n d  C. d e c i s u m  i n  c e n t r a l  Hew Y ork  w a t e r s  r a n g i n g  i n  

a l k a l i n i t y  f ro m  53 t o  159 (mean 88 )  p a r t s  p e r  m i l l i o n  

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

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

C. d e c i s u m  o r  any  o f  t h e  o t h e r  m o l l u s k s  t h e y  e n c o u n t e r e d .

C h em ica l  f a c t o r s . p H

M o r r i s o n  (1 932)  f o u n d  Campeloma d e c i s u m  i n  W i s c o n s i n  

w a t e r s  r a n g i n g  i n  p H .f ro m  5 . 6 8  t o  8 . 3 7  a n d - C .  m i l e s l i  i n  

w a t e r s  f ro m  pH 5 . 8 6  t o  8 . 0 .  Harman and  B e rg  (1971)  

c o l l e c t e d  C. d e c i s u m  f ro m  w a t e r s  i n  c e n t r a l  New York w i t h  

a  r a n g e  o f  pH 7 . 3  t o  8 . 5  (mean o f  7 . 9 ) .  These  f i n d i n g s  

i n d i c a t e  a  w ide  r a n g e  o f  t o l e r a n c e  f o r  C. d e c i s u m . T h e re  

i s  no e v i d e n c e  t h a t  pH i s  a  f a c t o r  l i m i t i n g  t h e  d i s t r i b u ­

t i o n  o f  C. d e c i s u m  (Harman an d  3 e r g ,  1 9 7 1 ) .  I n d e e d ,  pH 

i s  r a r e l y  a  l i m i t i n g  f a c t o r  f o r  s n a i l s  i n  g e n e r a l  (A bdel  

M a le k ,  1958)  and  t h e r e  i s  l i t t l e  more t h a n  o c c a s i o n a l  

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

f o r  s t r e a m - d w e l l i n g  i n v e r t e b r a t e s  ( H y n e s ,  1 9 7 0 ) .  The 

c h e m i c a l  f a c t o r s  on w h ic h  pH i s  d e p e n d e n t ,  s u c h  a s
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" a l k a l i  r e s e r v e ,  c a r b o n  d i o x i d e  c o n t e n t ,  s u n l i g h t ,  

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

p r o d u c t i o n  o f  0 P , and  t h e  c h a r a c t e r  o f  t h e  s u b s t r a t u m  a r e  

more i m p o r t a n t  t h a n  pH a l o n e "  (A bd#l  M alek ,  1 9 5 8 ) .  An 

a d d i t i o n a l  p r o b le m  i n  t h e  u s e - o f  pH r e a d i n g s  a s  an  

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

f a c t  t h a t  pH o f t e n  v a r i e s  f ro m  one l o c a t i o n  to  a n o t h e r  

w i t h i n  t h e  same h a b i t a t  and  w i t h  t h e  t im e  o f  day a t  a 

s i n g l e  l o c a t i o n  (A bdel  M alek ,  1953 ;  B o y c o t t ,  1 9 3 6 ) .

C h em ica l  f a c t o r s , oxygen

Harman and  Berg (1 9 7 1 )  f o u n d  Camoeloma d ec i su m  i n  

w a t e r s  r a n g i n g  from. 3 . 6  t o  1 0 . 8  p a r t s  p e r  m i l l i o n  d i s ­

s o l v e d  oxygen  (mean o f  9 * 6 ) .  They r e p o r t  t h a t  " t h e  o n l y  

c h e m i c a l  f a c t o r  m o n i t o r e d  t h a t  seems t o  l i m i t  s n a i l  

d i s t r i b u t i o n s  i n  c e n t r a l  Hew York i s  lo w  c o n c e n t r a t i o n s  

o f  o x y g e n " .  H ow ever ,  t h e  low  oxygen  h a b i t a t s  a r e  i n  

m a r s h e s  and swamps, n o t  s t r e a m s ,  and p r o s o b r a n c h s  su ch  a s  

Campeloma may be a b s e n t  f rom  such  h a b i t a t s  o n l y  b e c a u s e  

o f  d i s p e r s a l  p r o b le m s  o r  a  l a c k  o f  t o l e r a n c e  o f  t h e  

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

(Harman and B e rg ,  1 9 7 1 ) .  I n  s t r e a m s ,  low c o n c e n t r a t i o n s  

o f  oxygen  a r e  a r a r i t y  a n d ,  e x c e p t  i n  some c a s e s  i n v o l v ­

i n g  p o l l u t i o n ,  o x ygen  i s  se ldom  a f a c t o r  i n  t h e  e c o l o g y  

o f  s t r e a m  i n v e r t e b r a t e s  (H y n es ,  1 9 7 0 ) .
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Any e x i s t i n g  i n f l u e n c e  o f  o xygen  on t h e  d i s t r i b u t i o n  

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

f a c t o r s  o f  s u b s t r a t e  t y p e  and  c u r r e n t  v e l o c i t y  ( E r i k s e n ,  

1 966 ;  J a a g  and  Ambuhl,  1 9 6 4 ) .  As a m a t t e r  o f  f a c t ,  

o x y g e n  c o n c e n t r a t i o n  and  c u r r e n t  v e l o c i t y  a r e  so c l o s e l y  

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

i n a d e q u a t e  and  e v e n  i n c o r r e c t  t o  c o n s i d e r  t h e  two f a c t o r s  

s e p a r a t e l y .  And f o r  a  b u r r o w i n g  o r g a n i s m  su c h  a s  Campe­

l o m a , s u b s t r a t e  t y p e  i s  i n t i m a t e l y  r e l a t e d  t o  oxygen  

c o n c e n t r a t i o n  a s  w e l l .  F o r  t h e s e  r e a s o n s ,  t h e  i m p o r t a n c e  

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

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

Chem ica l  f a c t o r s  a s  a  w ho le  a p p e a r  to  h a v e  l i t t l e  

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

b e n t h o s  i n  t h e  m a j o r i t y  o f  n a t u r a l  s i t u a t i o n s  (Harman and 

B e r g ,  1971;  Macan, 1 9 6 1 ) .  W ater  p o l l u t i o n  c a n  r e s u l t  i n  

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

f a c t o r s  on m i c r o d i s t r i b u t i o n  m us t  be m in o r  and  s u b o r d i ­

n a t e  t o  th e  i n f l u e n c e s  o f  some p h y s i c a l  a n d / o r  b i o t i c  

f a c t o r s ,  a s  w i l l  be f u r t h e r  shown. I t  s h o u ld  be remem­

b e r e d  t h a t  t h e r e  a r e  n u m e ro u s  and com plex  i n t e r r e l a t i o n ­

s h i p s  among t h e  v a r i o u s  c h e m i c a l  f a c t o r s  and among a l l  

t h e  f a c t o r s  w h ic h  make up t h e  e n v i r o n m e n t .  The i m p o r ­

t a n c e  o f  any  one f a c t o r  i n  l i m i t i n g  d i s t r i b u t i o n  may be 

made g r e a t e r  o r  l e s s e r  by v a r i a t i o n s  i n  one o r  more o f  

t h e  o t h e r s .
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P h y s i c a l  f a c t o r s , d e p t h

Some o f  t h e  w a t e r  d e p t h s  a t  w h ich  Campeloma h a s  h e e n  

c o l l e c t e d  a r e  r e p o r t e d  i n  T a b le  3 .  They r a n g e  f ro m  two 

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

f o u n d  i n  s h a l l o w  w a t e r ,  u s u a l l y  l e s s  t h a n  twro f e e t  d e ep  

( B o y c o t t ,  1 9 3 6 ) .  A bdel  Malek (1958)  and  B o y c o t t  (1 9 3 6 )  

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

e s t a b l i s h m e n t  o f  p o p u l a t i o n s  o f  s n a i l s  o r  k ee p  such  

p o p u l a t i o n s  s m a l l .  Medcof (194-0),  h o w e v e r ,  f o u n d  

Campeloma i n  a  m i l l  pond f ro m  t h e  m a r g i n  t o  d e p t h s  o f  

t e n  o r  t w e l v e  i n c h e s  and t h e y  r e m a i n e d  w i t h i n  t h i s  

d e p t h  r a n g e  by h o r i z o n t a l  movement a s  t h e  w a t e r  l e v e l  

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

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

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

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

t y p e  (Brown, 1971;  Harman, 1 9 7 2 ) .  I n  r i f f l e s ,  E g g l i s h a w  

( I 9 6 9 ) f o u n d  v e r y  l i t t l e  s i g n i f i c a n t  a s s o c i a t i o n  o f  

b e n t h i c  i n v e r t e b r a t e  s p e c i e s  w i t h  w a t e r  d e p t h .  I n  t h e  

" d e e p ,  q u i e t  p o o l s "  o f  s t r e a m s ,  Harman (1972)  f o u n d  a 

" l i t t o r a l  s i l t  and d e t r i t u s  a s s o c i a t i o n "  o f  w h ich  C. 

d ec i su m  was a t y p i c a l  member. He a l s o  f o u n d  C. d e c i s u m  

i n  " e u l i t t o r a l  s i l t  and  d e t r i t u s " ,  a s u b s t r a t e  t y p e  f o u n d  

a l o n g  t h e  s h a l l o w ,  q u i e t  m a r g i n s  o f  s t r e a m s .  Thus d e p t h ,  

o f  i t s e l f ,  a p p e a r s  t o  h av e  l i t t l e  o r  no d i r e c t  i n f l u e n c e
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on t h e  d i s t r i b u t i o n  o f  s t r e a m  b e n t h o s  b u t  i s  an  i n t e g r a l  

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

s u b s t r a t e  t y p e ,  w h ic h  may e x e r t  a  m a j o r  d i r e c t  i n f l u e n c e .

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

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

t r i b u t i o n  o f  s t r e a m  b e n t h o s  (H y n e s ,  1 9 7 0 ;  J a a g  and  

Ambuhl,  1964;  M i n s h a l l ,  1 9 6 9 ) .  L i f e  h i s t o r i e s  a r e  o f t e n  

r e g u l a t e d  by t e m p e r a t u r e  and  e a c h  s t a g e  i n  a n  o r g a n i s m ’ s 

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

e x t r e m e s  i n  t e m p e r a t u r e  (H y n e s ,  1 9 7 0 ;  Maean, 1 9 6 1 ) .  H ig h  

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

( B o y c o t t ,  1936) b u t  i n  t e m p e r a t e  c l i m a t e s  t h e  r a t e  and  

e x t e n t  o f  v a r i a t i o n  i s  a s  i m p o r t a n t  a s  t h e  maximum 

(H y n es ,  1 9 7 0 ) .  Oxygen c o n c e n t r a t i o n s  an d  r e s p i r a t i o n  

r a t e s  a r e  r e l a t e d  t o  w a t e r  t e m p e r a t u r e  and  some s p e c i e s  

i n  s t r e a m s  may be l i m i t e d  i n  t h i s  f a s h i o n  by t e m p e r a t u r e  

(H y n e s ,  1 9 7 0 ) .  Bu t  t e m p e r a t u r e  i s  much more l i m i t i n g  t o  

s n a i l s  l i v i n g  i n  s h a l l o w  w a t e r  a t  t h e  edge o f  p o n d s ,  

l a k e s ,  a n d  r i v e r s  t h a n  i n  t h e  r u n n i n g  w a t e r  o f  s m a l l e r  

s t r e a m s  ( 3 o y c o t t ,  1 9 3 6 ) .  The i n f l u e n c e  o f  t e m p e r a t u r e  on 

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

m a c r o d i s t r i b u t i o n  l e v e l  o r  h i g h e r  ( J a a g  and  Ambuhl,

1 9 6 4 ) .  Thus ,  t h e  g e o g r a p h i c a l  r a n g e  o f  Campeloma may 

w e l l  be l i m i t e d ,  a t  l e a s t  i n  p a r t ,  by t e m p e r a t u r e .  The 

d i s t r i b u t i o n  o f  Campeloma a l o n g  t h e  l e n g t h  o f  a  s i n g l e
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s t r e a m  may be u n d e r  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  i n  some 

i n s t a n c e s .  I t  a p p e a r s ,  h o w e v e r ,  t h a t  t e m p e r a t u r e  i s  

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

t r i b u t i o n .

P h y s i c a l  f a c t o r s » l i g h t  I n t e n s i t y

"A f e w  i n v e s t i g a t i o n s  h a v e  i n d i c a t e d  t h a t  t h e r e  i s  a  

d e f i n i t e  c o r r e l a t i o n  b e t w e e n  sh a d e  a n d  t h e  o c c u r r e n c e  o r  

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

o u s l y  s h a d e d  s t r e am s '*  (H y n e s ,  1 9 7 0 ) .  T h i s  h a s  n o t  b e e n  

i n v e s t i g a t e d  i n  t h e  c a s e  o f  Campeloma. The m a in  i m p o r ­

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

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

M alek ,  1 9 5 8 ;  B o y c o t t ,  19 3 6 ;  Brown,  1 9 7 1 ;  Hynes ,  1 9 7 0 ) .  

S u n l i g h t  e n c o u r a g e s  t h e  g r o w th  o f  a q u a t i c  m a c r o p h y t e s  and  

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

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

Shade d i s c o u r a g e s  m o s t  a q u a t i c  p l a n t  g ro w th  and  l e a v e s  

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

b a n t s  may f a l l  i n t o  t h e  w a t e r  an d  become a  f o o d  s o u r c e  

f o r  t h e  s t r e a m  b e n t h o s .  Thus l i g h t  i n t e n s i t y  i s  i n t e r r e ­

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

F o r  Campeloma. l i v i n g  a q u a t i c  p l a n t s  a r e  n o t  a s o u r c e  o f  

f o o d  a n d ,  a s  d i s c u s s e d  e a r l i e r ,  o x y g e n  i s  se ldom  l i m i t i n g  

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

i s  u n d o u b t e d l y  a  m a j o r  f o o d  s o u r c e  f o r  Camualoma b u t
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t h e r e  i s  no e v i d e n c e  t h a t  t h e  s n a i l s  a r e  l i m i t e d  t o  

sh a d e d  s t r e a m s  o r  s t r e a m  s e c t i o n s  by t h i s  f a c t o r .  L i g h t  

i n t e n s i t y  i s  u n l i k e l y  t o  h av e  much d i r e c t  i n f l u e n c e  on 

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

be f o u n d  t o  have  some i n f l u e n c e  i n d i r e c t l y ,  t h a t  i s ,  i n  

c o r r e l a t i o n  w i t h  f o o d ,  o x y g e n ,  and  t e m p e r a t u r e .

P h y s i c a l  f a c t o r s , c u r r e n t  v e l o c i t y

C u r r e n t  v e l o c i t y  i s  w i d e l y  c o n s i d e r e d  t o  be a f a c t o r  

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

s t r e a m  b e n t h o s  (Cummins, 1 9 6 2 ,  1964 ;  H y n e s ,  19 7 0 ;  J a a g  

and Ambuhl,  1964 ;  Kam ler  and  H i e d e l ,  I 9 6 0 ;  L i l l e h a m m e r ,

1966 ;  L i n d u s k a ,  1 9 4 2 ) .  P r e d o m i n a t i n g  s p e c i e s  and  e v en  

e n t i r e  c o m m u n i t i e s  may change  w i t h  c h a n g e s  i n  c u r r e n t  

v e l o c i t y  (H ynes ,  1 9 7 0 ) .  L i l l e h a m m e r  (1 9 6 6 )  compared  two 

s i t e s  i n  a  s t r e a m  w hich  w ere  s i m i l a r  i n  a l l  r e s p e c t s  

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

t h e  f a u n a l  c o m p o s i t i o n .

W hether  c u r r e n t  v e l o c i t y  e x e r t s  a  g r e a t e r  i n f l u e n c e  

on m a c r o d i s t r i b u t i o n  o r  on  m i c r o d i s t r i b u t i o n  i s  n o t  

c l e a r .  I t  may be a  f a c t o r  o f  c o n s i d e r a b l e ,  i f  n o t  

p r i m a r y ,  i m p o r t a n c e  i n  b o t h  c a s e s .  Cummins (1964)  

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

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

b e n t h i c  i n v e r t e b r a t e s " .  Cummins and  L a u f f  ( 1 9 6 9 ) ,  

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

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

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

e n c e s " .  J a a g  an d  Ambuhl (1 9 6 4 )  d e s i g n a t e  c u r r e n t  a s  t h e  

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

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

t o  p r e f e r  a  c e r t a i n  r a n g e  o f  c u r r e n t  v e l o c i t y  (H y n e s ,  

1 9 7 0 ) .  The t o l e r a t e d  r a n g e  seems t o  be much w i d e r  t h a n  

t h e  p r e f e r r e d  r a n g e .  Macan ( 1 9 6 3 )?  i n  r e v i e w i n g  s e v e r a l  

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

s p e c i e s  was  m o s t  a b u n d a n t  a t  a  c e r t a i n  c u r r e n t - s p e e d ,  

n e a r l y  e v e r y  one was f o u n d  o v e r  a  v e r y  w id e  r a n g e  o f  

v e l o c i t i e s " .  D i s t r i b u t i o n  c a n  d e f i n i t e l y  be l i m i t e d  by 

h i g h  c u r r e n t  v e l o c i t i e s  (A b d e l  M a le k ,  1 9 58 ;  A l l e n ,  1959;  

B o y c o t t ,  1936;  H y n e s ,  1970;  Macan,  1 9 6 1 ) .  A l l e n  (1959)  

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

v e l o c i t y  ( a l t h o u g h  b e lo w  t h e  s i g n i f i c a n t  l e v e l )  an d  

no c o r r e l a t i o n  w i t h  t h e  t o t a l  a r e a  o f  s t o n e s  o r  t h e  

s i z e  o f  t h e  l a r g e s t  s t o n e s  on t h e  s t r e a m  b e d .  A v e r y  

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

an d  a r e a s  o f  lo w  c u r r e n t  may be l a c k i n g  many s p e c i e s  

i f  t h o s e  a r e a s  a r e  s u b j e c t  t o  p e r i o d i c  s p a t e s  (H y n es ,  

1 9 7 0 ) .  T h i s  l i m i t  t o  d i s t r i b u t i o n  c e r t a i n l y  a p p l i e s  

t o  m o l l u s k s  ( B o y c o t t ,  1 9 3 o ) .  T h u s ,  t h e  d i s t r i b u t i o n  

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

t i o n  o f  a  p r e f e r r e d  r a n g e  o r  by t h e  r e s t r i c t i o n s  im posed
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by h i g h  v e l o c i t i e s ,  e i t h e r  c o n t i n u o u s l y  o r  d u r i n g  s p a t e s .  

Macan (1 963)  c o n c l u d e s  t h a t  d i s t r i b u t i o n  must  be i n f l u ­

enced  by b o t h  t h e s e  a l t e r n a t i v e s .

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

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

s e v e r a l  o t h e r  f a c t o r s .  A c c o r d i n g  t o  Brown ( 1 9 7 1 ) ,  " t h e  

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

be a s s e s s e d  a l o n g  w i t h  o t h e r  f a c t o r s " .  One o f  t h e  

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

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

b e tw e e n  c u r r e n t  v e l o c i t y  a n d  s u b s t r a t e  t y p e  (Brown,  1971 ;  

B u t c h e r ,  1 9 2 7 ,  19 3 3 ;  Cummins, 19 6 6 ; Harman,  19 7 2 ;  Harman 

and B e r g ,  1971;  K am ler  and  R i e d e l ,  I 9 6 0 ;  Macan, 1961 ;  

P e r c i v a l  and  W h i t e h e a d ,  1 9 2 9 ;  S c o t t ,  1 9 6 6 ) .  " C u r r e n t  i s  

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

s u b s t r a t u m "  (Macan, 1 9 6 1 ) .  C u r r e n t  may i n f l u e n c e  d i s t r i ­

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

t h r o u g h  i t s  e f f e c t s  on t h e  s u b s t r a t e .  The n a t u r e  o f  t h e  

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

t i o n s  a t  i t s  s u r f a c e .  F o r  t h e s e  r e a s o n s ,  c u r r e n t  and  

s u b s t r a t e  a r e  u s u a l l y  c o n s i d e r e d  t o g e t h e r  (Cummins, 1964)  

a n d ,  e x c e p t  a s  a m a t t e r  o f  c o n v e n i e n c e  f o r  d i s c u s s i o n ,  

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

d i s t r i b u t i o n  ( L i n d u s k a ,  1942 ;  Macan, 1 9 6 3 ) .

As c u r r e n t  v e l o c i t y  i n c r e a s e s ,  s u b s t r a t e  p a r t i c l e  

s i z e  i n c r e a s e s  ( E r i k s e n ,  1 9 6 6 ) .  Thus Campeloma, w h ic h  i s
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u s u a l l y  f o u n d  b u r ro w e d  i n  a  f i n e  s u b s t r a t e  w h ich  i t  i s  

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

h a b i t a t s  w here  lo w  c u r r e n t  v e l o c i t i e s  a r e  p r e v a l e n t .  I n

a d d i t i o n ,  i n  a r e a s  w h ere  t h e  g e n e r a l  s t r e a m  f l o w  i s  a t  

h i g h  v e l o c i t i e s  and t h e  s u b s t r a t e  c o a r s e ,  num erous  

m i c r o h a b i t a t s  e x i s t  a t  and i n  t h e  b o t t o m  w hich  p r o v i d e  

c o n d i t i o n s  o f  low  c u r r e n t  v e l o c i t y .  T h i s  h a s  b e e n  w e l l  

d e s c r i b e d  by J a a g  and  Ambuhl (1964). ,  a s  f o l l o w s :

I n  e v e r y  t u r b u l e n t l y  f l o w i n g  s y s t e m ,  
m a r g i n a l  e f f e c t s  d e v e l o p  i n  w h a t  a r e  c a l l e d  
b o u n d a ry  l a y e r s ,  named a f t e r  t h e i r  d i s c o v e r e r  
a s  P r a n d t l ' s  l a y e r s .  C lose  t o  t h e  s u b s t r a t u m ,  
movement o f  t h e  w a t e r  g r a d u a l l y  c e a s e s  owing to  
f r i c t i o n  and  a  b o u n d a r y  l a y e r  i s  c o n s t i t u t e d  i n  
w h ic h  t h e  f l o w  i s  s t r o n g l y  r e t a r d e d ,  u n t i l  
u l t i m a t e l y ,  i t  i s  s t a g n a n t .  M o re o v e r ,  z o n e s  o f  
dead  w a t e r  a r e  fo rm e d  i n  c r a c k s ,  f i s s u r e s  and 
s p a c e s  b e tw e e n  t h e  i n d i v i d u a l  s t o n e s  o f  t h e  
s t r e a m  bed  and t h e  l i k e ,  a s  w e l l  a s  b e h i n d  
e v e r y  p r o t r u s i o n  i n t o  t h e  s t r e a m ,  so t h a t  t o  a
g r e a t  e x t e n t  t h e  dead  w a t e r  i s  s e p a r a t e d  f ro m
t h e  f r e e l y  moving  w a t e r .  As ca n  be o b s e r v e d  i n  
t h e  s t r e a m s  t h e m s e l v e s  a s  w e l l  a s  by e x p e r i ­
m en t ,  i t  i s  i n  su ch  d ead  w a t e r s  an d  i n  s e d i ­
m en ts  t h a t  t h e  g r e a t e r  p a r t  o f  r h e o p h i l i c  l i f e  
i s  s p e n t .  H y d r a u l i c a l l y  s p e a k i n g  t h e  i n s i d e  o f  
p l a n t  c l u s t e r s ,  moss and  a l g a e  a s  w e l l  a s  f r a g ­
m e n t s  o f  r o o t s ,  r o t t i n g  l e a v e s ,  e t c . ,  a r e  t o  be 
c l a s s e d  w i t h  t h e  dead  w a t e r .

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

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

w h ic h  n e a r l y  s t i l l  o r  s t i l l  w a t e r  c a n  be f o u n d ,  ev e n  i n  

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

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

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

c u r r e n t  c o n d i t i o n s  ( E r i k s e n ,  1966 ;  J a a g  and Ambuhl,  1 9 6 4 ) .
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A l t h o u g h  o n l y  t h e  v e r y  young  o f  Campeloma w o u ld  be s m a l l  

enough  t o  u t i l i z e  b o u n d a r y  l a y e r s ,  t h e y  a r e  c e r t a i n l y  

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

s h e l t e r  i n  a r e a s  where  t h e  c u r r e n t  would  o t h e r w i s e  sweep 

them away.  I t  i s  i n  t h e s e  ways t h a t  c u r r e n t  and  s u b s t r a t e  

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

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

i n c l u d i n g  Campeloma.

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

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

s u b s t r a t e  t y p e .  The d e p o s i t i o n  i n  t h e  s u b s t r a t e  o f  

d e t r i t u s ,  t h e  f o o d  s o u r c e  o f  Campeloma, i s  l a r g e l y  

d e p e n d e n t  upon  c u r r e n t  v e l o c i t y  ( B u s c em i ,  1 9 6 6 ;  B u t c h e r ,  

1 9 3 3 ;  Xamler  and  R i e d e l ,  i 9 6 0 ) .  Thus w h a t e v e r  i n f l u e n c e  

f o o d  s u p p ly  h a s  on t h e  d i s t r i b u t i o n  o f  Campeloma i s  

i n t e r r e l a t e d  w i t h  t h e  i n f l u e n c e  o f  c u r r e n t  v e l o c i t y .  

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

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

e n ce  t h e  r a t e  o f  d e p o s i t i o n  o f  d e t r i t u s  ( B u s c e m i ,  1 9 6 6 ) .  

O r g a n i c  d e t r i t u s  i s  o f  lo w  d e n s i t y  and  i s  d e p o s i t e d  i n  

t h e  g r e a t e s t  am ounts  i n  t h e  f i n e  s u b s t r a t e s ,  s u c h  a s  

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

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

p o o l s  ( 3 u t c h e r ,  1933;  K am le r  and R i e d e l ,  i 9 6 0 ) .

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

t h e  complex  o f  i n t e r r e l a t i o n s h i p s  among c u r r e n t ,
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s u b s t r a t e ,  and  f o o d  s u p p l y .  Oxygen may n o t  be a f a c t o r  

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

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

i m p o r t  t o  m e r i t  f u r t h e r  m e n t i o n  h e r e .  H i g h e r  c u r r e n t  

v e l o c i t i e s  r e s u l t  i n  c o a r s e r  s u b s t r a t e  t y p e s  and  more 

t u r b u l e n t  f l o w  o v e r  t h e  b o t to m  ( E r i k s e n ,  1 9 6 6 ) .  T h i s  

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

s u p p l y  t o  t h e  b e n t h o s .  Lower c u r r e n t  v e l o c i t i e s  r e s u l t  

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

m i x i n g ,  an d  a  g r e a t e r  a c c u m u l a t i o n  o f  o r g a n i c  d e t r i t u s .  

Thus t h e r e  i s  n o t  o n l y  a  p o o r e r  oxygen  s u p p l y  b u t  a l s o  a  

h i g h e r  o x y g e n  demand i n  a r e a s  o f  l o w e r  c u r r e n t  v e l o c i t i e s .  

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

t a n c e  f o r  a  b u r r o w i n g  fo rm  s u c h  a s  Campeloma, i s  t h e  

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

on o xygen  c o n c e n t r a t i o n s  w i t h i n  t h e  s u b s t r a t e .  I n  

g e n e r a l ,  o x y g en  c o n c e n t r a t i o n  d e c r e a s e s  w i t h  d e c r e a s i n g  

p a r t i c l e  s i z e  i n  s t r e a m  s u b s t r a t e s  ( E r i k s e n ,  1 9 6 6 ) .  T h i s  

i s  due t o  t h e  lo w  p e r m e a b i l i t y  o f  f i n e  s u b s t r a t e s  and  

m ix ed  s u b s t r a t e s  c o n t a i n i n g  f i n e  p a r t i c l e s .  S t u a r t  

( 1 9 5 3 )  f o u n d  t h a t  c u r r e n t  t h r o u g h  p e r m e a b l e  g r a v e l  i s  

d e p e n d e n t  more upo n  t h e  s t r e a m  g r a d i e n t  t h a n  upon  t h e  

c u r r e n t  v e l o c i t y  o f  t h e  s t r e a m .  Thus t h e  movement o f  

w a t e r  an d  d i s s o l v e d  oxygen  i n t o  and  t h r o u g h  t h e  s u b s t r a t e  

i s  c o n t r o l l e d  more by t h e  n a t u r e  o f  t h e  s u b s t r a t e  t h a n  

t h e  v e l o c i t y  o f  t h e  c u r r e n t .  W h a te v e r  i n f l u e n c e  o x y g en
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h a s  on t h e  m i c r o d i s t r i b u t i o n  o f  Campeloma i s  c l o s e l y  

r e l a t e d  to  t h e  c u r r e n t  v e l o c i t y  i n  t h e  c a s e  of  e x p o s e d  

i n d i v i d u a l s  and to  t h e  s u b s t r a t e  ty p e  i n  t h e  c a s e  o f  

t h o s e  s n a i l s  w h ich  a r e  a b l e  t o  be and a r e  b u r i e d  i n  t h e  

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

t o  a g r e a t  e x t e n t  d e t e r m i n e d  by t h e  c u r r e n t .

C u r r e n t  v e l o c i t y  i n f l u e n c e s  d i s t r i b u t i o n  d i r e c t l y  

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

C u r r e n t  v e l o c i t y  i t s e l f  i s  d e t e r m i n e d  by a  number  o f  

f a c t o r s  w h ic h  v a r y  i n  t h e i r  r e l a t i v e  i m p o r t a n c e  f ro m  

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

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

t y , g r a d i e n t ,  d i s c h a r g e ,  and w a t e r  t e m p e r a t u r e  (M inclc ley ,  

1 9 6 3 ) .  Many o f  t h e s e  f a c t o r s ,  i n  t u r n ,  a r e  i n t e r r e l a t e d .  

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

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

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

Campeloma. D i s c u s s i n g  e n v i r o n m e n t a l  f a c t o r s  s e p a r a t e l y  

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

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

c u r r e n t  v e l o c i t y  w i t h  o t h e r  f a c t o r s  w i t h  w h ich  i t  i s  

i n s e p a r a b l y  l i n k e d  i n  n a t u r a l  s t r e a m  e c o s y s t e m s .

P h y s i c a l  f a c t o r s ,  s u b s t r a t e  t y p e

S u b s t r a t e  t y p e  i s  a  f a c t o r  o f  g r e a t  and  so m e t im es  

p r i m a r y  i m p o r t a n c e  a s  an  i n f l u e n c e  on t h e  d i s t r i b u t i o n  o f
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s t r e a m  b e n t h o s  (Cummins, 1962 ,  1 9 6 4 ,  1966 ;  H ynes ,  1970;  

Macan, 1 9 6 1 ) .  I t  i s  a f a c t o r  o f  such  p r e v a l e n t  i m p o r ­

t a n c e  t h a t  i t  ’’can  s e r v e  a s  a  common d e n o m i n a t o r  i n  t h e  

b e n t h i c  e c o l o g y  o f  l o t i c  w a t e r s "  (Cummins, 1 9 6 6 ) .  N e a r l y  

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

some i n v e r t e b r a t e s  a r e  o n l y  f o u n d  on o r  i n  a  p a r t i c u l a r  

s u b s t r a t e  t y p e  a n a  o t h e r s  a r e  a t  l e a s t  more num erous  on a 

p a r t i c u l a r  s u b s t r a t e  t y p e  (H ynes ,  1 9 7 0 ) .  F r e q u e n t l y  

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

and s u b s t r a t e  t y p e  i n d i c a t e  t h a t  many s p e c i e s  p o s s e s s  

b e h a v i o r  p a t t e r n s  w h ich  e n a b l e  them to  s e l e c t  o p t i m a l  

s u b s t r a t e s  (Macan,  1 9 6 3 ) .  One o f  t h e  e a r l i e s t  and  m os t  

t h o r o u g h  o f  such s t u d i e s  was t h a t  o f  P e r c i v a l  and 

W hi tehead  ( 1 9 2 9 ) ,  who c o r r e l a t e d  t h e  d i s t r i b u t i o n  o f  

n e a r l y  e v e r y  b e n t h i c  s p e c i e s  i n  a s t r e a m  w i t h  t h e  t y p e s  

o f  s u b s t r a t e .

I  h av e  a l r e a d y  d i s c u s s e d  t h e  g r e a t  e x t e n t  t o  w h ich  

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

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

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

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

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

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

t h e  make-up and d i s t r i b u t i o n  o f  s u b s t r a t e s  ( M i n c k l e y ,

1 9 6 3 ) .  A q u a t i c  v e g e t a t i o n  and o t h e r  o b s t a c l e s  t o  c u r r e n t ,
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■whether n a t u r a l  o r  u n n a t u r a l ,  a c t  t o  m o d i fy  t h e  i n f l u e n c e  

o f  c u r r e n t  on t h e  s u b s t r a t e .  The two b a s i c  t y p e s  o f  

s t r e a m  m a c r o h a b i t a t s  a r e  r i f f l e s ,  w h ich  a r e  c h a r a c t e r i z e d  

by h i g h  c u r r e n t  v e l o c i t i e s  and  g r a v e l  o r  c o b b l e  s u b -  ' 

s t r a t e s ,  and  p o o l s ,  w h ich  a r e  c h a r a c t e r i z e d  by low  

c u r r e n t  v e l o c i t i e s  and  sand  o r  s i l t  s u b s t r a t e s  (Cummins,

1 9 6 4 ) .  W i t h i n  r i f f l e s  and  p o o l s  t h e r e  a r e ,  on a  f i n e r  

s c a l e ,  more m a c r o h a b i t a t s  c o n t a i n i n g ,  i n  t u r n ,  num erous  

m i c r o h a b i t a t s .  The a r e a s  d o w n s t ream  f r o m  o u tw a r d  b e n d s  

o f  t h e  s t r e a m  bank  ( w i d e n i n g s  o f  t h e  s t r e a m )  o r  l a r g e  

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

some d i s t a n c e ,  f r o m  t h e  d i r e c t  e f f e c t s  o f  t h e  c u r r e n t  

(K am ler  and  R i e d e l ,  i 9 6 0 ) .  I n  t h e s e  a r e a s ,  t h e  f i n e s t  

s u b s t r a t e s  ( s i l t  and  d e t r i t u s )  w i l l  be d e p o s i t e d  i n  t h e  

d e ad  w a t e r  z o n e s  n e a r  t h e  bank  o r  i m m e d i a t e l y  d o w n s t ream  

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

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

o r  dow ns t ream  f ro m  t h e  o b s t r u c t i o n ,  due t o  t h e  p r o g r e s ­

s i v e l y  g r e a t e r  c u r r e n t  v e l o c i t i e s .  These  a r e a s  o f  

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

a r e a s  h a v i n g  s a n d - s i l t - d e t r i t u s  s u b s t r a t e  t y p e s ,  w h ic h  

a r e  m i c r o h a b i t a t s  t y p i c a l l y  s e l e c t e d  by Campeloma. Such 

m i c r o h a b i t a t s  a r e  a l s o  commonly fo u n d  i n  s t r e a m  p o o l s .  

A l th o u g h  c u r r e n t  v e l o c i t y  may e x e r t  a d i r e c t  i n f l u e n c e  

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

e f f e c t ,  t h e  d e t e r m i n a t i o n  o f  s u b s t r a t e  t y p e ,  a p p e a r s  t o
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be more  i m p o r t a n t  i n  t h e  d i s t r i b u t i o n  o f  many,  i f  n o t  

m o s t  o f  t h e  b e n t h i c  s p e c i e s ,  i n c l u d i n g  Campeloma. " S in c e  

t h e  n a t u r e  o f  t h e  b o t to m  c a n  so p r o f o u n d l y  a f f e c t  t h e  

r a t e  o f  f l o w  o f  w a t e r  i t  a p p e a r s  t h a t  s t r e a m  f l o w ,  a s  

s u c h ,  w ou ld  n e c e s s a r i l y  be o f  s e c o n d a r y  i m p o r t a n c e  t o  

b o t t o m - d w e l l i n g  f o r m s "  (L in d u s ica ,  1 9 4 2 ) .  T h i s  i s  p a r t i ­

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

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

rem oved  f ro m  t h e  s t r e a m  c u r r e n t .

On t h e  l a r g e s t  s c a l e ,  e n t i r e  s t r e a m s  o r  m a^or  

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

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

c a l  f a c t o r  o t h e r  t h a n  s u b s t r a t e  (Cummins and  l a u f f ,

1 9 6 9 ) .  Bu t  m a c r o d i s t r i b u t i o n  on  a  s m a l l e r  s c a l e ,  a s  

b e tw e e n  r i f f l e s  and  p o o l s  w i t h i n  a  s t r e a m  s e c t i o n ,  i s  

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

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

p r i m a r i l y  by s u b s t r a t e  t y p e  o r  f o o d  s u p p l y .  T h e re  i s  

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

u n i f o r m  b o t to m  a r e a ,  t h a t  t h i s  i s  p o s s i b l e .  " C l o s e  

e x a m i n a t i o n  o f  any  p a t c h  o f  s t r e a m - b e d  a t  o n c e  shows 

t h a t  e v e n  w i t h i n  a s m a l l  a r e a  t h e r e  a r e  v e r y  g r e a t  

d i f f e r e n c e s  f rom  p o i n t  t o  p o i n t  i n  t h e  t y p e  o f  e n v i r o n ­

m en t"  ( A l l e n ,  1 9 5 9 ) .

The i n f l u e n c e  o f  f o o d  s u p p l y  on t h e  d i s t r i b u t i o n  of  

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

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

some a s p e c t s  o f  t h i s  r e l a t i o n s h i p  h e r e .  "The s u b s t r a t u m  

i s  t h e  p l a c e  w h e re  m o s t  a n i m a l s  f i n d  t h e i r  f o o d "  (Macan,  

1 9 6 3 )»  I n  s t r e a m s ,  f o o d  c h a i n s  a r e  b a s e d  on t h e  t y p e  o f  

s u b s t r a t e  (Cummins,  1 9 6 6 ) .  T h u s ,  t h e  s t r e a m  f a u n a  

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

p r e y i n g  u p o n  a n i m a l s  which  do s o .  The d i s t r i b u t i o n  o f  

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

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

b e n t h o s  (Cummins, 1 9 6 2 ) .  The f i n e r  s u b s t r a t e s ,  mud, s i l t ,  

and  o f t e n  s a n d ,  a r e  t h e  p a r t s  o f  t h e  s t r e a m  bed  r i c h e s t  . 

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

t o  d e t r i v o r e s  such  a s  Campeloma- (B ro w n ,  1 9 7 1 ) .  The 

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

i s  g r e a t e s t  among t h e s e  s u b s t r a t e s  ( B u t c h e r ,  1 9 3 3 ) .  

S e t t l i n g  e r o s i o n  s i l t  c a r r i e s  o r g a n i c  m a t t e r  to  t h e  

s t r e a m  b o t t o m  w i t h  i t  and s u c h  d e p o s i t s  a r e  "much r i c h e r  

i n  b a c t e r i a  t h a n  e i t h e r  t h e  r i v e r  w a t e r  above  t h e s e  

d e p o s i t s ,  o r  t h e  a d j a c e n t  b o t t o m  a r e a s  o f  s an d  o r  g r a v e l "  

( E l l i s ,  1 9 3 6 ) .  These  f i n e  s u b s t r a t e s  a p p e a r  t o  be 

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

s u b s t r a t e ,  c u r r e n t ,  and  f o o d  on d i s t r i b u t i o n  may- be 

d i s c u s s e d  i n d e p e n d e n t l y ,  Campeloma a r e  f o u n d  i n  such  

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

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

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

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

t y .  B o th  t h e  a v a i l a b i l i t y  o f  oxygen  and t h e  r a t e  o f  

oxygen  c o n s u m p t i o n  by b u r r o w i n g  a n i m a l s  may v a r y  w i t h  

s u b s t r a t e  p a r t i c l e  s i z e  ( E r i k s e n ,  1 9 6 6 ) .  B u r i e d  Camnelo-  

ma, l i k e  b u r r o w i n g  m a y f l i e s ,  a r e  l i m i t e d  t o  an  i n t e r s t i ­

t i a l  r e s p i r a t o r y  e n v i r o n m e n t .  Compacted f i n e  s e d i m e n t s  

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

t h e y  a l s o  r e q u i r e  a n  i n c r e a s e d  r a t e  o f  o x ygen  c o n s u m p t io n  

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

Campeloma may t e n d  t o  a v o i d  such  s u b s t r a t e s  a l t o g e t h e r  

o r  t r a v e r s e  t h e  s u r f a c e  w i t h o u t  b u r r o w i n g .

B o y c o t t  (1936)  f o u n d  t h a t  s u b s t r a t e  t y p e  i s  an  

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

m o l l u s k s .  Harman and  B erg  ( 1 9 7 1 ) ,  i n  t h e i r  t h o r o u g h  and 

e x t e n s i v e  s t u d y  o f  t h e  m o l l u s k s  o f  t h e  c e n t r a l  New York  

r e g i o n ,  c o n c l u d e d  t h a t  ’’e a c h  s p e c i e s  o f  f r e s h w a t e r  s n a i l  

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

a  p a r t i c u l a r  s u b s t r a t e  o r  c o m b i n a t i o n  o f  s u b s t r a t e s .

O t h e r  c o n d i t i o n s  may t e n d  t o  l i m i t  a  s p e c i e s  s e c o n d a r i l y ,  

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

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

g i v e n  h a b i t a t " .  Campeloma d e c i s u m  was among t h e s e  

s p e c i e s .  L i l l e h a m m e r  (1 9 6 6 ) and S c o t t  ( 1 9 6 6 ) were b o t h  

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

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



25
s u b s t r a t e  t y p e s .  I n  f a c t ,  f r e s h w a t e r  m o l l u s k s  e x h i b i t  

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

t y p e  ( B a k e r ,  ? .  C . , 1 9 1 8 ) .  Harman (1972)  summ arized  t h e  

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

Campeloma d e c i s u m ,  b a s e d  on c o l l e c t i o n s  and o b s e r v a t i o n s  

made i n  c e n t r a l  Hew York S t a t e  s i n c e  196 6 .  The m o l l u s k s  

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

s u b s t r a t e  t y p e s .  F o r  s n a i l s ,  t h e  o v e r a l l  s p e c i e s  compo­

s i t i o n  and t h e  m os t  common s p e c i e s  o f  a  b i o t o p e  ( a  t e r m  

s i m i l a r  i n  m ean ing  to  m i c r o h a b i t a t )  r e f l e c t  t h e  n a t u r e  o f  

t h e  s u b s t r a t e .  The v a r i o u s  s u b s t r a t e s  fo und  i n  s t r e a m s  

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

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

f i c a t i o n s .  ’’T h i s  h y p o t h e t i c a l l y  s im p le  p i c t u r e  i s  

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

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

mcnsaic o f  m o l l u s k  demes t h r o u g h o u t  t h e  t y p i c a l  s t r e a m ? .

He c o n c lu d e d  t h a t  " u n d e r  n o r m a l  c o n d i t i o n s  t h e  o c c u r r e n c e  

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

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

and p a t t e r n s  i n  t h o s e  e n v i r o n m e n t s " .

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

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

s h o u ld  be o f  e v e n  g r e a t e r  c o n s e q u e n c e  i n  t h e  d i s t r i b u t i o n  

o f  b u r r o w e r s  s u c h  a s  Campeloma. I n d e e d ,  members  o f  t h e  

i n f a u n a  a r e  more r e s t r i c t e d  i n  t h e i r  r a n g e  o f  s u i t a b l e
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s u b s t r a t e s  t h a n  members o f  t h e  e p i f a u n a  (Holme, 1 9 5 4 ) .

The s u r f a c e  and  t h e  s u b s u r f a c e  o f  a  s u b s t r a t e  a r e  two 

d i s t i n c t  h a b i t a t s  ( H i n c k l e y ,  1 9 6 3 ) .  Q u i t e  a p a r t  f ro m  t h e  

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

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

t h e  d i s t r i b u t i o n  o f  b u r r o w i n g  b e n t h o s  (Holme, 1 9 5 4 ) .  f o r  

a n  a n i m a l  su ch  a s  Campeloma t h e  s u b s t r a t e  can  be more 

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

t h e  s u b s t r a t e  becomes t h e  v e r y  medium i n  w h ic h  t h e  s n a i l  

e x i s t s  and  i n  w h ic h  i t  f i n d s  n o t  o n l y  s h e l t e r  b u t  o x y g e n ,  

f o o d ,  and  t h e  o t h e r  n e c e s s i t i e s  o f  l i f e  a s  w e l l .

B i o t i c  f a c t o r s , p a r a s i t i s m

P a r a s i t e s  e x e r t  a  d i r e c t  and  o f t e n  i m p o r t a n t  e f f e c t  

on many members  o f  t h e  l o t i c  b e n t h o s ,  i n c l u d i n g  Campelo­

ma. B o th  e c t o p a r a s i t e s  an d  e n d o p a r a s i t e s  may h a v e  a n  

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

p h y s i o l o g i c a l l y  (A bdel  M a le k ,  1 9 5 3 ) .  The known and 

p o s s i b l e  p a r a s i t e s  o f  Campeloma.may l i m i t  t h e  ab u n d a n ce  

o f  Campeloma i n  some i n s t a n c e s  b u t  i t  seems l i k e l y  t h a t  

t h e  c o m p le t e  e x t e r m i n a t i o n  o f  a  n a t u r a l  p o p u l a t i o n  by 

p a r a s i t e s  i s  a r a r e  o c c u r r e n c e .  T h e re  i s  no e v i d e n c e  to  

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

Campeloma i s  l i m i t e d  by p a r a s i t i s m  a s  a b i o t i c  f a c t o r ,  

a l t h o u g h  i t  may o c c a s i o n a l l y  h a v e  some i n f l u e n c e  on 

d i s t r i b u t i o n .
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B i o t i c  f a c t o r s , p r e d a t i o n

I n  a  f ew  i n s t a n c e s ,  a  m a j o r  i n f l u e n c e  o f  p r e d a t i o n  

u p o n  t h e  d i s t r i b u t i o n  o f  some members o f  t h e  s t r e a m  

b e n t h o s  h a s  b e e n  c l e a r l y  e s t a b l i s h e d  ( H y n e s ,  1 9 7 0 ) .  I t  

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

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

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

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

t h e  v o r a c i t y  o f  s e v e r a l  p r e d a t o r s  o f  s n a i l s  (A b d e l  Malek 

1 9 5 8 ) ,  b u t  t h e i r  i m p o r t a n c e  u n d e r  f i e l d  c o n d i t i o n s  o f  

much g r e a t e r  c o m p l e x i t y  i s  n o t  so w e l l  u n d e r s t o o d .  

P r e d a t o r s  o f  Campeloma a r e  known b u t  t h e  d e g r e e  o f  

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

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

l y  i n v e s t i g a t e d .  A r e v i e w  o f  t h e  l i t e r a t u r e  and  my 

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

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

Campeloma b u t  t h i s  i s  a m a t t e r  t h a t  n e e d s  much f u r t h e r  

i n v e s t i g a t i o n .

B i o t i c  f a c t o r s , c o m p e t i t i o n

C o m p e t i t i o n  i s  a n o t h e r  b i o t i c  f a c t o r  w h i c h  may 

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

l i t e r a t u r e  on l o t i c  e c o l o g y  t h e r e  a r e  "some f a i r l y  

w e l l - e s t a b l i s h e d  e x am p le s  o f  c o m p e t i t i v e  e x c l u s i o n  by
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c l o s e l y  r e l a t e d  s p e c i e s "  (H y n es ,  1 9 7 0 ) .  Chem ica l  o r  

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

d i s t r i b u t i o n  by s e l e c t i v e l y  f a v o r i n g  one o r  more s p e c i e s  

i n  c o m p e t i t i o n  w i t h  o t h e r s .  Macan (1 961)  m e n t i o n s  t h i s  

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

( 1 9 3 6 ) ,  i n  h i s  r e v i e w  o f  t h e  h a b i t a t s  o f  f r e s h w a t e r  

m o l l u s k s  i n  B r i t a i n ,  c o n c l u d e s  t h a t  " t h e r e  a r e  i n d i c a ­

t i o n s  t h a t  t h e  h a b i t a t s  o f  a  few  s p e c i e s  a r e  p a r t l y  

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

g e n e r a l  t h i s  i s  u n i m p o r t a n t " .  Harman ( 1 9 7 2 ) ,  h o w ev e r ,  

f o u n d  i n s t a n c e s  o f  c o m p e t i t i v e  e x c l u s i o n  among t h e  

m o l l u s k s  i n  two o f  t h r e e  l a r g e  l a k e s  i n  c e n t r a l  New York 

S t a t e ;  S k a n e a t e l e s  L a k e ,  O t s e g o  L a k e ,  and  O n e id a  La ke .

I t  was  e s p e c i a l l y  a p p a r e n t  i n  S k a n e a t e l e s  L a k e ,  somewhat 

so i n  O ts eg o  L a k e ,  and  m o s t l y  a b s e n t  f rom  O n e id a  L a k e .

I n  S k a n e a t e l e s ,  t h e  m o l l u s k s  a r e  d i s t r i b u t e d  a l o n g  

h o r i z o n t a l  s t r a t a  o f  s u b s t r a t e s  a r o u n d  t h e  l a k e .  The 

s p e c i e s  l i v i n g  on e a c h  s u b s t r a t e  t y p e  have  a c c e s s  t o  

n e a r l y  a l l  o f  t h a t  s u b s t r a t e  t y p e ,  a l l  t h e  way a r o u n d  t h e  

l a k e .  Thus s p e c i e s  w i t h  s i m i l a r  h a b i t a t  p r e f e r e n c e s ,  and  

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

may come i n t o  s e v e r e  c o m p e t i t i o n .  The s u b s t r a t e  p a t t e r n s  

i n  O ts e g o  a r e  s i m i l a r  to  t h o s e  i n  S k a n e a t e l e s  e x c e p t  t h a t  

t h e y  a r e  f r a g m e n t e d  w i t h  g r e a t e r  f r e q u e n c y  by a q u a t i c  

m a c r o p h y t e s .  C o m p e t i t i o n  i s  r e d u c e d  and s p e c i e s  d i v e r s i ­

t y  i s  g r e a t e r .  " I t  i s  p o s t u l a t e d  t h a t  l a k e s  l i k e  O n e id a ,
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w h ic h  h a v e  com plex  p a t t e r n s  o f  s u b s t r a t e  and  r e l a t i v e l y  

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

i c a l l y  s i m i l a r  s p e c i e s  t o  t h r i v e  w i t h o u t  a c t u a l l y  coming 

i n t o  c o n t a c t  w i t h  e a c h  o t h e r .  C o m p e t i t i v e  e x c l u s i o n  i s  

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

i n c r e a s e d " .  S t r e a m s ,  e s p e c i a l l y  s m a l l e r  s t r e a m s ,  t e n d  t o  

h a v e  more com plex  s u b s t r a t e  p a t t e r n s  t h a n  l a k e s ,  e v e n  

l a k e s  l i k e  O n e i d a .  I n  s t r e a m s ,  t h e r e f o r e ,  c o m p e t i t i o n  

can  be e x p e c t e d  t o  be a  f a c t o r  o f  o n l y  m in o r  i m p o r t a n c e  

i n  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  o f  m o l l u s k s .  Camneloma, 

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

r a n g e ,  w o u ld  seem to  be l a r g e l y  f r e e  o f  c o m p e t i t i o n  f rom 

o t h e r  g a s t r o p o d s  f o r  t h a t  r e a s o n .  I  h av e  f o u n d  C. 

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

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

h a b i t s  o r  o t h e r  a s p e c t s  o f  t h e  b i o l o g y  o f  Campeloma to  

s u g g e s t  t h a t  i t  would  be l i k e l y  t o  e n c o u n t e r  much compe­

t i t i o n .

B i o t i c  f a c t o r s , f o o d  s u p p l y

Pood s u p p ly  i s  c o n s i d e r e d  a  f a c t o r  o f  p r i m a r y  

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

b e n t h o s  (Cummins, 1962;  H y n e s ,  1970 ;  Macan, 1 9 6 3 ) .

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

i m p o r t a n c e  t o  a l l  a n i m a l s .  As f a r  a s  f r e s h w a t e r  a n i m a l s  

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

(Macan,  1 9 6 3 ) .  A l th o u g h  f o o d  i s  a  n e c e s s i t y  o f  l i f e ,  i t  

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

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

a m o u n t s .  " G e n e r a l l y  s p e a k i n g  s p e c i e s  o c c u r ,  o r  a r e  

common, o n l y  where  t h e i r  f o o d  i s  r e a d i l y  a v a i l a b l e ,  b u t  

i t  s h o u ld  n o t  be f o r g o t t e n  t h a t  f e w  r u n n i n g - w a t e r  i n v e r t ­

e b r a t e s  a r e  v e r y  s p e c i a l i z e d  i n  t h e i r  d i e t s "  (H ynes ,

1 9 7 0 ) .  Pood s u p p ly  i s  a f a c t o r  o f  p r im a r y  i m p o r t a n c e  as  

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

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

c u r r e n t  v e l o c i t y  a n d ,  e s p e c i a l l y ,  s u b s t r a t e  p a r t i c l e  s i z e  

(Cummins, 1964 ;  Cummins and  L a u f f ,  1 9 6 9 ) .  The d i s t r i b u ­

t i o n  o f  p r im a r y  consum ers  (which  i n c l u d e s  Campeloma) i n  a  

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

c h t h o n o u s  and  a u t o c h t h o n o u s  d e t r i t u s  ( M in c k le y ,  1 9 6 3 ) .  

Such g e n e r a l i z a t i o n s  a r e  common i n  t h e  l i t e r a t u r e  and 

t h e r e  a r e  many s t u d i e s  t o  s u p p o r t  them .  F o r  ex am p le ,  

S g g l i s h a w  (1969)  and P e r c i v a l  and  W h i teh e ad  (1929)»  i n  

e x t e n s i v e  s t u d i e s  on s t r e a m s  w i t h  s to n y  b e d s ,  f o u n d  

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

b e n t h o s  w i t h  d e t r i t u s .  B u t ,  c o n c e r n i n g  s p e c i f i c s ,

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

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

t h e  s t r e a m  f a u n a "  ( 3 u s c e m i ,  1 9 6 6 ) .  T h i s  m a t t e r  h a s  n e v e r  

b e e n  i n v e s t i g a t e d  to  any  d e p t h  f o r  Campeloma.
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The r e l a t i o n s h i p  o f  c u r r e n t  v e l o c i t y  w i t h  t h e  r a t e  

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

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

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

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

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

(Brown, 1971;  Macan, 1 9 6 3 ) .

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

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

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

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

r e l a t e d  t o  s u b s t r a t e  t y p e  a s  w e l l .  M a r z o l f  (1966)  was  

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

pod w i t h  t h e  number  o f  b a c t e r i a  i n  t h e  s u b s t r a t e  b u t  n o t  

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

He f o u n d  t h a t  num bers  o f  b a c t e r i a  t e n d  t o  i n c r e a s e  w i t h  

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

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

f i n e r  s u b s t r a t e  t y p e s .  E r o s i o n  s i l t  d e p o s i t s  t e n d  t o  

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

o f  t h e  s t r e a m  o r  o t h e r  s u b s t r a t e s  ( E l l i s ,  1 9 3 6 ) .  Campel­

oma h a s  been  d e s c r i b e d  a s  c o p r o p h a g o u s  and a s  a  d e t r i t i -  

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

b a c t e r i a .  The s n a i l s  may o b t a i n  a s  much o r  more n u t r i ­

t i o n  f ro m  t h e  a s s o c i a t e d  b a c t e r i a  a s  t h e y  do f ro m  t h e  

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

r a t h e r  t h a n  d i r e c t l y  o n ,  t h e  dog dung b a i t .  The c l o s e l y  

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

m echan ism -(O w en ,  1 9 6 4 ) .  These  f a c t s  l e n d  s u p p o r t  t o  t h e  

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

t h e  f o o d  s o u r c e  o f  Campeloma. I f  t h i s  i s  s o ,  t h e  d i s t r i ­

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

may p l a y  a  m a j o r  r o l e  i n  t h e  i n f l u e n c e  o f  f o o d  s u p p ly  on 

t h e  d i s t r i b u t i o n  o f  Campeloma.

S u b s t r a t e  t y p e  and  f o o d  s u p p l y  a r e  c l o s e l y  r e l a t e d  

i n  t h e i r  i m p o r t a n c e  t o  t h e  b e n t h o s .  A m a j o r  p r o p o r t i o n  

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

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

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

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

m a t e r i a l  p r e s e n t  may be t h e  b a s i s  f o r  a  d e s c r i p t i o n  o r  

d e f i n i t i o n  of  s u b s t r a t e  t y p e .  T h i s  i s  J u s t  w h a t  Harman 

(1 972)  d i d  f o r  h i s  s t u d y  o f  t h e  e f f e c t s  o f  s u b s t r a t e s  on 

f r e s h w a t e r  m o l l u s k s .  He e s t a b l i s h e d  f i v e  s u b s t r a t e  t y p e s .  

Two o f  t h e s e ,  " e u l i t t o r a l  s i l t  a n d  d e t r i t u s ' *  and  " l i t t o ­

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

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

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

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

d e c a y i n g  t e r r e s t r i a l  p l a n t s  and  l e a f  l i t t e r " .  The f i f t h  

s u b s t r a t e  t y p e  i s  " c l e a n  c o b b l e " .  Thus two o f  t h e  f i v e
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s u b s t r a t e  t y p e s  a r e  b a s e d  p a r t i a l l y  and  a n o t h e r  two 

e n t i r e l y  on o r g a n i c  m a t t e r .  I t  f o l l o w s  t h a t  H arm an’ s 

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

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

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

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

o f  f o o d  s u p p l y .  These  two f a c t o r s  a r e  i n d e e d  i m p o r t a n t  

and  v e r y  c l o s e l y  r e l a t e d .  Once a g a i n ,  t r e a t i n g  them 

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

t h a n  t h e  r e f l e c t i o n  o f  a n a t u r a l  d i c h o to m y .

The i n f l u e n c e  o f  s u b s t r a t e  p a r t i c l e  s i z e  on d i s t r i ­

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

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

f o o d  m a t e r i a l s  w i t h i n  t h e  s u b s t r a t e  (Cummins, 1 9 6 2 ) .

A l s o ,  t h e  f a c t o r  o f  f o o d  s u p p l y  may a l t e r  p a t t e r n s  o f  

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

s u b s t r a t e  t y p e  (Macan,  1 9 6 3 ) .  I f  t h e  fo o d  o f  a n  o r g a n i s m  

can  be f o u n d  o v e r  a  r a n g e  o f  c u r r e n t - s u b s t r a t e  c o n d i ­

t i o n s ,  t h e n  s u b s t r a t e  p a r t i c l e  s i z e  may have  an  i n f l u e n c e  

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

m i c r o d i s t r i b u t i o n  (Cummins and L a u f f ,  1 9 6 9 ) .  I n  o t h e r  

w o r d s ,  i n  some s i t u a t i o n s  f o o d  s u p p ly  may i n f l u e n c e  

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

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

co m p lex .  And t h e  c o n v e r s e  o f  t h i s  may a l s o  o c c u r .  These  

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

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

The q u a n t i t y  o f  f o o d  a v a i l a b l e  t o  t h e  b e n t h o s  may be 

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

l i t t l e  and  t o o  much. F o r  b i l h a r z i a s i s  v e c t o r  s n a i l s ,  

w h ic h  f e e d  on p e r i p h y t o n ,  " b o t h  t h e  d e n s i t y  o f  t h e  s n a i l  

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

c o r r e l a t e d  w i t h  t h e  amount  o f  f o o d  a v a i l a b l e "  (A bdel  

M a le k ,  1 9 5 8 ) .  Some o r g a n i c  p o l l u t i o n  can  be b e n e f i c i a l  

t o  s n a i l s  b u t  t h e r e  i s  a  l i m i t  above  w h ich  i t  becomes 

d e t r i m e n t a l  (M u i rh ea d -T h o m so n ,  1 9 5 8 ) .  Buscemi (1966)  

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

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

w h ic h  w i l l  a c t  a s  a  l i m i t i n g  f a c t o r  on p o p u l a t i o n s  o f  

b e n t h i c  f i l t e r  f e e d e r s  a n d  b r o w s e r s " .  B e n t h i c  a n i m a l s  

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

i s  a b s e n t  o r  a t  i n a d e q u a t e  l e v e l s .  At h i g h  c o n c e n t r a ­

t i o n s  o f  o r g a n i c  m a t t e r ,  t h e r e  may e x i s t  a n  i n v e r s e  

r e l a t i o n s h i p  b e tw ee n  t h e  d i s t r i b u t i o n  o f  t h e  b e n t h o s  and  

o r g a n i c  m a t t e r .  At l e v e l s  i n  b e t w e e n ,  t h e  r e l a t i o n s h i p  

may t e n d  t o  be d i r e c t .

Fo r  Campeloma, f o o d  s u p p l y  a p p e a r s  t o  be a t  l e a s t  an 

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

c u r r e n t  v e l o c i t y  and s u b s t r a t e  t y p e  a s  an  i n f l u e n c e  on 

d i s t r i b u t i o n .  The q u i e t  w a t e r  and f i n e  s u b s t r a t e s  i n  

w h ic h  Campeloma i s  t y p i c a l l y  f o u n d  r e p r e s e n t  h a b i t a t s
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w h ich  a r e  a l s o  t y p i c a l l y  r i c h  i n  Campeloma8 s f o o d  -  

d e t r i t u s  and a s s o c i a t e d  " b a c t e r i a .  A g g r e g a t i o n s  of  

Campeloma i n  s t r e a m s  h a v e  b een  f o u n d  on and n e a r  r o t t i n g  

l o g s ,  dead  a n i m a l s ,  and  f e c a l  m a t t e r .  Thus f o o d  s u p p l y  

i s  an  i m p o r t a n t  f a c t o r  i n  "both m a c r o d i s t r i b u t i o n  and  

m i c r o d i s t r i b u t i o n .  W hether  o r  n o t  i t  i s  u s u a l l y  more 

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

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

a r e  so t h o r o u g h l y  i n t e r w o v e n .  They fo rm  a  complex w h ich  

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

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

t i o n )  o f  Campeloma and w i t h i n  w h ich  t h e  r e l a t i v e  im p o r ­

t a n c e  o f  e a c h  f a c t o r  v a r i e s  w i t h  p l a c e  and t i m e .

E n v i r o n m e n t a l  C o n d i t i o n s  C h a r a c t e r i s t i c  o f  O b se rv ed  
H a b i t a t s  o f  Campeloma

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

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

l e a d s  t o  t h e  q u e s t i o n  o f  what  s o r t  o f  e n v i r o n m e n t a l  

c o n d i t i o n s  t y p i f y  t h e  h a b i t a t s  i n  which  t h e  s n a i l s  h av e  

b e e n  f o u n d .  There  i s  an  e x t e n s i v e  l i t e r a t u r e  on t h i s  

t o p i c  (which  w i l l  be r e v i e w e d  i n  d e t a i l  i n  a  l a t e r  s e c -  . 

t i o n  o f  t h i s  p a p e r )  b u t ,  u n f o r t u n a t e l y ,  i n v e s t i g a t o r s  

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

m e a su re m e n t  and  d e s c r i p t i o n  o f  e n v i r o n m e n t a l  c o n d i t i o n s ,  

n e v e r t h e l e s s ,  a  summary o f  t h e  r e p o r t e d  c o n d i t i o n s  s h o u ld
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s e r v e  t o  c h a r a c t e r i z e  t h e  m i c r o h a b i t a t s  i n  w h ic h  Campe-  

lom a a r e  f o u n d .  T h i s  summary p r o v i d e s  t h e  b a c k g r o u n d  

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

o n e ,  w h ic h  a im s  a t  a n a l y z i n g  t h e  n a t u r e  o f  t h e  i n f l u e n c e  

o f  c e r t a i n  e n v i r o n m e n t a l  f a c t o r s  on t h e  movements  and 

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

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

t h e y  a r e  fo u n d  t h e r e .

The f o l l o w i n g  r e f e r s  o n ly  t o  l o t i c  p o p u l a t i o n s  o f  

Campeloma. They a r e  u s u a l l y  f o u n d  i n  s h a l l o w  w a t e r ,  

a nyw here  f ro m  a few c e n t i m e t e r s  t o  a  m e t e r  i n  d e p t h .

A l th o u g h  t h e y  have  b e e n  c o l l e c t e d  f ro m  l o g s ,  mud o r  a l g a e  

c o v e r e d  r o c k s ,  and  m a s s e s  of  subm erged  v e g e t a t i o n  a l o n g  

b a n k s ,  t h e y  a r e  u s u a l l y  fo u n d  b u r i e d  i n  p e n e t r a b l e  

s u b s t r a t e s .  These  i n c l u d e  s a n d ,  mud, muck,  g r a v e l ,  c l a y ,  

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

v a r i o u s  c o m b i n a t i o n s ,  and  i n  v a r i o u s  p a r t i c l e  s i z e  ' 

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

a n y t h i n g  f ro m  q u i e t  t o  s w i f t  o r  r a p i d ;  f r o m  z e r o  t o  f i f t y  

c e n t i m e t e r s  p e r  s e c o n d .  I n  t h e  few i n s t a n c e s  i n  w h ich  

c u r r e n t  h a s  a c t u a l l y  b e e n  m e a s u re d  r a t h e r  t h a n  q u a l i t a ­

t i v e l y  d e s c r i b e d ,  m e a s u re m e n ts  w ere  t a k e n  a t  o r  n e a r  t h e  

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

p r e v a l e n t  a t  and  e s p e c i a l l y  i n  t h e  s u b s t r a t e .  T h i s  i s  

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

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

r a t e ,  b o t h  t h e  t y p i c a l  m i c r o h a b i t a t  and  t h e  m a j o r i t y  o f  

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

t i e s .  Campeloma h a v e  b e e n  fo u n d  i n  w a t e r s  o f  s u r p r i s i n g ­

l y  low  t o t a l  a l k a l i n i t y ,  w i t h  a  r e p o r t e d  r a n g e  o f  7 t o  

159 p a r t s  p e r  m i l l i o n  c a l c i u m  c a r b o n a t e .  The r a n g e s  o f  

o t h e r  c h e m i c a l  p a r a m e t e r s  r e p o r t e d  f o r  Campeloma h a b i t a t s  

i n c l u d e  pH 5 . 6 8  to  8 . 5 ,  d i s s o l v e d  oxygen  c o n c e n t r a t i o n s  

f rom  8 . 6  t o  1 0 . 8  p a r t s  p e r  m i l l i o n ,  and  c a r b o n  d i o x i d e  

c o n c e n t r a t i o n s  o f  0 t o  2 5 . 7 5  p a r t s  p e r  m i l l i o n .  The 

h a b i t a t s  o f  l o t i c  Campeloma, t h e n ,  a r e  c h a r a c t e r i s t i c a l l y  

i n  s h a l l o w  w a t e r  w i t h  a  s o f t  s u b s t r a t e  w h ich  t h e  s n a i l s  

c an  p e n e t r a t e ,  a  s lo w  c u r r e n t  ( a t  l e a s t  a t  t h e  b o t t o m ) ,  

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

Summary o f  S t u d i e s  on t h e  Movements and  D i s t r i b u t i o n  o f  
Campeloma

H av in g  some k n o w le d g e  o f  t h e  r e l a t i v e  i m p o r t a n c e  o f  

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

Campeloma and some k n o w le d g e  o f  t h e  c o n d i t i o n s  w h ich  

c h a r a c t e r i z e  t h e i r  h a b i t a t s ,  a s t u d y  o f  t h e i r  movements  

and  c o n s e q u e n t i a l  d i s t r i b u t i o n s  becom es  a p r o d u c t i v e  

p o s s i b i l i t y .

There  h a v e  b ee n  o n l y  t h r e e  p u b l i s h e d  s t u d i e s  o f  more 

t h a n  p a s s i n g  c o n c e r n  w i t h  t h e  d i s t r i b u t i o n  and movements  

o f  Campeloma i n  s t r e a m s .  S h e l f o r d  (1914)  u n d e r t o o k  one
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o f  t h e  e a r l i e s t  l a b o r a t o r y  s t r e a m  s t u d i e s  on t h e  r e a c ­

t i o n s  o f  f r e s h w a t e r  a n i m a l s  t o  e n v i r o n m e n t a l  f a c t o r s .

One o f  t h e s e  a n i m a l s  was Campeloma s u b s o l i d u m . A l l i s o n  

(194-2) ,  a p a r a s i t o l o g i s t ,  p u b l i s h e d  a  b r i e f  r e p o r t  on  t h e  

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

r e p o r t  was a n  a c c o u n t  o f  t h e  movement of  t h e  s n a i l s  i n  a 

s t r e a m  s e c t i o n  a s  r e v e a l e d  by a  mark and r e c a p t u r e  m ethod  

u s i n g  c h i c k e n  dung b a i t  t r a p s .  B o v b je rg  (1 9 5 2 )  c o n d u c t e d  

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

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

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

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

S h e l f o r d  (1914-) c o l l e c t e d  h i s  s p e c im e n s  f ro m  a n  

I l l i n o i s  c r e e k  and t e s t e d  them w i t h i n  one week o f  c o l l e c ­

t i o n .  He c h a r a c t e r i z e d  Campeloma s u b s o l i d u m  a s  a  member 

o f  t h e  p o o l  com m uni ty .  T e s t s  d e t e r m i n i n g  r e a c t i o n s  t o  

c u r r e n t  w ere  made i n  an  " A l l e e  S t r a i g h t  C u r r e n t "  a r t i f i ­

c i a l  s t r e a m  a p p a r a t u s .  T h is  i s  a r e c i r c u l a t i n g  d e v i c e  

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

t h r e e  v e l o c i t i e s ;  4 - 6  c m / s e c ,  1 0 -1 2  c m / s e c ,  and 1 6 - 2 0  

c m / s e c .  E iv e  i n d i v i d u a l s  w e re  u s e d  i n  n e a r l y  a l l  t e s t s .  

They w e re  p l a c e d  i n  t h e  c e n t e r  o f  t h e  s t r e a m  and a l l o w e d  

t im e  f o r  a d j u s t m e n t  b e f o r e  r e a d i n g s  were  t a k e n  (30 

m i n u t e s  i n  t h e  c a s e  o f  Campeloma) . The o r i e n t a t i o n  o f  a 

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

n e g a t i v e  i f  i t  was  h e a d e d  d o w n s t re a m ,  and f o r  b o t h  c a s e s
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i t  h a d  t o  be w i t h i n  a b o u t  16 d e g r e e s  o f  t h e  d i r e c t i o n  o f  

t h e  c u r r e n t .  Those show ing  any  o t h e r  o r i e n t a t i o n  w ere  

c o u n t e d  a s  i n d e f i n i t e .  Those w i t h d r a w n  i n  t h e i r  s h e l l s  

o r  w ash ed  a g a i n s t  a  s c r e e n  a t  t h e  d o w n s t re a m  end w e re  

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

s u b s t r a t e  was s im p l y  t h e  b a r e  f l o o r  o f  t h e  s t r e a m  d e v i c e .

The r e s u l t s  f o r  t h e  t e s t s  on C. s u b s o i i d u m  w ere  a s  

f o l l o w s :  i n  t h e  4 t o  6 c m /se c  c u r r e n t  v e l o c i t y  r a n g e ,  50^ 

o f  a l l  s n a i l s  showed a p o s i t i v e  o r i e n t a t i o n ,  10% n e g a ­

t i v e ,  30/5' i n d i f f e r e n t ,  and  10% no a c t i v i t y ,  90% o f  t h e  

s n a i l s  w ere  a c t i v e  and  o f  t h e s e ,  55*5 showed a  p o s i t i v e  

o r i e n t a t i o n ,  10% n e g a t i v e ,  and  35/5 i n d i f f e r e n t ;  i n  t h e  10 

t o  12 c m /s e c  c u r r a n t  v e l o c i t y  r a n g e ,  80^  o f  a l l  s n a i l s  

showed a  p o s i t i v e  o r i e n t a t i o n  and 20% showed no a c t i v i t y ;  

i n  t h e  16 t o  20 c m /se c  c u r r e n t  v e l o c i t y  r a n g e ,  10% o f  a l l  

s n a i l s  showed a D o s i t i v e  o r i e n t a t i o n  and  t h e  r e s t ,  90%, 

showed no a c t i v i t y .

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

The t e s t s  w ere  c o n d u c t e d  i n  two m e t a l  p a n s ,  c o n t a i n i n g  

one o r  two c e n t i m e t e r s  o f  s t a n d i n g  w a t e r ,  u n d e r  c o n ­

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

one p an  was  c o v e r e d  w i t h  wax ,  h a l f  o f  t h e  b o t to m  o f  t h e  

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

q u a r t z  d u s t  t o  p r o v i d e  a  s u r f a c e  r e s e m b l i n g  s t o n e .  He 

d i d  n o t  s p e c i f y  how o r  w here  t h e  Campeloma were  p l a c e d .

He f o u n d  t h a t  Campeloma ’’a f t e r  c r e e p i n g  a b o u t  f o r  some
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t im e  i n  t h e  u n n a t u r a l  c o n d i t i o n s  o f  t h e  e x p e r i m e n t ,  come 

t o  r e s t ,  b u r ro w  i n  t h e  sand ,  i n  most  c a s e s  w i t h  a  s m a l l  

p o r t i o n  o f  t h e  body p r o t r u d i n g " .  A l l  o f  t h e  Oampeloma 

t e s t e d  b u r ro w e d  i n  t h e  san d .

A t h i r d  h i n d  o f  t e s t  c o n d u c t e d  by S h e l f o r d  was f o r  

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

t o  a l i g h t  g r a d i e n t  b u t  showed no a c t i v i t y .  He o b t a i n e d  

no o t h e r  r e s u l t s  c o n c e r n i n g  t h e  r e l a t i o n s  of  Oampeloma 

w i t h  l i g h t .

A l l s i o n  (1942)  p u b l i s h e d  a  r e p o r t  d e s c r i b i n g  a 

t e c h n i q u e  f o r  t r a p p i n g  Oampeloma t h r o u g h  t h e  u s e  o f  dung 

a s  b a i t .  Most o f  t h e  r e p o r t  i s  c o n c e r n e d  w i t h  d e t a i l s  of  

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

e x p e r i m e n t  he  c o n d u c t e d  on t h e  movements  o f  t h e  s n a i l s .  

The e x p e r i m e n t  and i t s  r e s u l t s  a r e  summarized  i n  t h e  

f o l l o w i n g  q u o t a t i o n :

I t  was s u s p e c t e d  t h a t  i n  s t r e a m s  t h e  
c u r r e n t  m i g h t  c a r r y  t h e  f e c a l  e x t r a c t  w h ich  t h e  
s n a i l s  f o l l o w e d  to  i t s  s o u r c e  a t  t h e  t r a p .
T h i s  i d e a  was t e s t e d  by p l a n t i n g  marked s n a i l s  
a t  v a r i o u s  d i s t a n c e s ,  two to  15 f e e t ,  u p s t r e a m ,  
a s  f a r  a s  20 f e e t  d o w ns t ream ,  and  t e n  f e e t  
a c r o s s  t h e  s t r e a m  f rom  a t r a p .  I n  c o l l e c t i o n s  
made a t  w ee k ly  i n t e r v a l s  f o r  f i v e  w eeks ,  23 o f  
t h e  67  s n a i l s  ( 4 1 .7  p e r  c e n t . )  p l a n t e d  u p s t r e a m ,
24 o f  t h e  86 ( 2 6 . 7  p e r  c e n t . )  p l a n t e d  down­
s t r e a m ,  and 2 o f  t h e  9 ( 2 2 . 2  p e r  c e n t . )  p l a n t e d  
a c r o s s  t h e  s t r e a m  w ere  t a k e n  a t  t h e  t r a p .
P r a c t i c a l l y  t h e  same number o f  s n a i l s  moved to  
t h e  t r a p  f rom  15 f e e t  u p s t r e a m  and 20 f e e t  
d o w n s t re am  a s  f ro m  2 f e e t  u p -  and d o w ns t ream .
My d a t a  i n d i c a t e  t h a t  t h e  s n a i l s  move a t  
random .

These  r e s u l t s  a r e  c l e a r l y  r e l e v a n t  t o  t h e  p r e s e n t  s t u d y .
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B o v b j e r g  (1952)  p u b l i s h e d  a s t u d y  on " e c o l o g i c a l  

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

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

u n d e r  n a t u r a l  and s e m i - n a t u r a l  c o n d i t i o n s .  'The s t r e a m ,  

D i c k e r s o n  C re e k ,  i s  s i m i l a r  t o  M i l l  C r e e k ,  f ro m  w h ic h  

c o l l e c t i o n s  w ere  made f o r  t h e  p r e s e n t  s t u d y ,  and  i s  i n  a 

n e i g h b o r i n g  c o u n t y .  The same s p e c i e s  i s  t h e  s u b j e c t  o f  

b o t h  s t u d i e s .  B o v b j e r g ’ s s t u d y  p r o v i d e s  a good f i e l d ­

work c o u n t e r p a r t  t o  my l a b o r a t o r y  s t r e a m  s t u d y  and  e a c h  

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

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

movements  and  d i s t r i b u t i o n  o f  Camoeloma.

Bovb.jerg  made p o p u l a t i o n  d e n s i t y  e s t i m a t e s  a t  

s e v e r a l  t r a n s e c t s  a l o n g  a  s e c t i o n  o f  t h e  s t r e a m .  Once he  

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

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

n o t e d  t h a t  a g g r e g a t i o n s  o c c u r r e d  d o w n s t ream  f rom  b a r r i e r s  

t o  u p s t r e a m  movement,  B o v b je r g  c o n d u c te d  e x p e r i m e n t s  to  

i n v e s t i g a t e  t h e  r e a c t i o n s  o f  Camoeloma t o  c u r r e n t  and  to  

p h y s i c a l  b a r r i e r s .

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

a wooden f l u m e  s e v e n t e e n  m e t e r s  l o n g  and  tw e n ty  c e n t i ­

m e t e r s  w id e  on t h e  s t r e a m  b e d .  "The b o t to m  was c o v e r e d  

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

t i o n s "  and c o n t a i n e d  a b o u t  t e n  c e n t i m e t e r s  o f  w a t e r .
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" R a te  o f  c u r r e n t  was r e g u l a t e d  by p a r t i a l  b l o c k i n g  o r

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

m e a s u re d  by t i m i n g  a f l o a t .  Bor e a c h  e x p e r i m e n t ,  100

m arked  s n a i l s  w ere  p l a c e d  a t  t h e  m i d p o i n t  o f  t h e  f lu m e

a nd  r e c a p t u r e d  a f t e r  24 h o u r s .  "One s e t  o f  6 r e p l i c a t e

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

a p p r o x i m a t i n g  25 c m . / s e c . ,  c o r r e s p o n d i n g  r o u g h l y  t o  t h a t

o f  t h e  a d j a c e n t  s t r e a m .  A s e co n d  s e t  o f  6 e x p e r i m e n t s

was  p e r f o r m e d  a t  n e a r  5 c m . / s e c .  mean r a t e ;  s u c h  a  s lo w

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

t h e  s t r e a m . "  B o v b j e r g ' s  r e s u l t s  a r e  p r e s e n t e d  i n  T a b le

1 .  Of t h e  500 s n a i l s  t e s t e d  a t  t h e  h i g h e r  c u r r e n t

T a b le  1 .  The d i s t r i b u t i o n  o f  s n a i l s  w i t h i n  t h e  e x p e r i m e n t a l  
c h u t e  a f t e r  a  2 4 - h o u r  p e r i o d .  Numbers a r e  t o t a l s  o f  6 r e p l i c a t e  
e x p e r i m e n t s  i n v o l v i n g  100 s n a i l s  e a c h  a t  25 c m . / s e c .  a n d  6 a t  
5 c m . / s e c .  The r e l e a s e  p o i n t  was a t  0 .  The d i r e c t i o n  o f - w a t e r  
f l o w  was f rom  l e f t  t o  r i g h t ,  ( f ro m  B o v b j e r g , .1952)

M e t e r s ________ 8 7 6 5 4 5 2 1 0 1 2 5 4 5 6 7 8

25 c m . / s e c .  122 125 18 17 34 71 49 55 21 35 21 10 4  6 6 3 1 2

5 c m . / s e c .  181 126 72  23 23 40 24 13 25 18 5 11 10 16 5 2 6 0

v e l o c i t y ,  512 and a  mean o f  8 5 .3 3  showed p o s i t i v e  r h e o -

t a x i s  and  88 w i t h  a  mean o f  1 4 .6 7  showed n e g a t i v e  r h e o -

t a x i s .  At t h e  l o w e r  v e l o c i t y ,  t h e  c o r r e s p o n d i n g  num bers  

a r e  527 w i t h  a  mean o f  8 7 .8 3  and 73 w i t h  a  mean o f  1 2 . 1 7 .  

There  i s  l i t t l e  d i f f e r e n c e  i n  t h e  s n a i l s '  movements  a t  t h e  

two v e l o c i t i e s  e x c e p t  t h a t  a t  5 c m . / s e c .  t h e r e  were  402 

s n a i l s  above 5 m e t e r s  u p s t r e a m  compared  to  o n l y  282 a t
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2 5 . c m . / s e c .  .T h is  i s  i n d i c a t i v e  o f  a  g r e a t e r  r a t e  o f  

movement a t  the -  l o w e r  v e l o c i t y .

S in c e  t h e  f lu m e  h a d  a  s l o p e  m a t c h i n g  t h a t  of  t h e  

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

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

w h a t  i n f l u e n c e  g r a v i t y  m ig h t  h a v e .  The f o l l o w i n g  i s  h i s  

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

A s h o r t e r ,  4 - m e t e r  c h u te  o f  s i m i l a r  
c o n s t r u c t i o n  was p l a c e d  a t  r i g h t  a n g l e s  t o  t h e  
s t r e a m  a x i s .  C u r r e n t  was e l i m i n a t e d .  B i g h t  
r e p l i c a t e  s e t s  o f  40 s n a i l s  w e re  t e s t e d  by t h e  
r e l e a s e - r e c a p t u r e  t e c h n i q u e s  p r e v i o u s l y  d e ­
s c r i b e d .  O n e - h a l f  o f  t h e s e  w ere  t e s t e d  w i t h  
t h e  c h u t e  l e v e l ,  t h e  o t h e r  h a l f  i n  t h e  c h u t e  
w i t h  a  d r o p  o f  10 cm. i n  4 m e t e r s .

I n  b o t h  l e v e l  an d  t i l t e d  c h u t e s  t h e  
p e r c e n t a g e  d i s p e r s i n g  to w a r d s  t h e  two e n d s  was 
e s s e n t i a l l y  e q u a l .  I n  each c a s e  a p p r o x i m a t e l y  
50 p e r  c e n t  r e m a i n e d  w i t h i n  o n e - h a l f  m e t e r  o f  
t h e  r e l e a s e  p o i n t ;  t h e  r e m a i n i n g  s n a i l s  were 
e q u a l l y  d i s t r i b u t e d  i n  th e  two ends  o f  t h e  
c h u t e .  The t e n d e n c y  was a p p a r e n t l y  t o  move 
r a n d o m ly  n e a r  t h e  r e l e a s e  p o i n t  w i t h  b u t  a  few  
w a n d e r i n g  t o  t h e  e n d s  o f  t h e  c h u t e .  The t r a i l s  
l e f t  i n  t h e  s a n d  t e n d  t o  s u p p o r t  t h i s  v i e w .
The s u b j e c t i v e  i m p r e s s i o n  was o f  l e s s  movement 
t h a n  i n  f l o w i n g  w a t e r .

Thus  B o v b j e r g  f o u n d  t h a t ;  1)  t h e  d i r e c t i o n a l  movement

o b s e r v e d  i n  t h e  f i r s t  s e t  o f  e x p e r i m e n t s  r e p r e s e n t e d  a

r h e o t a c t i c  r a t h e r  t h a n  a  g e o t a c t i c  r e s p o n s e ;  2) movement

i n  s t i l l  w a t e r  was e s s e n t i a l l y  a t  random; and  3) movement

i s  l e s s  e x t e n s i v e  i n  s t i l l  w a t e r  t h a n  i n  moving  w a t e r .

The n e x t  e x p e r i m e n t  c o n d u c te d  by  B o v b j e r g  i n v o l v e d

f u l l y  n a t u r a l  c o n d i t i o n s .  He r e l e a s e d  500 marked s n a i l s

" i n  a c h a r a c t e r i s t i c  r e a c h  o f  t h e  s t r e a m "  and  e v e r y  24
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h o u r s  f o r  s i x  d ay s  h e  s a m p led  t r a n s e c t s  a t  f i v e  m e t e r  

i n t e r v a l s  u p s t r e a m  an d  d o w n s t ream  f ro m  t h e  p o i n t  o f  

r e l e a s e .  S n a i l s  f o u n d  w e re  r e t u r n e d  i n  t h e  same p o s i t i o n  

t o  t h e  s t r e a m .  "The f o r e m o s t  m arked  s p e c im e n  moved 

u p s t r e a m  a t  t h e  r a t e  o f  a p p r o x i m a t e l y  10 m e t e r s  p e r  day"  

and  o n l y  one was f o u n d  d o w n s t re a m .  "On s u c c e s s i v e  d a y s  

t h e  m ed ian  s n a i l  was  0 ,  5,  1 0 ,  1 0 ,  15 and  15 m e t e r s  

u p s t r e a m  o f  t h e  r e l e a s e - p o i n t " . Thus t h e r e  was n e a r l y  

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

t i m e  and p l a c e  o f  t h e  e x p e r i m e n t .  The r a t e  o f  movement 

was 2 . 5  m e t e r s  p e r  day  f o r  t h e  m e d ia n  s n a i l .

The l a s t  two e x p e r i m e n t s  c o n d u c t e d  by B o v b j e r g  w ere  

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

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

to  a  b a r r i e r  t o  u p s t r e a m  movement.

W ater  i n  t h e  u p s t r e a m  t h i r d  o f  t h e  p r e v i ­
o u s l y  d e s c r i b e d  c h u t e  was impounded by a  s m a l l  
o b s t r u c t i o n  o f  s t o n e s ;  t h i s  c r e a t e d  a  m i n i a t u r e  
p o n d ,  r a p i d s ,  a n d  f l o w i n g  s t r e a m .  Dep th  o f  t h e  
ponded  w a t e r  was 15 cm. and t h a t  o f  th e  f l o w i n g  
w a t e r  5 cm. w i t h  a 10 cm. d r o p .

I n  e a c h  o f  t h e  12 o n e - m e t e r  s e g m e n t s  b e lo w  
t h e  o b s t r u c t i o n ,  10 m ark ed  s n a i l s  w ere  d i s ­
p e r s e d  u n i f o r m l y .  These  w ere  r e c a p t u r e d  and  
t h e i r  p o s i t i o n s  r e c o r d e d  a t  24 ,  4 8 ,  and 72 
h o u r s .

The r e s u l t s ,  w h ich  a p p e a r  i n  T a b le  2 ,  show c o n t i n u o u s  and 

n e a r l y  t o t a l  u p s t r e a m  movement t o  t h e  b a r r i e r .  At t h e  

end o f  72 h o u r s ,  110 o f  t h e  120 s n a i l s  t e s t e d  i n  t h e  

f i r s t  e x p e r i m e n t  and  114 o f  t h e  120 t e s t e d  i n  t h e  sec o n d  

w ere  l o c a t e d  w i t h i n  one m e t e r  d o w n s t ream  o f  t h e  b a r r i e r .
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T a b le  2 .  D u p l i c a t e  e x p e r i m e n t s  d e m o n s t r a t i n g  t h e  r e a c  
t i o n  to  a s m a l l  b a r r i e r  o f  s t o n e s  a t  m e t e r  6 o f  t h e  
e x p e r i m e n t a l  c h u t e .  Numbers a r e  s n a i l s  r e c o v e r e d  on 3 
s u c c e s s i v e  d a y s .  A t o t a l  o f  120 s n a i l s  w ere  t e s t e d  i n  
e a c h  e x p e r i m e n t .  The d i r e c t i o n  o f  w a t e r  f l o w  was f rom  
l e f t  t o  r i g h t ,  ( f r o m  3 o v b j e r g ,  1952)

M e te r s L ;o ■5 4 5 6 7’ 8 9 10 11 12 13 14 15 16 17

0 h r . 0 0 0 0 0 0 10 10 10 10 10 10 10 10 10 10 10 10

CM h r . 0 0 0 0 0 0 40 48 8 5 5 4 3 2 0 2 3 0

00 h r . 0 0 0 0 0 0 86 28 1 1 0 3 0 0 0 0 1 0

72 h r . 0 2 0 0 0 0 110 2 3 0 1 1 0 0 0 0 1 0

0 h r . 0 0 0 0 0 0 10 10 10 10 10 10 10 10 10 10 10 10

24 h r . 0 0 0 0 0 0 66 12 8 6 9 6 5 5 0 3 0 0

48 h r . 0 0 0 0 0 0 92 6 5 3 3 5 4 0 1 1 0 0

72 h r . 2 0 0 0 0 0 114 0 2 0 1 0 0 0 1 0 0 0

I n  e a ch  o f  t h e  d u p l i c a t e  e x p e r i m e n t s ,  two s n a i l s  managed 

t o  t r a v e r s e  t h e  b a r r i e r  and  c o n t i n u e d  to  move u p s t r e a m .

O b j e c t i v e s  o f  t h e  P r e s e n t  S tudy  and i t s  P l a c e  i n  t h e  
L i t e r a t u r e

The p r i m a r y  o b j e c t i v e  o f  t h e  p r e s e n t  s tu d y  i s  to  

d e t e r m i n e  w ha t  i n f l u e n c e  d i f f e r e n t  l e v e l s  o f  c u r r e n t  

v e l o c i t y ,  s u b s t r a t e  t y p e ,  and  l i g h t  h a v e  on t h e  move­

m e n ts  and  c o n s e q u e n t  d i s t r i b u t i o n s  o f  Oampeloma d e c i s u m  

i n  s m a l l  s t r e a m s .  The p r e c e d i n g  d i s c u s s i o n  on t h e  known 

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

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

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

o f  Oampeloma h a v e  n o t  compared  movements  i n  t h e  l i g h t  

o r  day  w i t h  t h o s e  i n  t h e  d a r k  o r  a t  n i g h t .  S h e l f o r d  

( 1 9 1 4 ) ,  i n  h i s  a r t i f i c i a l  s t r e a m  s t u d y ,  a p p l i e d  t h r e e  

w e l l - d e f i n e d  l e v e l s  o f  c u r r e n t  v e l o c i t y  b u t  o n l y  one 

s u b s t r a t e  t y p e .  A l l i s o n  (1 942)  p r o v i d e d  no c l e a r  i n d i ­

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

s e c t i o n  he  u s e d  f o r  t e s t s .  Bovb. lerg  (1952)  p r o v i d e d  

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

f i e l d  e x p e r i m e n t s .  He s p e c i f i e s  two l e v e l s  o f  c u r r e n t  

v e l o c i t y  ( t h r e e  i n c l u d i n g  s t i l l  w a t e r )  b u t  u s e d  v a l u e s  

o b t a i n e d  by t i m i n g  a  f l o a t  o v e r  a m ea su re d  d i s t a n c e ,  a 

m ethod  w hich  y i e l d s  a p o o r  a p p r o x i m a t i o n  o f  a c t u a l  

v e l o c i t i e s  a t  t h e  s t r e a m  b e d .  A r t i f i c i a l  s t r e a m  d e v i c e s  

such a s  t h a t  w h ich  I  u s e d  l e n d  t h e m s e l v e s  t o  t h e  a p p l i ­

c a t i o n  o f  numerous  l e v e l s  o f  c u r r e n t  v e l o c i t y ,  s u b s t r a t e  

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

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

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

b e h a v i o r  o f  an  a n i m a l ,  f r e e  f ro m  t h e  c o n f u s i n g  com plex­

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

t h a t  I  c h o se  t o  c o n d u c t  an  a r t i f i c i a l  s t r e a m  s t u d y  on 

t h e  movements  o f  Oampeloma and  t o  u t i l i z e  c u r r e n t  

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

f a c t o r s .
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A ma.lor d raw b a ck  o f  a r t i f i c i a l  s t r e a m  s t u d i e s  i s  

t h e i r  l a c k  o f  r e a l i s m  i n  r e f e r e n c e  t o  n a t u r e .  D i s c u s s i o n  

o f  t h e  b e h a v i o r  o f  Gamoeloma b a s e d  s t r i c t l y  on my l a b o r a ­

t o r y  t e s t  r u n s  would  be l i m i t e d  t o  t h e  e x p e r i m e n t a l  con­

d i t i o n s  a p p l i e d .  Any e x t e n s i o n  t o  n a t u r a l  s t r e a m  s i t u a ­

t i o n s  i s  d a n g e r o u s l y  s p e c u l a t i v e .  'Thus, t o  o b t a i n  t h e  

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

o f  t h e s e  f a c t o r s  on t h e  s n a i l s ,  I  h av e  u s e d  my own r e ­

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

a r t i f i c i a l  s t r e a m  s t u d y  o f  S h e l f o r d  ( 1 9 1 4 ) ,  d raw s  upon  

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

c f  A l l i s o n  (1942)  and  Bovb^erg  ( 1 9 5 2 ) .  I n  a d d i t i o n ,  I  

have  draw n upon  o t h e r  s t u d i e s  on t h e  b i o l o g y  and  e c o l o g y  

o f  Camneloma and on t h e  b e h a v i o r  o f  o t h e r  a q u a t i c  a n i m a l s  

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

a much more c o m p l e t e  u n d e r s t a n d i n g  t h a n  c o u l d  be drawn 

f rom  my i n v e s t i g a t i o n s  a l o n e .  I t  i s  my i n t e n t i o n  t h a t  

such  a n  a  a p ro  a  ch. w i l l  make t h e  p r e s e n t  p a p e r  more  mean­

i n g f u l  t h a n  i t  w ou ld  o t h e r w i s e  b e .

A c o r o l l a r y  o b j e c t i v e  i s  t o  e l u c i d a t e  t h e  r h e c t a c t i c  

r e s p o n s e s  o f  C a n c e l o n a . A c o n t r o v e r s y  h a s  d e v e l o p e d  I n  

t h e  l i t e r a t u r e  on t h i s  t o p i c .  A l i i s e n  (1 942)  f o u n d  t h a t  

" t h e  s n a i l s  move a t  r an d o m " .  Bovb3e r g  ( 1 9 5 2 ) ,  h o w ev e r ,  

c o n c lu d e d  t h a t  t h e  s n a i l s  e x h i b i t  "a  p o s i t i v e  u p s t r e a m  

movement" .  Thus i t  h a s  r e m a i n e d  u n c e r t a i n  w h e t h e r  o r  n o t  

p o s i t i v e  r h e o t a x i s  i s  a  c h a r a c t e r i s t i c  r e s p o n s e  o f
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Oampeloma. More a c c u r a t e l y ,  i t  h a s  r e m a i n e d  u n c e r t a i n  

w h ic h  s e t s  o f  e n v i r o n m e n t a l  c o n d i t i o n s  e l i c i t  t h e  re - ,  

s p o n se  o f  p o s i t i v e  r h e o t a x i s  and w h ich  e l i c i t  t h e  r e ­

s p o n s e  o f  n e g a t i v e  r h e o t a x i s  o r  no r h e o t a x i s  a t  a l l .

The p r e s e n t  s t u d y  was d e s i g n e d  t o  y i e l d  r e s u l t s  w h ich  

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

th em ,  w i t h  t h e  a i d  o f  t h e  r e s t  o f  t h e  l i t e r a t u r e ,  i n t o  a  

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

Oampeloma.

Numerous o t h e r  l e s s e r  o b j e c t i v e s  a r e  e n t a i l e d  i n  t h e  

a b o v e .  The b u r r o w i n g  h a b i t  o f  Oampeloma i s  u n i q u e  among 

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

s u b s t r a t e  t y p e ,  an d  l i g h t  h a v e  on t h e  a b i l i t y  a n d  t e n d e n ­

cy o f  t h e  s n a i l s  t o  b u r r o w .  I  hope a l s o  t o  l e a r n  o f  any  

r e s p o n s e s  w h ic h  a p p e a r  t o  be s u b s t i t u t i o n s  o r  r e p l a c e ­

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

w h ich  b u r r o w i n g  i s  i m p o s s i b l e .  When movement ,  r a t h e r  

t h a n  b u r r o w i n g ,  o c c u r s ,  t h e  r a t e  and p a t h  o f  movement i s  

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

d o w n s t r e a m ) .  A n o t h e r  o b j e c t i v e  i s  t o  i n v e s t i g a t e  w h a t  

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

p r e s e n c e  o r  a b s e n c e  o f  p h y s i c a l  o b s t a c l e s  i n  t h e  f o rm  o f  

s u b s t r a t e  h a v e  on  t h e  r a t e  o f  movement and p a t h  o f  t h e  

s n a i l s .
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THE BIOLOGY AND ECOLOGY 0?  OAMPELOMA

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

T h i s  s e c t i o n  on t h e  b i o l o g y  and e c o l o g y  o f  C a n o s Io n a  

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

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

and s o : p l a i n i n g  t h e  b e h a v i o r  o f  t h a t  o r g a n i s m .  The 

r e l a t i v e  o b s c u r i t y  o f  C anoe Iona  d 3c l s u n  and t h e  many 

p e c u l i a r i t i e s  o f  i t s  b i o l o g y  ( e s p e c i a l l y  t h e  l a c k  o f  

; h s r n  s p e c i e s ,  t h e  t a x o n o m i c  p r o b l e m s f

i s  ourx^ov* c. &. u r  u j . . i n i * . 0 op? s*®

„ *  ~ -p  ^  ,. v» Pi ^  -vx -2 v» tt n ■f om j crc^ ^ T* ■v' o f?r 11 ' *f“. c*jo .j .  _ .c L^xi U. u; j. o  xXr—. --At x *  j v u t w i U u  ^  -• ~ *u w ^  u,

rn d the  c o n c l u s i o n s  r e  a ch s  d »

•a  yr : i o f  Canoeloma

?axonomy, c l a s s i f i c a t l o n  o f  ~enus  ( T a y l o r  ana  3c111, 1962)

Phylum M o l l u s c a  

C l a s s  G a s t 3

S u b c l a s s  S t r e p t o n e u r a

O r d e r  M e s o g a s t ro p o d a

3u? e r f a m i 1y  V i  v  i  p a r  a c e a 

F a m i ly  Y i v i p a r i d a e

Genus Camosloma
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Taxonomy, M ic h ig a n  s p e c i e s

G o o d r ic h  (1932)  l i s t s  f i v e  s p e c i e s  o f  Campsloma f o r  

M ic h i g a n .  These  a r e  C. a s  c l  sun ( S a y ) ,  w h ich  w i l l  be 

d e s c r i b e d  i n  d e t a i l ,  C. i n t e g r u m  ( S a y ) ,  mere s l e n d e r  t h a n  

d e c !  sum an a  h a v i n g  mors r o u n d e d  w hor ls , .  C. m i le  s i  ( L e a ) ,  

even  more s l e n d e r ,  C* r r f u m  ( n a l d e m a n ) ,  h a v i n g  a r e d d i s h  

hua  n o t i c e a b l e  i n  t h e  a p e r t u r e  and a t  t h e  apeXj and C. 

s u o s o l i d u m  ( A n th o n y ) ,  a h e a v y  f o rm .  I n  a d d i t i o n ,  two 

s u b s p e c i e s  a r e  l i s t e d .  These  a r e  t h e  v e n t r i c o s e  C, r u fu m  

glbbum and  t h e  s t o u t , ,  t h i c k  0,  i n t e g r u m  obesum.

Taxonomy, i d e n t i f i c a t i o n  c f  s p e c im e n s  a s  _C. d ec isu m

The s p e c i e s  i d e n t i f i c a t i o n  o f  t h e  s p e c im e n s  u s e d  i n  

the- t e s t s  was d e t e r m i n e d  t o  be Canosloma d e c i s u m  on t h e s e  

b a s e s :  1) The c h a r a c t e r i s t i c s  o f  t h e  s h e l l  and t h e  visi­
ble body conform most closely to those of C. decisum as 
described by F. C. Baker (1928a) which remains the most 
t h o r o u g h  ana d e t a i l e d  k e y .  The t a x o n o m ic  k e y s  and 

d e s c r i p t i o n s  o f  G o o d r ic h  (1 9 3 2 )?  G o o d r ic h  ( 1 9 4 4 ) ,  and 

Harman and Berg  (1971)  c o r r o b o r a t e  t h i s  i d e n t i f i c a t i o n .

2) The r a d u l a e  o f  s i x  o f  t h e  t e s t  s n a i l s  w ere  e x t r a c t e d  

and  e x a m in e d .  They c o r r e s p o n d e d  f a v o r a b l y  w i t h  F* C. 

B a k e r ’ s (1928)  i l l u s t r a t i o n s  and  d e s c r i p t i o n  o f  t h e  

r a d u l a  o f  C. deed  sum. 3)  C. dec isum  i s  t h e  most  common,

w i d e s p r e a d  s p e c i e s  i n  M ic h ig a n  (van  d e r  S c h a l i s ,  p e r s o n a l
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c o m m u n i c a t i o n ) . _C. i n t e g r u m  i s  b e l i e v e d  t o  be a  more

i v e s t e r n  s p e c i e s  by ? .  C. B a k e r  (1928a), and Goodrich 
(X9 4 4 ) s t a t e s  t h a t  t h i s  s p e c i e s  " h a s  n e v e r  b e e n  c o n v i n c ­

i n g l y  s e p a r a t e d  f ro m  C. d e c i s u m " .  C. m i l e s i  i s  d e s c r i b e d  

a s  " c l o s e l y  r e l a t e d  to  da c l  sum" by ?♦ C. B ak e r  (1928a,). 
G o o d r i c h  (1932)  b e l i e v e s  t h a t  i t  may be a  m u t a t i o n  c f

^  '3 o r ' Ji c m ’T' c  ■v' ■! r-  t c  t  c  o  Vj c  C* v * i * c; o  1 ? i r p  Tk''^7>rr
■V ft 'Jm '- f O  »*J vLU*. v l  ^» V  V V..T ■». S> ft -A. *— -V  — Nrf1 — «

a l t h o u g h  i t  h a s  b e e n  t a k e n  f ro m  s t r e a m s .  A c c o rd in g  t o  

G o o d r i c h  (1 9 3 2 )?  jC. s n b s o l i d n m  o c c u r s  i n  M ic h ig a n  o n l y  

i n  t h e  s o u t h w e s t e r n  c o r n e r .  I t  i s  c l o s e l y  r e l a t e d  t o  _C. 

integrum (Baker, P .  C . , 1928a) and may be an ecological 
v a r i a t i o n  o f  C. i n t e g r u m  o r  C. d e c i s u m  ( G o o d r i c h -  1 9 4 4 ) .  

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

mens c o l l e c t e d  a r e  most  l i k e l y  t o  be 0.  d e c i s u m  and most  

c r o r e r l y  g i v e n  t h a t  name.  4)  The s n a i l s  w ere  c o l l e c t e d  

f ro m  M i l l  C reek  i n  K en t  C o u n ty .  C s n s e lo n a  c o l l e c t e d  by 

Bcvo. ierg  (1 9 5 2 )  i n  n e i g h b o r i n g  M ontca lm  County w ere  

i d e n t i f i e d  a s  C. d e c i s u m  by H. v an  d e r  S c h a l i s .  Both  

c r e e k s  a r e  t r i b u t a r i e s  o f  t h e  Grand l i v e r .

Taxonomy, t a x o n o m ic  d i f f i c u l t i e s  w i t h  t h e  menus

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

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

t h e  g e n u s  Camnsloma. C lench  (1962)  s t a t e s  i n  r e f e r e n c e  

t o  Camneloma: "Cn a s p e c i f i c  l e v e l ,  p r o b a b l y  few  g e n e r a
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among o u r  n o r t h  A m erican  f r e s h w a t e r  m o l l u s k s  a r e  i n  a 

more c o n f u s e d  s t a t e .  The a n s w e r  t o  t h i s  c o n d i t i o n  i s  

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

a c t e r s  upon w h ic h  s p e c i f i c  d i f f e r e n t i a t i o n  c a n  be made 

and  t h e s e  few c h a r a c t e r s  d i f f e r  o n l y  i n  d e g r e e . "  S p e c i f ­

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

c h a r a c t e r i s t i c s  w h ich  c a n n o t  be v e r i f i e d  by m e a su re m e n t  

and no s p e c i f i c  d i f f e r e n c e s  i n  t h e  s o f t  p a r t s  h ave  b ee n  

f o u n d  ( G o o d r i c h ,  1 9 4 4 ) •  The p r o b le m  becomes  ev en  more 

d i f f i c u l t  when i t  i s  r e a l i z e d  t h a t ,  so f a r  a s  i s  known, 

a l l  Campeloma o c c u r r i n g  a s  f a r  n o r t h  a s  M ic h ig a n  r e p r o ­

d u c e  p a r t h e n o g e n e t i c a l l y  (A n d e r s o n ,  1966 ;  C h a m b e r l a i n ,

19 5 8 ;  M a t to x ,  1938;  M edcof ,  19 4 0 ;  Van C le a v e  and 

A l t r i n g e r ,  1937 ;  and v a n  d e r  S c h a l i e ,  1 9 6 5 ) .  The s t a n d ­

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

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

d u c i n g  g r o u p s .  S ince  t h e  s p e c im e n s  u s e d  f o r  t h e  t e s t  

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

Campeloma d e c i s u m , and  s i n c e  s p e c i e s  names h a v e  b e e n  and 

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

s n a i l s  w i l l  be c l a s s i f i e d  and  r e f e r r e d  t o  a s  C. d ec i su m  

i n  t h e  p r e s e n t  s t u d y .  However ,  use  w i l l  be made o f  

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

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

a w h o le .  A l s o ,  i t  i s  t o  be e x p e c t e d  t h a t  much o f  w h a t  i s  

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

r e a s o n a b l e  i n  v i e w  o f  t h e  f a c t  t h a t  t h e  t a x o n o m ic  d i f f i ­

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

among t h e  s p e c i e s .

Anatomy, s h e l l  and o p e r c u l u m

A b r i e f  d e s c r i p t i o n  o f  t h e  s h e l l  o f  Campeloma 

d e c i s u m  may be fo u n d  i n  many o f  t h e  n um erous  a p p r o p r i a t e  

k e y s .  S e v e r a l  a u t h o r s  h a v e  p r o v i d e d  more d e t a i l e d  

d e s c r i p t i o n s ,  t h e  m os t  d e t a i l e d  b e i n g  t h a t  o f  P .  C., B ak e r  

( 1 9 2 8 a ) ,  w h i c h  i s . s u m m a r i z e d  h e r e .  . The s h e l l . i s  

e l o n g a t e - o v a t e ,  s u b f u s i f o r m ,  an d  t h i n .  I t s  c o l o r  i s  d a r k  

g r e e n  t h r o u g h  o l i v e  t o  b rown.  T h e re  a r e  s i x  f l a t l y  

r o u n d e d  w h o r l s ,  a l l  o f  w h ic h  a r e  c o v e r e d  w i t h  brown, 

r e v o l v i n g ,  e p i d e r m a l  s t r i a e .  The s p i r e  i s  l o n g  and 

p o i n t e d ,  s h a r p l y  c o n i c ,  w i t h  a f l a t - t o p p e d  a p e x  w h ic h ,  

a l o n g  w i t h  t h e  u p p e r  w h o r l s ,  i s  u s u a l l y  e r o d e d .  The 

s u t u r e s  a r e  d e e p .  The a p e r t u r e  i s  e l o n g a t e l y - o v a t e , 

r o u n d e d  b e lo w  and  a c u t e l y  a n g l e d  a b o v e .  The c o l u m e l l a r  

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

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

The s h e l l  i s  e i t h e r  c o m p l e t e l y  i m p e r f o r a t e  o r  h a s  a v e r y  

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

t u r e  s n u g l y .  The m a r k in g s  on i t  a r e  e n t i r e l y  c o n c e n t r i c  

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

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

on t h e  o p e r c u l u m .

Anatomy, e x t e r n a l  ana tom y  o f  body

A c c o r d in g  t o  T .  C., B a k e r  (1 9 2 8 a ) ,  Campeloma d e c i s u m , 

l i k e  o t h e r  members o f  t h e  g e n u s ,  h a s  a  v e r y  l a r g e  f o o t .

I t  e x t e n d s  beyond  t h e  r o s t r u m  and  c o v e r s  a l a r g e r  a r e a  

t h a n  t h e  s h e l l .  The f o o t  i s  r o u n d e d  b e h i n d  and  s q u a r e l y  

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

s m a l l  and t h e  r o s t r u m  s h o r t  and  n a r r o w .  The e y e s  a r e  on 

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

n a r r o w ,  t a p e r i n g  t e n t a c l e s .  I n  m a l e s ,  t h e  r i g h t  t e n t a c l e  

i s  m o d i f i e d  t o  fo rm  a  p e n i s  s h e a t h .  The body i s  g e n e r ­

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

and t e n t a c l e s  b l u i s h .  The h e a d ,  t e n t a c l e s ,  and u p p e r  

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

Anatomy, i n t e r n a l  ana tom y

The i n t e r n a l  an a to m y  o f  C. d e c i s u m  w i l l  n o t  be 

t r e a t e d  i n  d e t a i l  h e r e .  The r a d u l a  and  g e n i t a l i a  a r e  

w e l l  d e s c r i b e d  by P .  C. . B a k e r - ( 1 9 2 3 a ) ., The r e p r o d u c t i v e  

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

d e s c r i b e d  by s e v e r a l  a u t h o r s  b u t  t h e  s t u d y  o f  C a l l  (1886b)  

on t h e  ana tom y  o f  _C. s u b s o i l d u m  r e m a i n s  t h e  m o s t  c o m p l e t e  

a c c o u n t  f o r  t h e  g e n u s .  E x c e l l e n t  i l l u s t r a t i o n s  o f  t h e  

g r o s s  ana tom y  o f  m a le  and  f e m a l e  C. ponderosum  c o a r c t a t u m
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a r e  t o  b e  f o u n d  i n  a p a p e r  by v a n  d e r  S c h a l i e  ( 1 9 6 5 ) .  In

Campeloma, t h e  mouth and b u c c a l  m a s s ,  w h i c h  c o n t a i n s  t h e

r a d u l a ,  a r e  w i t h i n  t h e  r o s t r u m .  The w h o r l s  above  t h e  

body w h o r l  c o n t a i n  t h e  s to m a c h ,  h e a r t ,  and g o n a d s .  The 

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

v e i n s ,  e x t e n d s  from t h e  h e a r t  t o  n e a r  t h e  edge  o f  t h e  

m a n t l e ,  i n  t h e  body w h o r l .  The r e n a l  o p e n in g  and r e c t u m  

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

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

t h e  o s p h r a d i u m .  I  h ave  n o t  fo u n d  any d e s c r i p t i o n  o f  t h e

n e r v o u s  sy s te m  p e r t a i n i n g  s p e c i f i c a l l y  t o  members o f  t h i s  

g e n u s .

L i f e  h i s t o r y , r e p r o d u c t i o n

I t  i s  p r o b a b l e  t h a t  a l l  n o r t h e r n  fo rm s  o f  Campeloma, 

w h ich  i n c l u d e s  a l l  c o l o n i e s  o f  C. d e c i s u m , l a c k  m a le s  and  

r e p r o d u c e  p a r t h e n o g e n e t i c a l l y  ( v a n  d e r  S c h a l i e ,  1965;  

A n d e r so n ,  1 9 6 6 ) .  Out o f  450 _C. d e c i su m  exam ined ,  Meacof 

(1940)  f a i l e d  t o  f i n d  a s i n g l e  male  and  c o n c lu d e d  t h a t  

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

t h e  c o l o n y  s t u d i e d .  C h a m b e r l a in  (1958)  fo u n d  no m a le s  

among o v e r  800 C. d e c i s u m  ex a m in e d .  I  a l s o  h a v e  fo u n d  

o n l y  f e m a l e  Campeloma i n  a l l  c o l l e c t i o n s  made i n  M ic h i ­

g a n ,  i n c l u d i n g  t h e  48 t e s t  s n a i l s .  I n  Campeloma, t h e  

s e x e s  a r e  d i s t i n g u i s h e d  by t h e  shape  and s i z e  o f  t h e  

t e n t a c l e s  ( C h a m b e r l a i n ,  1 9 5 3 ) .  The r i g h t  t e n t a c l e  o f
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m a le s  i s  a  s h e a t h  f o r  t h e  p e n i s  and  i s  s h o r t e r  and w i d e r  

t h a n  t h e  l e f t .  I n  f e m a l e s ,  b o t h  t e n t a c l e s  a r e  l o n g  and  

t h i n .  C h a m b e r l a in  (1 9 5 8 )  fo u n d  o n l y  t h e  s t a g e s  o f  

m e i o s i s  up t o  a n a p h a s e  o f  t h e  f i r s t  d i v i s i o n  among C. 

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

d i v i s i o n ,  e a c h  w i t h  24 t o  26 chrom osom es .  I n  p a r t h e n o -  

g e n e t i c  r e p r o d u c t i o n  by Campeloma, c h ia sm a  f o r m a t i o n  

o c c u r s  and i s  f o l l o w e d  by r e d u c t i o n  i n  chromosome n u m b ers  

(v a n  d e r  S c h a l i e ,  1 9 6 5 ) .  The n o rm a l  d i p l o i d  number i s  

r e s t o r e d  by t h e  f u s i o n  o f  n u c l e i .

L i f e  h i s t o r y , em b ry o lo g y

The m ost  t h o r o u g h  s t u d y  o f  u t e r i n e  young i n  t h i s  

g e n u s  i s  t h a t  o f  Van C le a v e  and  A l t r i n g e r  (1937)  on _C. 

r u fu m .  They f o u n d  t h a t  t h e  s h e l l s  o f  t h e  u t e r i n e  young 

r a n g e  i n  h e i g h t  f rom  a b o u t  1 . 5  mm t o  4 . 5  mm. The l o w e r  

l i m i t  f o r  g r a v i d  i n d i v i d u a l s  i s  a b o u t  20 mm i n  s h e l l  

h e i g h t .  Most  g r a v i d  s n a i l s  c o n t a i n e d  a r o u n d  50 y o u n g .

The u t e r i n e  young  a r e  more  u n i f o r m  i n  s i z e  and  g r e a t e r  i n  

number  i n  t h e  f a l l  and  w i n t e r  t h a n  d u r i n g  t h e  p a r t u r i t i o n  

p e r i o d  o f  May t h r o u g h  S e p te m b e r .  The p e r i o d  r e q u i r e d  f o r  

em b ry o n ic  d e v e lo p m e n t  i s  e s t i m a t e d  to  be a b o u t  n i n e  

m o n th s .  M a t to x  (1938)  r e p o r t s  t h a t  d u r i n g  m os t  o f  t h e  

y e a r ,  t h e  u t e r u s  o f  C. r u fu m  c o n t a i n s  s t a g e s  v a r y i n g  f rom  

e a r l y  v e l i g e r  l a r v a e  t o  embryos 4 mm i n  s h e l l  h e i g h t .  

A nde rson  (1 9 6 6 )  s t u d i e d  Campeloma o f  u n d e s i g n a t e d  s p e c i e s

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



c o l l e c t e d  i n  Ohio .  She fo u n d  t h a t  h e r  s p e c im e n s  c o u l d  be 

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

number  o f  u t e r i n e  young t h e y  c o n t a i n e d .  No s n a i l s  u n d e r  

20 mm c o n t a i n e d  u t e r i n e  young .  Those f ro m  20 mm t o  30 mm 

c o n t a i n e d  e a r l y  s t a g e  l a r v a e  a n d ,  r a r e l y ,  a few 

w e l l - d e v e l o p e d  y o u n g .  The l a r g e s t  number o f  

w e l l - d e v e l o p e d  young w ere  fo u n d  among t h o s e  s n a i l s  

b e tw e e n  30 and 35 mm i n  s h e l l  h e i g h t .  Those o v e r  35 mm 

c o n t a i n e d  few o r  no u t e r i n e  young .

L i f e  h i s t o r y , b i r t h

A l l  t h e  V i v i p a r i d a e  a r e  d e s c r i b e d  by v an  d e r  S c h a l i e  

(1936)  a s  b e in g  o v o v i v i p a r o u s .  The young h a t c h  f ro m  t h e  

eggs  b e f o r e  t h e y  a r e  e x p e l l e d  f ro m  t h e  p a r e n t .  I t  i s  

h y p o t h e s i z e d  t h a t  o v o v i v i p a r i t y  p r o v i d e s  some a d v a n t a g e  

to  t h e  young i n  f a c i n g  an  u n f a v o r a b l e  e n v i r o n m e n t  and  f o r  

t h i s  r e a s o n  h a s  s u r v i v a l  v a l u e .  Crabb (1929)  h a s  ob­

s e r v e d  t h e  p r o c e s s  o f  b i r t h  i n  Campeloma d e c i s u m . He 

b e l i e v e s  t h a t  t h e  "egg  membrane i s  r u p t u r e d  e i t h e r  by t h e  

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

e x t r u s i o n " .  T h i s  membrane i s  q u i t e  d e l i c a t e  and  r u p t u r e s  

r e a d i l y .  A c c o rd in g  to  P .  C. B a k e r - ( 1 9 1 3 a ) ,  t h e  young  o f  

£ .  d e c i s u m  a r e  b o r n  i n  t h e  s p r i n g .  C h a m b e r l a i n  (1958)  

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

mid-M arch  u n t i l  t h e  end o f  J u n e ,  w i t h  t h e  most  a c t i v e  

p e r i o d  b e i n g  l a t e  March t h r o u g h  e a r l y  A p r i l .  The s i z e  o f
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t h e  u t e r i n e  young  i s  n o t  t h e  s o l e  s t i m u l u s  f o r  p a r t u r i ­

t i o n  and  i t  d o e s n ' t  a p p e a r  t o  he r e l a t e d  t o  w a t e r  t e m p e r ­

a t u r e .  H i s  s p e c i m e n s  w e re  c o l l e c t e d  i n  N o r th  C a r o l i n a .  

Van C leav e  an d  A l t r i n g e r  ( 1 9 3 7 ) ,  w o r k i n g  w i t h  C. r u fu m  

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

a c t i v e  i n  May h u t  o c c u r s  u n t i l  t h e  end  o f  A u g u s t .  Young 

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

h u t  none  a r e  r e l e a s e d  u n t i l  t h e  s p r i n g .

L i f e  h i s t o r y , g ro w th  and  d e v e l o p m e n t

The c o l o n y  o f  Campeloma ru fum  s t u d i e d  hy Van C le av e  

and A l t r i n g e r  (1 9 3 7 )  h ad  a  mode o f  s h e l l  h e i g h t  o f  4  mm 

a t  h i r t h  i n  May, 12 mm hy S e p te m b e r ,  and  20 mm by t h e  

f o l l o w i n g  May. Thus t h e y  b e g i n  t o  h e a r  you n g  a t  t h e  age  

o f  one y e a r .  I n d i v i d u a l s  a t  two y e a r s  o f  age  h ave  a  mode 

o f  30 mm. Few i n d i v i d u a l s  above  30 mm a r e  g r a v i d  and  

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

s n a i l s  a r e  g r a v i d  up t o  t h e  maximum s i z e  o f  40 mm. 

Hovb.je rg  (1 952)  f o u n d  a s i m i l a r  t r i - m o d a l  d i s t r i b u t i o n  o f  

s h e l l  h e i g h t  (new h o r n ,  one  y e a r ,  two y e a r s )  f o r  C. 

d e c i s u m  i n  a  M ic h i g a n  c o l o n y .  S i z e s  were s m a l l e r  among 

t h e  JC. d e c i s u m  c o l l e c t e d  by C h a m b e r l a in  (1 953)  i n  N o r th  

C a r o l i n a .  The modes o f  s h e l l  h e i g h t  w ere  3 mm a t  b i r t h  

i n  M arch ,  8 mm by O c t o b e r ,  and  10 mm by t h e  age  o f  one 

y e a r .  At two y e a r s ,  w h ich  was t h e  age  o f ■s e x u a l  m a t u r i ­

t y ,  t h e  s n a i l s  a v e r a g e d  o v e r  15 mm i n  s h e l l  h e i g h t .  A
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mode o f  17 t o  20 mm r e p r e s e n t e d  t h e  t h i r d  y e a r .  Medcof 

(1 940)  c o l l e c t e d  55 C. d e c i s u m  f ro m  t h e  Speed R i v e r  of  

O n t a r i o .  Of t h e s e ,  t h e  one y e a r  o l d s  w ere  5 t o  12 mm i n  

s h e l l  h e i g h t  w i t h  0% g r a v i d .  At a g e  tw o ,  t h e y  r a n g e d  

f ro m  13 t o  18 mm an d  1 8 ^  w e re  g r a v i d .  At  age  t h r e e ,  t h e y

w ere  19 to  23 mm an d  7 7 ^  w e re  g r a v i d .  The f o u r  y e a r  o l d s

r a n g e d  f ro m  24 t o  28  mm i n  s h e l l  h e i g h t  and  9 3 ^  w ere  

g r a v i d .  I n  c o m p a r in g  h i s  r e s u l t s  w i t h  t h o s e  o f  Van 

C leav e  and  A l t r i n g e r  ( 1 9 3 7 ) ,  he  c o n c l u d e d  t h a t  t h e  

O n t a r i o  c o l o n y  o f  C. d e c i s u m  g row s  more s l o w l y ,  r e a c h e s  

s e x u a l  m a t u r i t y  l a t e r  ( a g e  t h r e e ) ,  and  l i v e s  l o n g e r  ( f i v e  

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

R co lo g y  o f  Camoeloma

Range

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

e a s t e r n  U n i t e d  S t a t e s  and s o u t h e r n  Canada ( B a k e r ,  P .  C . , 

1 9 2 3 a ) .  C. d e c i s u m  h a s  a  d i s t r i b u t i o n  f ro m  Nova S c o t i a  

t o  S a s k a tc h e w a n  a n d  s o u th  a s  f a r  a s  V i r g i n i a  t h r o u g h  

T e n n e s s e e ,  a c c o r d i n g  t o  P .  C. B a k e r  ( 1 9 2 3 a ) .  I t  h a s  b e e n

r e p o r t e d  f rom  a s  f a r  n o r t h  a s  O n t a r i o  (M edcof ,  1940)  and

a s  f a r  s o u t h  a s  N o r th  C a r o l i n a  ( C h a m b e r l a i n .  1 9 5 3 ) .

Harman and  B erg  (1 971)  d e s c r i b e  t h e  r a n g e  o f  C. d e c i su m  

a s  b e i n g  "an  a r e a  d e l i m i t e d  by Nova S c o t i a  and  e a s t e r n  

O n t a r i o  s o u t h  t o  V i r g i n i a " .
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60

D i s p e r s a l

" M i g r a t i o n  t h r o u g h  t h e  "water i s  a m a jo r  means o f  

n a t u r a l  d i s p e r s a l  f o r  a l l  f r e s h w a t e r  r a o H u s k s  and i t  i s  

t h e  o n l j r i m p o r t a n t  means f o r  t h e  g i l l ~ b r e a t h i n g  

p r c s o b r a n c h  s n a i l s "  (Harman and  B e rg ,  1 9 7 0 ) .  The 

B r o s c b r a n c h i a  t e n d  t o  be h e a v i e r ,  s lo w e r  m ov ing ,  and  l e s s  

a b l e  t o  w i t h s t a n d  e x p o s u r e  t o  a i r  t h a n  t h e  P u lm o n a ta  ana  

t h u s  have  a s lo w e r  r a t e  o f  d i s p e r s a l  (Harman and .Berg, 

1 9 7 1 ) .  The most  i m p o r t a n t  means o f  d i s p e r s a l  f o r  

p r c s o b r a n c h  s n a i l s  s u c h  a s  Camoeloma may be t h r o u g h  

g r a d u a l  u p s t r e a m  movement.  Long d i s t a n c e  d i s p e r s a l  by 

Camoeloma may be c o u p l e d  w i t h  t h e  s low p r o c e s s  o f  b a s e -  

l e v e l i n g  (Adams? 1 9 0 1 ) .  T h i s  s n a i l  i s  b e t t e r  d e s c r i b e d  

a s  a q u i e t - w a t e r  fo rm  t h a n  a r a p i d - w a t e r  f o rm  ( s e e  T a b le

3 ) .  I n  t h e  p r o c e s s  o f  b a s e l e v e l i n g , q u i e t - w a t e r  c o n d i ­

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

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

q u i e t - w a t e r  f a u n a ,  t h e n ,  e x t e n d s  i t s  d i s t r i b u t i o n  i n  t h e  

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

q u i  ~ t - w a  t  e r  c o n d i t i o n s .

B u r ro w in g  h a b i t

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

completely, i n  mud o r  sand s u b s t r a t e s  ( A l l i s o n .  1942; 

C le n c h ,  19o2 ;  van  d e r  S c h a l i e ,  1 9 6 5 ) .  jC. d e c i s u m .  I n
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6 1

p a r t i c u l a r ,  i s  d e s c r ib e d ,  a s  a  b u r r o w i n g  s n a i l  ( B a k e r ,  P.

C . , 1911 ;  B a k e r ,  H. 3 . ,  1922;  Harman,  1972;  Harman and 

B e r g ,  1 9 7 1 ) .  T h i s  s p e c i e s  i s  o f t e n  f o u n d  b u r i e d  i n  mud 

o r  s an d  i n  b o t h  s t r e a m s  and l a k e s  (D awley ,  194-7; Medcof ,

1940)  and c o l l e c t i o n s  a r e  u s u a l l y  made by s i f t i n g  b o t to m  

m a t e r i a l s  ( A l l i s o n ,  19 4 2 ;  B o v b j e r g ,  1952;  Shoem aker ,

1961) .

H a b i t a t s  and  m i c r o h a b i t a t s  r e p o r t e d  f o r  Campeloma

Numerous a u t h o r s  h av e  r e p o r t e d  some c h a r a c t e r i s t i c s  

o f  t h e  h a b i t a t s  and m i c r o h a b i t a t s  i n  w hich  t h e y  have  

f o u n d  Campeloma. T h i s  l i t e r a t u r e  i s  p r e s e n t e d  i n  summary 

fo rm  i n  T a b le  5 .  T h i s  c o m p i l a t i o n  p r o v i d e s  an i n d i c a t i o n  

o f  t h e  b i o t i c  and  a b i o t i c  c o n d i t i o n s  w hich  a r e  f a v o r a b l e  

t o  Campeloma and i t  p r o v i d e s  some i n d i c a t i o n  o f  t h e  r a n g e  

of '  c o n d i t i o n s  w h ich  t h e  s n a i l s  can  t o l e r a t e .  S ince  t h e s e  

a u t h o r s  h ave  sampled  a  w ide  v a r i e t y  o f  h a b i t a t s  and 

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

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

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

fo u n d  i n  n a t u r e .

Lake and  s t r e a m  v a r i a t i o n s

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

o f t e n  e x i s t  b e tw e e n  Campeloma l i v i n g  i n  s t r e a m s  and t h o s e  

l i v i n g  i n  l a k e s  ( G o o d r ic h  and  v a n  d e r  S c h a l i e ,  1 9 3 9 ) .
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T a b l e  3« Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma.

Source Campeloma H a b i t a t  and  m i c r o h a b i t a t  
s p e c i e s  c o n d i t i o n s  r e p o r t e d

A l l i s o n ,  194-2

A n d e r so n ,  1966

e n t i r e  s t r e a m s ;  s h a l l o w  w a t e r  i n

g e n u s  mud

u n s p e c i -  r i v e r ;  i n  g r a v e l  o r  s a n d ,  a t

f i e d  t h e  b a s e  o f  w i l l o w s  o r  imme­

d i a t e l y  d o w n s t ream  f rom  

r o c k s  and  l o g s

B a k e r ,  P. C . , 1911 d e c i s u m  l a k e ;  s h a l l o w  w a t e r ,  e x p o s e d

and p r o t e c t e d  sandy  s h o r e s  

r i v e r ;  i n  sandy  mud, s h a l l o w  

w a t e r  a l o n g  s h o r e ,  s w i f t  

c u r r e n t

r i v e r ;  s u r f a c e  o f  f l o a t i n g  

l o g s ,  on t h e  l e e  s i d e  o f  

a n c h o r e d  l o g s

c r e e k ;  b u r i e d  i n  c l e a n ,  f i r m  

s a n d ,  w a t e r  a  few i n c h e s  t o  

2 o r  3 f e e t  d e e p ,  s w i f t  

c u r r e n t ,  c l e a r  w a t e r  

B a k e r ,  P. C . , 1916  d e c i s u m  c r e e k ;  p o o l ,  w a t e r  f ro m  1 to

2 o r  3 f e e t  d e e p ,  c u r r e n t  

s lo w ,  i n  v e r y  f i n e  mud 

i n t e g r u m  r i v e r ;  b o r d e r i n g  b a n k ,  w a t e r
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T a b l e  3* Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

S o u rce Campeloma H a b i t a t  an d  m i c r o h a b i t a t
s p e c i e s c o n d i t i o n s  r e p o r t e d

f rom  1 t o  3 f e e t  d e e p ,  em er­

g e n t  a q u a t i c  p l a n t s ,  i n  mud

o r  sand

d e c i s u m pond;  w a t e r  6 t o  8 f e e t

d e e p ,  i n  mud

B a k e r ,  P .  C . , d e c i s u m l a k e ;  i n  s a n d  and  c l a y ,  more

1 9 1 8 a a b u n d a n t  i n  c l a y ,  1 . 5  t o  5

f e e t  deep

B a k e r ,  P .  C . , d e c i s u m l a k e ;  i n  s a n d ,  w a t e r  1 . 5  t o

1913b  3 f e e t  d e e p ,  6 s n a i l s  i n

2288 s q u a re  i n c h e s  sam pled  

l a k e ;  i n  c l a y ,  w a t e r  2 t o  5 

f e e t  d e e p ,  10 s n a i l s  i n  14-08 

s q u a re  i n c h e s  sam pled  

l a k e ;  i n  s a n d ,  w a t e r  2 . 5  

f e e t  d e e p ,  1 s n a i l  i n  32 

s q u a r e  i n c h e s  sam pled  

B a k e r ,  P. C . , 192 4  ru fum  l a k e ;  i n  sand  and  mud, 3 . 7 3

p e r  s q u a r e  m e t e r  

r i v e r ;  w a t e r  30 t o  50 cm 

d e e p ,  31*24 p e r  s q u a r e  m e t e r  

B a k e r ,  P .  C . , 1926 ru fum  b ro o k ;  i n  mud o r  s a n d ,  w a t e r
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T a b le  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

Source Campeloma
s p e c i e s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

s h a l l o w ,  v e g e t a t i o n ,  c o l d ,  

c l e a r  w a t e r

B a k e r ,  P. C . , 1927 m i l e s i i  l a k e ;  s h e l t e r e d  b a y ,  i n

s a n d ,  w a t e r  1 t o  2 f e e t  

d e e p ,  s n a i l s  common 

l a k e ;  s m a l l  p r o t e c t e d  b a y ,  

i n  s o f t  mud n e a r  edge o f  

w a t e r ,  w a t e r  a  f ew  i n c h e s  t o  

a  f o o t  d e e p ,  Chara  p r e s e n t ,  

s n a i l s  v e r y  a b u n d a n t  

l a k e ;  b a y ,  i n  s a n d ,  w a t e r  a 

f e w  i n c h e s  d e e p ,  Chara 

p r e s e n t ,  s n a i l s  a b u n d a n t  

B a k e r ,  P. C . , d e c i s u m  r i v e r ;  sand  b a r s ,  b u r i e d  i n

1 928a  s a n d ,  w a t e r  a  f o o t  d e e p ,

r a p i d  c u r r e n t  

c r e e k ;  i n  r o c k y - s a n d y  

b o t t o m ,  s h a l l o w  w a t e r  

c r e e k ;  n e a r  m o u th ,  i n  s a n d ,  

s h a l l o w  w a t e r  

m i l e s i i  r i v e r ;  wide and  l a k e - l i k e ,  

i n  sandy-mud n e a r  s h o r e ,
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T a b le  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

S ource Campeloma
s p e c i e s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

w a t e r  a few i n c h e s  t o  a f o o t  

d e e p ,  among a q u a t i c  p l a n t s

i n t e g r u m  r i v e r ;  i n  mud n e a r  s h o r e ,  

s h a l l o w  w a t e r  

ru fum  r i v e r ;  i n  s a n d ,  w a t e r  50 cm 

deep

r i v e r ;  i n  mud, w a t e r  2 . 1  m 

d eep

r i v e r ;  i n  s an d  n e a r  s h o r e ,  

s h a l l o w  w a t e r

l a k e ;  i n  s a n d ,  w a t e r  30 to  

80 cm deep

l a k e ;  i n  mud, w a t e r  90 cm 

d e e p ,  v e g e t a t i o n  p r e s e n t  

l a k e ;  i n  mud, w a t e r  1 . 2 m  

d eep

l a k e ;  i n  s an d y  mud, w a t e r  

1 m deep

l a k e ;  on b o u l d e r  b o t to m ,  

w a t e r  50 cm deep  

l a k e ;  i n  sand  n e a r  s h o r e ,  

s h a l l o w  w a t e r
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T a b l e  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

Source Campeloma 
s p e c i e  s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

l a k e ;  i n  s an d  n e a r  s h o r e ,

s h a l l o w  w a t e r

b r e v i - l a k e ;  i n  f i r m  s a n d  f rom

s p i r u m s h o r e  t o  w a t e r  1 m d e e p ,

q u i e t  w a t e r

l a k e ;  w i d e n i n g  o f  a  c r e e k ,  

i n  mud, v e r y  s h a l l o w  w a t e r ,  

Q u i e t  w a t e r

c r e e k ;  be low  dam, on s t o n e s  

w i t h  s l i g h t  c o v e r i n g  o f  mud, 

s h a l l o w  w a t e r ,  q u i e t  w a t e r  

B a k e r ,  H. 3 . ,  1922 d ec isu m  l a k e ;  n e a r  s h o r e ,  sand

c o v e r e d  by t h i n  l a y e r  o f  

muck composed o f  b a r k ,  

t w i g s ,  and o t h e r  o r g a n i c  

m a t e r i a l ,  w a t e r - s o a k e d  l o g s ,  

s n a i l s  q u i t e  common 

l a k e ;  a l o n g  s h o r e  n e a r  

o u t l e t ,  i n  muck h e l d  by 

d e n s e  bed o f  V a l i s n e r i a , 

p e r c e p t i b l e  c u r r e n t ,  w a t e r  

more t h a n  one f o o t  d e ep ,
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T a b le  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

Source Campeloma
s p e c i e s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

s n a i l s  q u i t e  a b u n d a n t  

l a k e ;  i n  m a r ly  muck,  w a t e r  2 

o r  3 f e e t  d e e p ,  s n a i l s  r a r e  

l a k e ;  i n  m a r ly  b o t to m ,  

a q u a t i c  p l a n t s ,  w a t e r - s o a k e d  

l o g s ,  w a t e r  v e r y  t u r b i d  f rom  

sew age ,  s n a i l s  v e r y  i n f r e ­

q u e n t

c r e e k ;  i n  sandy  and  mucky 

b o t to m ,  muck composed o f  

d e c a y i n g  t w i g s  and  l e a v e s ,  

c u r r e n t  n o t  v e r y  s w i f t ,  

s n a i l s  q u i t e  common 

r i v e r ;  be low  dam, i n  s an d y  

c l a y  a l o n g  s h o r e ,  w a t e r  4 to  

12 i n c h e s  d e e p ,  s w i f t  c u r ­

r e n t ,  s n a i l s  v e r y  common 

r i v e r ;  f i n e  g r a v e l  w i t h  

s a n d ,  some s l i g h t  d e p o s i t s  

o f  o r g a n i c  m a t e r i a l ,  w a t e r  

a b o u t  one  f o o t  d e e p ,  l i t t l e  

v e g e t a t i o n ,  c u r r e n t  n o t  v e r y
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? a b le  3 .  Some h a b i t a t  an d  m i c r o h a b i t a t  c o n d i t i o n s
' s p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

S ource Campeloma H a b i t a t  a n d  m i c r o h a b i t a t  
s p e c i e s  c o n d i t i o n s  r e p o r t e d

t  w * aecxsum

s w i f t ,  w a t e r  w i t h  s l i g h t  

r e d d i s h  t i n g e ,  s n a i l s  cosmoi 

p? “j** t  ̂  s l *i v  b 1 • r  ̂  ^d  ̂

s m a l l  poc lce ts  o f  s an d  among 

r o c k s  n e a r  s h o r e ,  r o c k s  

c o a t e d  w i t h  f i n e l y - d i v i d e d  

d e p o s i t  c o n t a i n i n g  i r o n ,  

s n a i l s  common 

r i v e r ;  r a p i d s  a b o v e  and  

b e lo w  f a l l s  w i t h  b a c k w a t e r s  

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

s h o r e  b e lo w  t h e  f a l l s ,  

s n a i l s  r a r e

c r e e k ;  c o a r s e  g r a v e l  and 

s a n d ,  s i l t e d  m a r g i n s ,  c l e a r ,  

w e l l  a e r a t e d *  r e l a t i v e l y  

u n p o l l u t e d  w a t e r ,  maximal  

c u r r e n t  a b o u t  50 c m / s e c .  

h i g h e s t  i e n s i t i e s  i n  m a r g in -

,•=1 .s o f  l e s s  c u r r e n t  and

v x t n  s i r t  ana a e t r x t u s
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a b l e  3* Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
s p o r t e d  f o r  C a n o e I o n a  ( c o n t i n u e d )*

S ource Camoeloma H a b i t a t  and  m i c r o h a b i t a t
s c e c i e s c o n d i t i o n s  r e p o r t e d

p r e s e n t

Cax-L, ubS5a e n t i r e p o n d s :  i n  muddy b o t t o m s

g e n u s s t r e a m s ;  s t i l l  f l o w i n g

p o r t i o n s

C h a m b e r l a i n ,  1953 d e c i s u m l a k e ;  i n  mud, w a t e r  a b o u t

1 m deep

l a k e ;  h a l f - b u r i e d  i n  a  

c l a y e y  s i l t  w i t h  some san d  

and d e c a y i n g  o r g a n i c  d e b r i s ,  

8.2? sYiotb

C l5 i e h 5 1952 e n t i r e  l a k e s *  r i v e r s ,  and s m a l l

g e n u s  s t r e a m s ;  u s u a l l y  b u r i e d  an

I n c h  o r  more i n  sand  o r  mud 

Dawlev,  194-7 d e c i s u m  r i v e r s ;  s m a l l ,  w i d t h  10  t o

50 f e e t ,  w i t h  c o o l s  an d  

r i f f l e s

r i v e r s ;  medium s i z e d ,  50 t o  

100 f e e t  w i d e ,  d eep  I n  

c e n t e r ,  w i t h  deep  p o o l s  

h a v i n g  s an d  o r  mud b o t t o m s  

and s h a l l o w  r a p i d s  h a v i n g
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T a b l e  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Camneloma ( c o n t i n u e d ) .

Source Campeloma H a b i t a t  and  m i c r o h a b i t a t  
s p e c i e s  c o n d i t i o n s  r e p o r t e d

s w i f t  c u r r e n t  and  s t o n y

b o t to m s

r i v e r s ;  l a r g e ,  b r o a d  and

d e e p ,  b o r d e r e d  by sand.j/-

b e a c h e s  o r  m a r sh e s

l a k e ;  s o f t  w a t e r ,  t o t a l

a l k a l i n i t y  a b o u t  35 ppm,

sandy  b e a c h e s

r i v e r s ;  r i v e r - l a k e ,  w i d e n i n g

o f  r i v e r ,  mors  r i v e r  t h a n

l a k e

l a k e ;  r i v e r - l a k e .  more l a k e

t h a n  r i v e r  b u t  h a v i n g  a

l a r g e  r i v e r  f o r  i n l e t  and

o u t l e t

l a k e s  and r i v e r s ;  common i n

w a t e r s  o f  low  t o t a l  a l k a l i n ­

i t y ,  o f t e n  fo u n d  b u r i e d  i n

mud n e a r  r i v e r  b a n k s  o r  sand

n e a r  l a k e  s h o r e s

G o o d r i c h ,  1932 d e c i su m  r i v e r s ;  f a v o r i t e  h a b i t a t  i s
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T a b le  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

Source Campeloma H a b i t a t  and m i c r o h a b i t a t  
s p e c i e s  c o n d i t i o n s  r e p o r t e d

G o o d r i c h ,  194-4-

Harman, 1972

muck a l o n g  r i v e r  b a n k s  i n  

s lo w -m o v in g  r e a c h e s ,  a l s o  

f o u n d  among w eeds  n e a r  b a n k s  

i n  s w i f t  c u r r e n t s  

e n t i r e  l a k e s  and s t r e a m s ;  t y p i c a l l y

g e n u s  i n  mud, s l i g h t  c u r r e n t  o r

w a v e - a c t i o n  

d e c i s u m  l a k e s  and s t r e a m s ;  i n  e u l i t -

t o r a l  and l i t t o r a l  s i l t  and

d e t r i t u s  -  f i n e  o r g a n i c  and  

i n o r g a n i c  m a t e r i a l s ,  n o r m a l ­

l y  fo u n d  i n  s o f t  sand  o r  

o r g a n i c  s u b s t r a t e s  

l a k e ;  u n d e r  r o t t i n g  l o g s  i n  

o r  n e a r  a r e a s  o f  sand  b o t to m  

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

s u b s t r a t e ,  q u i e t  w a t e r ,  

u n d e r  e d g e s  o f  r o t t i n g  l o g s ,  

b u r i e d  i n  s i l t y  s u b s t r a t e s ,  

w a t e r  w i t h  pH f ro m  7 . 3  to  

8 . 5  w i t h  a  mean o f  7 . 9 ,  d i s ­

s o l v e d  ox y g en  c o n c e n t r a t i o n

Harman and  B e rg ,  

1971
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T a b l e  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

S ource Campeloma
s p e c i e s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

f ro m  8 . 6  t o  1 0 . 8  ppm w i t h  a  

mean o f  9 . 6 ,  t o t a l  c a r b o n  

d i o x i d e  f rom  0 t o  5 ppm w i t h  

a  mean o f  2 . 8 ,  and a l k a l i n i ­

t y  a s  ppm c a l c i u m  c a r b o n a t e  

f ro m  58 t o  159 w i t h  a  mean 

o f  88 ( t o t a l  o f  8 c o l l e c t i o n  

a r e a s )

M edcof ,  194-0 d e c i s u m  pond ;  r i v e r  m i l l  p o n d ,  i n

s o f t  b l a c k  m u c k . o f t e n  sm el ­

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

f rom s h o r e  t o  a d e p t h  o f  10 

o r  12 i n c h e s  i n  summer, 

g r e a t e r  d e p t h s  i n  -w in te r  

r i v e r ;  b e lo w  dam, on f l a t  

s u r f a c e  o f  r o c k s ,  i n  d e n s e  

mat  o f  C la d o p h o r a

M o r r i s o n ,  1932 d e c i s u m  l a k e s  and s t r e a m s ;  pH f rom

5 .6 8  t o  8 . 3 7  and  f i x e d  c a r ­

bon d i o x i d e  f ro m  1 . 2  to  

2 5 . 7 5  ppm

m i l e s i l  l a k e s  and  s t r e a m s ;  pH f rom
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T a b l e  3 .  Some h a b i t a t  an d  m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

Source Campeloma 
spe c i e s

H a b i t a t  and  m i c r o h a b i t a t  
c o n d i t i o n s  r e p o r t e d

5 .8 6  t o  8 . 0  an d  f i x e d  c a r b o n

d i o x i d e  f rom  1 . 1  t o  2 4 .7 3

ppm

Schmid,  p e r s o n a l d e c i su m r i v e r ;  m o s t l y  i n  o r g a n i c

c o m m u n ic a t io n sand  and  b a r e  s a n d ,  some i n  

sandy  g r a v e l  and  g r a v e l ,  

c u r r e n t  f rom  0 t o  60 f e e t  

p e r  m i n u t e ,  w a t e r  f ro m  2 to  

24 i n c h e s  deep

S h e l f o r d ,  1914 s u b s o l i - s t r e a m s ;  p o o l s ,  u s u a l l y  i n

dum s a n d ,  o c c a s i o n a l l y  i n  mud, 

r a r e l y  among v e g e t a t i o n

Shoem aker ,  1961 d e c i  sum c r e e k ;  i n  mud

Shoup,  1943 d e c i s u m s t r e a m s ;  t o t a l  a l k a l i n i t y  

f ro m  7 to  135 ppm c a l c i u m  

c a r b o n a t e

l e w i s i i s t r e a m s ;  t o t a l  a l k a l i n i t y  

f ro m  10 to  20 ppm c a l c i u m  

c a r b o n a t e

p o n d e r o - s t r e a m s ;  t o t a l  a l k a l i n i t y

sum f rom  63 t o  70 ppm c a l c i u m  

c a r b o n a t e
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T a b l e  3 .  Some h a b i t a t  and m i c r o h a b i t a t  c o n d i t i o n s
r e p o r t e d  f o r  Campeloma ( c o n t i n u e d ) .

S ource Campeloma H a b i t a t  and  m i c r o h a b i t a t
s p e c i e s c o n d i t i o n s  r e o o r t e d

v a n  d e r  S c h a l i e , p o n d e r o - c r e e k ;  a t  m o u th ,  i n  s o f t

1965 sum co- mud, w a t e r  1 t o  4 f e e t  deep

a r e t a t u r n

e n t i r e l a k e s  and s t r e a m s ;  i n  mud o r

g e n u s san d

T here  i s  e v i d e n c e  t h a t  p h y s i o l o g i c a l  and  b e h a v i o r a l  

d i f f e r e n c e s  e x i s t  a s  w e l l .  P .  C.. B aker .  (1928b.) s t u d i e d  

t h e  f a t e  o f  t h e  m o l l u s c a n  f a u n a  o f  a  number o f  s m a l l  

c r e e k s  w h ic h  w e re  t u r n e d  i n t o  l a k e s  by t h e  b u i l d i n g  o f  a 

dam. The Campeloma (C. d e c i s u m ) e i t h e r  m i g r a t e d  u p s t r e a m  

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

r e a c h e s  o f  t h e  s t r e a m s  o r  p e r i s h e d  i n  t h e  new l a k e s .

None s u c c e s s f u l l y  e s t a b l i s h e d  t h e m s e l v e s  i n  t h e  l a k e s  

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

t h e  same s p e c i e s  i n  t h e  same a r e a .  D u r in g  t h e  w i n t e r ,  C. 

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

R i v e r ,  O n t a r i o ,  w ere  found  t o  be h i b e r n a t i n g  a t  some 

d e p t h  i n  t h e  b o t to m  mud w h e r e a s  t h o s e  l i v i n g  i n  an  

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

moving o v e r  t h e  h a r d  b o t to m  (M edcof ,  194-0). I n  t h e  

summer, t h e  w a t e r  l e v e l  i n  t h e  pond f l u c t u a t e s  r a p i d l y  

and  o f t e n  and t h e  Campeloma move w i t h  t h e  s h o r e l i n e ,  t h u s
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r e m a i n i n g  a t  a b o u t  t h e  same w a t e r  d e p t h .  They c o n g r e g a t e  

i n  a  b and  f ro m  t h e  s h o r e  t o  a  d e p t h  o f  a b o u t  one f o o t .

I n  s h a r p  c o n t r a s t ,  s n a i l s  l i v i n g  i n  a l g a l  m a t s  on r o c k s  

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

two d a y s  and  a p p e a r e d  t o  h a v e  been  t h e r e  c o n s i d e r a b l y  

l o n g e r .

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

T y p i c a l  p o p u l a t i o n  d e n s i t i e s  o f  Campeloma i n  l a k e s  

may r a n g e  f ro m  4 t o  43 p e r  s q u a r e  m e t e r  ( B a k e r ,  P .  C . , 

1 9 1 8 b ) .  These  d e n s i t i e s  a r e  t y p i c a l  f o r  m o s t  b o t to m  

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

Campeloma i n  l a k e  h a b i t a t s  a r e  known t o  o c c u r  n e a r  r o t ­

t i n g  l o g s  (Harman,  1 9 7 2 ) .  I n  t h e  pond s i t u a t i o n  d e ­

s c r i b e d  a b o v e ,  Medcof (1940)  r e p o r t s  t h a t  r' i t  i s  s e ld o m  

more t h a n  a n  h o u r ’ s work to  c o l l e c t  200 o r  3 0 0 ” s n a i l s .

3 o v b j e r g  (1932)  d id  a  t h o r o u g h  s t u d y  o f  Campeloma 

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

s am p led  f i v e  t o  n i n e  q u a r t e r  s q u a r e  m e t e r  q u a d r a t s  i n  

e a c h  o f  t e n  t r a n s e c t s  a c r o s s  t h e  s t r e a m .  At t h e  f i r s t  

t r a n s e c t ,  20 m e t e r s  dow ns t ream  f ro m  a dam, t h e r e  w ere  an  

a v e r a g e  o f  6 s n a i l s .p e r  q u a d r a t .  At t h e  s e c o n d  t r a n s e c t ,  

40 m e t e r s  b e lo w  t h e  dam and  . lus t  b e lo w  some r a p i d s ,  t h e r e  

were  607 s n a i l s  p e r  q u a d r a t .  D e n s i t i e s  s t e a d i l y  d e ­

c r e a s e d  b e lo w  t h i s  p e a k  i n  t h e  s u c c e s s i v e  d o w n s t ream  

t r a n s e c t s ,  w h ich  w e re  s p a c e d  a t  20 m e t e r s .  At 60 m e t e r s
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be low  t h e  dam, t h e  mean d e n s i t y  was  297 s n a i l s  p e r  

q u a d r a t .  At 30 m e t e r s ,  t h e  mean was 147 ,  100 m e t e r s

-  1 1 2 ,  120 m e t e r s  -  6 7 ,  140  m e t e r s  -  4 1 ,  and  160 m e t e r s

-  3 6 .  At a b o u t  200 m e t e r s  d o w n s t ream  f ro m  t h e  dam, 

j u s t  above  a  s e c o n d  r a p i d s ,  t h e r e  were  o n l y  3 s n a i l s  

p e r  q u a d r a t .  J u s t  be low  t h e  same r a p i d s  t h e  mean 

d e n s i t y  jumped to  243 p e r  q u a d r a t .  T h i s  i s  an  i l l u s ­

t r a t i o n  o f  some t y p i c a l  d e n s i t i e s  and o f  a t y p e  o f  

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

s t r e a m  f rom  o b s t a c l e s  p r e v e n t i n g  u p s t r e a m  movement.  

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

f o rm e d  a r o u n d  d e c a y i n g  o r g a n i c  m a t t e r  ( A l l i s o n .  1 9 4 2 ) .

I  h av e  o b s e r v e d  a g g r e g a t i o n s  o f  Camoeloma a r o u n d  a 

dead c r a y f i s h  and on a  su b m ersed  and d e c a y i n g  l o g ,  b o t h  

i n  a  s t r e a m .

F e e d i n g  h a b i t s

F .  C. Baker  (1913b)  d e s c r i b e s  Camoeloma d e c i s u m  a s  a  

h e r b i v o r o u s - d e t r i t u s  e a t e r .  I t  f e e d s  on p l a n t s ,  d e t r i ­

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

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

s t r a t e .  A l l i s o n  (1 9 4 2 )  and Shoemaker (1961)  d e s c r i b e  

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

be i n c l u d e d  among t h e  f o o d  s o u r c e s .  C lench  (1962)  a n d  

Harman and Berg  (1971)  p r o v i d e  more r e c e n t  c o n f i r m a t i o n  

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

t i o n  r e v e a l e d  mud i n  t h e  f i r s t  p a r t  o f  t h e  i n t e s t i n e  

(C h am b er la in , ,  1 9 5 3 ) .  L a t e r ,  mud was f o u n d  o n l y  i n  t h e  

r e c t u m  a s  f e c e s .  A f t e r  f i v e  h o u r s  t h e  e n t i r e  g u t  was 

em pty .  Young s n a i l s  w ere  k e p t  i n  t h e  l a b o r a t o r y  f o r  15 

m on ths  w i t h  o n l y  some d e c a y i n g  o r g a n i c  m a t t e r  i n  a  f i n e  

s u b s t r a t a  f o r  f o o d .  <C. d e c i s u m  a p p e a r s  t o  f e e d  "by 

i n g e s t i n g  b o t to m  m a t e r i a l s  c o n t a i n i n g  d e c a y i n g  o r g a n i c  

m a t t e r " .  Beyond t h i s ,  d e t a i l s  o f  f e e d i n g  i n  Camoeloma 

a r e  n o t  y e t  known.  B u t  v a n  d e r  S c h a l i e  (1 9 5 5 )  s p e c u l a t e s

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

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

f o o d  would n o t  be c o a r s e  p a r t i c u l a t e  m a t e r i a l " .  The a n ­

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

m u s c u l a r  d e v e l o p m e n t  w h ic h  s u g g e s t s  some u n u s u a l  and 

h i g h l y  s p e c i a l i z e d  f e e d i n g  m e c h a n i s m s ,  e s p e c i a l l y  i n  v ie w  

o f  t h e  s m a l l  s i z e  o f  t h e  s tom ach  and  d i g e s t i v e  g l a n d .

P a r a s i t e  s

Cancelorna a r e  commonly i n f e s t e d  w i t h  m a t a c e r c a r i a  i n  

t h e  u t e r u s .  Medcof (1 9 4 0 )  fo u n d  a s  h i g h  an i n c i d e n c e  o f  

i n f e s t a t i o n  a s  33fo i n  C. d e c i s u m . T h i s  t r e m a t o d e  may be 

L e u c o c h l o r i d i o m o r t h a  c o n s t a n t i a e  ( C h a m b e r l a i n ,  1953) o r  a 

new s p e c i e s ,  L .  o a o i l l a t a , d i s c o v e r e d  by Shoemaker  (1 9 5 1 )  

i n  C. d ec i su m  f ro m  M ic h i g a n .  The a d u l t s  may be f o u n d  i n  

d u c k s ,  Medcof (1940)  r e p o r t s  a m i t e ,  i d e n t i f i e d  a s

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



U n i o n l c o l a  c a m p e l o m a i c o l a , l i v i n g  i n  t h e  m a n t l e  c a v i t y  o f  

Campeloma. He a l s o  f o u n d  s n a i l s  p a r a s i t i z e d  by t h e  l e e c h  

H e l o b d e l l a  n e p h e l o l d e a . I  h a v e  a l s o  o b s e r v e d  l e e c h e s  on 

C. d e c i s u m . The p r o t o z o a n  Pt .ychostomum campelomae i s  a 

p a r a s i t e  o c c u r i n g  i n  t h e  i n t e s t i n e  o f  Campeloma (Hyman, 

1 9 6 7 ) .

P r e d a t o r s

Pennak  (1 953)  c o n s i d e r s  f i s h  t h e  g r e a t e s t  p r e d a t o r s  

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

l e e c h e s ,  b e e t l e  l a r v a e ,  H e m i p t e r a  nymphs,  an d  O dona ta  

nymphs a s  o t h e r  p r e d a t o r s .  L e e c h e s  may be r e f e r r e d  t o  a s  

p r e d a t o r y  b u t  t h e y  a r e  b e s t  d e s c r i b e d  a s  p a r a s i t e s .  Only 

t h e  v e r y  young  o f  Campeloma -would be l i k e l y  t o  f a l l  p r e y  

t o  t h e  o t h e r  i n v e r t e b r a t e s .  A c c o r d in g  t o  ? .  C. Baker  

( 1 9 1 8 b ) ,  Campeloma a r e  n o t  f e d  upon by f i s h  i n  New York 

S t a t e .  Medcof (194-0) exam ined  t h e  s to m a c h s  o f  n i n e  

b u l l f r o g s  and  f o u n d  t h a t  Campeloma fo rm ed  a b o u t  24# o f  

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

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

C o e x i s t e n c e  w i t h  o t h e r  m o l l u s k s

P o p u l a t i o n s  o f  Campeloma a r e  so m e t im es  mixed  w i t h  

t h o s e  o f  V i v i p a r u s  o r  L i o p l a x  o r  b o t h  a t  t h e  same s i t e  

(Van C leave  and Cham bers ,  1935;  Van C leave  and  L e d e r e r ,  

1 9 3 2 ) .  A l l  t h r e e  g e n e r a  a r e  members o f  t h e  f a m i l y
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V i v i p a r i d a e .  I  h a v e  f o u n d  Campeloma b u r i e d  i n  sandy  

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

and  w i t h  V i v i p a r u s  a t  t h e  s u r f a c e  o f  t h e  s a n d .  Many 

g a s t r o p o d s ,  su ch  a s  P l e u r o c e r a , G y r a u l u s , o r  s e v e r a l  

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

t h e  b o t to m  n e a r  Campeloma.

P o l l u t i o n  t o l e r a n c e

Campeloma " r e s p o n d  r a p i d l y  and  c o m p l e t e l y  t o  e s s e n ­

t i a l  m o d i f i c a t i o n s  i n  e n v i r o n m e n t "  ( C a l l , 1886a)=. These  

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

o r  i n o r g a n i c  p o l l u t i o n .  They h a v e  b een  known t o  d i s a p ­

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

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

much o v e r  32°  C. Most p r o s o b r a n c h s  a r e  c o n s i d e r e d  

t y p i c a l  o f  c l e a n  w a t e r s  (Harman and  F o r n e y ,  1 9 7 0 ) .  

R i c h a r d s o n  (1 9 2 8 )  d e s c r i b e s  t h e  V i v i p a r i d a e  a s  

" c l e a n e r - w a t e r  s p e c i e s " ,  t h e  c a t e g o r y  o f  l e a s t  t o l e r a n c e  

t o  p o l l u t i o n  i n  h i s  s e v e n - c a t e g o r y  s y s te m .
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M A T E R IA L S  AND METHODS

L o c a t i o n  and D e s c r i p t i o n  o f  t h e  L a b o r a t o r y

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

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

campus o f  W e s te rn  M ic h ig a n  U n i v e r s i t y .  T h i s  h o u se  w as ,  

a t  t h e  t i m e  o f  t h e  s t u d y ,  b e i n g  u s e d  by t h e  D e p a r tm e n t  o f  

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

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

The A r t i f i c i a l  S tream 

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

The a r t i f i c i a l  s t r e a m ,  o r  f l u m e ,  i t s e l f  was co n ­

s t r u c t e d  o f  t h r e e - q u a r t e r  i n c h  e x t e r i o r  p lyw ood .  The 

f l o o r  an d  i n t e r i o r  w a l l s  o f  t h e  f lu m e  w ere  c o a t e d  w i t h  an  

epoxy e n am el  p a i n t ,  l i g h t  g r a y  i n  c o l o r .  The f lu m e  was 

s u p p o r t e d  on t a b l e s  a t  a  h e i g h t  o f  a b o u t  80 cm f ro m  th e  

b a sem en t  f l o o r .  I t  was l e v e l  a c r o s s  t h e  w i d t h  w i t h  a 

u n i f o r m  s l o p e  l e n g t h w i s e .

L o c a t e d  on t h e  f l o o r ,  b e n e a t h  t h e  l o w e r  o r  o u t l e t  

end of  t h e  f l u m e ,  was t h e  c o l l e c t i n g  pond .  The c o l l e c t ­

i n g  pond was  a  p l a s t i c  w ad in g  p o o l ,  a b o u t  27 cm d e e p  and 

1 . 4 2  m i n  d i a m e t e r  w i t h  a c a p a c i t y  o f  a b o u t  427 1 .

The pump u s e d  t o  c i r c u l a t e  w a t e r  t h r o u g h  t h e  sys tem  

was a o n e - t h i r d  h o r s e p o w e r  Wayne s u b m e r s i b l e  sump pump,

80
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r a t e d  a t  47 g a l l o n s  p e r  m i n u t e  (173 l i t e r s  p e r  m i n u t e )  a t  

a  d i s c h a r g e  h e a d  o f  f i v e  f e e t  ( 1 . 5 2  m ) .  1 . 5  i n c h  ( 3 . 3

cm) PVC p i p e  was u s e d  w i t h  t h e  pump.

The pump was  s i t u a t e d  a g a i n s t  t h e  w a l l  o f  t h e  

c o l l e c t i n g  p o n d ,  b e n e a t h  t h e  o v e r h a n g i n g  l o w e r  end o f  

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

n i n g  b e n e a t h  t h e  f l u m e ,  o v e r  t h e  u p p e r  end t o  a  maximum 

h e i g h t  o f  1 m, and down to w a r d  t h e  f l o o r  o f  t h e  i n t a k e  

a r e a .  The w a t e r  t h e n  f l o w e d  d o w n h i l l  t h r o u g h  t h e  f lu m e  

and  d ro p p e d  b a ch  i n t o  t h e  c o l l e c t i n g  pond to  be r e c i r c u ­

l a t e d .

O v e r a l l  d i m e n s i o n s  o f  t h e  f lu m e

The f lum e  was  7*05 m l o n g ,  76 cm w id e ,  and  13 cm 

d e e p .  The u p p e r  end o f  t h e  f lu m e  was e l e v a t e d  2 cm f ro m  

t h e  h o r i z o n t a l  t o  p r o v i d e  a s l o p e .

D i v i s i o n s  o f  t h e  f lu m e

The i n t a k e  a r e a  o c c u p i e d  t h e  f u l l  w i d t h  o f  t h e  f lu m e  

and 23 cm o f  t h e  l e n g t h ,  s t a r t i n g  a t  t h e  u p p e r  end w a l l .  

I t  was b o r d e r e d  a t  i t s  d o w n s t re a m  end by a  s h e e t  o f  

o r d i n a r y  aluminum window s c r e e n ,  i n t e n d e d  t o  h e l p  smooth 

t h e  f lo w  o f  w a t e r  i n t o  t h e  t e s t  a r e a .  I m m e d i a t e l y  

dow ns t ream  f ro m  t h e  s c r e e n  was t h e  1 0 . 5  cm h i g h  u p p e r  

dam. Th is  dam h e i g h t  was  fo u n d  t o  be t h e  m o s t  e f f e c t i v e  

i n  p r o v i d i n g  a u n i f o r m  f l o w  f ro m  t h e  i n t a k e  a r e a .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



32
The t e s t  a r e a  was  2 . 4 9  m l o n g .  A c ro s s  t h e  w i d t h  o f  

t h e  f l o o r  n e a r  each  end  was a row o f  f i v e  u n i f o r m l y  

s p a c e d  b o l t s .  These  w e re  u s e d  t o  s e c u r e  a  m o v ea b le  w a l l  

a t  any  one o f  f o u r  s e t t i n g s  w h ich  d e t e r m i n e d  t h e  e f f e c ­

t i v e  w i d t h  o f  t h e  f l u m e .  A s e p a r a t e  p l a s t i c  dam o f  

a p p r o p r i a t e  w i d t h  was f i t t e d  b e tw e e n  t h e  m oveab le  w a l l  

and  t h e  r i g h t  w a l l  ( f a c i n g  u p s t r e a m )  o f  t h e  f l u m e ,  j u s t  

b e lo w  t h e  u p p e r  dam, t o  f o r c e  t h e  w a t e r  t h r o u g h  t h e  

e f f e c t i v e  t e s t  a r e a  a t  e a c h  w i d t h  s e t t i n g .  The n a r r o w e r  

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

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

The f lu m e  t h u s  p r o v i d e d  e f f e c t i v e  w i d t h  s e t t i n g s  o f  76 cm 

( m o v eab le  w a l l  remoxTe d ) ,  53 cm, 4 5 . 5  cm, 35 cm, and 23 ‘ 

cm. The s t a r t i n g  l i n e  u s e d  i n  a l l  t h e  t e s t s  was a  l i n e  

a c r o s s  t h e  w i d t h  o f  t h e  f lu m e  a t  t h e  m id d le  o f  t h e  t e s t  

a r e a ,  wh ich  was a l s o  t h e  m i d d l e  o f  t h e  e n t i r e  f l u m e .

The o u t l e t  a r e a  h a d  t h e  same d i m e n s i o n s  a s  th e  

i n t a k e  a r e a .  I t  was s e p a r a t e d  f ro m  t h e  t e s t  a r e a  by a 

l o w e r  dam o f  a d j u s t a b l e  h e i g h t .  The l o w e r  dam h e i g h t  

u s e d  d ep en d e d  upon  t h e  s u b s t r a t e  t y p e  i n  p l a c e  f o r  a 

t e s t  r u n .  I n  t h i s  m a n n e r ,  an  a p p r o x i m a t e l y  e q u i v a l e n t  

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

u s e d .  The l o w e r  end o f  t h e  f lu m e  was  c o v e r e d  by a n o t h e r  

s h e e t  o f  window s c r e e n  t o  p r e v e n t  l a r g e  p a r c i c l e s  f ro m  

f a l l i n g  i n t o  t h e  c o l l e c t i n g  pond and e n t e r i n g  t h e  pump.
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C u r r e n t  V e l o c i t i e s  Used

S t i l l  w a t e r

F o r  s t i l l  w a t e r  t e s t s ,  t h e  f u l l  w i d t h  o f  t h e  t e s t  

a r e a  was u s e d  (76 cm)* The t e s t  a r e a  was  f i l l e d  w i t h  

w a t e r  u n t i l  i t  o v e r f l o w e d  t h e  l o w e r  dam* A m ax im a l  d e p t h  

d e t e r m i n e d  by t h e  s u b s t r a t e  t y p e  and l o w e r  dam h e i g h t  

b e i n g  u s e d  was m a i n t a i n e d  t h r o u g h o u t  t h e  t e s t  r u n .

M o d e ra te

M o d e ra te  v e l o c i t y  was o b t a i n e d  by p o s i t i o n i n g  t h e  

m o v e a b le  w a l l  t o  p r o v i d e  an  e f f e c t i v e  t e s t  a r e a  w i d t h  o f  

4 6 . 5  cm. C u r r e n t  v e l o c i t y  was m e a s u re d  w i t h  a n  A. O t t  

s m a l l  c u r r e n t  m e t e r  t y p e  10 152 w i t h  a 30 mm d i a m e t e r  

p r o p e l l e r ,  a s t a n d ,  an d  a  c o u n t e r .  R e a d i n g s  w ere  ta icen  

a t  12 p o i n t s  s p a c e d  4 cm a p a r t  a l o n g  t h e  s t a r t i n g  l i n e ,  

w i t h  t h e  p r o p e l l e r  a s  n e a r  t h e  f l o o r  a s  p o s s i b l e .  The 

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

m in ed  t o  be 3 c m / s e c ,  t o  t h e  n e a r e s t  c m / s e c .  At a l l  

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

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

d o w n s t re am  d i r e c t i o n ,  e s p e c i a l l y  a s  t h e  r e g i o n  o f  

b a c h - w a s h  c a u s e d  by t h e  l o w e r  dam i s  a p p r o a c h e d .  But  

t h e s e  c h a n g e s  a r e  n o t  g r e a t  w i t h i n  90 cm on e i t h e r  s i d e  

o f  t h e  s t a r t i n g  l i n e  and  v e r y  f e w  of  t h e  s n a i l s  e v e n  

a p p r o a c h e d  t h a t  d i s t a n c e  d u r i n g  any o f  t h e  t e s t s .  I n
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a d d i t i o n ,  i t  i s  t h e  v e l o c i t y  a t  t h e  s t a r t i n g  l i n e  to  

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

P a s t

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

i s  23 cm. An a v e r a g e  v e l o c i t y  a l o n g  t h e  s t a r t i n g  l i n e  o f  

14  cm /se c  was o b t a i n e d  f ro m  r e a d i n g s  t a k e n  a t  6 p o i n t s  

s p a c e d  4 cm a p a r t ,  i n  t h e  same f a s h i o n  a s  f o r  m o d e r a t e  

v e l o c i t y .  B o th  c u r r e n t  m e t e r  v e l o c i t y  d e t e r m i n a t i o n s  

w e re  ch eck ed  a g a i n s t  a m o d i f i c a t i o n  o f  a f o r m u l a  (Needham 

and  Needham, 1962)  f o r  v e l o c i t y  i n  which  t h e  v e l o c i t y  i s  

a p p r o x i m a t e l y  e q u a l  t o  t h e  pump d i s c h a r g e  d i v i d e d  by t h e  

c r o s s  s e c t i o n a l  a r e a  f o r  t h e  a p p r o p r i a t e  f lu m e  s e t t i n g .  

The two c u r r e n t  m e t e r  v e l o c i t y  d e t e r m i n a t i o n s  p r o v e d  to  

be r e a s o n a b l e  b o t h  i n  a b s o l u t e  m a g n i tu d e  and r e l a t i v e  t o  

e a c h  o t h e r .

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

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

o f  p o s s i b i l i t i e s  p r o v i d e d  by t h e  f lu m e  a p p a r a t u s  were  t h e  

s l o w e s t  ( s t i l l  w a t e r ) ,  t h e  f a s t e s t  ( f a s t ) ,  and  t h e  

v e l o c i t y  m os t  n e a r l y  i n t e r m e d i a t e  b e tw e en  t h e s e  e x t r e m e s  

( m o d e r a t e ) .  These  v e l o c i t i e s  w ere  s e l e c t e d  so t h a t  t h e  

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

v e l o c i t y  c o n d i t i o n s  w i t h o u t  t a k i n g  t h e  cumbersome and 

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

The s u b s t r a t e  t y p e s  w ere  s o r t e d  f r o m  g r a v e l  p i t  

g r a v e l  o b t a i n e d  i n  K en t  C o u n ty ,  M ic h i g a n .  Some sand  f ro m  

an  e x c a v a t i o n  s i t e  i n  Kalamazoo County was a l s o  u s e d .

The g r a v e l  and s a n d  were  h an d  s o r t e d  w i t h  s i e v e s  s e l e c t e d  

f r o m  t h e  U. S. S t a n d a r d  S ieve  S e r i e s ,  m a n u f a c t u r e d  by t h e  

Dual  M a n u f a c t u r i n g  C o . ,  C h ic a g o ,  I l l i n o i s .  S ix  p a r t i c l e  

s i z e  c a t e g o r i e s  were  s e p a r a t e d  a c c o r d i n g  to  my m o d i f i c a ­

t i o n  o f  t h e  w i d e l y  u s e d  W entw or th  c l a s s i f i c a t i o n  

(W en tw o r th ,  1 9 2 2 ) .  T hese  a r e  d e f i n e d  i n  T a b le  4 .  My 

m o d i f i c a t i o n  i s  b a s e d  on t h e  r e c o m m e n d a t io n s  o f  Cummins 

(1 9 6 2 )  f o r  t h e  u s e  o f  t h e  W entw or th  S c a l e  by b e n t h i c  

e c o l o g i s t s .  No p a r t i c l e s  i n  t h e  b o u l d e r  s i z e  r a n g e  were  

c o l l e c t e d .  My s u b s t r a t e  t y p e s  c o b b le  and  p e b b l e  a r e  

i d e n t i c a l  w i t h  t h o s e  o f  Cummins ( 1 9 6 2 ) .  I  d i v i d e d  g r a v e l  

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

t h e  l a t t e r  p e n e t r a b l e  t o  Campeloma a t t e m p t i n g  b u r r o w i n g .  

The s a n d s ,  s i l t ,  and  c l a y  w ere  lumped t o g e t h e r  f o r  

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

s m a l l e r  p a r t i c l e s  i n  f i n e  sand  w ere  removed by w a s h in g  o f  

t h e  s u b s t r a t e .  A l l  s i x  s u b s t r a t e  t y p e s  were  t h o r o u g h l y  

washed  t o  remove t h e  c l a y  and  s i l t .  T h i s  was done  to  

r e d u c e  w a t e r  t u r b i d i t y  d u r i n g  t e s t  r u n s  and t o  p r e v e n t  

o r g a n i c  s i l t ,  a  p o s s i b l e  f o o d  s o u rc e  f o r  Campeloma, f ro m  

becom ing  an u n w an te d  a d d i t i o n a l  v a r i a b l e .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



T a b le  4 .  My s u b s t r a t e  t y p e  c l a s s i f i c a t i o n  and  i t s  
r e l a t i o n s h i p  -with t h e  c l a s s i f i c a t i o n s  o f  W entworth  (1922)  
and  Cummins ( 1 9 6 2 ) .

P a r t i c l e  s i z e  
r a n g e  i n  mm

Wentworth
c l a s s i f i c a t i o n

Cummins1 
m o d i f i c a t i o n

My
m o d i f i c a t i o n

>256 b o u l d e r __________b o u l d e r _______ b o u l d e r

64 -256 c o b b le c o b b l e c o b b l e

3 2 -6 4 p e b b l e p e b b l e

1 6 -3 2 p e b b l e

8 - 1 6 c o a r s e  g r a v e l

4 - 8 g r a v e l f i n e  g r a v e l

2 - 4 g r a n u l e

1 - 2 v e r y  c o a r s e  

sand

v e r y  c o a r s e  

sand

c o a r s e  sand

1—
1 1LO«

O

c o a r s e  sand c o a r s e  sand

0 . 2 5 - 0 . 5 medium sand medium san d

0 . 1 2 5 - 0 . 5 f i n e  sand f i n e  sand

0 . 0 6 2 5 - 0 . 1 2 5 v e r y  f i n e  

sand

v e r y  f i n e  

sand

f i n e  sand

0 . 0 0 3 9 - 0 . 0 0 6 2 5 s i l t s i l t

< 0 .0 0 3 9 c l a y c l a y

Two o f  the: s i x  s u b s t r a t e t y p e s  s o r t e d were  u s e d  f o r

t e s t  r u n s .  These  a r e  c o a r s e  g r a v e l  and c o a r s e  s a n d .  The 

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

o f  t h e  f l u m e .  C o a rse  g r a v e l  p r e s e n t s  a r u g g e d ,  im p e n e ­

t r a b l e  s u r f a c e  t o  t h e  s n a i l s  and  i s  more n e a r l y  t y p i c a l
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87
o f  m i c r o h a b i t a t s  i n  w h ich  Camoeloma h a s  b e e n  f o u n d  

( s e e  T a b le  3)  t h a n  e i t h e r  c o b b l e  o r  p e b b l e .  P i l o t  

t e s t s  showed t h a t  o f  t h e  t h r e e  p e n e t r a b l e  s u b s t r a t e  

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

sand  was t h e  s u b s t r a t e  i n  w h ic h  t h e  s n a i l s  m o s t  r e a d i ­

l y  a n d  q u i c k l y  b u r r o w e d .  P i l o t  t e s t s  a l s o  i n d i c a t e d  

t h a t  movement  was much more e x t e n s i v e  o v e r  t h e  b a r e  

f l o o r  t h a n  o v e r  any  o t h e r  s u b s t r a t e .  The t h r e e  s u b ­

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

f u l l  r a n g e  o f  l i k e l y  r e s p o n s e s  by t h e  s n a i l s ;  maximal  

r a t e  and  e x t e n t  o f  movement on t h e  f l o o r ,  i m m e d ia t e  

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

e i t h e r  s h e l t e r  s e e k i n g  o r  e x t e n s i v e  movement  o v e r  t h e  

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

m a t t e r  o f  c o n v e n i e n c e ,  c o a r s e  sand  w i l l  h e n c e f o r t h  

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

g r a v e l .

l i g h t  C o n d i t i o n s  Used

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

o f  two f l o r e s c e n t  l i g h t  f i x t u r e s  s i t u a t e d  1 . 3  m above  t h e  

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

u n i t  c o n t a i n e d  f o u r  40 w a t t  t u b e s .  Average  l i g h t  i n t e n ­

s i t y  a t  t h e  s t r e a m  f l o o r  was m e asu red  w i t h  a  W es ton  Model 

755 I l l u m i n a t i o n  M e te r  and d e t e r m i n e d  t o  be 105 f o o t  

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

s h a d e d  s t r e a m  a t  n i g h t  w e re  o b t a i n e d  w i t h  t h e  l i g h t s  o u t  

by b l a c k i n g  o u t  t h e  windows o f  t h e  l a b o r a t o r y  a r e a .

C o l l e c t i o n  and  P r e p a r a t i o n  o f  T e s t  A n im als  

l o c a t i o n  o f  c o l l e c t i o n  s i t e s

A i l  t h e  s n a i l s  t e s t e d  w e re  c o l l e c t e d  ax s i x e s  w i t h i  

a f i v e - m e t e r - l o n g  s e c t i o n  o f  H i l l  C re e k ,  n e a r  t h e  8 M i le  

Road b r i d g e ,  i n  A l p i n e  T o w n sh ip ,  S e n t  C o u n t ; / ,  M i c h i g a n .

I  h a d  t h o r o u g h l y  s a m p le d  t h i s  s t r e t c h  of  M i l l  C reek  i n  

t h e  summer o f  1972 and  was  f a m i l i a r  w i t h  t h e  m i c r o h a b i ­

t a t s  f a v o r e d  by Camoeloma. T h i s  i s  a  p o o l  a r e a  and  m os t  

o f  t h e  b o t t o m  c o n s i s t s  o f  s a n d  m ixed  w i t h  s i l t .

3 a i t i n g  t e c h n i q u e

To f a c i l i t a t e  t h e  c o l l e c t i o n  o f  a n  a d e q u a t e  number 

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

Camoeloma f i r s t  s u g g e s t e d  by A l l i s o n  (194-2) was u s e d .  

A c t i n g  on a s u g g e s t i o n  t h a t  Camoeloma may be c o p r o p h a -  

g o u s ,  A l l i s o n  (1942)  b u r i e d  s m a l l  c l o t h  b a g s  o f  c h i c k e n  

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

w i t h i n  a  p e r i o d  o f  one  t o  two w eek s  a f t e r  p l a n t i n g  t h e  

b a i t ,  h e  was a b l e  t o  c o l l e c t  t h e  u n u s u a l l y  l a r g e  n um bers  

Campeloma crow ded  a r o u n d  i t .  I  f o l l o w e d  a s i m i l a r  

p r o c e d u r e ,  s u b s t i t u t i n g  dog dung f o r  c h i c k e n  d u n g .
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B e fo re  e a c h  o f  t h e  t h r e e  c o l l e c t i o n s  o f  t e s t  s n a i l s ,  one 

o r  two b a i t  b a g s  w ere  s h a l l o w l y  b u r i e d  a t  v a r i o u s  p o i n t s  

i n  t h e  s o f t ,  s i l t y  s an d  b o t to m  o f  t h e  s t r e a m .  An a r e a  

was c h o s e n  i n  w h ich  Campeloma was known to  be common.

B a i t  was  p l a n t e d  i n  t h i s  m anner  f ro m  10 t o  14  d a y s  b e f o r e  

each  o f  t h e  c o l l e c t i o n  d a t e s  o f  S ep tem b er  1 6 ,  O c t o b e r  1 0 ,  

and November 2 ,  1 9 7 3 .

C o l l e c t i o n  t e c h n i q u e

T h e re  was l i t t l e  v a r i a t i o n  i n  t h e  p o s i t i o n s  o f  t h e  

b a i t  b a g s .  At e ach  c o l l e c t i o n  a n  a g g r e g a t i o n  o f  s n a i l s ,  

o f t e n  more t h a n  20 ,  was  fo u n d  w i t h i n  a  200 sq. cm a r e a  

a r o u n d  e a c h  b a i t  b a g .  Only one o r  two would  t y p i c a l l y  be 

fo u n d  i n  t h e  same a r e a  w i t h o u t  b a i t .  The s n a i l s  w ere  ex ­

amined and t h e i r  s h e l l  h e i g h t  e s t i m a t e d  w i t h  a r u l e r .  At 

l e a s t  16 i n d i v i d u a l s  m e a s u r i n g  b e t w e e n  2 . 0  and  2 . 5  cm i n  

h e i g h t  were  c o l l e c t e d  each  t i m e .  A m a j o r i t y  o f  t h e  

s n a i l s  exam ined  f e l l  w i t h i n  t h i s  s i z e  r a n g e .  C o l l e c t e d  

s n a i l s  w ere  p l a c e d  i n  a  l a r g e  g l a s s  j a r  w i t h  s t r e a m  w a t e r  

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

t h e  l a b o r a t o r y  on t h e  same day .

M ark in g  o f  i n d i v i d u a l s

When t h e  s n a i l s  w ere  b r o u g h t  t o  t h e  l a b o r a t o r y ,  t h e y  

w ere  rem oved  f rom  t h e  j a r  t o  a  t r a y ,  w ashed ,  and i n d i v i d ­

u a l l y  m a rk e d .  Each i n d i v i d u a l  i n  a  t e s t  g ro u p  o f  e i g h t
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s n a i l s  was m arked  w i t h  a  Roman n u m e ra l  ( I ,  I I ,  I I I ,  IV,

V, V I ,  V I I ,  o r  V I I I )  so t h a t  t h e  movement o f  e v e r y  

i n d i v i d u a l  c o u ld  be o b s e r v e d  and r e c o r d e d  s e p a r a t e l y .

The m a r k in g  was a c c o m p l i s h e d  by s c r a t c h i n g  t h e  body w h o r l  

o f  t h e  s h e l l  w i t h  a  n a i l .  T h i s  rem oved  t h e  d a r k  m a t e r i a l  

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

l a y e r s  b e n e a t h .

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

A f t e r  c o l l e c t i o n  and m a r k in g ,  t h e  two t e s t  g r o u p s  

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

t u r b e d  f o r  a  p e r i o d  o f  f ro m  16 to  38 h o u r s  t o  a c c l i m a t e  

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

f o r  e a c h  o f  t h e  t h r e e  t e s t  s e r i e s .

P r e p a r a t i o n  and  M a in t e n a n c e  o f  t h e  L a b o r a t o r y  f o r  S t o r a g e  
and  T e s t i n g  o f  t h e  S n a i l s

H o l d i n g  t a n k s

The h o l d i n g  t a n k s  w ere  two 10 g a l l o n  a q u a r i a  s i t u a t ­

ed s i d e  by s i d e  on a  c o u n t e r  t o p  i n  t h e  l a b o r a t o r y .  Each 

c o n t a i n e d  a 2 cm d e ep  l a y e r  o f  a  s u b s t r a t e  composed o f  a 

m i x t u r e  o f  e q u a l  p a r t s  o f  my s u b s t r a t e  t y p e s  f i n e  s a n d ,  

c o a r s e  s a n d ,  f i n e  g r a v e l ,  and  c o a r s e  g r a v e l .  The s n a i l s  

can  and  do b u r ro w  i n t o  t h i s  s u b s t r a t e  and  i t  seemed 

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

u s e d  f o r  t e s t  r u n s  t o  a v o i d  a  p o s s i b l e  s o u r c e  o f  b i a s  i n
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91
t h e  r e s u l t s .  A w a t e r  d e p t h  o f  a b o u t  5 cm o v e r  t h e  

s u b s t r a t e  was  m a i n t a i n e d  i n  eac h  h o l d i n g  t a n k .  A e r a t i o n  

was p r o v i d e d  by two a i r  s t o n e s ,  one l o c a t e d  i n  t h e  same 

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

pump. The w a t e r  was c o n s t a n t l y  a e r a t e d .

A d d i t i o n  o f  w a t e r  t o  h o l d i n g  t a n k s  ana  c o l l e c t i n g  pond

About two d a y s  b e f o r e  t h e  s t a r t  o f  e a c h  t e s t  s e r i e s ,  

w a t e r  was a d d ed  t o  t h e  h o l d i n g  t a n k s  and  t h e  c o l l e c t i n g  

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

e m p t i e d  and  r e f i l l e d  t o  t h e  p o i n t  o f  o v e r f l o w i n g  w i t h  

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

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

A l l  t h e  l i g h t  f i x t u r e s  i n  t h e  l a b o r a t o r y  were  t u r n e d  

on and o f f  a u t o m a t i c a l l y  by a  t i m i n g  d e v i c e  s e t  t o  

a p p r o x i m a t e ,  w i t h i n  15 m i n u t e s ,  t h e  s u n r i s e  and s u n s e t  

t i m e s  e x i s t i n g  a t  t h e  s t a r t  o f  a s e r i e s .  The t i m e r  was 

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

t e s t  s e r i e s .  Thus t h e  a r t i f i c i a l  d a y l e n g t h  o f  t h e  

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

l e n g t h  a t  t h e  t im e  t h e  t e s t  s n a i l s  were c o l l e c t e d .

E x p e r i m e n t a l  D e s ig n

There  a r e  t h r e e  c a t e g o r i e s  o f  v a r i a b l e s ;  s u b s t r a t e  

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

c o n d i t i o n s  w ere  d e f i n e d  and  d e s c r i b e d  a b o v e .  V a r i o u s  

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

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

d a i l y ,  one  a t  1 2 : 3 0  PM and  t h e  o t h e r  a t  3 : 0 0  PM. Two 

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

d a y .  The t e s t  t i m e s  f o r  e a c h  g ro u p  w ere  r e v e r s e d  d a i l y  

so t h a t  b o t h  g r o u p s  were  t e s t e d  t h e  same number  o f  t i m e s  

a t  1 2 : 3 0  and  a t  3 : 0 0 .  T h i s  a r r a n g e m e n t  was  i n t e n d e d  t o  

b a l a n c e  o u t  any  p o s s i b l e  b i a s  due to  t h e  t im e  o f  day  o f  

t e s t i n g .  The v a r i a b l e s  w e re  a p p l i e d  i n  a l l  p o s s i b l e  

c o m b i n a t i o n s  so t h a t  a t e s t  s e r i e s  c o n s i s t e d  o f  3X3X2 o r  

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

d a r k  w ere  r e v e r s e d  b e tw e e n  t h e  two d a i l y  t e s t  t i m e s  e v e r y  

o t h e r  day  so t h a t  i n  e v e r y  p e r i o d  o f  f o u r  c o n s e c u t i v e  

d a y s ,  b e g i n n i n g  w i t h  day  1 .  e a c h  g roup  e x p e r i e n c e d  l i g h t  

once  and  d a r k  once  a t  e a ch  t e s t  t i m e .  The b a s i c  t e s t  

s c h e d u l e  so f a r  d e s c r i b e d  i s  i l l u s t r a t e d  i n  T a b le  5 .

The c u r r e n t  v e l o c i t i e s  and  s u b s t r a t e  t y p e s  w ere  s c h e d u l e d  

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

d e t e r m i n e d  by t h e  u s e  o f  a  m a g ic  s q u a r e ,  shown i n  T a b le  

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

a n a l y s i s  o f  v a r i a n c e  i n  t h a t  u s e  o f  t h e  m ag ic  s q u a r e  ( s o  

c a l l e d  b e c a u s e  t h e  sum o f  e a c h  row or  column i s  e q u a l  t o  

t h e  same num ber ,  i n  t h i s  c a s e  15)  r e s u l t s  i n  any  p o i n t  i n
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T a b le  5 .  The b a s i c  t e s t  s c h e d u l e .  The l e t t e r s  A an d  B 
r e p r e s e n t  s n a i l  g r o u p s  A a n d  B. The l e t t e r s  L and  D 
r e p r e s e n t  l i g h t  and  d a r k ,  t h e  two l i g h t  c o n d i t i o n s .  Days 
5 t h r o u g h  8 ,  9 t h r o u g h  1 2 ,  and 13 t h r o u g h  16  r e p e a t  t h e  
p a t t e r n  shown f o r  d a y s  1 t h r o u g h  4 .  Days 17 and  18  
r e p e a t  t h e  s c h e d u l e  f o r  d a y s  1 a n d  2.

Day 1 2 : 3 0 3 :0 0

1 AL BD

2 BL AD

3 AD BL

4 BD AL

17 AL BD

18 BL AD

T a b le  6 .  The m ag ic s q u a r e *

S u b s t r a t e  t y p e C u r r e n t  v e l o c i t y
S t i l l M o d era te F a s t

f l o o r 1 5 9

sand 6 7 2

g r a v e l 8 ............... 2 .... ...... ......... . 4

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

p u r p o s e s ,  w i t h  an y  o t h e r  p o i n t .  The num bers  i n d i c a t e  t h e  

o r d e r  i n  w h ic h  t h e  3X3 o r  9 p o s s i b l e  c o m b i n a t i o n s  o f  

c u r r e n t  v e l o c i t y  and s u b s t r a t e  t y p e  were  u s e d .  Fo r  e a c h  

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

t i o n  ( f o r  e x a m p le ,  t h e  AL, AD, BL, and BD o f  T a b le  5)  a 

number  was s e l e c t e d  a t  r andom  f ro m  t h e  m a g ic  s q u a r e  and  

u s e d  a s  t h e  s t a r t i n g  p o i n t  i n  a n  o r d e r e d  s e q u e n c e .  The
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random num bers  o b t a i n e d  f o r  s e r i e s  1 w ere  6 f o r  AL, 4 f o r  

AD, 7 f o r  BL, and 5 f o r  BD. As an  ex a m p le ,  t h e  f i r s t  

t i m e  AL a p p e a r s  i n  t h e  s c h e d u l e  i t  i s  a s s i g n e d  t h e  number 

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

The sec o n d  t im e  AL a p p e a r s ,  i t  i s  a s s i g n e d  th e  number 7 ,  

t h e  t h i r d  t im e  8 ,  and  so o n .  Each number  r e p r e s e n t s  a  

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

t y p e  a s  d e t e r m i n e d  by t h e  m ag ic  s q u a r e  (T ab le  6 ) .  The 

t e s t  s c h e d u l e  f o r  s e r i e s  1 ,  g e n e r a t e d  i n  t h i s  m anner ,  

a p p e a r s  i n  T a b le  7 .

T e s t  S c h e d u l e s

f o r  s e r i e s  2 ,  i n  w h ich  g r o u p s  C and D were t e s t e d ,  

t h e  random num bers  o b t a i n e d  f o r  s t a r t i n g  p o i n t s  w ere  5 

f o r  CL, 8 f o r  CD, 3 f o r  DL, and  8 f o r  DD. The t e s t  

s c h e d u l e  g e n e r a t e d  a p p e a r s  i n  T a b le  8 .  F o r  s e r i e s  3 ,  

i n v o l v i n g  g r o u p s  E and F, t h e  s t a r t i n g  p o i n t s  w ere  8 f o r  

EL, 3 f o r  ED, 8 f o r  FL, and  4 f o r  FD. The r e s u l t i n g  t e s t  

s c h e d u l e  a p p e a r s  i n  T ab le  9»

T e s t  P r o c e d u r e  

P r e p a r a t i o n  o f  t h e  f lum e  f o r  t e s t s

The m oveab le  w a l l  was n o t  u s e d  i n  s t i l l  w a t e r  t e s t s .  

F o r  r u n n i n g  w a t e r  t e s t s ,  i t  was p o s i t i o n e d  to  p r o v i d e  t h e  

e f f e c t i v e  s t r e a m  w i d t h  y i e l d i n g  m o d e r a t e  o r  f a s t
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T a b le  7 .  The t e s t  s c h e d u l e  f o r  s e r i e s  1 .  F o r  each  
e n t r y ,  t h e  f i r s t  l e t t e r  (A o r  3) r e p r e s e n t s  t h e  g ro u p  o f  
s n a i l s ,  t h e  s e c o n d  l e t t e r  r e p r e s e n t s  l i g h t  ( 1 )  o r  dark  
( 3 ) ,  and  t h e  number  r e p r e s e n t s  t h e  c o m b i n a t i o n  o f  c u r r e n t  
v e l o c i t y  and  s u b s t r a t e  t y p e  i n d i c a t e d  by t h e  same number 
i n  t h e  m ag ic  s q u a r e .

Day Date 1 2 : 3 0 3 :0 0

1 9 - 1 7 - 7 3 Al6 BD5

2 9 - 1 3 - 7 3 BL7 AD4

3 9 - 1 9 - 7 3 AD5 3L8

4 9 - 2 0 - 7 3 BD6 AL7

5 9 - 2 1 - 7 3 AL8 BD7

6 9 - 2 2 - 7 3 BL9 AD6

7 9 - 2 3 - 7 3 AD7 BL1

8 9 - 2 4 - 7 3 BD8 AL9

9 9 - 2 5 - 7 3 AL1 3D9

10 9 - 2 6 - 7 3 3L2 AD8

11 9 - 2 7 - 7 3 AD9 BL3

12 9 - 2 8 - 7 3 BD1 AL2

13 9 - 2 9 - 7 3 AL3 3D2

14 9 - 3 0 - 7 3 BL4 ADI

15 1 0 - 1 - 7 3 AD2 3L5

16 1 0 - 2 - 7 3 BD3 AL4

17 1 0 - 3 - 7 3 AL5 BD4

18 1 0 - 4 - 7 3 BL6 AD3

v e l o c i t y .  The l o w e r  dam h e i g h t  was a d j u s t e d  t o  5 cm f o r  

f l o o r  t e s t s  and  t o  7 . 5  cm f o r  sand  o r  g r a v e l  t e s t s .  T h i s
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T a b le  8 .  The t e s t  s c h e d u l e  f o r  s e r i e s  2 ,  i n v o l v i n g  
g r o u p s  C and D. The s e c o n d  l e t t e r s  and t h e  numbers  i n  
t h e  e n t r i e s  h a v e  t h e  same m e a n in g s  a s  i n  T a b le  7 .

f a y Date 1 2 : 3 0 ____2*Q9„_ ...

l 1 0 - 1 1 - 7 3 CL5 DD8

2 1 0 - 1 2 - 7 3 DL3 CDS

3 1 0 - 1 3 - 7 3 CD9 DL4

4 1 0 - 1 4 - 7 3 DD9 CL6

5 1 0 - 1 5 - 7 3 CL7 DD1

6 1 0 - 1 6 - 7 3 DL5 CD1

•71 1 0 - 1 7 - 7 3 CD2 DL6

8 1 0 - 1 8 - 7 3 DD2 CL3

9 1 0 - 1 9 - 7 3 CL9 DD3

10 1 0 - 2 0 - 7 3 DL7 CD3

11 1 0 -2 1 -7 3 CD4 DL8

12 1 0 - 2 2 - 7 3 DD4 CL1

13 1 0 - 2 3 - 7 3 C12 DD5

14 1 0 - 2 4 - 7 3 DL9 CD5

15 1 0 - 2 5 - 7 3 CDo D l l

16 1 0 - 2 6 - 7 3 DD6 CL3

17 1 0 - 2 7 - 7 3 CL4 DD7

13 1 0 - 2 8 - 7 3 DL2 CD7

a s s u r e d  t h a t  t h e  •water d e p t h  was a b o u t  t h e  same f o r  a l l  

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

sand  o r  g r a v e l  were to  be u s e d ,  t h e  m a t e r i a l  was p o u r e d  

i n t o  th e  t e s t  a r e a  and l e v e l e d .  The amount of  s u b s t r a t e
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Tab le  9 .  The t e s t  s c h e d u l e  f o r  s e r i e s  3 ,  i n v o l v i n g  
g r o u p s  E and F .  The s e c o n d  l e t t e r s  and t h e  num bers  i n  
t h e  e n t r i e s  h a v e  t h e  same m e an in g s  a s  i n  T a b le  7 .

Day Date 1 2 : 3 0 3 :0 0

1 1 1 - 4 - 7 3 ELS FD4

2 1 1 - 5 - 7 3 FL8 SD5

3 1 1 - 6 - 7 3 ED6 FL9

4 1 1 - 7 - 7 3 FD5 SL9

5 1 1 - 3 - 7 3 ELI FD6

6 1 1 - 9 - 7 3 FL1 ED7

7 1 1 - 1 0 - 7 3 EDS FL2

8 1 1 - 1 1 - 7 3 FD7 EL2

9 1 1 - 1 2 - 7 3 EL3 FD8

10 1 1 - 1 3 - 7 3 FL3 ED9

11 H - 1 4 - 7 3 EDI PL4

12 1 1 - 1 5 - 7 3 FD9 SL4

13 1 1 - 1 6 - 7 3 EL5 FD1

14 1 1 - 1 7 - 7 3 FL5 SD2

15 1 1 - 1 8 -7 3 SD3 FL6

16 1 1 - 1 9 - 7 3 FD2 EL6

17 1 1 - 2 0 - 7 3 EL7 PD3

18 1 1 - 2 1 - 7 3 FL7 ED4

m a t e r i a l  added  f o r  a  t e s t  was p r o p o r t i o n a l  t o  t h e  e f f e c ­

t i v e  w i d t h  s e t t i n g  t o  be u s e d  so t h a t  t h e  same t h i c k n e s s  

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

When a l l  t h e s e  p r e p a r a t i o n s  had  been  made a s  n e c e s s a r y ,
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w a t e r  was i n t r o d u c e d  t o  t h e  f lu m e  and  i t  was r e a d y  f o r  

t h e  s n a i l s .

P o s i t i o n i n g ;  o f  t h e  s n a i l s

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

f rom  a h o l d i n g  t a n k  and  p l a c e d  on a w h i t e  en a m e le d  t r a y .  

The s n a i l s  were a r r a n g e d  a l o n g  a  l i n e  a c r o s s  t h e  w id th  o f  

t h e  t r a y ,  f a c i n g  a l t e r n a t e l y  l e f t  and  r i g h t .  P o r  each 

t e s t ,  t h e  s e q u e n c e  o f  m arked  i n d i v i d u a l s  a l o n g  t h e  l i n e  

was d e t e r m i n e d  by  random num bers  c o r r e s p o n d i n g  t o  th e  

num bers  on t h e  s n a i l s .  They w ere  t h e n  t r a n s f e r r e d  to  t h e  

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

o f  a b o u t  1 cm b e tw e en  th em .  The l e f t - r i g h t  p a t t e r n  

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

o r  dow ns t ream  p r i o r  t o  b e g i n n i n g  t h e  t e s t .  Use o f  t h e  

random s e q u e n c e  a s s u r e d  t h a t  a n  i n d i v i d u a l  was  n o t  a lw a y s  

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

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

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

p l a c e  c e r t a i n  i n d i v i d u a l s  i n  t h e  same r e l a t i v e  p o s i t i o n ,  

w h ic h  i s  a p o s s i b l e  s o u r c e  o f  b i a s .

C o n d u c t io n  o f  a  t e s t

B e fo re  t h e  t i m i n g  o f  a  t e s t  r u n  was b egun  t h e  s n a i l s  

w ere  a l l o w e d  t o  e x t e n d  and  s e c u r e  t h e m s e l v e s  t o  t h e  

s u b s t r a t e .  T h i s  p r o c e d u r e  was n o t  a c t u a l l y  n e c e s s a r y  f o r
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s t i l l  w a t e r  t e s t s  b u t  i n  moving w a t e r  t e s t s ,  e s p e c i a l l y  

a t  f a s t  v e l o c i t y ,  t h e  s n a i l s  may be r o l l e d  d o w n s t re a m  by 

t h e  f o r c e  o f  t h e  c u r r e n t .  O b v i o u s l y ,  such  movement i s  

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

r e c o r d e d  a s  d i s t a n c e  t r a v e l e d .  Th is  w o u ld  be a  p a r t i c u ­

l a r  p r o b le m  i n  t h e  c a s e  o f  t e s t s  r u n  i n  t h e  d a r k .  F o r  

t h i s  r e a s o n ,  a t e s t  r u n  was n o t  begun u n t i l  i t  was c l e a r  

t h a t  a l l  t h e  s n a i l s  w ere  s e c u r e  i n  t h e i r  p o s i t i o n s  and 

c a p a b l e  o f  l o c o m o t i o n .  Once i t  had  b e e n  d e t e r m i n e d  t h a t  

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

w a t e r  f l o w  a n d / o r  d a r k n e s s  w ere  e s t a b l i s h e d  and  t i m i n g  o f  

t h e  t e s t  r u n  was i n i t i a t e d .  T e s t s  b e i n g  c o n d u c t e d  u n d e r  

l i g h t  c o n d i t i o n s  w e re  c h e c k e d  o c c a s i o n a l l y  t o  o b s e r v e  t h e  

movements  o f  t h e  s n a i l s .  A l l  t e s t  r u n s  were  one h a l f  

h o u r  i n  d u r a t i o n ,  t h e  amount  o f  t im e  i t  t o o k  t h e  s w i f t e s t  

s n a i l s  t o  a p p r o a c h  t h e  u p p e r  o r  l o w e r  dams,  moving o v e r  

f l o o r ,  i n  p i l o t  t e s t s .  At t h e  end o f  t h e  h a l f  h o u r  t h e  

pump was  t u r n e d  o f f  a n d / o r  t h e  l i g h t s  on ,  a s  n e c e s s a r y .  

The s n a i l s ’ p o s i t i o n s  w ere  i m m e d i a t e l y  d e t e r m i n e d  and  

r e c o r d e d .  A m e t e r  s t i c k  was u s e d  t o  m e asu re  t h e  d i s ­

t a n c e ,  t o  t h e  n e a r e s t  c e n t i m e t e r ,  f r o m  th e  c e n t e r  o f  t h e  

s h e l l  t o  t h e  s t a r t i n g  l i n e  a l o n g  a  l i n e  p a r a l l e l  to  t h e  

s i d e s  o f  t h e  f l u m e .  The g ro u p  o f  s n a i l s  was t h e n  r e ­

t u r n e d  t o  i t s  h o l d i n g  t a n k .
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P u r p o s e s ,  L i m i t a t i o n s ,  and  A d v a n ta g e s  o f  A r t i f i c i a l
S t re a m  S t u d i e s

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

t a g e s  and l i m i t a t i o n s .  The m os t  t h o r o u g h  and com prehen­

s i v e  s t u d i e s  o f  b e h a v i o r  u s e  b o t h  a p p r o a c h e s  ( S a v o r y ,  

1 9 5 9 ) .  The movements  o f  a n i m a l s  a s  o b s e r v e d  u n d e r  f i e l d  

c o n d i t i o n s  a r e  i n f l u e n c e d  by a complex  o f  e n v i r o n m e n t a l  

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

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

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

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

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

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

d raw n  f ro m  f i e l d  s t u d i e s  can  be e n h an ce d  i n  t e r m s  o f  

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

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

s h o u l d  be done w h e n e v e r  i t  i s  p r a c t i c a l  t o  do so ( A l l e e ,  

1 9 1 3 ) .  The r e s u l t s  o f  t h e  p r e s e n t  s t u d y ,  s u p p le m e n te d  by 

t h e  l a b o r a t o r y  i n v e s t i g a t i o n s  o f  S h e l f o r d  (1914-),  a r e  

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

o b s e r v a t i o n s  and  e x p e r i m e n t s  o f  A l l i s o n  (194-2) and  

B o v b j e r g  ( 1 9 5 2 ) .  T h i s  i n t e g r a t e d  a p p r o a c h  p r o v i d e s  a 

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

Campeloma t h a n  t h a t  w h ic h  w o u ld  be p r o v i d e d  by any  o f  t h e  

component  s t u d i e s  a l o n e .  S i n c e  S h e l f o r d ' s  l a b o r a t o r y  

s t u d y  was l i m i t e d  i n  scope  and  t h e  work o f  A l l i s o n  and
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B o v b je r g  was c o n d u c t e d  u n d e r  n a t u r a l  o r  s e m i - n a t u r a l  

c o n d i t i o n s ,  t h e  p r e s e n t  s t u d y  was n e e d e d  to  p r o v i d e  t h i s  

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

T here  have  b e e n  few  l a b o r a t o r y  s t r e a m  s t u d i e s  

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

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

(Cummins, 1 9 6 4 ) .  The d i s t r i b u t i o n  o f  f r e s h w a t e r  m o l l u s c s  

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

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

(M uirhead -T hom son ,  1 9 5 3 ) .  The m a c r o h a b i t a t s  and  m i c r o ­

h a b i t a t s  i n  w h ich  Campeloma h a s  b e e n  f o u n d  h a v e  been  

d e s c r i b e d  t o  v a r y i n g  d e g r e e s  by a number o f  a u t h o r s  b u t  

o n l y  t h e  p r e s e n t  s tu d y  and  th e  t h r e e  m e n t io n e d  i n  t h e  

p r e c e d i n g  p a r a g r a p h  h a v e  a t t e m p t e d  e x p e r i m e n t a l  i n v e s t i ­

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

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

need  i n  t h i s  a r e a  o f  e c o l o g y .

P r o b a b ly  t h e  m a jo r  l i m i t a t i o n  o f  a r t i f i c i a l  s t r e a m  

s t u d i e s  i s  t h e i r  l a c k  o f  r e a l i t y .  Because  t h e  s t r e a m s  

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

s t r e a m s  have  b e e n  e l i m i n a t e d  f ro m  them and t h e  o r g a n i s m s  

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

o f  t h e i r  n a t u r a l  h a b i t a t s  (W arren ,  1971;  W arren  and 

D a v i s ,  1 9 7 1 ) .  The g r e a t e s t  v a l u e  o f  n a t u r a l  s t u d i e s  i s  

t h a t  t h e  s i t u a t i o n  i s  r e a l ,  n o t  an a b s t r a c t i o n  f rom  

r e a l i t y .  The o r g a n i s m s  a r e  i n  t h e i r  n a t u r a l  s e t t i n g s
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( C a r t h y ,  1958;  w a r r e n ,  1 9 7 1 ) .  The two k i n d s  o f  s t u d y  a r e  

c o m p l i m e n t a r y .  As m e n t i o n e d  e a r l i e r ,  t h e y  s h o u l d  b o t h  be 

u s e d  f o r  a c o m p re h e n s iv e  i n v e s t i g a t i o n .  R e c i r c u l a t i n g  

a r t i f i c i a l  s t r e a m s ,  such  a s  t h e  one u s e d  i n  t h e  p r e s e n t  

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

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

c o n t i n u o u s  dow ns t ream  movement o f  a l l  t h e  w a t e r .  The u s e  

o f  an  a r t i f i c i a l  s t r e a m  f o r  a  s tu d y  s h o u ld  be g e a r e d  t o  

t h e  o b j e c t i v e s  o f  t h e  s t u d y .  The i n t e r p r e t a t i o n  o f  

r e s u l t s  f rom  such  a s t u d y  i s  c o n s t r a i n e d  by t h e  ways i n  

w h ich  t h e  a r t i f i c i a l  s t r e a m  i s  u s e d .  Any g e n e r a l i z a t i o n s  

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

be made o n l y  w i th  e x t r e m e  c a u t i o n  (W arren  and  D a v i s ,  

1 9 7 1 ) .  I n  t h e  p r e s e n t  s t u d y  I  h ave  s o u g h t  t o  i n v e s t i g a t e  

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

l i g h t  on t h e  movements  and d i s t r i b u t i o n  o f  Campeloma.

The m a t e r i a l s  and m e th o d s  u s e d  w ere  c h o s e n  and  d e s i g n e d  

w i t h  t h i s  o b j e c t i v e  i n  m ind .  My r e s u l t s  a r e  f u l l y  

a p p l i c a b l e  o n l y  u n d e r  t h e  c o n d i t i o n s  i n  w h ic h  t h e y  w ere  

o b t a i n e d .  With  c a r e ,  h o w e v e r ,  t h e  i n t e r p r e t a t i o n  o f  

t h e s e  r e s u l t s  can  y i e l d  v a l u a b l e  i n s i g h t s  i n t o  t h e  

b e h a v i o r  o f  t h e  s n a i l s  i n  n a t u r e .  And, when i n t e r p r e t e d  

i n  c o m b i n a t i o n  w i t h  t h e  r e s u l t s  f ro m  s e m i - a r t i f i c i a l  and 

n a t u r a l  s t u d i e s  on Campeloma, my r e s u l t s  may be u s e d  w i t h  

even  g r e a t e r  c o n f i d e n c e  to  g e n e r a l i z e  a b o u t  t h e  b e h a v i o r  

o f  t h e  s n a i l s .  I  h ave  u s e d  t h i s  c a u t i o u s  and i n t e g r a t e d
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a p p r o a c h  t o  f o r m u l a t e  my c o n c l u s i o n s .  I t  i s  o n l y  by 

d o i n g  so t h a t  t h e y  c a n  h a v e  t h e i r  g r e a t e s t  v a l u e  and  m os t  

e x t e n s i v e  m e a n in g .

The m a j o r  a d v a n t a g e  o f  a r t i f i c i a l  s t r e a m  s t u d i e s  i s  

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

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

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

one e n v i r o n m e n t a l  f a c t o r  ( T h u t ,  1 9 6 9 ) .  T he re  a r e  a s s o c i ­

a t e d  a d v a n t a g e s  o f  " c o n c e p t u a l  f o c u s ,  s p a t i a l  l i m i t a t i o n ,  

s i m p l i f i c a t i o n ,  c o n t r o l ,  m a n i p u l a t i o n ,  and  m e a s u re m e n t"  

(W arre n  and  D a v i s ,  1 9 7 1 ) .  I n  i t s  n a t u r a l  h a b i t a t ,  " t h e  

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

o f t e n  can  we a s c e r t a i n  w h ic h  o f  t h e s e ,  s i n g l y  o r  t o g e t h ­

e r ,  a r e  l e a d i n g  t o  t h e  r e s p o n s e s  we o b s e r v e .  I t  i s  f o r  

t h i s  r e a s o n  t h a t  so many s t u d i e s  o f  t h e  i n d i v i d u a l  

o r g a n i s m  a r e  c o n d u c t e d  i n  t h e  l a b o r a t o r y "  (W arren ,  1 9 7 1 ) .  

A l a b o r a t o r y  s t u d y  a l l o w s  t h e  i n v e s t i g a t o r  t o  d e t e r m i n e  

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

t h e  movements  o f  t h e  i n d i v i d u a l s .  I t  c an  be d e t e r m i n e d  

how t h e  v a r i o u s  f a c t o r s  a c t ,  w h ic h  a r e  t h e  more i m p o r ­

t a n t ,  and  w h e t h e r  o r  n o t  t h e y  i n t e r a c t  i n  v a r i o u s  com b in ­

a t i o n s .  T h i s  i n f o r m a t i o n  c an  t h e n  be u s e d  to  h e l p  

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

com plex  c o n d i t i o n s  o f  a  n a t u r a l  e c o s y s t e m .

A good a r t i f i c i a l  s t r e a m  s t u d y  s h o u ld  have  c e r t a i n  

a t t r i b u t e s ,  t h e s e  i n c l u d e  t h e  f o l l o w i n g :  1)  th e

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



c o n d i t i o n s  c h o s e n  f o r  u s e  s h o u ld  be made a s  r e l e v a n t  a s  

p o s s i b l e  t o  t h e  p r o b le m s  u n d e r  i n v e s t i g a t i o n ;  2) t h e  

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

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

i n f o r m a t i o n ;  and  3) t h e  a r t i f i c i a l  s t r e a m  s y s t e m  " s h o u l d  

be t h e  s i m p l e s t  t h a t  c a n  i n c o r p o r a t e  t h e  c i r c u m s t a n c e s  

l e a d i n g  t o  t h e  phenomena we s e ek  t o  u n d e r s t a n d " ,  t h e  

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

t y  (W arre n  and  D a v i s ,  1 9 7 1 ) .  I t  was w i t h  t h e s e  d e s i r a b l e  

a t t r i b u t e s  i n  mind t h a t  I  d e s i g n e d  and  c o n d u c t e d  t h e  

p r e s e n t  s t u d y .

A r t i f i c i a l  s t r e a m s  u s e d  f o r  a u t e c o l o g i c a l  s t u d i e s  

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

(W arren  and D a v i s ,  1 9 7 1 ) .  The i n f l u e n c e  o f  a b i o t i c

f a c t o r s  on t h e  movements  o f  an  o r g a n i s m  can  be more

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

ence  o f  b i o t i c  f a c t o r s  (W a r re n ,  1 9 7 1 ) .  An a r t i f i c i a l  

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

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

h a b i t a t s  (W arren  and  D a v i s ,  1 9 7 1 ) .  The p r e s e n t  s t u d y  was 

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

c e r t a i n  a b i o t i c  f a c t o r s  on t h e  movements  o f  Campeloma.

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

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

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

c h a n g e s  i n  e a c h  o f  t h e s e  f a c t o r s  r e v e a l s  much a b o u t
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h a b i t a t  s e l e c t i o n  by Canrpeloma. Thus t h e  p r e s e n t  s t u d y

t a k e s  a d v a n t a g e  o f  many o f  t h e  more u s e f u l  a s p e c t s  and  

p o s s i b i l i t i e s  o f  a r t i f i c i a l  s t r e a m  s t u d i e s .

One a d d i t i o n a l  a d v a n t a g e  o f  a r t i f i c i a l  s t r e a m  

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

I n  l a b o r a t o r y  s t u d i e s ,  we l e a r n  how p a r t i ­
c u l a r  e n v i r o n m e n t a l  f a c t o r s  and c o m b i n a t i o n s  o f  
f a c t o r s  i n f l u e n c e  some o f  t h e  r e s p o n s e s  o f  t h e  
i n d i v i d u a l  o r g a n i s m  t h a t  d e t e r m i n e  t h e  d i s t r i ­
b u t i o n  and  a b u n d a n c e  o f  i t s  p o p u l a t i o n .  T h i s  
p r o v i d e s  a n o t h e r  b a s i s  f o r  p r e d i c t i n g  t h e  
e f f e c t s  o f  e n v i r o n m e n t a l  c h a n g e ,  a  b a s i s  t h a t  
i s  n o t  l i m i t e d  by t h e  h i s t o r i c  r a n g e  o f  e n v i ­
r o n m e n t a l  c o n d i t i o n s .  F o r  t h i s  r e a s o n ,  l a b o r a ­
t o r y  s t u d i e s  a r e  p a r t i c u l a r l y  v a l u a b l e  a s  one 
b a s i s  f o r  p r e d i c t i n g  t h e  e f f e c t s  o f  m a n ’ s 
a c t i v i t i e s  on t h e  d i s t r i b u t i o n  and ab u n d a n c e  o f  
p o p u l a t i o n s  (W a r re n ,  1 9 7 1 ) .
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RESULTS 

Raw D a ta

The d a t a  o b t a i n e d  f ro m  t e s t  r u n s  were i n  t h e  fo rm  

c e n t i m e t e r s  moved u p s t r e a m  o r  dow ns t ream  f ro m  t h e  s t a r t  

i n g  l i n e  by e a c h  s n a i l  i n  e v e r y  t e s t .  To d i s t i n g u i s h  

b e tw e e n  t h e  two d i r e c t i o n s ,  v a l u e s  f o r  movement u p s t r e a  

were  r e c o r d e d  a s  p o s i t i v e  and  v a l u e s  f o r  movement  down­

s t r e a m  w ere  r e c o r d e d  a s  n e g a t i v e .  S n a i l s  a t  t h e  s t a r t i  

l i n e  were  r e c o r d e d  a s  z e r o .  D a te ,  t i m e ,  and t e s t  c o n d i  

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

each  t e s t  r u n .

T r e a t m e n t  o f  t h e  Raw D ata  

T e r m in a l  l o c a t i o n

The raw  d a t a  were  t r e a t e d  i n  t h r e e  ways f o r  

t h e  a p p l i c a t i o n  o f  an  a n a l y s i s  o f  v a r i a n c e .  The f i r s t  

i s  t e r m i n a l  l o c a t i o n .  I n  t h i s  t r e a t m e n t ,  t h e  means 

were o b t a i n e d  f ro m  t h e  a l g e b r a i c  sums of  d i s t a n c e s  

moved ( a l g e b r a i c  sums of  t h e  raw  d a t a ) .  T h i s  i s  a  

d i r e c t  a p p r o a c h  t o  t h e  raw  d a t a  and  p r o v i d e s  an  i n d e x  

to  t h e  d i r e c t i o n  and e x t e n t  o f  movement s i m u l t a n e ­

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

The s e c o n d  t r e a t m e n t  i s  t e r m i n a l  d i s t a n c e .  The 

means f o r  t h i s  t r e a t m e n t  w ere  o b t a i n e d  f ro m  t h e  sums o f  

t h e  a b s o l u t e  v a l u e s  o f  t h e  d i s t a n c e s  moved. The p o s i t i v e  

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

a r e  i g n o r e d .  T h i s  p r o v i d e s  an i n d e x  t o  t h e  e x t e n t  o f  

movement a l o n e .  I t ' s  an i n d i c a t i o n  o f  t h e  r e l a t i v e  

a b i l i t y  and  t e n d e n c y  o f  t h e  s n a i l s  t o  move.

P e r c e n t a g e s  m oving  u p s t r e a m , d o w n s t r e a m , and n o t  moving

The t h i r d  t r e a t m e n t  h a s  t h r e e  p a r t s ;  t h e  p e r c e n t a g e s  

o f  i n d i v i d u a l s  moving u p s t r e a m ,  d o w n s t ream ,  and n o t  

m ov ing .  The mean p e r c e n t a g e s  were  o b t a i n e d  f ro m  th e  sums 

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

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

d o w n s t ream  f ro m  i t .  C o r r e s p o n d i n g  mean p e r c e n t a g e s  f o r  

t h e  t h r e e  p a r t s  o f  t h i s  t r e a t m e n t  a lw a y s  sum t o  100^ and 

a r e  m o s t  u s e f u l  when c o n s i d e r e d  i n  c o m b i n a t i o n .  E x t e n t  

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

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

t a lc in g  a d i r e c t i o n  r a t h e r  t h a n  mean c e n t i m e t e r s  moved i n  

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

r a t h e r  t h a n  s o m e th in g  l e s s  p r o v i d e s  a  maximal  a d v a n t a g e  

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

s t a n d i n g  o f  t h e  r e s u l t s .
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C o m p ar i so n  o f  t h e  L e v e l s  o f  Each F a c t o r

Groups

The i n i t i a l  a p p l i c a t i o n  o f  a n  a n a l y s i s  o f  v a r i a n c e  

to  t h e  r aw  d a t a  was f o r  a  c o m p a r i s o n  o f  t h e  l e v e l s  o f  

e a c h  v a r i a b l e  e n v i r o n m e n t a l  f a c t o r .  Means w e re  com pared  

b e tw e e n  g r o u p s  w i t h i n  e a c h  s e r i e s  and among t h e  t h r e e  

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

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

t h e s e  c o m p a r i s o n s  were  made u s i n g  a l l  t h e  t r e a t m e n t s .

T he re  a r e  no s i g n i f i c a n t  d i f f e r e n c e s ,  w i t h  P a t  t h e  

l e v e l ,  b e tw e e n  t h e  means  f o r  t h e  two g r o u p s  i n  any  o f  

t h e  s e r i e s ,  by any  t r e a t m e n t .  Thus t h e  d a t a  f o r  b o t h  

g r o u p s  i n  e a c h  s e r i e s  c a n  . j u s t i f i a b l y  be com bined  f o r  

p u r p o s e s  o f  c o m p a r in g  t h e  s e r i e s .

S e r i e s  o r  t im e  o f  y e a r

W ith  t h e  e x c e p t i o n  o f  one t r e a t m e n t ,  t e r m i n a l  

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

shown i n  T a b le  1 0 .  T h e re  i s  a  s i g n i f i c a n t  d i f f e r e n c e  

among t h e  means o f  1 1 . 2  cm f o r  s e r i e s  1 ,  8 . 0  cm f o r  

s e r i e s  2 ,  and 1 2 . 0  cm f o r  s e r i e s  3 i n  t h e  t e r m i n a l  

d i s t a n c e  t r e a t m e n t .  T h i s  t r e a t m e n t  i s  a n  i n d i c a t i o n  o f  

t h e  e x t e n t  o f  movement .  The s i g n i f i c a n t  d i f f e r e n c e  

p r e s e n t s  a p r o b le m  i n  j u s t i f i a b l y  com bin ing  d a t a  f r o m  a l l  

t h r e e  s e r i e s .  However,  t h e  d i f f e r e n c e s  among t h e  means
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T a b le  1 0 .  C o m p a r iso n  o f  t h e  m ean s  among t h e  t h r e e  s e r i e s
by e a c h  t r e a t m e n t .

T r e a t m e n t V alue  o f  
p . 0 5 , 2 , 4 2

S i g n i f i c a n t
d i f f e r e n c e s

( p . 0 5 , 2 , 4 2 = 3 » 2 2 )

L e v e l  
( S e r i e s )

Mean

t e r m i n a l 0 .1 0 9 no 1 0 . 9  cm

l o c a t i o n r \ 1 . 7  cm

1 . 1  cm

t e r m i n a l S .  079 y e s 1 1 1 . 2  cm

d i s t a n c e 2 8 . 0  cm

a 1 2 . 0  cm

p e r c e n t a g e 1 . 534 no I 3 1 . 3 1

u p s t r e a m d 3 4 .7 3

3 3 3 . 5 3

p e r c e n t a g e 0 . 1 5 4 no 1 3 4 . 7 3

do w n s t rea m 2 3 5 . 1 3

3 3 3 .3  3

p e r c e n t a g e 1 . 1 7 5 no 1 3 4 . 0 3

n o t  moving 2 3 0 . 2 3

.... 2 8 . 1 3

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

c a n t ,  a r e  n o t  e x c e e d i n g l y  g r e a t ,  e s p e c i a l l y  b e tw e e n

s e r i e s  1 and s e r i e s  3 w h ich  a r e  f u r t h e s t  a p a r t  i n  t i m e .  

And t h e  t e r m i n a l  l o c a t i o n  t r e a t m e n t ,  w h ic h  p r o v i d e s  an 

i n d e x  t o  t h e  e x t e n t  and d i r e c t i o n  of  movement s i m u l t a n e ­

o u s l y ,  and  t h e  t h r e e - p a r t  t h i r d  t r e a t m e n t ,  w h ich  i s
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c o n c e r n e d  o n ly  w i t h  t h e  d i r e c t i o n  o f  movement,  b o t h  l a c k  

a ny  s i g n i f i c a n t  d i f f e r e n c e s  among t h e i r  m eans .  F o r  t h e s e  

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

s e r i e s  c o u l d  be combined and c o n s i d e r e d  a s  a  s i n g l e  

e x p e r i m e n t .  T h e re  was l i t t l e  d i f f e r e n c e  i n  t h e  o b s e r v e d  

b e h a v i o r  o f  t h e  s n a i l s  f r o m  s e r i e s  t o  s e r i e s .  T h i s  was 

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

s t u d y ,  s i n c e  s e r i e s  1 t o o k  p l a c e  m o s t l y  i n  S ep te m b e r ,  

s e r i e s  2 i n  O c t o b e r ,  and s e r i e s  3 i n  November, 1 9 7 3 .

C u r r e n t  v e l o c i t y

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

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

p e r c e n t a g e  n o t  moving  t r e a t m e n t s ,  a s  shown i n  T a b le  1 1 .  

The e x t e n t  of  movement was  s i m i l a r  a t  m o d e r a t e  and  f a s t  

v e l o c i t i e s  b u t  s i g n i f i c a n t l y  l e s s  i n  s t i l l  w a t e r .

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

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

d i f f e r e n c e s  a r e  n o t  g r e a t  enough to  be s i g n i f i c a n t .  

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

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

v e l o c i t y .  T h i s  was a t  t h e  ex p e n s e  o f  t h e  p e r c e n t a g e s  n o t  

moving s i n c e  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  among 

t h e  p e r c e n t a g e s  moving d o w n s t ream  a t  t h e  t h r e e  v e l o c i ­

t i e s .
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I l l
T a b le  1 1 .  C o m p a r iso n  o f  t h e  m eans among t h e  t h r e e
c u r r e n t  v e l o c i t i e s  b y  e a c h  t r e a t m e n t .

T r e a tm e n t Value  o f  
p . 0 5 , 2 , 9 4

S i g n i f i c a n t
d i f f e r e n c e s

^5' . 0 5 , 2 , 9 4 ::3*1 0 )

l e v e l  
( V e l o c i t y )

Mean
)

t e r m i n a l 2 .6 1 0 no s t i l l - 0 . 9  cm

l o c a t i o n m o d e ra te 1 . 8  cm

f a s t 2 . 8  cm

t e r m i n a l 1 6 .3 4 2 y e s s t i l l 7*9 cm

d i s t a n c e m o d e ra te 1 1 . 6  cm

f a s t 1 1 . 7  cm

p e r c e n t a g e 4 . 4 9 3 y e s s t i l l 29.9.-?

u p s t r e a m m o d e r a t e 3 4 . 0 ?

f a s t 4 0 . 6 ?

p e r c e n t a g e 0 .0 8 7 no s t i l l 3 3 . 7 ?

d ow ns t ream m o d e r a t e 3 4 . 4 ?

f a s t 3 5 . 1 ?

p e r c e n t a g e 8 .4 7 2 y e s s t i l l 3 6 . 5 ?

n o t  moving m o d e ra te 3 1 . 6 ?

f a s t 2 4 . 3  i

S u b s t r a t e  ty p e

The g r e a t  i m p o r t a n c e  o f  s u b s t r a t e  ty p e  a s  a n  e n v i ­

r o n m e n ta l  f a c t o r  i n f l u e n c i n g  movement i s  i n d i c a t e d  by 

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

g r a v e l  i n  e v e r y  t r e a t m e n t  ( T a b le  1 2 ) .  I n  a l l  r e s p e c t s ,
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T a b le  1 2 .  C o m p a r iso n  o f  t h e  m ean s  among t h e  t h r e e
s u b s t r a t e  t y p e s  by e a c h  t r e a t m e n t .

T r e a t m e n t V a lue  o f  
p . 0 5 , 2 , 9 4

S i g n i f i c a n t
d i f f e r e n c e s

(p . 0 5 , 2 , 9 4 = 3 «1 0 )

L e v e l  
( S u b s t r a t e  

t y p e )

Mean

t e r m i n a l 3 .9 9 1 y e s f l o o r 4 . 2  cm

l o c a t i o n sand - 0 . 1  cm

g r a v e l - 0 . 5  cm

t e r m i n a l 3 6 6 .8 5 1 y e s f l o o r 2 9 . 0  cm

d i s t a n c e sand 0 . 6  cm

g r a v e l 1 . 6  cm

p e r c e n t a g e 2 9 .6 2 4 y e s f l o o r 5 3 . 5 $

u p s t r e a m s an d 2 4 . 0%

g r a v e l 2 7 . 1 %

p e r c e n t a g e 1 1 .3 8 8 y e s f l o o r 4 4 . 4 $

d o w n s t ream s an d 2 5 . 7 $

g r a v e l 3 3 . 0 $

p e r c e n t a g e 1 3 1 .5 6 6 y e s f l o o r 2 . 1 $

n o t  moving san d 5 0 . 4 $

g r a v e l 3 9 . 9 $

t h e  d i f f e r e n c e  b e tw ee n  movement on s an d  and on g r a v e l  was 

m in o r  com pared  w i t h  t h e  d i f f e r e n c e  b e tw e e n  movement on 

e i t h e r  and movement on t h e  f l o o r .  The e x t e n t  o f  movement

was im m en se ly  g r e a t e r  on f l o o r  t h a n  on sand o r  g r a v e l .  

T e r m i n a l  l o c a t i o n  was 4 . 2  cm u p s t r e a m  on t h e  f l o o r  b u t  

w i t h i n  a c e n t i m e t e r  o f  t h e  s t a r t i n g  l i n e  on sand  and
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1 1 3
g r a v e l .  A much g r e a t e r  p e r c e n t a g e  o f  i n d i v i d u a l s  moved 

b o th  u p s t r e a m  and d o w n s t ream  on f l o o r  t h a n  on s an d  o r  

g r a v e l  b e c a u s e  o n l y  2 . 1 ^  f a i l e d  t o  move on f l o o r  w h i l e  

39*9^  f a i l e d  t o  move on g r a v e l  and  5 0 .4 4  f a i l e d  t o  move 

on s a n d .

L i g h t  c o n d i t i o n

The means f o r  t h e  two l i g h t  c o n d i t i o n s  a r e  s i g n i f i ­

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

moving u p s t r e a m ,  and  p e r c e n t a g e  n o t  m oving  t r e a t m e n t s ,  a s  

i n d i c a t e d  i n  T a b le  13.-  Movement was  s i g n i f i c a n t l y  more 

e x t e n s i v e  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k .  The t e r m i n a l  

l o c a t i o n  was 1 . 6  cm f u r t h e r  u p s t r e a m  i n  t h e  l i g h t  t h a n  i n  

t h e  d a r k  b u t  t h i s  d i f f e r e n c e  i s  n o t  s i g n i f i c a n t .  T h e re  

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

moving u p s t r e a m  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k ,  h o w e v e r ,  

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

t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  p e r c e n t ­

a g e s  moving d o w n s t ream  u n d e r  e a c h  c o n d i t i o n .

S i g n i f i c a n c e  o f  t h e  I n t e r a c t i o n s  o f  t h e  F a c t o r s  

S u b s t r a t e  t y p e  -  c u r r e n t  v e l o c i t y  i n t e r a c t i o n

I t  i s  c l e a r  t h a t  s i g n i f i c a n t l y  g r e a t  c h a n g e s  i n  t h e  

movement o f  t h e  s n a i l s  c a n  t a k e  p l a c e  w i t h  a  ch ange  i n  

t h e  l e v e l  o f  c u r r e n t  v e l o c i t y ,  s u b s t r a t e  t y p e ,  o r  l i g h t
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T a b le  13*  C o m p a r iso n  o f  t h e  m eans b e t w e e n  t h e  two l i g h t
c o n d i t i o n s  b y  e a c h  t r e a t m e n t .

T r e a t m e n t V a lu e  of  
p . 0 5 , 1 , 4 7

S i g n i f i c a n t
d i f f e r e n c e s

( p . 0 5 , l , 4 7 = 4 *0 5 )

L e v e l  
( L i g h t  

c o n d i t i o n )

Mean

t e r m i n a l 1 . 5 6 4 no l i g h t 2 . 0  cm

l o c a t i o n d a r k 0 . 4  cm

t e r m i n a l 2 1 .4 1 1 y e s l i g h t 1 1 . 9  cm

d i  s t a n c e d a r k 8 . 9  cm

p e r c e n t a g e 1 6 .7 2 2 y e s l i g h t 4 1 . 0 3

u p s t r e a m d a r k 28.7:2

p e r c e n t a g e 0 . 1 7 7 no l i g h t 3 4 . 9 3

d o w n s t ream d a r k 3 3 . 3 3

p e r c e n t a g e 2 2 .2 6 9 y e s l i g h t 2 4 .1 3

n o t  moving d a r k 3 7 . 5 3

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

v a r i a b l e s  w ere  n o t  i n d e p e n d e n t l y  a p p l i e d  i n  a  t e s t ,  t h e y  

w ere  a p p l i e d  i n  u n i s o n .  T h e r e f o r e  i t  i s  p o s s i b l e  t h a t  

t h e y  i n t e r a c t e d  i n  t h e i r  e f f e c t s  on t h e  s n a i l s .  T h a t  i s ,  

t h e  change  i n  movement e x h i b i t e d  i n  g o i n g  f ro m  one l e v e l  

t o  a n o t h e r  o f  a  v a r i a b l e  f a c t o r  may depend  t o  a  s i g n i f i ­

c a n t  d e g r e e  u p o n  w hich  l e v e l  o f  one o r  b o t h  o f  t h e  o t h e r  

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

a n a l y s i s  o f  v a r i a n c e  was a l s o  a p p l i e d  t o  d i s c o v e r  i n  

w h ich  t r e a t m e n t s  c o m b i n a t i o n s  o f  any  two o r  a l l  t h r e e  o f  

t h e  v a r i a b l e  f a c t o r s  showed s i g n i f i c a n t  i n t e r a c t i o n .
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The f i r s t  c o m b i n a t i o n  e x a m in e d ,  s u b s t r a t e  t y p e  and  

c u r r e n t  v e l o c i t y ,  a p p e a r s  i n  T a b le  1 4 .  T he re  was s i g n i f ­

i c a n t  i n t e r a c t i o n  b e tw een  t h e s e  two f a c t o r s  i n  a l l  

t r e a t m e n t s  e x c e p t  p e r c e n t a g e  n o t  m o v in g .  Thus t h e r e  was 

s i g n i f i c a n t  i n t e r a c t i o n  i n  t e r m s  o f  e x t e n t  o f  movement,  

d i s t a n c e  moved i n  a d i r e c t i o n ,  and p e r c e n t a g e  o f  i n d i v i d ­

u a l s  m oving  i n  e i t h e r  d i r e c t i o n .

T a b le  1 4 .  S i g n i f i c a n c e  o f  t h e  i n t e r a c t i o n  b e tw e en  
s u b s t r a t e  ty p e  and  c u r r e n t  v e l o c i t y  by t r e a t m e n t .

T r e a t m e n t V alue  o f  S i g n i f i c a n t  i n t e r a c t i o n  
p . 0 5 , 4 , 1 8 8  . 0 5 , 4 , 1 8 8 = 2 *4 2 )

t e r m i n a l  l o c a t i o n 2 . 6 9 4 y e s

t e r m i n a l  d i s t a n c e 1 3 .3 0 9 y e s

p e r c e n t a g e  u p s t r e a m 2 . 6 9 8 y e s

p e r c e n t a g e  d o w n s t re am 5 .7 2 8 y e s

■percentage n o t  moving 2 .3 0 1 no

L i g h t  c o n d i t i o n  -  c u r r e n t  v e l o  c i t y  i n t e r a c t i o n

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

s i g n i f i c a n t l y  i n  a l l  t r e a t m e n t s  e x c e p t  p e r c e n t a g e  m oving  

u p s t r e a m ,  a s  shown i n  T ab le  1 5 .  Again  t h e r e  was s i g n i f i ­

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

t i o n a l  e x t e n t  o f  movement .  The two f a c t o r s  h a d  no 

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

p e r c e n t a g e  o f  i n d i v i d u a l s  moving  u p s t r e a m  b u t  t h e y  d i d
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i n t e r a c t  i n  c a u s i n g  i n d i v i d u a l s  t o  move dow ns t ream  o r  to  

f a i l  t o  move.

T a b le  1 5 .  S i g n i f i c a n c e  o f  t h e  i n t e r a c t i o n  b e tw e e n  l i g h t  
c o n d i t i o n  and  c u r r e n t  v e l o c i t y  by t r e a t m e n t .

T r e a t m e n t V alue  o f  S i g n i f i c a n t  i n t e r a c t i o n  
P . 0 5 , 2 , 9 4  ' (F. 0 5 , 2 , 9 ^ ::3*1 0 )

t e r m i n a l  l o c a t i o n 7 .4 4 9 y e s

t e r m i n a l  d i s t a n c e 2 1 .4 1 1 y e s

p e r c e n t a g e  u p s t r e a m 0 . 6 8 0 no

p e r c e n t a g e  dow ns t ream 3 .2 3 7 y e s

p e r c e n t a g e  n o t  moving 5 .6 9 0 y e s

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

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

s i g n i f i c a n t l y  i n  a l l  t r e a t m e n t s  b u t  o n e .  As T a b le  16 

r e v e a l s ,  t h e r e  was s i g n i f i c a n t  i n t e r a c t i o n  i n  t e r m s  o f  

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

t a lc in g  a d i r e c t i o n  o r  n o t  moving b u t  n o t  i n  t h e  c a s e  o f  

t h e  d i s t a n c e  moved i n  a  d i r e c t i o n .

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

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

f a c t o r s  i s  i n d i c a t e d  i n  T a b le  I T .  T h i s  t h r e e - w a y  i n t e r ­

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

o f  movement and d i s t a n c e  moved i n  a  d i r e c t i o n .  But  i n
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t e r m s  o f  p e r c e n t a g e s  o f  i n d i v i d u a l s ,  t h e r e  was a  s i g n i f i ­

c a n t  i n t e r a c t i o n  o n l y  i n  t h e  p e r c e n t a g e  moving d o w n s t ream  

t r e a t m e n t *

T a b le  1 6 .  S i g n i f i c a n c e  o f  t h e  i n t e r a c t i o n  b e tw e e n  l i g h t  
c o n d i t i o n  and s u b s t r a t e  t y p e  by t r e a t m e n t .

T r e a t m e n t V a lu e  o f  
? . 0 5 , 2 , 9 4

S i g n i f i c a n t  i n t e r a c t i o n
0 5 , 2 , 9 4 ^ . 1 0 )

t e r m i n a l  l o c a t i o n 1 . 3 5 6 no

t e r m i n a l  d i s t a n c e 1 4 . 3 2 2 y e s

p e r c e n t a g e  u p s t r e a m 3 . 6 4 3 y e s

p e r c e n t a g e  d o w n s t ream 4 . 4 9 2 y e s

p e r c e n t a g e  n o t  moving 7 . 1 3 0 y e s

T a b le  17 .  S i g n i f i c a n c e  o f  t h e  
c o n d i t i o n ,  s u b s t r a t e  t y p e ,  and 
t r e a t m e n t .

i n t e r a c t i o n  among l i g h t  
c u r r e n t  v e l o c i t y  by

T r e a t m e n t
F

Value  o f  S i g n i f i c a n t  i n t e r a c t i o n  
. 0 5 , 4 , 1 8 8  ( i , . 0 5 , 4 , 1 8 8 = 2 *42)

t e r m i n a l  l o c a t i o n 9 . 3 0 2 y e s

t e r m i n a l  d i s t a n c e 4 . 2 9 5 y e s

p e r c e n t a g e  u p s t r e a m 1 . 8 2 5 no

p e r c e n t a g e  dow ns t ream 3 .9 2 5 y e s

p e r c e n t a g e  n o t  moving 1 . 3 5 1 no
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C o m p ar i so n  o f  Means f o r  a l l  C o m b i n a t i o n s  o f  L e v e l s  o f
F a c t o r s

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

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

t i o n  a l l  have  s i g n i f i c a n t  e f f e c t s  on t h e  movements  o f  t h e  

s n a i l s .  T h i s  was  fo u n d  to  be t h e  c a s e  f o r  e a c h  f a c t o r  

w i t h  r e s u l t s  f ro m  a l l  l e v e l s  o f  t h e  o t h e r  two f a c t o r s  

a v e r a g e d  t o g e t h e r .  The t h r e e  f a c t o r s  i n t e r a c t e d  s i g n i f i ­

c a n t l y  i n  a l l  p o s s i b l e  c o m b i n a t i o n s .  Fo r  t h e s e  r e a s o n s ,  

i t  i s  i m p o r t a n t  t o  make a more t h o r o u g h  b reakdow n  and 

a n a l y s i s  o f  t h e  r e s u l t s .  Such a  b re a k d o w n ,  i n  w h ic h  a  

mean i s  d e t e r m i n e d  f o r  movement  i n  e v e r y  c o m b i n a t i o n  o f  

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

a p p e a r s  i n  T a b le  1 8 .  T h i s  a p p r o a c h  makes i t  p o s s i b l e  to  

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

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

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

t r e a t m e n t .  Means f o r  movement  on f l o o r ,  w h ich  was much 

more e x t e n s i v e  t h a n  on sand  o r  g r a v e l ,  w ere  c om pared  f o r  

s i g n i f i c a n t  d i f f e r e n c e s  by u s e  o f  e i t h e r  S t u d e n t ’ s t  

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

t i o n  i s  a l s o  p r e s e n t e d  i n  T a b le  1 8 .

Movement on sand

I t  i s  i m m e d i a t e l y  e v i d e n t  t h a t  movement o v e r  sand
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T a b le  1 8 .  Means,  by t r e a t m e n t ,  f o r  a l l  c o m b i n a t i o n s  o f  
l i g h t  c o n d i t i o n ,  s u b s t r a t e  t y p e ,  and  c u r r e n t  v e l o c i t y  
i n c l u d i n g  t h e  r a n g e  a n d  s t a n d a r d  d e v i a t i o n ,  r e s p e c t i v e l y ,  
f o r  t h e  t e r m i n a l  l o c a t i o n  a n d  t e r m i n a l  d i s t a n c e  t r e a t ­
m e n t s  and  c o m p a r i s o n s  b e tw e e n  means  f o r  movement o v e r  
f l o o r  ( t #0 5 , 9 4 =l *66, F. o 5 , l , 4 7 =^, 0 5 ) .

F l o o r Sand G r a v e l

L i g h t - 1 .9cma

T e r m i n a l  

118  29 .6

l o c a t i o n  

0 .0cm  4

CO.o

- 0 .7 c m 27 3 . 9
S t i l l
Dark -2 .5 c m b 136 2 6 .9 O . lcm 3 0 . 5 -0 .3 c m 16 2 . 2

L i g h t

o a o 
-V . 
CO

 
1— 1 152 4 2 .9 - 0 .3 c m 3 0 . 9 -0 ,8 c m 22 3 . 8

M o d e ra t e
Dark - 6 .6cm^ 142 2 9 .9 - O . l c m 11 1 . 6 - O . lc m 16 1 . 8

L i g h t 3 .2 c m e 146 3 9 .0 O . lcm 3 0 . 8 0 .3cm 15 2 . 5
F a s t
Dark I 4 . 3 c m f 124 3 2 .8 - 0 .3 c m 4 0 . 9 - 1 .3 c m 19 3 . 0

L i g h t 24 .4cmS

T e r m i n a l  

57 1 6 . 5

d i s t a n c e  

0 .6cm  2 0 . 6 ■2.2cm 17 3 . 3
S t i l l
Dark 1 9 . 0  cmk 73 1 9 .0 0 . 3  cm 2 0 . 5 0.8cm 14 2 . 0

L i g h t 4 1 . 4 c m i 89 2 0 .8 0 . 7  cm 2 0 . 6 2.4cm 14 3 . 0
M o d e ra t e
D ark 24.0cm;5 78 1 8 . 7 0 .7cm 10 1 . 5 0.7cm 9 1 . 7

L i g h t 33 .4 cm k 82 1 9 .9 0 .6cm 2 0 . 6 1 .8  cm 8 1 . 8
F a s t
Dark 3 2 .1 c m l 65 1 5 .7 0 . 7  cm 3 0 . 7 1 . 6  cm 17 2 . 8

P e r c e n t a g e  u p s t r e a m

l i g h t  5 2 , i t *  27,1% 35.4?£
S t i l l
Dark  2 7 , l%n 1 8 . 8 $  18.8%

L i g h t  64 .6 ;^°  20.8% 3 1 . 3 ^
M o d e ra t e
Dark  4 1 .7 * P  29.2:2 16.756
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T a b le  1 8 .  Means,  by t r e a t m e n t ,  f o r  a l l  c o m b i n a t i o n s  o f  
l i g h t  c o n d i t i o n ,  s u b s t r a t e  t y p e ,  and c u r r e n t  v e l o c i t y  
i n c l u d i n g  t h e  r a n g e  a n d  s t a n d a r d  d e v i a t i o n ,  r e s p e c t i v e l y ,  
f o r  t h e  t e r m i n a l  l o c a t i o n  an d  t e r m i n a l  d i s t a n c e  t r e a t ­
m e n t s  and  c o m p a r i s o n s  b e tw e e n  means f o r  movement o v e r  
f l o o r  ( t  £ 4=1 . 6 6 , I* 05 1 4 7 =2l'*0 5 ) ( c o n t i n u e d ) .

P l o o r Sand G r a v e l

P e r c e n t a g e  u p s t r e a m

L i g h t 6 6 . 7 ^ 2 7 . 1 ? 4 3 . 8 ?
P a s t
Dark 6 8 . 8 ^ 2 0 . 8% 1 6 . 7 1

P e r c e n t a g e d o w n s t ream

L i g h t 4 7 . 9 ? s 2 5 .  0 ? 33.3%
S t i l l
Dark 6 6 , 7?"^ 6 . 3 ? 22,9%

L i g h t 3 3 . 3 ? u 4 1 . 7 % , 4 1 . 7  £
M o d e ra te
Dark 5 4 . 2 ^ 1 6 . 7 i 1 8 . 8 .?

L i g h t 3 3 . 3 ? " 2 2 . 9 % 3 3 . 4 1
P a s t
Dark 3 1 . 3 ? x 4 1 . 7 ? 4 5 . 8 ?

P e r c e n t a g e  n o t  moving

L i g h t o.ô y 4 7 . 9 ? 3 1 . 3 ?
S t i l l
Dark 6 . 3 ? z 7 5 . 0 ? 5 8 . 3 ?

L i g h t 2 . 1 ? a a 3 7 . 5 * 2 7 . 1 ?
M o d e ra te
Dark 4 . 2 ? bb 5 4 . 2 ? 6 4 . 6 ?

L i g h t 0 . 0 ? cc 5 0 . 0 ? 2 0 . 8 ?
P a s t
Dark 0 . 0 ? dd 3 7 . 5% 3 7 . 5 ?
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T a b le  1 8 .  Means,  by t r e a t m e n t ,  f o r  a l l  c o m b i n a t i o n s  o f  
l i g h t  c o n d i t i o n ,  s u b s t r a t e  t y p e ,  and  c u r r e n t  v e l o c i t y  
i n c l u d i n g  t h e  r a n g e  and  s t a n d a r d  d e v i a t i o n ,  r e s p e c t i v e l y ,  
f o r  t h e  t e r m i n a l  l o c a t i o n  and  t e r m i n a l  d i s t a n c e  t r e a t ­
m e n t s  and c o m p a r i s o n s  b e tw e e n  means f o r  movement o v e r  
f l o o r  ( t  Q5 ^ = 1 . 6 6 ,  F 4 7 i 4 . 0 5 )  ( c o n t i n u e d ) .

Means
t e s t e d

V alue  
t  o r

o f
P

S i g n i f i c a n t
d i f f e r e n c e

Means
t e s t e d

Value  
t  o r

o f
P

S i g n i f i c a n t
d i f f e r e n c e

a , b PS 0 . 0 1 3 no a ,  c t s  3 .8 3 6 y e s

a , e t s  0 . 9 8 0 no b , d t s - 0 . 9 7 5 no

h , f t s  4 . 2 1 2 y e s c , d P s l l . 5 3 0 y e s

c . e t s - 2 . 8 5 6 y e s d , f t s  5 .1 8 5 y e s

e , f Ps 3 . 1 7 6 no S . h Ps 2 .6 1 5 no

g » i t s  6 . 4 9 2 .yes g»k t s  3 .4 2 6 y e s

h , J t s  2 .0 8 4 y e s h , l t s  5 .4 2 0 y e s

i »-1 P S 1 8 .7 8 6 y e s i , k t = - 3 . 066 y e s

J r l t s  3 .3 3 6 y e s k , l Ps 0 .1 1 9 no

m ,n Ps 6 . 7 1 4 y e s m,o t s  1 .7 8 7 y e s

t s  2 .0 8 5 y e s n , p t s  2 .1 0 2 y e s

n , r t s  6 . 0 0 7 y e s o , p F= 5 .7 8 5 y e s

o , q t s  0 . 2 9 8 no P , r t s  3 . 9 0 5 y e s

q * r Ps 0 . 0 5 2 no s , t Ps 3 .7 2 1 no

s , u t s - 2 . 0 8 9 y e s s ,w t s - 2 . 0 8 9 y e s

t  , v t s - 1 .7 5 4 y e s t  , x t s - 4 . 9 7 1 y e s

u , v Ps  4 . 0 9 4 y e s u ,w t s  0 .0 0 0 no

v , x t s - 3 . 2 1 7 y e s w ,x Ps 0 . 0 5 2 no

7* 2 P= 3 . 1 3 3 no y , a a t s  I .7 3 2 y e s

7* cc t s  0 .0 0 0 no z , b b t s - 0 . 7 7 8 no
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T a b le  1 8 .  M eans ,  by t r e a t m e n t ,  f o r  a l l  c o m b i n a t i o n s  o f  
l i g h t  c o n d i t i o n ,  s u b s t r a t e  t y p e ,  and  c u r r e n t  v e l o c i t y  
i n c l u d i n g  t h e  r a n g e  and  s t a n d a r d  d e v i a t i o n ,  r e s p e c t i v e l y ,  
f o r  t h e  t e r m i n a l  l o c a t i o n  and  t e r m i n a l  d i s t a n c e  t r e a t ­
m e n ts  and  c o m p a r i s o n s  b e tw e e n  m eans  f o r  movement o v e r  
f l o o r  g ^ = 1 . 6 6 ,  F #o5 1 4 7 =^ - ° 5 )  ( c o n t i n u e d ) .

Means V alue  o f S i g n i f i c a n t Means V a lu e  o f S i g n i f i c a n t
t e s t e d t  o r  F d i f f e r e n c e t e s t e d  t  o r  P d i f f e r e n c e

z , d d t s - 2 . 3 3 4 y e s a a , b b  F= 0 .3 2 9 no

a a ,  cc t = - 1 . 7 3 2 y e s b b , d d  t = - 1 . 3 5 6 no

c c . d d ps--------------- no

was n e g l i g i b l e .  The e x t e n t  o f  movement ,  a s  i n d i c a t e d  i n  

t h e  t e r m i n a l  d i s t a n c e  t r e a t m e n t ,  T a b le  1 8 ,  i n  a l l  c a s e s  

a v e r a g e d  o n l y  a  f r a c t i o n  o f  a  c e n t i m e t e r .  The one m os t  

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

was t h e i r  t e n d e n c y  t o  b u r ro w  i n t o  s a n d ,  w i t h i n  a c e n t i ­

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

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

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

a t  t h e i r  s t a r t i n g  p o s i t i o n s  and by t h e  end o f  t h e  t e s t  

p e r i o d  were  p a r t i a l l y  o r  c o m p l e t e l y  c o v e r e d .  Some may 

h ave  moved a s  much a s  a  c e n t i m e t e r  o r  two u p s t r e a m  o r  

d o w n s t ream  i n  t h e  p r o c e s s  o f  b u r r o w i n g ,  b u t  t h e r e  was no 

d i r e c t i o n a l  movement o f  any  g r e a t e r  c o n s e q u e n c e  t h a n  t h i s  

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

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

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

s t a t i s t i c a l l y  s i g n i f i c a n t .

Movement on g r a v e l

Movement on g r a v e l  was  more e x t e n s i v e  t h a n  on sand  

and  somewhat d i f f e r e n t  i n  c e r t a i n  a s p e c t s  o f  d i r e c t i o n a l  

m ovem ent .  W ith  t e r m i n a l  d i s t a n c e  means  r a n g i n g  f ro m  0 . 7  

cm t o  2 . 4  cm, movement on g r a v e l  was  a t  l e a s t  r e a s o n a b l y  

m e a s u r a b l e .  I n  n e a r l y  e v e r y  c a s e ,  f e w e r  i n d i v i d u a l s  

f a i l e d  t o  move f ro m  t h e  s t a r t i n g  l i n e  on g r a v e l  t h a n  on 

san d  and o c c a s i o n a l l y  a  s n a i l  t r a v e l e d  s e v e r a l  c e n t i ­

m e t e r s .  However ,  movement  on g r a v e l  was  s t i l l  n o t  

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

o f  movement u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  c u r r e n t  v e l o c i ­

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

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

o f  movement was t o o  s l i g h t .  T h i s  becom es  q u i t e  o b v i o u s  

when t h e  e x t e n t  o f  movement  on e i t h e r  s a n d  o r  g r a v e l  i s  

com pared  w i t h  t h a t  on f l o o r .  G r a v e l  i s  i m p e n e t r a b l e  t o  

Campeloma so b u r r o w i n g  d i d  n o t  o c c u r .  The l a c k  o f  

e x t e n s i v e  movement on g r a v e l  was due t o  t h e  common 

t e n d e n c y  o f  t h e  s n a i l s  t o  move i n t o  c r e v i c e s  o r  p o c k e t s  

among t h e  s t o n e s  n e a r  t h e i r  s t a r t i n g  p o s i t i o n s  and  r e m a i n  

i n  su c h  a r e a s  f o r  t h e  d u r a t i o n  o f  t h e  t e s t .
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Movement on f l o o r

As m e n t i o n e d  a b o v e ,  movement  on f l o o r  was much, more 

common and  e x t e n s i v e  t h a n  on e i t h e r  sand  o r  g r a v e l  and  

s u f f i c i e n t l y  so t o  make c o m p a r i s o n s  b e tw e e n  t h e  means 

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

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

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

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

and  l i g h t  on t h e  movement o f  t h e  s n a i l s .  To f a c i l i t a t e  

c o m p a r i s o n s  o f  t h e  means  f o r  movement on t h e  f l o o r ,  T a b le  

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

d i f f e r e n c e s  b e tw e e n  p a i r s  o f  t h e s e  m eans .

The r e s u l t s  f o r  movement i n  s t i l l  w a t e r  can  be 

sum m ar ized  a s  f o l l o w s :  Movement was  s l i g h t l y  more

e x t e n s i v e  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k  b u t  t h e  d i f f e r ­

en c e  i s  n o t  s i g n i f i c a n t .  D i r e c t i o n a l  movement a v e r a g e d  

l e s s  t h a n  3 cm f ro m  t h e  s t a r t i n g  l i n e  f o r  b o th  l i g h t  and 

d a r k  c o n d i t i o n s .  S i g n i f i c a n t l y  more i n d i v i d u a l s  moved 

u p s t r e a m  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k .  N e a r l y  t h e  same 

number  o f  i n d i v i d u a l s  moved u p s t r e a m  a s  moved dow ns t ream  

i n  t h e  l i g h t  b u t  o v e r  t w i c e  a s  many moved dow ns t ream  t h a n  

u p s t r e a m  i n  t h e  d a r k .

I n  m o d e r a t e  v e l o c i t y ,  movement was s i g n i f i c a n t l y  

more  e x t e n s i v e  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k .  Movement 

i n  t h e  l i g h t  and i n  t h e  d a r k  a t  m o d e r a t e  v e l o c i t y  was
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s i g n i f i c a n t l y  more  e x t e n s i v e  t h a n  i n  t h e  l i g h t  and  d a r k ,  

r e s p e c t i v e l y ,  i n  s t i l l  "water .  D i r e c t i o n a l  movement  was 

f a r  u p s t r e a m  i n  t h e  l i g h t  ( 1 8 . 4  cm) and  s l i g h t l y  down­

s t r e a m  i n  t h e  d a r k  ( - 6 . 6  cm).  D i r e c t i o n a l  movement i n  

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

d i f f e r e n t  f ro m  t h a t  i n  t h e  d a r k  i n  s t i l l  w a t e r .  N e a r l y  

t w i c e  a s  many i n d i v i d u a l s  moved u p s t r e a m  a s  d o w n s t re am  i n  

t h e  l i g h t  b u t  a s i m i l a r  p e r c e n t a g e  moved i n  each  d i r e c ­

t i o n  i n  t h e  d a r k .

Movement i n  f a s t  v e l o c i t y  was a l m o s t  e q u a l l y  e x t e n ­

s i v e  i n  l i g h t  an d  i n  d a r k ,  t h e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e .  I t  was s i g n i f i c a n t l y  l e s s  e x t e n s i v e  i n  l i g h t  

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

e x t e n s i v e  i n  d a r k  t h a n  i n  t h e  d a r k  i n  m o d e r a t e  v e l o c i t y .  

A l s o ,  movement i n  f a s t  v e l o c i t y  was s i g n i f i c a n t l y  more 

e x t e n s i v e  i n  b o t h  l i g h t  and  d a r k  t h a n  i n  s t i l l  w a t e r .  

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

l i g h t  (3*2 cm) b u t  s t r o n g l y  u p s t r e a m  i n  t h e  d a r k  ( 1 4 . 8  

cm).  I n  b o t h  l i g h t  and  d a r k ,  more t h a n  t w i c e  a s  many 

i n d i v i d u a l s  moved u p s t r e a m  a s  moved d o w n s t re a m .  At a l l  

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

moving on f l o o r  was  e i t h e r  v e r y  s m a l l  ( 6 . 3 ^  a t  m o s t )  o r  

z e r o .
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Compar ison  o f  R e s u l t s  w i t h  Those o f  S h e l f o r d  ( 1 9 1 4 ) ,  
A l l i s o n  ( 1 9 4 2 ) ,  and  B o v b je rg  (1952)

S h e l f o r d  (1914)

S h e l f o r d * s  and  t h e  p r e s e n t  s t u d y  a r e  t h e  o n ly  t o  u s e  

an  e x p e r i m e n t a l  a r t i f i c i a l  s t r e a m  a p p r o a c h  t o  f a c t o r s  

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

s t u d y  g o es  c o n s i d e r a b l y  f u r t h e r  t h a n  S h e l f o r d * s  i n  

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

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

was c o n c e r n e d  o n l y  w i t h  o r i e n t a t i o n  i n  r e s p o n s e  to  

c u r r e n t  w h e r e a s  I  was c o n c e r n e d  w i t h  t h e  d i r e c t i o n ,  r a t e ,  

and e x t e n t  o f  movement.  A c o m p a r i s o n  o f  r e s u l t s  i n  

r e s p e c t  t o  c u r r e n t  i s  n e v e r t h e l e s s  b e n e f i c i a l .  At 4 t o  6 

c m / s e c ,  S h e l f o r d  f o u n d  50$ p o s i t i v e  o r i e n t a t i o n ,  10$ 

n e g a t i v e ,  and  4 0 $  i n d i f f e r e n t  o r  no a c t i v i t y .  At m oder­

a t e  v e l o c i t y  ( a b o u t  8 c m /se c )  and c o n d i t i o n s  o f  l i g h t  and 

f l o o r ,  I  f o u n d  6 4 . 6 $  u p s t r e a m ,  3 3 . 3 $  d o w n s t ream ,  and 2 . 1 $  

n o t  m ov ing .  T h e re  i s  no g r e a t  d i f f e r e n c e  i n  t h e  p e r c e n t ­

a g e s  showing p o s i t i v e  o r i e n t a t i o n  o r  moving u p s t r e a m  b u t  

i n  t h e  p r e s e n t  s t u d y  much f e w e r  s n a i l s  were  i n d i f f e r e n t  

o r  i n a c t i v e  and  many more moved dow ns t ream  t h a n  showed 

t h a t  o r i e n t a t i o n  i n  S h e l f o r d * s  s t u d y .  Of c o u r s e ,  many o f  

t h e  s n a i l s  w h ic h  S h e l f o r d  r e p o r t s  a s  h a v i n g  an i n d i f f e r ­

e n t  o r i e n t a t i o n  m i g h t  e v e n t u a l l y  h a v e  t a k e n  an u p s t r e a m  

o r  dow ns t ream  d i r e c t i o n .  I n  moving up t o  t h e  10 t o  12
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c m /se c  v e l o c i t y ,  S h e l f o r d ' s  r e s u l t s  show 80% o f  t h e  

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

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

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

p r e s e n t  s t u d y ,  a t  f a s t  v e l o c i t y  (14  cm /sec )  on f l o o r  and  

i n  t h e  l i g h t ,  66,7% o f  t h e  s n a i l s  moved u p s t r e a m  and 

33.3% moved d o w n s t re a m  w i t h  none f a i l i n g  t o  move.  T h i s  

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

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

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

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

At t h e  h i g h e s t  v e l o c i t y  u s e d  by S h e l f o r d ,  l o  t o  20 

c m / s e c ,  9 0 % o f  t h e  s n a i l s  showed no a c t i v i t y .  T h i s  i s  a 

r e v e r s a l  o f  t h e  t r e n d  f ro m  h i s  l o w e s t  t o  h i s  i n t e r m e d i a t e  

v e l o c i t i e s  and  o p p o s i t e  f ro m  t h e  r e s u l t s  a t  my h i g h e s t  

v e l o c i t y .  A p p a r e n t l y ,  t h e  s n a i l s  t e s t e d  by S h e l f o r d  

c o u l d  do no more  t h a n  m a i n t a i n  t h e i r  p o s i t i o n s  a t  16 to  

20 c m / s e c .  Bu t  t h i s  seems u n l i k e l y  o r ,  i f  s o ,  u n u s u a l  

b e c a u s e  t h e  s n a i l s  I  t e s t e d  c o u ld  an d  d i d  o r i e n t  and  move 

i n  a c u r r e n t  o f  14 c m / s e c .  I n  g e n e r a l ,  t h e  c o m p a ra b le  

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

s i m i l a r  -  p o s i t i v e  r h e o t a x i s  was  e x h i b i t e d  by 30% o r  more 

o f  t h e  s n a i l s  t e s t e d  a t  v e l o c i t i e s  f ro m  4 t o  14 c m / s e c .

The r e s u l t s  p e r t a i n i n g  t o  s u b s t r a t e  t y p e  a r e  i n  

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

t o  b u r row  i n  s a n d .  Sand was t h e  o n l y  p e n e t r a b l e
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s u b s t r a t e  t y p e  a v a i l a b l e  t o  t h e  s n a i l s  i n  S h e l f o r d ' s  

s t u d y .  He d i d  n o t  d e f i n e  t h e  p a r t i c l e  s i z e  r a n g e .  I t  

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

p r e s e n t  s t u d y .  I n  s t i l l  o r  moving  w a t e r  i n  t h e  p r e s e n t  

s t u d y  n e a r l y  a l l  o f  t h e  s n a i l s  b u r ro w e d  i n  sand  a t  o r  

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

t e s t  f o r  s u b s t r a t e  s e l e c t i o n  i n  m oving w a t e r ,  t h e  same 

r e s u l t s  o b t a i n e d  f o r  Campeloma i n  s t i l l  w a t e r  s h o u l d  be 

e x p e c t e d .

Bo th  t h e  c u r r e n t  and s u b s t r a t e  r e a c t i o n  t e s t s  

c o n d u c t e d  by S h e l f o r d  w ere  done  i n  t h e  l i g h t  o n l y .  H is  

s tu d y  makes  no c o n t r i b u t i o n  to w a r d  u n d e r s t a n d i n g  t h e  

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

movements  o f  Campeloma. T h i s  i s  one o f  my r e a s o n s  f o r  

d o i n g  l i g h t  and  d a r k  t e s t s .  S h e l f o r d ' s  l i g h t  g r a d i e n t  

t e s t  i n v o l v i n g  Campeloma had  no u s e f u l  r e s u l t s .

A l l i s o n  (1 9 4 2 )

A l l i s o n ' s  e x p e r i m e n t  was c o n d u c t e d  i n  a  n a t u r a l  

s t r e a m  s e t t i n g .  The o n l y  a r t i f i c i a l  m a n i p u l a t i o n s  w ere  

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

s n a i l s .  Once p l a n t e d ,  t h e  s n a i l s  w ere  f r e e  to  move 

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

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

o f  t h e  movements  o f  Campeloma u n d e r  n a t u r a l  c o n d i t i o n s  

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

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

l a c k  o f  r e p o r t e d  i n f o r m a t i o n  on  s u b s t r a t e  t y p e  and  

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

A l l i s o n  made c o l l e c t i o n s  a t  w e e k l y  i n t e r v a l s ,  t a k i n g  no 

h e e d  o f  p o s s i b l e  c h a n g e s  i n  movement c o r r e s p o n d i n g  to  

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

movement i n  t h e  l i g h t  v e r s u s  movement  i n  t h e  d a r k .

•These s h o r t c o m i n g s  l e s s e n  t h e  v a l u e  o f  A l l i s o n ' s  

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

r an d o m ,  i s  n e v e r t h e l e s s  o f  g r e a t  i m p o r t  t o  t h e  p r e s e n t  

s t u d y .  I n  moving  w a t e r ,  w h e t h e r  a t  m o d e r a t e  o r  f a s t  

v e l o c i t y ,  t h e  movement o v e r  f l o o r  o f  t h e  s n a i l s  I  t e s t e d  

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

and  c a n n o t  be d e s c r i b e d  a s  r an d o m .  F o r  s t i l l  w a t e r ,  

h o w e v e r ,  I  o b t a i n e d  r e s u l t s  w h ic h  s u p p o r t  A l l i s o n ' s  

c o n c l u s i o n .  A l th o u g h  s n a i l s  on  t h e  f l o o r  moved an  

a v e r a g e  o f  1 9 . 0  cm i n  t h e  d a r k  and  2 4 . 4  cm i n  t h e  l i g h t ,  

t h e i r  mean t e r m i n a l  l o c a t i o n  was w i t h i n  3 cm o f  t h e  

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

no f a v o r e d  d i r e c t i o n  o f  movement .  Movement was e s s e n ­

t i a l l y  a t  random i n  s t i l l  w a t e r  t e s t s .  T h is  l e a d s  me to  

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

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

t e n d  t o  be m i n i m a l  and  i n  w h ich  t h e r e  was  p r o b a b l y  a  f i n e  

s u b s t r a t e  s u i t a b l e  f o r  b u r y i n g  t h e  b a i t  u s e d .  I n d e e d ,
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such  a  s u b s t r a t e  i s  f o u n d  o n l y  i n  a r e a s  o f  l o w e r  c u r r e n t  

v e l o c i t y .  A q u i e t  w a t e r  h a b i t a t  i s  j u s t  t h e  t y p e  o f  

h a b i t a t  d e s c r i b e d  by A l l i s o n  when he s u g g e s t s  t h a t  b a i t  

t r a p s  be p l a c e d  i n  a r e a s  where  t h e  s n a i l s  a r e  commonly 

f o u n d .  A l l i s o n ’ s r e s u l t s ,  t h e n ,  h a v e  i m p o r t a n t  i m p l i c a ­

t i o n s  c o n c e r n i n g  t h e  i n f l u e n c e  o f  c u r r e n t  v e l o c i t y ,  

s u b s t r a t e  t y p e ,  and  f o o d  s u p p l y  on t h e  movements  and  

d i s t r i b u t i o n  o f  Campeloma. H i s  e x p e r i m e n t  t h u s  h a s  

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

3 o v b j e r g  (1 9 5 2 )

B o v b j e r g  made u s e  o f  b o t h  n a t u r a l  and 

s e m i - a r t i f i c i a l  s t r e a m  s i t u a t i o n s .  B o th  B o v o je r g  an d  I  

c o n d u c t e d  e x p e r i m e n t s  w i t h  t h e  Campeloma. . . co n ta in ed  i n  a 

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

e x p e r i m e n t s  i s  t h a t  B o v b j e r g ' s  were  c o n d u c t e d  u n d e r  

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

c o n t r o l  o v e r  t h e  v a r i a b l e s  w h e r e a s  m ine  were c o n d u c t e d  

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

a p p r o a c h e s  h av e  t h e i r  a d v a n t a g e s  and d i s a d v a n t a g e s  a n d ,  

a s  m e n t i o n e d  e a r l i e r ,  c o m p l im e n t  e a c h  o t h e r .

I n  B o v b j e r g ’ s f i r s t  s e t  o f  e x p e r i m e n t s ,  r e a c t i o n  t o  

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

C o m p ar iso n s  b e tw e e n  s u b s t r a t e  and  c u r r e n t  c o n d i t i o n s  i n  

t h i s  f lu m e  and t h a t  u s e d  i n  t h e  p r e s e n t  s t u d y  a r e  made 

d i f f i c u l t  by  B o v b j e r g ’ s a m b i g u i t y .  He d e s c r i b e s  h i s
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s u b s t r a t e  a s  " s a n d  and g r a v e l  s i m u l a t i n g  n a t u r a l  p h y s i c a l  

c o n d i t i o n s " .  T he re  i s  no i n d i c a t i o n  o f  t h e  s i z e  r a n g e  o f  

p a r t i c l e s ,  r e l a t i v e  p e r c e n t a g e s  o f  s an d  and g r a v e l  s i z e  

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

amount  and  d i s t r i b u t i o n  o f  d e t r i t u s .  He o b s e r v e d  some 

s n a i l s  b u r r o w i n g  b u t  i t ' s  n o t  p o s s i b l e  t o  o b t a i n  a  good 

i d e a  o f  how r e a d i l y  t h e y  co u ld  o r  d i d  b u r ro w  a t  any  g i v e n  

t im e  o r  p l a c e  i n  t h e s e  e x p e r i m e n t s .  I  would  e s t i m a t e  

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

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

t h a n  e i t h e r  sand  o r  g r a v e l  a l o n e .  B o v b je r g  u s e d  c u r r e n t  

v e l o c i t i e s  o f  5 c m /se c  and 25 c m /s e c .  The l o w e r  v e l o c i t y  

i s  n e a r  t h e  8 c m /sec  m o d e r a t e  v e l o c i t y  I  u s e d  and t h e  

h i g h e r  v e l o c i t y  i s  g r e a t e r  t h a n  my f a s t  v e l o c i t y  o f  14 

c m / s e c .  However ,  B o v b je r g  d e t e r m i n e d  t h e  v e l o c i t i e s  i n  

h i s  f lu m e  by t i m i n g  t h e  movement o f  a  f l o a t .  T h i s  method

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

p r e v a l e n t  j u s t  above t h e  s u b s t r a t e ,  where  c u r r e n t  h a s  i t s  

i m p a c t  on t h e  s n a i l s .  . I n  a d d i t i o n ,  c u r r e n t  v e l o c i t y  i n  a 

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

c o n s i d e r a b l y  i n  a  2 4 - h o u r  p e r i o d .  T h e r e f o r e  a d i r e c t  

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

v e r y  r e l i a b l e .  B o v b je rg  made no o b s e r v a t i o n s  w h ic h  

a l l o w e d  c o m p a r i s o n  b e tw ee n  movement i n  t h e  l i g h t  and  i n  

t h e  d a r k .  T h i s  i s  one o f  t h e  p r i m a r y  r e a s o n s  t h a t  l i g h t

was  u s e d  a s  a  v a r i a b l e  i n  t h e  p r e s e n t  s t u d y .  A l l  o f
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t h e s e  d r a w b a c k s  and  l i m i t a t i o n s  t o  c o m p a r i s o n  m us t  be 

k e p t  i n  mind a s  p r e c a u t i o n s  i n  r e l a t i n g  B o v b j e r g ' s  s t u d y  

t o  t h e  p r e s e n t  s t u d y .

B o v b j e r g ‘ s s e m i - a r t i f i c i a l  s t r e a m  e x p e r i m e n t  r e s u l t s  

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

t i e s .  At 5 c m / s e c ,  8 7 . 8 $  o f  t h e  s n a i l s  moved u p s t r e a m  

a nd  1 2 . 2 $  moved d o w n s t re a m .  At 25 c m / s e c ,  8 5 . 3 $  moved 

u p s t r e a m  and 1 4 . 7 $  moved d o w n s t re a m .  On f l o o r ,  a t  

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

l i g h t  and  d a r k ,  I  f o u n d  f ro m  6 4 . 6 $  t o  6 8 . 8 $  moving 

u p s t r e a m  and f rom  3 1 . 3 $  t o  3 3 . 3 $  moving d o w n s t r e a m .  On 

f l o o r ,  a t  m o d e r a t e  v e l o c i t y  i n  t h e  d a r k ,  4 1 . 7 $  moved 

u p s t r e a m  and 5 4 . 2 $  moved d o w n s t re a m .  Thus Bovb^erg  fo u n d  

t h a t  p o s i t i v e  r h e o t a x i s  p r e v a i l e d  o v e r  n e g a t i v e  i n  t h e  

r a t i o  o f  6 o r  7 t o  1 ,  r e g a r d l e s s  o f  v e l o c i t y .  My r e s u l t s  

a r e  i n  g e n e r a l  a g r e e m e n t  b u t  w i t h  a  l o w e r  r a t i o ,  2 t o  1 

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

a t e  i n  t h e  d a r k .  B o v b je r g  o b t a i n e d  l o w e r  r a t e s  o f  

movement t h a n  I  f o u n d  o v e r  f l o o r .  The movement o v e r  sand  

o r  g r a v e l  w hich  I  o b s e r v e d  i s  t o o  s l i g h t  f o r  such  compar­

i s o n s .  B o v b j e r g ' s  r e s u l t s  and  t h o s e  o f  t h e  p r e s e n t  s t u d y  

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

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

n o n - z e r o  v a l u e  t o  a n o t h e r .

B o v b je rg  u s e d  a n o t h e r  s e m i - a r t i f i c i a l  s t r e a m  f o r  

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

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

a g r e e m e n t .  My f lu m e  was more n e a r l y  l e v e l  t h a n  

B o v b ^ e r g ' s  t i l t e d  c h u t e  p o s i t i o n .  He f o u n d  t h a t  movement 

i n  s t i l l  w a t e r  was a p p r o x i m a t e l y  e q u a l  t o w a r d  b o t h  e n d s ,  

r e g a r d l e s s  on  w h e t h e r  t h e  c h u t e  was l e v e l  o r  t i l t e d .  In  

s t i l l . . w a t e r , -  on f l o o r ,  I  f o u n d  5 2 . 1 ^  moving i n  t h e  

u p s t r e a m  d i r e c t i o n  and. 4 7 . 9 ^  m oving  i n  t h e  d o w n s t ream  

d i r e c t i o n .  H i s  r e s u l t s  i n d i c a t e  t h a t  movement  i s  l e s s  

e x t e n s i v e  i n  s t i l l  t h a n  i n  moving  w a t e r ,  a  f i n d i n g  

s u p p o r t e d  by my r e s u l t s  a s  w e l l .  Thus b o t h  s t u d i e s  

i n d i c a t e  t h a t  movement o f  Campeloma i n  s t i l l  w a t e r  t e n d s  

t o  be s l o w e r  o r  l e s s  e x t e n s i v e  an d  n o n - d i r e c t i o n a l  

r e l a t i v e  t o  movement i n  f l o w i n g  w a t e r .  These  r e s u l t s  

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

A l l i s o n ' s  c o n c l u s i o n  t h a t  Camneloma move a t  r andom  i n  

s t r e a m s .

B o v b j e r g ' s  r e l e a s e  and  r e c a p t u r e  e x p e r i m e n t  was 

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

c o r r o b o r a t e  t h e  s t r o n g  p o s i t i v e  r h e o t a x i s  f o u n c T i n  t h e  

s e m i - a r t i f i c i a l  f lu m e  e x p e r i m e n t s ,  l i t t l e  more  t h a n  t h i s  

can  be s a i d .  The e n v i r o n m e n t a l  c o n d i t i o n s ,  i n c l u d i n g  

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

t h e  h a b i t a t  i s  d e s c r i b e d  m e r e l y  a s  "a  c h a r a c t e r i s t i c  

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

p r o b a b l y  n o t  m e a s u r e d ,  t h e s e  a r e  n a t u r a l  c o n d i t i o n s  a t  a
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selected place and period of time and thus the results 
can he taken as representative of the movements of the 
snails in a natural habitat. But to say very much at. all 
about the influence of current, substrate, and other 
factors on the movements of the snails requires a better 
understanding of the nature of these factors. Once 
again, no investigation was made of the influence of 
light on the movements of the snails.

Bovbjerg's experiments testing the reactions of the 
snails to a barrier to upstream movement repeat the 
findings of strong positive rheotaxis. They also demon­
strate that aggregations may be formed as a result of 
such barriers. It’s interesting to note that in each 
experiment two snails managed to pass the barrier and 
continue upstream movement. More may have done so in a 
similar experiment of longer duration. Details of the 
prevailing conditions are lacking, including current 
velocity and substrate type information.

A controversy, acknowledged by Bovbjerg, is set up 
by a comparison of his results with those of Allison. 
Allison, it will be remembered, found that Campeloma 
moves at random with respect to the direction of water 
flow. Bovbjerg found that Campeloma exhibit movement 
oriented against the current and move randomly only in 
the absence of a current. It is an objective of the 
present study to make a contribution toward the
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r e s o l u t i o n ,  o f  t h i s  c o n t r o v e r s y  a n d ,  i n  so d o i n g ,  p r o v i d e  

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

s n a i l s  a s  e x h i b i t e d  by t h e i r  movements  and  d i s t r i b u t i o n .
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DISCUSSION AID CONCLUSIONS

One o f  t h e  f i r m e s t  c o n c l u s i o n s  t o  he drawn f ro m  t h e  

p r e s e n t  s t u d y  i s  t h a t  b u r ro w in g  i s  t h e  p r e v a l e n t ,  n e a r l y  

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

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

c o n d i t i o n  c o m b i n a t i o n  i s  b e i n g  a p p l i e d .  Sand i s  t h e  o n ly  

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

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

s i z e  r a n g e  s e l e c t e d  f o r  g r a v e l  i s  to o  c o a r s e  f o r  b u r ro w ­

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

i n t o  p o c k e t s  o f  r e l a t i v e  s h e l t e r .  E x a m in a t io n  o f  t h e  

r e s u l t s  f o r  movement on s an d  r e v e a l s  t h a t  t h e  means f o r  

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

f ro m  0 , 3  cm t o  0 . 7  cm, i n c l u d i n g  a l l  c o m b i n a t i o n s  o f  

c u r r e n t  and  l i g h t  c o n d i t i o n s .  The maximum mean, 0 . 7  cm, 

i s  l e s s  t h a n  one t h i r d  t h e  l o w e r  l i m i t  f o r  s h e l l  h e i g h t  

o f  th e  s p e c im e n s  t e s t e d .  C l e a r l y ,  t h i s  i s  e x t r e m e l y  

s l i g h t  movement f o r  t h i s  a n i m a l .  At t h e  s t a r t  o f  t e s t s  

c o n d u c t e d  i n  t h e  l i g h t ,  s i x  o r  s ev en  o r  u s u a l l y  a l l  e i g h t  

o f  t h e  s n a i l s  were o b s e r v e d  t o  b e g i n  b u r ro w in g  i n t o  t h e  

sand  a t  o r  w i t h i n  a c e n t i m e t e r  o f  t h e i r  s t a r t i n g  p o s i ­

t i o n s .  The s n a i l s  a p p e a r e d  t o  bu r row  a l i t t l e  more 

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

c u r r e n t  v e l o c i t y  h a d  no a p p a r e n t  e f f e c t  on t h e i r  movement
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on sand. The close similarity between final positions 
in the light and in the dark indicates that light condi­
tion had no apparent effect either. Of course, movement 
and burrowing in the dark were not directly observed but 
at the end of a test run, regardless of the light condi­
tion used, the snails were typically found partially or 
completely burrowed beneath the surface of the sand in an 
area within one centimeter, horizontally, of their 
respective starting positions. There was no observed 
tendency to return to the surface of the sand after a 
period of being buried or to move any appreciable dis­
tance (such as two or three centimeters) through the 
sand. Although this lack of movement is disappointing 
in that it fails to allow any comparisons among the 
effects of current velocities or light conditions, it 
provides support for the conclusion that Campeloma is 
indeed a burrowing snail and that when moving onto a 
penetrable substrate it will typically burrow. This is 
an important conclusion with valuable implications for 
the movements and distribution of Campeloma under natural 
stream conditions.

Campeloma h a s  b e e n  d e s c r i b e d  a s  a b u r ro w in g  s n a i l  

( A l l i s o n ,  1942;  B a k e r ,  P .  C . , 1911;  B a k e r ,  H. B . , 1922 ;  

C le n c h ,  1962 ;  Harman,  1972;  Harman and  B e rg ,  1971 ;  v a n  

d e r  S c h a l i e ,  1965)  and  i s  u s u a l l y  f o u n d  b u r i e d  i n  a 

p e n e t r a b l e  s u b s t r a t e  ( T a b l e  3 ) . .  The e v i d e n c e  i n d i c a t e s
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that silt-sand-mud substrates are the preferred habitats 
of this snail. Individuals can be expected to be found 
primarily or exclusively in such habitats within streams. 
Once situated in such habitats, the snails might be 
expected to exhibit little movement as long as chemical 
and physical conditions remain within tolerable ranges 
and the effects of predation or parasitism are not great. 
The food supply should usually be adequate. Campeloma 
showed little movement over sand in the 30-minute test 
runs and in pilot tests lasting up to six hours. The 
Campeloma tested by Shelford (1914-) moved extensively 
over the exposed floor of the artificial stream device 
but, when placed on a sand substrate, soon burrowed and 
remained stationary. From both laboratory and field 
observations, Cummins and Lauff (1969) conclude that many 
species of stream benthos exhibit habitat selection 
primarily on the basis of substrate particle size and/or 
food supply. Harman (1972) reaches much the same conclu­
sion pertaining specifically to freshwater mollusks.
These conclusions imply that once an animal has reached 
and selected a microhabitat through movement, it will be 
likely to remain within that microhabitat at least as 
long as environmental conditions are stable and there is 
no internal change leading to further migration. This 
seems to be characteristic behavior for Campeloma. Bven 
with the extreme changes in current velocity and light
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c o n d i t i o n  a p p l i e d  i n  t h e  p r e s e n t  s t u d y ,  t h e  s n a i l s  

e x h i b i t e d  t h e  same b e h a v i o r  o f  b u r r o w i n g  and  r e m a i n i n g  i n  

p l a c e .  ?■.. C. Baker- ( T 9 l3 b )  d e s c r i b e s  t h e  Campeloma o f  

O n e id a  Lake ,  New York a s  b e i n g  " c o n f i n e d  t o  r e s t r i c t e d  

a r e a s "  o f  s a n d  o r  c l a y  s u b s t r a t e s .  A l l i s o n  (194-2) fo u n d  

t h a t  h i s  b a i t  t r a p s  w ere  i n e f f e c t i v e  i n  l a k e s  and  s u g ­

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

c i e n t  f o o d  t o  " n u l l i f y  t h e  e f f e c t s  o f  fo o d  c o n c e n t r a t e d  

a t  t r a p s " ,  i n d i c a t i n g  t h a t  Campeloma i n  a  f o o d - r i c h  

m i c r o h a b i t a t  show l i t t l e  movement .  B o v tg e rg  (1952)  

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

a r e a s  o f  t h e  s t r e a m ,  a r e a s  c h a r a c t e r i z e d  by f i n e  s u b ­

s t r a t e s ,  low  c u r r e n t  v e l o c i t y ,  and  c o n c e n t r a t i o n  o f  

d e t r i t u s .  I  h a v e  o b s e r v e d  t h e  same s i t u a t i o n  on num erous  

o c c a s i o n s .  These  o b s e r v a t i o n s  i n d i c a t e  t h a t  s u c h  m i c r o ­

h a b i t a t s  t e n d  t o  r e t a i n  i n d i v i d u a l s  which  h a v e  r e a c h e d  

th em .  3 o v b g e r g  (1952)  a l s o  o b s e r v e d  a g g r e g a t i o n s  o f  

Campeloma d o w n s t ream  f ro m  a p p a r e n t  b a r r i e r s  t o  u p s t r e a m  

movement .  T h i s  i s  a  s i t u a t i o n  w h ic h  h a s  a l s o  b e e n  

f r e q u e n t l y  o b s e r v e d  by m y s e l f  a n d  o t h e r  i n v e s t i g a t o r s .

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

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

q u e s t i o n  a r i s e s  a s  t o  w h e t h e r  t h e  a g g r e g a t i o n  ( an d  h e n c e  

a l a c k  o f  movement)  i s  due p r i m a r i l y  t o  t h e  i n s u r m o u n t a ­

b i l i t y  o f  t h e  b a r r i e r  i t s e l f  o r  t o  t h e  f a v o r a b i l i t y  o f  

t h e  m i c r o h a b i t a t  c r e a t e d  by t h e  b a r r i e r .  Schmid
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( p e r s o n a l  c o m m u n ic a t io n )  f a v o r s  t h e  l a t t e r  v i e w p o i n t .  

B o v b je r g  (1 9 5 2 )  h i m s e l f  o f f e r s  t h e  s e l f - c o n t r a d i c t o r y  

e x p l a n a t i o n  t h a t  " t h e  c l u e  a p p e a r s  t o  be i n  t h e  b u r r o w in g  

h a b i t .  I n  t h e  s t r e a m  and c h u t e  t h e  a n i m a l s  a c c u m u l a t e d  

i n  t h e  g r a v e l  s u b s t r a t u m  b e lo w  t h e  b l o c k ,  u n a b l e  t o  

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

f e a t u r e  o f  t h e  a n i m a l s ’ b e h a v i o r  a c c o u n t s  f o r  i t s  r e l a ­

t i v e  i n a b i l i t y  t o  n e g o t i a t e  r a p i d s . "  The q u e s t i o n  

r e m a i n s  a s  t o  w h e t h e r  th e  s n a i l s  f a i l  t o  p a s s  a  b a r r i e r  

b e c a u s e  t h e y  a r e  p h y s i c a l l y  u n a b l e  t o  do so o r  b e c a u s e  

t h e y  d o n ’ t  ev en  a t t e m p t  t o  do so ( b e h a v i o r a l l y  u n l i k e l y  

to  do s o ) .

I n  a d d i t i o n  t o  and  ac co m p a n y in g  t h e s e  i n d i c a t i o n s  o f  

a  l a c k  o f  movement t h e r e  a r e  i n d i c a t i o n s  o f  f r e q u e n t  and 

e x t e n s i v e  movement b o t h  w i t h i n  a  s u i t a b l e  m i c r o h a b i t a t  

and b e t w e e n  s u i t a b l e  m i c r o h a b i t a t s .  G iven  s u f f i c i e n t  

t i m e ,  t h e  Campeloma w hich  I  t e s t e d  on s a n d ,  a s  w e l l  a s  

t h o s e  t e s t e d  on sand  by S h e l f o r d  ( 1 9 1 4 ) ,  may h a v e  shown 

c o n s i d e r a b l y  more e x t e n s i v e  m ovement .  S n a i l s  m a i n t a i n e d  

i n  t h e  h o l d i n g  t a n k s  and  t h o s e  k e p t  i n  a q u a r i a  w i t h  

s u b s t r a t e  c o l l e c t e d  f rom a  s t r e a m  b e d  b o t h  e x h i b i t e d  more 

movement t h a n  was shown i n  t e s t s  on s a n d  i n  t h e  f l u m e .

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

moving w i t h i n  w ha t  a p p e a r e d  t o  be a  u n i f o r m  m i c r o h a b i t a t .  

I n  a  m a t t e r  o f  d a y s  and s o m e t im e s  h o u r s  t h e r e  a r e  o f t e n  

n o t i c e a b l e  c h a n g e s  i n  d e n s i t i e s  f ro m  p l a c e  to  p l a c e
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■within a suitable microhabitat. The very fact that bait 
traps work is an indication of frequent movement within a 
microhabitat and an indication that variation in food 
concentrations may be an influential factor. My own 
observations on this matter are corroborated by those of 
Allison (1942) and Shoemaker (1961). Bovbjsrg (1952) 
observed steady and extensive upstream movement over 
substrates which the snails apparently could penetrate, 
although it's not clear just how penetrable or how 
suitable as aicrohabitats those substrates were. Medcof 
(1940) observed frequent movement within what*was appar­
ently a suitable microhabitat in a mill pond. The 
Campeloma were concentrated in a band around the pond 
which represented a depth range of less than one inch to 
about one foot. The snails remained within this depth 
range in spite of frequent rapid fluctuations in water 
level brought about by operation of the mill. "In some 
cases they were observed to travel as much as 12 ft. 
overnight in places where the beach sloped gently."

There is ample evidence that Campeloma travels 
between, as well as within, favorable microhabitats. 
Active dispersal by upstream movement is by far the most 
feasible explanation of observed distributions of 
Campeloma in streams and watersheds. "Migration through 
the water is a major means of natural dispersal for all 
fresh-water mollusks and it is the only important means
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f o r  t h e  g i l l - b r e a t h i n g  p ro  s o b r a n c h  s n a i l s "  (Harman and 

B e r g ,  1 9 7 0 ) .  I n  s m a l l  s t r e a m s  s u c h  a s  M i l l  C reek ,  

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

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

h o s t i l e  ( t o  Campeloma) r i f f l e  e n v i r o n m e n t s .  The s n a i l s  

a r e  fo u n d  i n  l o c a t i o n s  many k i l o m e t e r s  and  numerous  

r i f f l e  s e c t i o n s  and b a r r i e r s  u p s t r e a m  f ro m  t h e i r  p re sum ed  

o r i g i n a l  s o u r c e ,  i n  t h i s  c a s e  t h e  Grand R i v e r .  To 

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

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

a r e a s  where e n v i r o n m e n t a l  c o n d i t i o n s  a r e  m a r k e d ly  l e s s  

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

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

t h e i r  g ro w th  and r e p r o d u c t i o n .  T h i s  m u s t  o c c u r  r e p e a t ­

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

b a c k s  a f f o r d e d  by d r i f t ,  w h ich  may be c o n s i d e r a b l e  

d u r i n g  s p a t e s .  C o l o n i e s  o f  Campeloma may be r e d u c e d  o r  

a b s e n t  f rom  a s i t e  f ro m  one y e a r  t o  t h e  n e x t  and t h i s  may 

o f t e n  be a t t r i b u t e d  t o  r e m o v a l  by s p a t e s  (A n d e r s o n ,  1966;  

v a n  d e r  S c h a l i e ,  1 9 6 5 ) .  F i e l d  o b s e r v a t i o n s  p r o v i d e  

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

s t r e a m s  move l o n g  d i s t a n c e s  and  b e tw e e n  t h e  more f a v o r ­

a b l e  m i c r o h a b i t a t s .  G o o d r ic h  (1932)  n o t e s  t h a t  i n  t h e  

Huron R i v e r ,  Campeloma can  be f o u n d  among p l a n t s  i n  f a s t  

w a t e r  a l o n g  t h e  b a n k s  i n  t h e  s p r i n g  b u t  " l a t e r  i n  t h e  

y e a r ,  su ch  s i t u a t i o n s  a r e  a p p a r e n t l y  ab an d o n ed  f o r
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muddier localities". S..3.. Baker. (1922) found C. 
decisum buried in pockets of sand scattered about on a 
rocky river bed. The distribution of C. decisum in the 
section of Dickerson Creek studied by 3ovb;)erg (1952) is 
suggestive of considerable upstream movement, including 
passage through sub-optimal microhabitats. The snails 
appear to have surmounted two rapids-barriers within the 
section studied and a few were directly observed to 
surmount rapids created in a chute. Indeed, field 
observations also provide direct evidence that lotic 
Campeloma travel long distances and pass through margin­
ally favorable and unfavorable microhabitats. The 
closest and most detailed of such observations are those 
of 3ovbjerg (1952). He noted extensive upstream movement 
by nearly all the individuals examined at lower and 
higher current velocities and in and out of experimental 
chutes. On the basis of his observations, Bovb^erg 
(1952) reaches the conclusion that observed distributions 
of Campeloma in streams can be adequately explained by 
migration through the water. He states that "barring 
setbacks by spring flood waters, which undoubtedly occur, 
C. decisum is able to rapidly populate a stream. This 
could occur after chance introduction into an established 
stream, or by slowly pushing up tributaries with the 
developing drainage patterns over a long period of 
physiographic history. It should be noted that the few
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i n d i v i d u a l s  a b l e  t o  p a s s  a  b a r r i e r  wou ld  h a v e  l i t t l e  

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

s t r e a m . "  F .  ■ C . , B ak e r .  ( 1928b.) d i r e c t l y  o b s e r v e d  l o n g  

d i s t a n c e  movement by Campeloma. When a  number  o f  c r e e k s  

w ere  t r a n s f o r m e d  i n t o  l a k e s  by t h e  b u i l d i n g  o f  a  dam, 

many o f  t h e  Campeloma t r a v e l e d  two to  t h r e e  m i l e s  o r  more 

u p s t r e a m  i n t o  u n c h a n g e d  s t r e a m  s e c t i o n s .  Van C leave  

(1934)  n o t e d  t h a t  l o c a l  e x t e r m i n a t i o n s  o f  V i v i p a r u s  by 

p o l l u t i o n  i n  t h e  I l l i n o i s  R i v e r  w ere  f o l l o w e d  by r e p o p u ­

l a t i o n  f ro m  any  r e m a i n i n g  i n d i v i d u a l s  o r  u p s t r e a m  move­

m en t  f ro m  c o l o n i e s  i n  c l e a n e r  w a t e r .  The same p r o c e s s  

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

Campeloma. w h ic h  were  a l s o  p r e s e n t .

So i t  can  be s e e n  t h a t ,  a l t h o u g h  b u r r o w i n g  i s  t h e  

p r e v a l e n t ,  n e a r l y  u n i v e r s a l  r e s p o n s e  t o  a  p e n e t r a b l e  

s u b s t r a t e ,  a s  i n d i c a t e d  by my e x p e r i m e n t a l  e v i d e n c e  and  

t h a t  o f  S h e l f o r d  (1 9 1 4 )  a s  w e l l  a s  by t h e  f i e l d  o b s e r v a ­

t i o n s  o f  num erous  i n v e s t i g a t o r s  and  m y s e l f ,  movement d o e s  

t a k e  p l a c e  b o t h  w i t h i n  a n d  be tw een :  a r e a s  o f  p e n e t r a b l e  

s u b s t r a t e .  Whenever  Campeloma e x h i b i t s  su ch  m ovem ent ,  i t  

d o e s  so u n d e r  t h e  com bined  i n f l u e n c e s  o f  e n v i r o n m e n t a l  

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

c u r r e n t  v e l o c i t y ,  and  f o o d  s u p p l y .  F u r t h e r m o r e ,  t h e  

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

l i g h t  h a s  an i m p o r t a n t  i n f l u e n c e  on movement and one 

w h ic h  h a s  b e e n  g e n e r a l l y  i g n o r e d  i n  t h e  c a s e  o f
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Campeloma. I t  i s  t h e  p r i m a r y  o b j e c t i v e  o f  t h i s  s t u d y  t o  

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

v e l o c i t y ,  and  l i g h t  on t h e  movement and d i s t r i b u t i o n  o f  

C. d e c i s u m . A l th o u g h  i t  may be  c o n c l u d e d  t h a t  t h e  s n a i l s  

t y p i c a l l y  b u r ro w  upon  e n c o u n t e r i n g  a  p e n e t r a b l e  s u b -  , 

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

move a g a i n .  B o th  c o n c l u s i o n s ,  w i t h  a l l  t h e i r  r a m i f i c a ­

t i o n s ,  m us t  be t a k e n  i n t o  a c c o u n t  t o  o b t a i n  a  com prehen­

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

any  p o i n t  i n  sp a c e  and  t i m e .

The seco n d  m a j o r  c o n c l u s i o n  w h ich  I  h a v e  r e a c h e d  i s  

t h a t  t h e  r a t e  o f  movement  o v e r  an  i m p e n e t r a b l e  s u b s t r a t e  

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

i s  s t e a d i e r  and  more r a p i d  o v e r  a  smooth  s u r f a c e  t h a n  

o v e r  a  more r u g g e d  o n e .  T h i s  c o n c l u s i o n  h a s  l o g i c a l  

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

s h o u l d  r e q u i r e  more t i m e  and e n e r g y  t o  t r a v e r s e  t h a n  any  

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

more i m p o r t a n t  f a c t o r  may be o p e r a t i n g  i n  t h e  c a s e  o f  

Campeloma. The p o c k e t s  o f  r e l a t i v e  s h e l t e r  f ro m  c u r r e n t  

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

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

i n  a p e n e t r a b l e  s u b s t r a t e .

I  am aw are  o f  o n l y  one c o m p a r a b le  s t u d y  i n v o l v i n g  

g a s t r o p o d s  w h ic h  b e a r s  on t h i s  c o n c l u s i o n .  Moore (1964)  

f o u n d  t h a t  S t a g n i c o l a  p a l u s t r i s  and P h y s a  p r o p l n q u a
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t e s t e d  i n  an a r t i f i c i a l  s t r e a m  d i f f e r e d  i n  t h e i r  a b i l i t y  

t o  r e m a i n  a t t a c h e d  t o  v a r i o u s  s u b s t r a t e s .  D i s lo d g e m e n t  

by c u r r e n t  o c c u r r e d ,  i n  d e c r e a s i n g  m a g n i t u d e ,  on s a n d ,  

c l a y ,  c a l i c h e  r o c k ,  p l e x i g l a s s  ( t h e  f lu m e  f l o o r ) ,  p ea  

g r a v e l ,  and  b a s a l t  r o c k .  Thus t h e  a b i l i t y  t o  r e m a in  

a t t a c h e d  d ep en d ed  upon  t h e  s t a b i l i t y  and s l i p p e r i n e s s  o f  

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

The two i m p e n e t r a b l e  s u b s t r a t e s  u s e d  i n  t h e  p r e s e n t  

s tu d y  were f l o o r  and  g r a v e l ,  f l o o r  p r e s e n t e d  an  e x t r e m e ­

l y  smooth and u n i f o r m  s u r f a c e  w h e r e a s  g r a v e l ,  a l t h o u g h  i t  

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

g r e a t e r  t h a n  t h e  maximum s h e l l  h e i g h t  o f  t h e  t e s t e d  

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

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

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

movement on g r a v e l  was n o n e t h e l e s s  n e g l i g i b l e .  Mean 

t e r m i n a l  d i s t a n c e s  f o r  movement on g r a v e l  r a n g e d  f ro m  0 . 7  

cm to  2 . 4  cm. T h i s  com pares  t o  mean t e r m i n a l  d i s t a n c e s  

r a n g i n g  f ro m  1 9 . 0  cm t o  4 1 . 4  cm on f l o o r .

The d i s c r e p e n c y  b e tw e en  movement on g r a v e l  and  f l o o r  

seems to o  g r e a t  t o  be e x p l a i n e d  s o l e l y  by t h e  d i f f e r e n c e  

i n  ea se  o f  t r a v e l  o v e r  t h e  two d i s s i m i l a r  s u r f a c e s .  In  

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

u n q u e s t i o n a b l y  c a p a b l e  o f  t r a v e l i n g  more t h a n  one o r  two 

c e n t i m e t e r s  o v e r  i t  i n  30 m i n u t e s  t i m e .  And, i n d e e d ,  

d u r i n g  t e s t  r u n s  on g r a v e l  i n  t h e  l i g h t ,  t h e  s n a i l s
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r a r e l y  e x h i b i t e d  c o n t i n u o u s  movement f o r  t h e  f u l l  t e s t  

p e r i o d .  They t e n d e d  r a t h e r  t o  move f ro m  t h e i r  s t a r t i n g  

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

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

i n  such  a d e p r e s s i o n ,  a n  i n d i v i d u a l  t y p i c a l l y  r e m a i n e d  

t h e r e  f o r  t h e  d u r a t i o n  o f  t h e  t e s t .

I  b e l i e v e  t h a t  t h e  b e s t  e x p l a n a t i o n  f o r  t h i s  b e h a v ­

i o r  i s  t h a t  t h e  s n a i l s ,  s e e k i n g  s h e l t e r  b u t  b e i n g  u n a b l e  

t o  b u r ro w ,  a r e  u t i l i z i n g  w h a t e v e r  s h e l t e r  t h e y  e n c o u n t e r .  

The b e h a v i o r  i s  one o f  s h e l t e r - s e e k i n g  and t h e  d e p r e s - . . 

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

s h e l t e r  p r o v i d e d  by b u r r o w i n g .  'This may a l s o  a c c o u n t  f o r  

t h e  e x t e n s i v e  movement  o v e r  f l o o r ;  no s h e l t e r  i s  a v a i l a ­

b l e  and movement,  t h e r e f o r e ,  i s  c o n t i n u o u s .  A c c o r d in g  t o  

C a r th y  ( 1 9 5 3 ) ,  i n  t h e  s e a r c h  f o r  s u i t a b l e  m i c r o h a b i t a t  

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

c o n d i t i o n s  w i l l  be s a t i s f a c t o r y .  S h a d in g ,  p r o t e c t i o n  

f rom  t h e  d i r e c t  f o r c e  o f  t h e  c u r r e n t ,  and  c o n c e n t r a t i o n s  

o f  f o o d  w ou ld  a l l  be o p t i m a l  i n  t h e  p o c k e t s  o f  g r a v e l  i n  

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

p e n e t r a b l e  s u b s t r a t e .

The b u r r o w i n g  h a b i t  o f  Campeloma may make i t  u n i q u e  

among l o t i c  g a s t r o p o d s  i n  r e s p e c t  t o  movement f o r  f e e d i n g  

p u r p o s e s .  S c o t t  (1 966)  f o u n d  t h a t  t h e  p r o s o b r a n c h  

g a s t r o p o d  P o ta m o p y rg u s  b a d i a  p r e f e r r e d  sm o o th ,  e x p o s e d  

s u r f a c e s  on t h e  s t r e a m  b o t t o m .  " I t  i s  s u g g e s t e d  t h a t
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t r a v e l  o v e r  c o a r s e  sand  and f i n e  g r a v e l  •would r e s u l t  i n  

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

an d  d e t r i t u s .  On t h e  o t h e r  h an d  t r a v e l  a c r o s s  a  l a r g e  

smooth  s u r f a c e  would p e r m i t  c o n t i n u o u s  f e e d i n g . "

Campeloma a p p e a r s  t o  he a b l e  t o  f e e d  w h i l e  s t a t i o n a r y .  

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

i n  a  g r a v e l  s u r f a c e  p o c k e t  w here  d e t r i t u s  i s  l i k e l y  t o  

a c c u m u l a t e  seem much more a d v a n t a g e o u s  t o  Campeloma t h a n  

c o n t i n u o u s  movement.

My t h i r d  ma^or  c o n c l u s i o n  i s  t h a t  movement  i n  

s t a n d i n g  o r  s l o w l y  f l o w i n g  w a t e r  i s  e i t h e r  a t  random o r  

d i r e c t e d  to w a r d  f o o d  c o n c e n t r a t i o n s  w i t h  g r a v i t y ,  a m b ie n t  

l i g h t  i n t e n s i t y ,  and  any' c u r r e n t  v e l o c i t y  h a v i n g  l i t t l e  

o r  no i n f l u e n c e .  On t h e  b a s i s  o f  t h e  p r e s e n t  s t u d y ,  I  

w i l l  d e f i n e  s lo w ly  f l o w i n g  w a t e r  a s  m oving  a t  a  v e l o c i t y  

o f  8 c m /se c  o r  l e s s  w i t h i n  3 cm o f  t h e  s u b s t r a t e  s u r f a c e .  

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

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

s h e l t e r e d  a r e a s  of  s t r e a m s .

R e l e v a n t  e v i d e n c e  f ro m  t h e  p r e s e n t  s t u d y  i s  d raw n 

e x c l u s i v e l y  f r o m  t h e  r e s u l t s  f o r  movement o v e r  f l o o r .

T h i s  i s  b e c a u s e  movements  o v e r  s a n d  and  g r a v e l  w ere  t o o  

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

The much more e x t e n s i v e  movement o v e r  f l o o r  p e r m i t s  

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

c u r r e n t  v e l o c i t y  and  l i g h t  c o n d i t i o n s .  As a n  i n d i v i d u a l
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s n a i l  moves o v e r  t h e  f l o o r ,  i t  d o e s  so a t  a  r a t e  and  i n  a  

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

v e l o c i t y  and  l i g h t .  L i k e w i s e ,  an i n d i v i d u a l  moving o v e r  

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

s u b s t r a t e  i t  may b e ,  w i l l  a l s o  move i n  a  d i r e c t i o n  and a t  

a  r a t e  i n f l u e n c e d  by such  e n v i r o n m e n t a l  f a c t o r s  a s  

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

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

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

f ro m  w h ic h  t h e  m o s t  u s e f u l  i n f o r m a t i o n  c o n c e r n i n g  move­

m ent  can  be o b t a i n e d .  As t h e  d i s c u s s i o n  o f  my p r e v i o u s  

two m a j o r  c o n c l u s i o n s  i n d i c a t e s ,  t h e  r e l a t i v e  l a c k  o f  

movement e x h i b i t e d  on sand  o r  g r a v e l  i s ,  i n  i t s e l f ,  o f  

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

b e h a v i o r  o f  t h e  s n a i l s .  However ,  more  e x t e n s i v e  movement 

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

i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r s .

The r e s u l t s  f ro m  t e s t s  i n  s t i l l  w a t e r  and  on f l o o r  

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

l o c a t i o n  i n  b o t h  l i g h t  an d  d a r k  was  w i t h i n  2 . 5  cm o f  t h e  

s t a r t i n g  l i n e  ( T a b l e  1 8 ) .  Mean t e r m i n a l  d i s t a n c e  was 

2 4 . 4  cm i n  t h e  l i g h t  and  1 9 . 0  cm i n  t h e  d a r k .  These 

f a c t s  i n d i c a t e  t h a t  a l t h o u g h  movement  was e x t e n s i v e  i n  

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

do w n s t rea m  i n  e i t h e r  l i g h t  o r  d a r k .  The s n a i l s  moved 

e s s e n t i a l l y  a t  r andom ,  w i t h o u t  any i n d i c a t i o n  o f
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i n f l u e n c e  by l i g h t  c o n d i t i o n  o r  g r a v i t y .  The means f o r  

p e r c e n t a g e s  o f  i n d i v i d u a l s  moving u p s t r e a m ,  d o w n s t re am ,  

o r  n o t  moving l e n d  some f u r t h e r  s u p p o r t  t o  t h i s  c o n c l u ­

s i o n .  I n  t h e  l i g h t ,  n e a r l y  t h e  same p e r c e n t a g e  moved 

u p s t r e a m  a s  d o w n s t ream  w i t h  none f a i l i n g  t o  move.  I n  t h e  

d a r k ,  h o w e v e r ,  6.3% o f  t h e  s n a i l s  f a i l e d  t o  move and . 

a b o u t  t w o - t h i r d s  moved d o w n s t re a m .  These  l a s t  r e s u l t s  

a r e  t h e  o n ly  o n e s  i n c o n s i s t e n t  w i t h  t h e  c o n c l u s i o n  t h a t  

l i g h t  and  g r a v i t y  h a v e  l i t t l e  o r  no i n f l u e n c e  on t h e  

d i r e c t i o n  o f  movement i n  s t i l l  w a t e r .  Of c o u r s e ,  f o o d  

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

I n  l a b o r a t o r y  s t u d i e s  c o n d u c t e d  i n  s t i l l  w a t e r ,

S h e l f o r d  (1914-) a l s o  o b s e r v e d  Campeloma moving i n  a 

random f a s h i o n .  I n d i v i d u a l s  o f  t h e  s p e c i e s  Campeloma 

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

w a n d e re d  a r o u n d  i n  t h e  t e s t  a r e a  u n t i l  t h e y  b u r ro w e d  i n  a  

s an d  s u b s t r a t e .  C. s u b s o l i d u m  t e s t e d  f o r  r e a c t i o n  t o  a  

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

i n a c t i v e .  I n  h i s  c u r r e n t  r e a c t i o n  t e s t s ,  S h e l f  o r d  (1914-) 

r e c o r d e d  o r i e n t a t i o n  an d  n o t  movement  b u t  h i s  r e s u l t s ,  

d e s c r i b e d  e a r l i e r ,  s t i l l  m e r i t  a  r e v i e w  h e r e .  I n  a 

c u r r e n t  v e l o c i t y  r a n g e  o f  4  t o  6 c m /s e c ,  w h ich  I  h a v e  

d e f i n e d  a s  s lo w ly  m oving w a t e r ,  50% o f  t h e  i n d i v i d u a l s  

showed a  p o s i t i v e  o r i e n t a t i o n  and  t h e  o t h e r  50% showed a 

n e g a t i v e  o r  i n d i f f e r e n t  r e a c t i o n  o r  no a c t i v i t y .  With  an 

i n c r e a s e  i n  v e l o c i t y  t o  10 t o  12 c m /s e c ,  8 0 % o f  t h e
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i n d i v i d u a l s  o r i e n t e d  p o s i t i v e l y  and 2 0 % showed no a c t i v i ­

t y .  So, i n  t e r m s  o f  o r i e n t a t i o n  o n l y ,  S h e l f o r d  (1914)  

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

s lo w ly  moving w a t e r  t h a n  by a  more r a p i d  f l o w .

As m e n t io n e d  e a r l i e r ,  A l l i s o n  (1 9 4 2 )  and  B o v b je r g  

(1952)  d i s a g r e e  c o n c e r n i n g  t h e  r h e o t a c t i c  r e s p o n s e s

Campeloma. A l l i s o n  (1 942)  o b s e r v e d  t h e  s n a i l s  moving 

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

t h a t  t h e y  move a t  r andom .  U n f o r t u n a t e l y ,  he  p r o v i d e d  no 

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

does  n o t  a p p e a r  to  h a v e  b e e n  v e r y  g r e a t .  B o v b je rg  

( 1 9 5 2 ) ,  h o w e v e r ,  r e p o r t s  a  h i g h  d e g r e e  o f  p o s i t i v e  

r h e o t a x i s  f o r  Campeloma d e c i su m  t e s t e d  i n  a  f lu m e  

p l a c e d  i n  a n a t u r a l  s t r e a m .  At 25 c m / s e c ,  a  mean o f  

a b o u t  85% o f  t h e  600 s n a i l s  t e s t e d  moved u p s t r e a m .  At 

5 c m / s e c ,  w i t h i n  my " s l o w l y  f l o w i n g  w a t e r "  r a n g e ,  a 

mean o f  n e a r l y  8 8 t  moved u p s t r e a m .  The l a t t e r  r e s u l t  i s  

i n  d i s a g r e e m e n t  w i t h  my c o n c l u s i o n .  However ,  Bovb;)erg 

(1952)  a l s o  t e s t e d  t h e  s n a i l s  f o r  g e o t a c t i c  r e s p o n s e  i n  

s t i l l  w a t e r  and  fo u n d  t h a t  n e a r l y  t h e  same number  o f  

s n a i l s  moved to w a r d  e a c h  end o f  b o t h  l e v e l  and  s l o p i n g  

f l u m e s .  He s t a t e s  t h a t  " t h e  t e n d e n c y  was a p p a r e n t l y  t o  

move r a ndom ly  n e a r  t h e  r e l e a s e  p o i n t " .  T h i s  c o r r o b o r a t e s  

my r e s u l t s  f o r  s t i l l  w a t e r  t e s t s  and i n d i c a t e s  t h a t  

g r a v i t y  h a s  l i t t l e  o r  no i n f l u e n c e  on t h e  d i r e c t i o n  o f  

movement.
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My r e s u l t s  and  t h o s e  j u s t  r e v i e w e d  p r o v i d e  c o n s i d e r -  

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

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

a l l  by g r a v i t y ,  a m b i e n t  l i g h t  i n t e n s i t y ,  an d  any  s l i g h t  

c u r r e n t  and  t h a t  movement u n d e r  su ch  c o n d i t i o n s  i s  a t  

r andom .  The p o s s i b i l i t y  o f  d i r e c t e d  movement u n d e r  t h e  

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

Movement i n  s t a n d i n g  o r  s lo w l y  f l o w i n g  w a t e r  may n o t  be 

a t  random b u t  r a t h e r  i n  a d i r e c t i o n  d e t e r m i n e d  by r e ­

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

n o t  t e s t e d  f o r  i n  my e x p e r i m e n t s  b u t  i t  m u s t  be c o n s i d ­

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

movements  and  d i s t r i b u t i o n  o f  Campeloma i n  s t r e a m s .

T he re  a r e  two t y p e s  o f  a n i m a l  movements  a c c o r d i n g  to  

t h e  s y s te m  o f  c l a s s i f i c a t i o n  dex^eloped by F r a e n k e l  and  

Gunn ( 1 9 6 1 ) .  These a r e  k i n e s e s  and  t a x e s .  " K i n e s e s  a r e  

d e f i n e d  a s  t h e  e f f e c t s  e x e r t e d  by s t i m u l i  on  t h e  r a t e  of  

r andom  movements"  ( S a v o r y ,  1 9 5 9 ) .  I f  t h e  e f f e c t  i s  

e x e r t e d  s i m p l y  on t h e  r a t e  o f  movement,  i t  i s  o r t h o k i n e ­

s i s .  I f  t h e  e f f e c t  i s  e x e r t e d  on t h e  r a t e  o f  ch ange  o f  

d i r e c t i o n  o f  movement,  i t  i s  k l i n o k i n e s i s .  " T a x e s ,  on 

t h e  o t h e r  h a n d ,  a r e  o r i e n t a t e d  movements  r e s u l t i n g  f ro m  

r e s p o n s e s  t o  t h e  d i r e c t i o n  f ro m  w h ic h  t h e  s t i m u l u s  

a r r i v e s "  ( S a v o r y ,  1 9 5 9 ) .  I  h y p o t h e s i z e  t h a t ,  i n  s t a n d i n g  

o r  s l o w l y  f l o w i n g  w a t e r ,  t h e  movements  o f  Campeloma i n  

n a t u r a l  s t r e a m s  may be c h a r a c t e r i z e d  a s  k l i n o k i n e s i s .
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Movement i s  a t  random  and  t h e  r a t e  o f  change  o f  d i r e c t i o n  

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

t r a t i o n s  o f  f o o d .  A c c o r d in g  t o  W e l l s  ( 1 9 6 8 ) ,  s c a v e n g i n g  

g a s t r o p o d s  e x h i b i t  k l i n o k i n e s i s  i n  s t i l l  w a t e r .  I n  more 

r a p i d l y  f l o w i n g  w a t e r ,  I  h y p o t h e s i z e  t h a t  t h e  movements  

o f  Campeloma a r e  t a x e s .  Movement i s  o r i e n t e d  a c c o r d i n g  

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

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

c o n c e n t r a t i o n s ,  t h e  movement  i s  a l s o  c h e m o t a x i s .  The 

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

t e r m i n e s  w h e t h e r  movement i s  k l i n o k i n e s i s  o r . c h e m o t a x i s .

There  i s  a  good b a s i s  f o r  a s s u m in g  t h a t  Campeloma 

h a s  t h e  s e n s o r y  c a p a c i t i e s  p r e r e q u i s i t e  to  su c h  b e h a v i o r .  

P r o s o b r a n c h s  p o s s e s s  o s p h r a d i a  ( C h a r l e s ,  1 9 6 4 ) .  The 

o s p h ra d iu m  i s  an  o r g a n  w h ich  h a s  b e e n  shown t o  be a  

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

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

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

a m b i e n t  w a t e r .  "The f u n c t i o n  o f  t h e  o s p h ra d iu m  a s  a 

d i s t a n c e  c h e a o r e c e p t o r  h a s  b e e n  d e m o n s t r a t e d  by b e h a v i o r ­

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

b asom m atophoran ' '  ( C h a r l e s ,  1 9 6 4 ) .  The o s h p ra d iu m  o f  

Campeloma can  be e x p e c t e d  t o  h a v e  s u c h  c a p a b i l i t i e s ,  

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

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

(Owen, 1 9 6 4 ) .
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^ o r  Ca-siPeloaa, k l i n o k i n e s i s  i n  r e s p o n s e  t o  f o o d  

s t i m u l i  ma.7 t a k e  p l a c e  a s  f o l l o w s :  A h u n g r y  s n a i l

moves a b o u t ,  e s s e n t i a l l y  a t  r andom ,  u n t i l  i t  s e n s e s  

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

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

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

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

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

I n  t h i s  m anner  t h e  s n a i l  e v e n t u a l l y  comes u p o n  t h e  

s o u r c e  o f  t h e  s t i m u l u s ;  t h e  f o o d .  C h em o tax is  i s  more 

d i r e c t .  The c u r r e n t  b e a r s  t h e  s t i m u l u s  d o w n s t re am  

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

d e v i a t i o n ,  no t h e  f o o d .  I t  i s  a p p a r e n t  t h a t  k l i n o k i n ­

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

I n  more  r a p i d l y  f l o w i n g  w a t e r ,  t h e  s n a i l  h a s  no c o n ­

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

d o w n s t re am  o r  ev e n  a c r o s s  t h e  s t r e a m  f ro m  i t s  p c s i ­

m ia n .

N e i t h e r  k l i n o k i n e s i s  n o r  c h e m o t a x i s  i n  r e s p o n s e  t o  

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

However ,  t h e r e  i s  a t  l e a s t  one. r e p o r t  i n v o l v i n g  o t h e r  

s p e c i e s  w h ic h  seems p a r t i c u l a r l y  r e l e v a n t .  Cope land  

(1 9 1 8 )  i n v e s t i g a t e d  t h e  o l f a c t o r y  r e a c t i o n s  o f  t h e  

m a r i n e  w h e l k s  A l e c t r l o n  o b s o l e t a  and  Busycon 

c a n a l i c u l a t u m . Both  s p e c i e s  a r e  p r o s o b r a n c h s , b o t h  a r e  

s c a v e n g e r s ,  and  b o t h  b u r r o w  i n  t h e  s u b s t r a t e .  Both

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



s p e c i e s  p o s s e s s  a  s i p h o n ,  a n  e x t e n d e d  f o l d  o f  t h e  m a n t l e  

t h r o u g h  w hich  w a t e r  i s  drawn i n t o  t h e  m a n t l e  c a v i t y .  

Campeloma l a c k s  t h e  s i p h o n  b u t  t h i s  d i f f e r e n c e  s h o u ld  

o n l y  make Campeloma l e s s  e f f i c i e n t  i n  c h e m o r e c e p t i o n  t h a n  

t h e  w h e l k s .  T h e re  i s  no e s s e n t i a l  d i f f e r e n c e  i n  t h e  

m ech an ism s  i n v o l v e d .  Drawing f rom  h i s  e x t e n s i v e  i n v e s t i ­

g a t i o n s ,  C ope land  (1918)  p r o p o s e d  t h e  f o l l o w i n g  s c e n a r i o :

L e t  u s  assume t h a t  a  w h e lk  i s  c r a w l i n g  
o v e r  t h e  s e a  b o t to m  i n  t h e  v i c i n i t y  o f  a  dead  
f i s h .  Prom what  h a s  b e en  l e a r n e d  o f  i t s  
o l f a c t o r y  r e a c t i o n s  u n d e r  v a r i e d  c o n d i t i o n s ,  i t  
i s  p o s s i b l e  now t o  p i c t u r e  m e n t a l l y  t h e  move­
m e n ts  w h ic h  m us t  o f t e n  o c c u r  a f t e r  t h e  s n a i l  
s c e n t s  t h e  f o o d ,  and  t o  i n t e r p r e t  them w i t h  
some d e g r e e  o f  s u c c e s s .  As t h e  s n a i l  m oves,  
t h e  end o f  t h e  s i p h o n  i s  s h i f t e d  f ro m  one  s i d e  
t o  t h e  o t h e r ,  a l t h o u g h  t h e  f o o t  i s  c a r r y i n g  t h e  
a n i m a l  i n  a  s t r a i g h t  c o u r s e .  P e r h a p s  a s  t h e  
s ip h o n  i s  d i r e c t e d  l a t e r a l l y ,  i t  h a p p e n s  t o  
e n t e r  a  s t r e a m  o f  o d o r o u s  m a t e r i a l  s p r e a d i n g  o r  
d r i f t i n g  f ro m  t h e  f i s h ,  a  sam ple  o f  w h ic h  
p a s s e s  t o  t h e  o s p h ra d iu m  and s t i m u l a t e s  i t .
The e f f e c t  i s  s e e n  i n  t h e  f o o t  w h ich  b e g i n s  t o  
t u r n  i n  t h e  d i r e c t i o n  o f  t h e  o d o r .  The s i p h o n ,  
n e x t  d i r e c t e d  away,  f a i l s  t o  r e c e i v e  t h e  
s t i m u l a t i n g  s u b s t a n c e ,  b u t  on th e  r e t u r n  swing 
a g a i n  e n t e r s  i t ,  t h e  o s p h r a d iu m  i s  a g a i n  
s t i m u l a t e d  and  t h e  a n i m a l  moves i n t o  t h e  s t r e a m  
o f  o d o r o u s  m a t e r i a l ,  s w in g in g  i t s  s i p h o n  
v i g o r o u s l y .  The s n a i l  c o n t i n u e s  t u r n i n g  a s  
l o n g  a s  t h e  o s p h r a d i u m  i s  m o s t  s t r o n g l y  s t i m u ­
l a t e d  by m a t e r i a l s  coming t o  i t  f r o m  one s i d e  
o f  t h e  s i p h o n ' s  a x i a l  p o s i t i o n .  I t  may be s a i d  
t o  be o r i e n t e d  t o  t h e  o d o r  s t r e a m  when t h e  f o o t  
i s  s t r a i g h t e n e d  o u t ,  and  t h e  e f f e c t i v e  s t i m u ­
l a t i n g  s u b s t a n c e  i s  r e c e i v e d  by t h e  s ip h o n  i n  
i t s  a x i a l  p o s i t i o n ,  o r  when i t  i s  e q u a l i z e d  on 
b o t h  s i d e s  o f  t h a t  p o s i t i o n .  The s i p h o n  
c o n t i n u e s  c o n d u c t i n g  to  t h e  o s p h ra d iu m  s a m p le s  
o f  w a t e r  and  o d o r o u s  s u b s t a n c e  i n  c h a n g i n g  
c o n c e n t r a t i o n s  f ro m  th e  r e g i o n  t h r o u g h  w hich  i t  
moves;  s t i m u l a t i o n s  o f  t h e  o s p h ra d iu m  a r e  
f o l l o w e d  by f o o t  movements  w h ich  t a k e  t h e  s n a i l  
t o w a rd  t h e  p l a c e  where  t h e  s t r o n g e s t  •
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s t i m u l a t i n g  m a t e r i a l  e n t e r e d  t h e  s i p h o n ,  u n t i l  
s l o w ly  b u t  s u r e l y  t h e  a n i m a l  i s  d i r e c t e d  to  t h e  
s o u r c e  o f  t h e  s c e n t .

Campeloma, l a c k i n g  t h e  s i p h o n ,  wou ld  h ave  t o  make b o d i l y  

t u r n s  more o f t e n  t h a n  t h e  w h e lk s  b u t ,  e x c e p t  f o r  t h i s ,  i t  

m ig h t  w e l l  e x h i b i t  s i m i l a r  b e h a v i o r  u n d e r  s i m i l a r  c i r c u m ­

s t a n c e s .

I n  t h e  p r e c e d i n g  s e c t i o n  I  h a v e  a t t e m p t e d  t o  show 

t h a t  movement by Campeloma i n  s t a n d i n g  o r  s l o w l y  f l o w i n g  

w a t e r  i s  e i t h e r  a t  random o r  i s  d i r e c t e d  to w a r d  c o n c e n ­

t r a t i o n s  o f  f o o d .  Under t h e s e  c o n d i t i o n s ,  g r a v i t y ,  

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

t o  have  l i t t l e  o r  no i n f l u e n c e  on movement.  However,  i n  

moving w a t e r  o f  m o d e r a t e  o r  g r e a t e r  v e l o c i t y ,  t h e  r a t e  o f  

movement i s  g r e a t e r  and  t h e  d i r e c t i o n  o f  movement i s  more 

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

l i g h t  c o n d i t i o n .  T h i s  f o rm s  my f o u r t h  m a j o r  c o n c l u s i o n .

By m o d e ra te  o r  g r e a t e r  v e l o c i t y  I  mean a c u r r e n t  

v e l o c i t y  g r e a t e r  t h a n  S cm /sec  w i t h i n  3 cm o f  t h e  s u b ­

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

a t e  v e l o c i t y  was 8 c m /s e c  and f a s t  v e l o c i t y  was 14 

c m /s e c .  I n  n a t u r a l  s t r e a m s ,  c u r r e n t  v e l o c i t i e s  o f  8 to  

14 cm /sec  and h i g h e r  may be f o u n d  a t  m y r ia d  p o i n t s ,  

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

i n t e r m e d i a t e  s e c t i o n s .

A c o m p a r i so n  o f  movements o v e r  f l o o r  i n  s t i l l  w a t e r ,  

m o d e r a t e  v e l o c i t y ,  and  f a s t  v e l o c i t y  ( T a b l e  18)  p r o v i d e s
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i n f o r m a t i o n  r e l e v a n t  t o  t h i s  c o n c l u s i o n .  The r a t e  o f  

movement o f  t h e  s n a i l s ,  a s  i n d i c a t e d  by t h e  mean t e r m i n a l  

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

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

w a t e r .  I t  i s  a l s o  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  d a r k  i n  

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

s t i l l  w a t e r .  Thus moving w a t e r  a p p e a r s  t o  s t i m u l a t e  t h e  

s n a i l s  t o  more e x t e n s i v e  movement t h a n  t h a t  w h ic h  t h e y  

e x h i b i t  i n  s t i l l  w a t e r .  Not  o n ly  i s  movement more r a p i d  

and e x t e n s i v e  i n  f l o w i n g  w a t e r ,  i t  i s  a l s o  more  s t r o n g l y  

d i r e c t i o n a l .  Both  c u r r e n t  v e l o c i t y  and  l i g h t  c o n d i t i o n  

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

t i o n  o f  movement.  At m o d e r a t e  v e l o c i t y ,  i n  t h e  l i g h t ,  

t h e  mean t e r m i n a l  l o c a t i o n  i s  1 8 . 4  cm u p s t r e a m  w h e r e a s  i n  

t h e  d a r k  i t  i s  6 . 6  cm d o w n s t rea m .  At f a s t  v e l o c i t y  t h e  

r e l a t i o n s h i p  i s  r e v e r s e d .  The mean t e r m i n a l  l o c a t i o n  i n  

t h e  l i g h t  i s  o n l y  3 . 2  cm u p s t r e a m  and i n  t h e  d a r k  i t ' s  

1 4 . 8  cm u p s t r e a m .  W h a te v e r  t h e  r e a s o n s  f o r  t h e s e  c o n ­

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

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

i n f l u e n c e  t h e  d i r e c t i o n  and  e x t e n t  o f  movement by t h e  

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

no o t h e r  s t u d y  h a s  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  l i g h t  

c o n d i t i o n  on movement.  As d i s c u s s e d  e a r l i e r ,  mean 

t e r m i n a l  l o c a t i o n s  i n  s t i l l  w a t e r  were w i t h i n  2 . 5  cm o f  

t h e  s t a r t i n g  l i n e  i n  b o t h  l i g h t  and  d a r k .  Mean t e r m i n a l
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l o c a t i o n s  i n  m o d e r a t e  and f a s t  v e l o c i t i e s  r a n g e  f ro m  1 .3  

t o  7 . 4  t i m e s  a s  g r e a t .  The s n a i l s  t e n d e d  t o  t r a v e l  

f u r t h e r  u p s t r e a m  o r  d o w n s t re am  i n  moving w a t e r  t h a n  i n  

s t i l l .  A l s o ,  s i g n i f i c a n t l y  g r e a t e r  p e r c e n t a g e s  o f  

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

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

same r e l a t i o n s h i p s  h o l d  i n  t h e  d a r k .  About  t w o - t h i r d s  o f  

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

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

T h u s ,  i n  moving w a t e r ,  movement  i s  more d i r e c t i o n a l  a n d ,  

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

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

i n c r e a s e s  t h e  r a t e  o r  e x t e n t  o f  movement o f  t h e  s n a i l s  

o v e r  t h a t  e x h i b i t e d  i n  s t i l l  w a t e r .  Movement i s  more 

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

t i o n ,  i n  moving w a t e r  t h a n  i n  s t i l l  and  t h e  i n f l u e n c e  o f  

t h e  a m b ie n t  l i g h t  c o n d i t i o n  on movement i s  g r e a t e r  i n  

moving w a t e r  t h a n  i n  s t i l l .

When I  r e f e r  t o  m o d e r a t e  o r  g r e a t e r  v e l o c i t y  i n  t h e  

d i s c u s s i o n  o f  t h i s  c o n c l u s i o n  i t  s h o u l d  be u n d e r s t o o d  

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

o v e r  w h ich  t h e  c o n c l u s i o n  a p p l i e s .  T he re  i s  a  v e l o c i t y  

a t  w h ic h  a n  i n d i v i d u a l  s n a i l  c a n  no l o n g e r  m a i n t a i n  i t s  

h o l d  on t h e  s u b s t r a t e  and i s  w ashed  away.  T h a t  v e l o c i t y  

may depend  upon  t h e  t y p e  o f  s u b s t r a t e  and  s i z e  o f  t h e  

s n a i l ,  a s  Moore (1964)  f o u n d  t o  be t h e  c a s e  i n  l a b o r a t o r y

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



s t u d i e s  on  S t a g n i c o l a  p a l u s t r i s  and  P h y s a  p r o n i n q u a .

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

e x e r t e d  bv f l o w i n g  w a t e r  v a r i e s  a s  t h e  s q u a re  o f  t h e  

v e l o c i t y  ( C o k e r ,  1 9 5 4 ) ,  I n  t h e  c a s e  o f  t h e  Campeloma 

t e s t e d ,  t h e  u p p e r  l i m i t  i s  d e f i n i t e l y  g r e a t e r  t h a n  14 

c m / s e c .  Below t h e  maximum w h i c h  can  be  w i t h s t o o d ,  t h e r e  

i s  a  r a n g e  o f  v e l o c i t i e s  o v e r  w h ich  t h e  s n a i l  c a n  m a in ­

t a i n  i t s  h o l d  b u t  seems c a p a b l e  o f  l i t t l e  o r  no movement .  

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

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

movement w i t h o u t  b e i n g  w ashed  aw ay .  As d i s c u s s e d  i n  

t h e  p r e c e d i n g  s e c t i o n ,  t h e  Campeloma t e s t e d  by S h e l f o r d  

(1 914)  f o r  o r i e n t a t i o n  t o  c u r r e n t  w e re  more s t r o n g l y  

i n f l u e n c e d  by a  10  t o  12  c m / s e c  c u r r e n t  v e l o c i t y  r a n g e  

t h a n  by a 4 t o  5 c m /s e c  c u r r e n t  v e l o c i t y  r a n g e .  However ,  

a  f u r t h e r  i n c r e a s e  i n  v e l o c i t y  t o  a  16 t o  20 c m / s e c  r a n g e  

r e s u l t e d  i n  9 0 ^  o f  a l l  i n d i v i d u a l s  t e s t e d  sh o w in g  no 

a c t i v i t y .  T h i s  may be a t  l e a s t  a  p a r t  o f  t h a t  r a n g e  o f  

v e l o c i t i e s  o v e r  w h ic h  t h e  s n a i l s  m e r e l y  m a i n t a i n  t h e i r  

p o s i t i o n s  and  e x h i b i t  l i t t l e  o r  no movement .  I n  t h e  c a s e  

o f  t h e  two l o w e r  v e l o c i t y  r a n g e s ,  S h e l f o r a ' s  ( 1 9 1 4 )  

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

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

v e l o c i t i e s ,  up  t o  t h e  l i m i t s  j u s t  d e s c r i b e d ,  movement  

i s  more s t r o n g l y  d i r e c t i o n a l  t h a n  i n  lo w e r  v e l o c i t i e s  o r  

s t i l l  w a t e r .
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B o v b ^ e r g ' s  (1952)  s e m i - n a t u r a l  s t r e a m  t e s t s  i n v o l v ­

i n g  600 Campeloma d e c i s u m  r e s u l t e d  i n  a b o u t  8 5 ^ to  38% o f  

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

c u r r e n t  v e l o c i t y  o f  5 c m /s e c  and t h e  h i g h  v e l o c i t y  o f  25 

c m / s e c .  Thus t h e s e  s h a r p l y  d i s s i m i l a r  v e l o c i t i e s  h a d  

c l o s e l y  s i m i l a r  i n f l u e n c e s  on movement.  However ,  i n  

s t i l l  w a t e r  t e s t s  Bovb3e r g  ( 1 9 5 2 ) f o u n d  t h a t  t h e  s n a i l s  

moved e s s e n t i a l l y  a t  r an d o m .  3o a n  i n c r e a s e  i n  v e l o c i t y  

f ro m  0 t o  5 c m /se c  was s u f f i c i e n t  t o  g i v e  a  s t r o n g l y  

d i r e c t i o n a l  i n f l u e n c e  t o  t h e  movement o f  t h e  s n a i l s  and  

t h e  d i r e c t i o n  was  p r i m a r i l y  u p s t r e a m .  A l l i s o n  (1 9 4 2 )  

a l s o  o b s e r v e d  random movement by Campeloma. B u t  h e  

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

t i o n  h i s  r e s u l t s  h ave  o n l y  a  s p e c u l a t i v e  r e l e v a n c e  t o  t h e  

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

I f  t h e  r a t e  and  d i r e c t i o n  o f  movement o f  Campeloma 

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

w h ich  t h e y  show i s  one o f  r h e o t a x i s .  The s n a i l s  move 

d i f f e r e n t l y  i n  f l o w i n g  w a t e r  t h a n  i n  s t i l l  w a t e r ,  i n d i ­

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

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

I n  l e s s  t h a n  m o d e r a t e  v e l o c i t i e s ,  i n d i c a t i n g  t h a t  t h e i r  

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

n o t  m e r e l y  on o r  o f f .  F u r t h e r m o r e ,  I  h a v e  f o u n d  t h a t  t h e  

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

v a r i e s  w i t h  t h e  s t r e n g t h  o f  t h e  c u r r e n t .  I t  i s
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i m p o r t a n t ,  t h e n ,  t o  exam ine  t h e  phenomenon o f  r h e o t a x i s  

a s  i t  p e r t a i n s  t o  Campeloma.

The m e a n in g s  o f  k i n e s i s  and t a x i s  w ere  d e s c r i b e d  

e a r l i e r .  R h e o t a x i s  i s  a  t a x i s  i n  r e s p o n s e  t o  f l o w  o f  t h e  

a m b i e n t  medium ( F r a e n k e l  and  Gunn,  1 9 6 1 ) .  I n  t h e  p r e c e d ­

i n g  s e c t i o n  I  h y p o t h e s i z e d  t h a t ,  i n  moving w a t e r  o f  

m o d e r a t e  o r  g r e a t e r  v e l o c i t y ,  movement by Campeloma i s  

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

by t h e  c u r r e n t .  I n  t h i s  s e c t i o n  I  h a v e  p r o v i d e d  e v i d e n c e  

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

o f  l e s s  v e l o c i t y  o r  i n  s t i l l  w a t e r  may be  d e s c r i b e d  a s  

random  movement o r  a s  k l i n o k i n e s i s .

O l f a c t i o n  may a t  t i m e s  p l a y  a  r o l e  i n  t h e  r h e o t a c t i c  

r e a c t i o n s  of  Campeloma. I f  a c u r r e n t  i s  r e l a t i v e l y  

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

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

r e l a t i v e l y  w eak ,  t h e  r e a c t i o n  may be one o f  k l i n o k i n e s i s .  

The r e a c t i o n s  o f  r h e o t a x i s  and c h e m o t a x i s  may a t  t i m e s  be 

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

s n a i l ,  t h e  p o s i t i v e  r h e o t a x i s  e x h i b i t e d  by t h e  s n a i l  i n  

t h a t  c u r r e n t  may be r e i n f o r c e d  o r  even  r e p l a c e d  by 

p o s i t i v e  c h e m o t a x i s .  I t  i s  d i f f i c u l t  i n  s u c h  a  s i t u a t i o n  

t o  d e t e r m i n e  w h ic h  i s  p r e d o m i n a n t .  Some a n i m a l s  r e s p o n d  

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

1 9 5 3 ) .  M'y r e s u l t s  i n d i c a t e  t h a t  Campeloma can  e x h i b i t  

r h e o t a x i s  i n d e p e n d e n t l y  o f  c h e m o t a x i s .
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1 6 2
O th e r  fo rm s  o f  s e n s o r y  p e r c e p t i o n  a r e  u n d o u b t e d l y  

o p e r a t i v e  i n  t h e  r h e o t a c t i c  r e s p o n s e s  o f  Campeloma. I t  

i s  p o s s i b l e  t h a t  t h e  s n a i l s  a r e  a b l e  t o  s e n s e  c u r r e n t  

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

moving w i t h  t h e  w a t e r .  A l th o u g h  v i s i o n  i n  Campeloma h a s  

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

l e a s t  l a r g e  c h a n g e s  i n  l i g h t  i n t e n s i t y  and  i t  seems 

l i k e l y  t h a t  t h e y  can  d e t e c t  movement ( C h a r l e s ,  1 9 6 4 ;

X a e s t n e r ,  1 9 6 7 ) .  I t  may n o t  be t r u e  o f  Campeloma b u t  t h e  

e y e s  o f  some p r o s o b r a n c h s  a r e  t h o u g h t  t o  be " s t r u c t u r a l l y  

a d e q u a t e  t o  fo rm  s h a r p  im a g e s "  ( C h a r l e s ,  1 9 6 4 ) .  The 

i n t e r a c t i o n  b e tw e e n  l i g h t  c o n d i t i o n  an d  c u r r e n t  v e l o c i t y  

shown i n  my r e s u l t s  i n d i c a t e s  t h a t  v i s i o n  d o es  i n d e e d  

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

v e l o c i t y  by Campeloma. W hile  i t  i s  c l e a r  f ro m  my r e s u l t s  

t h a t  t h e  s n a i l s  do n o t  r e q u i r e  l i g h t  t o  p e r c e i v e  w a t e r  

movement,  i t  i s  a l s o  c l e a r  t h a t  t h e  p r e s e n c e  o f  a b s e n c e  

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

r e s p o n s e  t o  w a t e r  movement .  T h i s  was  f o r m e r l y  n o t  known.

Touch I s  a n o t h e r  s e n s e  w h ic h  may be i n v o l v e d  i n  t h e  

p e r c e p t i o n  o f  c u r r e n t  v e l o c i t y  by Campeloma. The t e n t a ­

c l e s  o f  g a s t r o p o d s  " c o n t a i n  a  w e l l  d e v e l o p e d  t a c t i l e  

s e n s e "  ( C h a r l e s ,  1 9 6 4 ) .  The t e n t a c l e s  c o u l d  be t h e  s i t e  

of  c o n c e n t r a t e d  t a c t i l e  r e c e p t o r s  r e s p o n s i b l e  f o r  t h e  

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

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

( C a r t h y ,  1 9 5 S ) .  A q u a t i c  i n s e c t s  commonly u s e  a  com bina­

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

s i t i o n  i n  a  s t r e a m .  U r a e n k e i  and  Gunn (1961)  s t a t e  t h a t  

f o r  p i a n a r i a n s  and  p r o b a b l y  g a s t r o p o d s  a s  w e l l ,  " i t  i s  

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

c u r r e n t - r e c a p t o r s  which  a r e  r e s p o n s i b l e  . fo r  t h e  r h e c t a c ­

t i c  r e a c t i o n " .  My r e s u l t s  show t h a t  i n  t h e  d a r k  and w i t h  

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

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

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

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

r e c t i o n  o f  w a t e r  f low ' .  As shown i n  T a b le  1 8 .  movement i n  

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

s l i g h t l y  dow ns t ream  i n  t h e  d a r k .  At f a s t  v e l o c i t y *  how­

e v e r ,  a  mean o f  a b o u t  t w o - t h i r d s  o f  t h e  s n a i l s  move up ­

s t r e a m  i n  b o th  l i g h t  and  d a r k  and  t h e  mean t e r m i n a l  l o c a ­

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

These  r e s u l t s  a r e  i n d i c a t i v e  o f  w ha t  may be a  r e v e r s i b l e  

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

s e n s e s .  I n  t h e  r e l a t i v e l j r  weak m o d e r a t e  v e l o c i t y ,  v i s u a l  

s t i m u l i  made p o s s i b l e  by t h e  l i g h t  a p p e a r  t o  be t h e  p r e ­

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

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

t i c  r e a c t i o n  i s  p ro n o u n c e d  i n  b o t h  l i g h t  and  d a r k .  Thus 

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

t h e  movement o f  Campeloma u n d e r  n a t u r a l  c o n d i t i o n s  

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

l i m i t  p r e v i o u s l y  d e s c r i b e d ) :  Random movement and  k l i n o

h i n e s i s  e x h i b i t e d  a t  l o v e r  v e l o c i t i e s  a r e  r e p l a c e d  by 

t a x e s ;  s i m p l e  r h e o t a x i s  i n  t h e  a b s e n c e  o f  o l f a c t o r y  

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

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

s t i m u l i .  I f  t h e  c u r r e n t  v e l o c i t y  i s  i n  t h e  n e i g h b o r ­

hood o f  m o d e r a t e  (8  c m / s e c ) ,  t h e  s n a i l s  w i l l  t y p i c a l l y  

move u p s t r e a m  i n  t h e  d a y t i m e  and v i r t u a l l y  a t  random 

o r  somewhat  dow ns t ream  a t  n i g h t .  I f  t h e  c u r r e n t  v e l o ­

c i t y  i s  i n  t h e  n e i g h b o r h o o d  o f  f a s t  (14  c m / s e c )  and  

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

t h e  day  o r  n i g h t .  By " t y p i c a l l y  move u p s t r e a m "  I  

mean t h a t  a b o u t  t w o - t h i r d s  o r  more o f  t h e  i n d i v i d u a l s  

i n v o l v e d  w i l l  e x h i b i t  p o s i t i v e  r h e o t a x i s .  I n  a d d i ­

t i o n ,  t h e  s n a i l s  w i l l  t e n d  t o  move a t  a  f a s t e r  r a t e  

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

v e l o c i t i e s .

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

s i o n s ,  b u t  e s p e c i a l l y  t h e  l a s t ,  one c o n c l u s i o n  I  have  

s o u g h t  t o  e s t a b l i s h  i s  t h a t  Campeloma e x h i b i t s  p o s i t i v e  

r h e o t a x i s  n o t  a b s o l u t e l y  b u t  r a t h e r  t o  a n  e x t e n t  d ep en d  

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

l i g h t  i n  c o m b i n a t i o n .  'This f o rm s  t h e  c o n c l u s i o n
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p r e s e n t l y  u n d e r  d i s c u s s i o n .  Not a l l  Campeloma l i v i n g  i n  

s t r e a m s  e x h i b i t  p o s i t i v e  r h e o t a x i s  a t  a l l  t i m e s  a l t h o u g h  

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

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

e x t r e m e s  o f  d a y l i g h t  and  t h e  d a r k n e s s  o f  n i g h t )  i n f l u e n c e  

t h e  o c c u r r e n c e  o f  r h e o t a x i s ,  t h e  s i g n  o f  r h e o t a x i s ,  and 

t h e  r a t e  o f  movement.  F u r t h e r m o r e ,  t h e s e  two e n v i r o n ­

m e n t a l  f a c t o r s  i n t e r a c t  i n  t h e i r  i n f l u e n c e ;  one s h o u l d  

n o t  be c o n s i d e r e d  w i t h o u t  t h e  o t h e r .  T h e r e f o r e ,  a l t h o u g h  

t h e  g e n e r a l i z a t i o n  c a n  be made t h a t  Campeloma e x h i b i t s  

p o s i t i v e  r h e o t a x i s ,  t h e r e  a r e  b o t h  e x c e p t i o n s  and c o m p l i ­

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

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

among members o f  t h e  s t r e a m  b e n t h o s .  T h e re  i s  "a  s u b ­

s t a n t i a l  body o f  e v i d e n c e  t h a t  i n v e r t e b r a t e s  can  and  do 

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

o f  f l o w ,  and  t h i s  b e h a v i o r  i s ,  o f  c o u r s e ,  an  i m p o r t a n t  

a d a p t a t i o n  e n a b l i n g  them  t o  l i v e  i n  r u n n i n g  w a t e r ”

(H y n es ,  1 9 7 0 ) .  As I  h a v e  m e n t i o n e d  e a r l i e r ,  a c t i v e
”  j

u p s t r e a m  m i g r a t i o n  i s  by f a r  t h e  m os t  l i k e l y  means o f  

d i s p e r s a l  f o r  Campeloma. However v a l i d  p o s i t i v e  r h e o ­

t a x i s  may be a s  a  g e n e r a l i z a t i o n ,  i t s  e x p r e s s i o n  i n  

p a r t i c u l a r  i n s t a n c e s  i s  f a r  f ro m  c o n s i s t e n t .  Of t h e  n i n e  

i n s e c t  s p e c i e s  and one p u lm o n a te  s p e c i e s  ( H e l i so m a  

a n c e p s ) t e s t e d  i n  an  a r t i f i c i a l  s t r e a m  by Cummins and  

L a u f f  ( 1 9 6 9 ) ,  t h r e e  o f  t h e  i n s e c t  s p e c i e s  t e n d e d  t o  move
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d o w n s t re a m ,  two u p s t r e a m ,  and  f o u r  a t t a c h e d ,  b u r ro w e d ,  o r  

showed no p a r t i c u l a r  o r i e n t a t i o n .  H e l i s o m a  showed b o th  

p o s i t i v e  r h e o t a x i s  a n d  a  l a c k  o f  r h e o t a x i s ,  d e p e n d i n g  on 

s u b s t r a t e  c o n d i t i o n s .  Of c o u r s e ,  t h i s  i s  n o t  t o  s ay  t h a t  

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

r h e o t a x i s  i n  g e n e r a l  o r  p o s i t i v e  r h e o t a x i s  i n  p a r t i c u l a r .  

R h e o t a x i s ,  l i k e  m o s t  i f  n o t  a l l  f o rm s  o f  b e h a v i o r ,  i s  

n e i t h e r  s i m p l e  n o r  u n i v e r s a l .

The two m a j o r  s t u d i e s  on t h e  movements  o f  Campeloma 

i n  s t r e a m s  h a v e  p r e s e n t e d  r h e o t a x i s  a s  a  r a t h e r  s im p le  

and  a b s o l u t e  fo rm  o f  b e h a v i o r .  A l l i s o n  (1942)  c o n c l u d e d  

t h a t  t h e  s n a i l s  do n o t  e x h i b i t  r h e o t a x i s  b u t  move a t  

r andom .  B o v b je rg  ( 1 9 5 2 ) f o u n d  t h a t  more t h a n  8 5 '  ̂ o f  t h e  

s n a i l s  h e  s t u d i e d  e x h i b i t e d  p o s i t i v e  r h e o t a x i s .  I  h ave  

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

b e f o r e .  I  b e l i e v e  t h a t  my l a b o r a t o r y  s t r e a m  i n v e s t i g a ­

t i o n s  h a v e  c o n t r i b u t e d  to w a rd  a  s o l u t i o n  to  t h i s  c o n t r o ­

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

a l i t y  o f  t h e  c o n c l u s i o n s  r e g a r d i n g  r h e o t a x i s .  Both  

a p p a r e n t l y  c o n t r a d i c t o r y  c o n c l u s i o n s  can  be r e c o n c i l e d  a s  

p a r t s  o f  a more c o m p r e h e n s i v e  d e s c r i p t i o n  o f  r h e o t a x i s  i n  

Campeloma. Under c o n d i t i o n s  o f  low c u r r e n t  v e l o c i t y ,  t h e  

s n a i l s  may i n d e e d  move a t  ran d o m  o r  e x h i b i t  k l i n o k i n e s i s  

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

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

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

movements  seem t o  be c h a r a c t e r i s t i c  i n  c o n d i t i o n s  o f  

l i g h t .  I n  t h e  d a r k ,  h o w e v e r ,  p o s i t i v e  r h e o t a x i s  i s  

l e s s  p r o n o u n c e d  a t ' ; m o d e r a t e  v e l o c i t i e s  ( f ro m  a r o u n d  8
4 ,

c m /s e c  t o  a r o u n d  14  c m /s e c )  b u t  r e m a i n s  m in o r  a t  low 

v e l o c i t i e s  and  d o m in a n t  a t  h i g h .  L i g h t  c o n d i t i o n ,  t h e n ,  

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

t h r o u g h  i n t e r a c t i o n  w i t h  c u r r e n t  v e l o c i t y .  I  have  

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

n o t  r e p e a t  them h e r e .  I  w a n t  t o  s t r e s s  my c o n c l u s i o n  

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

on o r  o f f ,  a s  t h e  c o n c l u s i o n s  o f  A l l i s o n  (1 9 4 2 )  and 

B o v b j e r g  (1 9 5 2 )  s u g g e s t .  T h e i r  f i n d i n g s  a r e  n o t  f a l s e .  

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

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

f a c t ,  v a r i a b l e  and  i t s  e x p r e s s i o n  i s  d e p e n d e n t  upon t h e  

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

and  l i g h t  i n  c o m b i n a t i o n .

Summary -  t h e  Movements and D i s t r i b u t i o n s  o f  Camoeloma 
d e c i s u m  i n  Sm al l  S t rea m s

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

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

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

my i n t e n t i o n  i n  so d o i n g  t o  p r e s e n t  a  more c o m p r e h e n s iv e  

a n a l y s i s  o f  t h e  movements  and  d i s t r i b u t i o n s  o f  Campeloma
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1 6 8

d e c i su m  t h a n  c o u ld  p o s s i b l y  be a c h i e v e d  on t h e  b a s i s  o f  

my e x p e r i m e n t a l  r e s u l t s  a l o n e .  I f  f a c t ,  my r e s u l t s ,  

t a k e n  a l o n e ,  can  be u s e d  w i t h  s t r i c t  v a l i d i t y  o n l y  i n  

a p p l i c a t i o n  t o  t h e  a r t i f i c i a l  s t r e a m  s i t u a t i o n  f ro m  which  

t h e y  w ere  d e r i v e d .  However ,  my r e s u l t s  can  be u s e d ,  w i t h  

a p p r o p r i a t e  c a u t i o n ,  t o  m a k e ' . i n f e r e n c e s ‘a b o u t  t h e  b e h a v i o r  

o f  t h e  s n a i l s  i n  n a t u r a l  s t r e a m  s e t t i n g s .  When t h e s e  

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

f rom  t h e  l i t e r a t u r e ,  i n c l u d i n g  t h e  c o m p l im e n ta ry  n a t u r a l  

s t r e a m  i n v e s t i g a t i o n s  o f  A l l i s o n  (1 942)  and B o v b je rg  

(1 9 5 2 ) ,  t h e y  p r o v i d e  a r e a s o n a b l y  a c c u r a t e  and i n c l u s i v e  

a c c o u n t  o f  t h e  movements and d i s t r i b u t i o n s  o f  Campeloma 

d e c i su m  i n  s m a l l  s t r e a m s .  Of c o u r s e ,  t h e r e  r e m a i n s  much 

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

t h e r e  r e m a i n s  a need  f o r  f u r t h e r  r e s e a r c h .

The p u r p o s e  o f  t h i s  s e c t i o n  i s  t o  summarize t h e  

a c c o u n t  o f  t h e  movements  and d i s t r i b u t i o n s  of  t h e  s n a i l s .

I t  i s ,  t h e r e f o r e ,  a  summary o f  my d i s c u s s i o n .  To m a x i ­

mize c o n c i s e n e s s ,  I  am p r e s e n t i n g  t h i s  summary i n  t h e  

form of  a d i a g r a m ,  w h ich  i s  shown i n  F i g u r e  1 .  T h is  

d ia g ra m  i s  a d a p t e d  f rom  F i g u r e  2 o f  Cummins ( 1 9 7 2 ) .  The 

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

i n  F i g u r e  1 ,  w i l l  be " c o n s i d e r e d  p r i m a r i l y  e n e r g e t i c ,  

w i t h  p r o b le m s  o f  c o n c e a lm e n t  f rom p r e d a t o r s  and c o m p e t i ­

t i o n  s e c o n d a r y "  (Cummins, 1 9 7 2 ) .  The p r im a r y  p ro b le m  o f  

s u r v i v a l  f o r  Campeloma i s  o b t a i n i n g  s u f f i c i e n t  f o o d  f o r
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F i g u r e  1 .  The k i n d s  o f  movements  e x h i b i t e d  by Campeloma, 
t h e  c o n d i t i o n s  i n d u c i n g  them ,  t h e i r  r e l a t i o n s h i p  w i t h  
f e e d i n g  and g r o w t h ,  and  t h e  r e s u l t a n t  d i s t r i b u t i o n s .

*■>Macromovements  ( l o n g  d i s t a n c e  m ovem en ts ,  s u c h  a s  
b e tw e e n  m a c r o h a b i t a t s )

M icrom ovem ents  ( s h o r t  
d i s t a n c e  movem ents ,  
w i t h i n  m a c r o h a b i t a t s )

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

1

I n t o l e r a b l e  o r  u n s u i t a b l e  
r a n g e s  o f  c u r r e n t  v e l o c i ­
t y ,  s u b s t r a t e  t y p e ,  .
c h e m i c a l  f a c t o r s ,  o t h e r  —* 
p h y s i c a l  f a c t o r s  ( i n t o l ­
e r a b l e  o r  u n s u i t a b l e  
m a c r o h a b i t a t s )

I
M i c r o h a b i t a t  s e l e c t i o n  ac  
f a v o r a b l e  c o n d i t i o n s  o f  c 
t y p e ,  and f o o d  s u p p ly

c o r d i n g  t o  s u i t a b l e  o r  
u r r e n t  v e l o c i t y ,  s u b s t r a t e

Low f o o d  d e n s i t y H igh  f o o d  d e n s i t y

Reduced f e e d i n g  and 
c o n t i n u e d  l o c o m o t i o n

l

I
I n c r e a s e d  f e e d i n g  and  
r e d u c e d  l o c o m o t i o n

I n c r e a s e d  m a i n t e n a n c e  
c o s t  and r e d u c e d  g ro w th

I

I

Reduced m a i n t e n a n c e  c o s t  
and i n c r e a s e d  g r o w th

M icrom ovem ents  o r  
macromovements

1
Low d e n s i t y  o b s e r v e d ,  
s c a t t e r e d  moving 
i n d i v i d u a l s

High " d e n s i t y  o b s e r v e d ,  
a g g r e g a t i o n s  fo rm ed
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r e s p i r a t i o n ,  g r o w t h ,  and  r e p r o d u c t i o n .  From w h a t  i s  

known o f  t h e  e c o l o g y  o f  Campeloma, n e i t h e r  p r e d a t i o n  n o r  

c o m p e t i t i o n  a p p e a r  t o  be o f  any more t h a n  m a r g i n a l  

i m p o r t a n c e  f o r  m os t  p o p u l a t i o n s .  I n  u s e  o f  t h e  e n e r g y  

o b t a i n e d  f ro m  f o o d ,  ’’t h e  m o s t  c o s t l y  p o r t i o n  i s  r e s p i r a ­

t i o n ,  w i t h  g r o w th  ( an d  r e p r o d u c t i o n )  b e i n g  a c c o m p l i s h e d  

o n l y  a f t e r  t h a t  c o s t  i s  a s s i g n e d .  S ince  h i g h e s t  r e s p i r a ­

t i o n  c o s t s  a r e  c l o s e l y  l i n k e d  t o  l o c o m o t i o n ,  t h a t  a c t i v i ­

t y  c a n  be v ie w e d  a s  b e i n g  i n  d i r e c t  ’ c o m p e t i t i o n ’ w i t h  

g r o w t h "  (Cummins, 1 9 7 2 ) .  The more e n e r g y  r e q u i r e d  f o r  

movement t o  o b t a i n  s u f f i c i e n t  f o o d ,  t h e  l e s s  e n e r g y  i s  

a v a i l a b l e  f o r  t h e  p r o c e s s e s  o f  g r o w t h  and r e p r o d u c t i o n .  

T h e r e f o r e ,  " t h e  g e n e r a l  s t r a t e g y "  o f  t h e  s n a i l s  " i s  t o  

m in im iz e  l o c o m o t i o n  and  m axim ize  f e e d i n g ,  t h e r e b y  m a x i ­

m i z i n g  g r o w t h "  (Cummins, 1 9 7 2 ) .  T h i s  i s  t h e  b a s i c  

r e a s o n i n g  i n  t h e  d e s i g n  o f  F i g u r e  1 ,  w h ic h  r e l a t e s  

l o c o m o t i o n  w i t h  f e e d i n g  and  g r o w t h .

I n  f o l l o w i n g  t h e  f l o w  o f  F i g u r e  1 ,  t h e  m os t  a p p r o ­

p r i a t e  p l a c e  t o  b e g i n  i s  w i t h  m acrom ovem ents .  Macromove­

m e n t s  a r e  movements  c o v e r i n g  r e l a t i v e l y  l a r g e  d i s t a n c e s .  

Movements f ro m  one m a c r o h a b i t a t  ( p o o l  o r  d e p o s i t i o n a l , 

r i f f l e  o r  e r o s i o n a l ,  i n t e r m e d i a t e )  t o  a n o t h e r  a r e  m a c ro ­

m ovem en ts ,  w h e t h e r  t h e s e  m a c r o h a b i t a t s  a r e  a d j a c e n t  o r  

s e p a r a t e d  by o t h e r s .  O b v i o u s l y ,  l o n g e r  movements  a r e  

a l s o  m acrom ovem ents .  I n  some c a s e s ,  movements  w i t h i n  

m a c r o h a b i t a t s  may be c o n s i d e r e d  macromovements  i f  t h e y

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



are sufficiently great, as from one end to another of a 
large macrohabitat.

Macromovements are initiated and maintained by the 
existence of ambient conditions which are intolerable or 
unsuitable to the snails. Intolerable conditions may 
result in death if they are not escaped or changed. 
Unsuitable conditions may inhibit or stop growth or 
reproduction although they can be survived. The intoler­
able or unsuitable conditions may be those of current 
velocity, substrate type, chemical factors, or other 
physical factors. I have already discussed the known and 
probable importance of several of these factors for the 
stream benthos and Camoeloma. Such conditions may be 
brought about by gradual changes or by sudden changes 
like flooding or a large increase in the rate of intro­
duction of pollutants. A snail in drift may be suddenly 
introduced into a macrohabitat with such conditions. 
Macromovements may be guided predominantly by positive 
rheotaxis for Campeloma. If the current velocity is 
fast, the rheotactic response will be strongly positive. 
If the current velocity is moderate, positive rheotaxis 
will be weaker, especially in the dark. At these veloci­
ties and in slowly flowing or still water, positive or 
negative chemotaxis may also play a role in macromove­
ments. In still or nearly still water, macromovements 
may be random movements continuing until the intolerable
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o r  u n s u i t a b l e  c o n d i t i o n s  a r e  e s c a p e d  by t r a v e l i n g  a  

s u f f i c i e n t  d i s t a n c e .

Macromovements  a r e  t e r m i n a t e d  by a r r i v a l  i n  a 

m a c r o h a b i t a t  p r o v i d i n g  t o l e r a b l e  o r  s u i t a b l e  c o n d i t i o n s .  

I f  c o n d i t i o n s  a r e  t o l e r a b l e  b u t  u n s u i t a b l e ,  macromovement 

may be r e su m e d  f a i l i n g  t h e  d i s c o v e r y  o f  s u i t a b l e  c o n d i ­

t i o n s  w i t h i n  t h e  m a c r o h a b i t a t .  I f  c o n d i t i o n s  a r e  s u i t a ­

b l e  a s  w e l l  a s  t o l e r a b l e ,  macromovement  c a n  be c o n s i d e r e d  

more p e r m a n e n t l y  t e r m i n a t e d .  The t e r m i n a t i o n  o f  m a c ro ­

movement b l e n d s  i n t o  t h e  i n i t i a t i o n  o f  m ic ro m o v em en t .  

M icrom ovem en ts  a r e  movements  c o v e r i n g  r e l a t i v e l y  s m a l l  

d i s t a n c e s .  Movements  w i t h i n  m a c r o h a b i t a t s ,  f rom  one  

m i c r o h a b i t a t  t o  a n o t h e r ,  a r e  m ic ro m o v e m e n ts .  M icrom ove­

m e n t s  a r e  u n d e r t a k e n  i n  t h e  p r o c e s s  o f  m i c r o h a b i t a t  

s e l e c t i o n  by t h e  s n a i l s .  The e n v i r o n m e n t a l  f a c t o r s  o f  

p r i m a r y  i m p o r t a n c e  i n  i n f l u e n c i n g  m i c r o h a b i t a t  s e l e c t i o n  

by Campeloma a r e  c u r r e n t  v e l o c i t y ,  s u b s t r a t e  t y p e ,  and  

f o o d  s u p p l y .  Once a g a i n ,  I  -want t o  s t r e s s  t h a t  t h e s e  

f a c t o r s  a r e  c l o s e l y  I n t e r r e l a t e d .  M icrom ovem ents  w i l l  be 

i n s t a n c e s  o f  p o s i t i v e  r h e o t a x i s  i f  t h e  c u r r e n t  i s  s u f f i ­

c i e n t l y  s t r o n g  and  may be r e i n f o r c e d  by p o s i t i v e  chemo-  

t a x i s  i n  r e s p o n s e  t o  c o n c e n t r a t i o n s  o f  f o o d .  I n  l e s s e r  

c u r r e n t s ,  m ic rom ovem en ts  may be by k l i n o k i n e s i s  i n  

r e s p o n s e  t o  f o o d  o r  a t  r a n d o m .  M icrom ovem ents  i n  f l o w i n g  

w a t e r  may v a r y  i n  r a t e  and  d i r e c t i o n  w i t h  t h e  p r e s e n c e  o r  

a b s e n c e  o f  l i g h t  ( d a y  and  n i g h t ) .
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M i c r o h a b i t a t  s e l e c t i o n  by Campeloma -w i l l  be p r i m a r i ­

l y  on t h e  b a s i s  o f  c o n d i t i o n s  o f  c u r r e n t  v e l o c i t y ,  

s u b s t r a t e  t y p e ,  and  f o o d  s u p p l y .  C o n t i n u i n g  f ro m  t h e  

v i e w p o i n t  o f  e n e r g e t i c s ,  f o o d  s u p p l y  i s  t h e  f a c t o r  o f  

p a r t i c u l a r  i m p o r t a n c e  among t h e  i n t e r r e l a t e d  t h r e e .  A 

c o n c e n t r a t e d  s u p p l y  o f  o r g a n i c  d e t r i t u s ,  w i t h  i t s  a s s o c i ­

a t e d  b a c t e r i a l  and  f u n g a l  p o p u l a t i o n s ,  a p p e a r s  t o  be t h e  

k ey  f a c t o r  i n  making a  m i c r o h a b i t a t  f a v o r a b l e  t o  

Campeloma. Of c o u r s e ,  i f  t h e  c u r r e n t  v e l o c i t y  i s  t o o  

g r e a t  t h e  f o o d  w i l l  be u n r e a c h a b l e  o r  w i l l  i t s e l f  be 

w ash ed  away.  I f  t h e  s u b s t r a t e  p a r t i c l e  s i z e  i s  f i n e ,  t h e  

f o o d  w i l l  p r o b a b l y  be p r e s e n t  i n  t h e  fo rm  o f  d e p o s i t s  

m ixed  w i t h  t h e  i n o r g a n i c  p a r t i c l e s  and  t h e  s n a i l s  can  

b u r ro w  and f e e d  i n  t h e  s u b s t r a t e  i t s e l f .  M icrom ovem ents  

w i l l  t e n d  t o  be f rom  one s i t e  o f  b u r ro w in g  t o  a n o t h e r  i n  

t h e  a r e a  o f  p e n e t r a b l e  s u b s t r a t e .  I f  t h e  s u b s t r a t e  I s  

c o a r s e  and i m p e n e t r a b l e ,  t h e  f o o d ,  when p r e s e n t ,  w i l l  be 

c o n c e n t r a t e d  i n  d e p r e s s i o n s  and  c a v i t i e s  s c a t t e r e d  among 

t h e  s t o n e s .  M icrom ovem ents  w i l l  t e n d  to  be f ro m  one su ch  

d e p r e s s i o n  o r  c a v i t y  t o  a n o t h e r  n e a r b y .  Pood i n  t h e  

f o r m e r  c a s e  i s  more u n i f o r m l y  d i s t r i b u t e d  and  e a s i l y  

r e a c h e d  t h a n  i n  t h e  l a t t e r  c a s e .  S u b s t r a t e  t y p e  and  t h e  

d i s t r i b u t i o n  o f  f o o d  may be d e t e r m i n e d  by c u r r e n t  v e l o c i ­

t y .  These  r e l a t i o n s h i p s  h av e  b e en  d i s c u s s e d  p r e v i o u s l y  

i n  t h e  p r e s e n t  p a p e r .  So, a l t h o u g h  f o o d  s u p p l y  i s  t h e  

key  f a c t o r  among t h e  t h r e e ,  e s p e c i a l l y  f ro m  t h e  v i e w p o i n t
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o f  e n e r g y  n e e d s ,  t h e  i m p o r t a n c e  o f  t h e  o t h e r  two f a c t o r s  

and  t h e  i n t e r r e l a t e d n e s s  o f  t h e  w h o le  c a n n o t  be i g n o r e d .

The p r e s e n c e  o f  a  h i g h  f o o d  d e n s i t y  i n  a  m i c r o h a b i ­

t a t ,  t h e n ,  i s  t h e  m o s t  f a v o r a b l e  c o n d i t i o n  l e a d i n g  t o  t h e  

s e l e c t i o n  o f  t h a t  m i c r o h a b i t a t .  Once a  s n a i l  r e a c h e s  

s u ch  a  m i c r o h a b i t a t ,  w h e t h e r  by k l i n o k i n e s i s  o r  p o s i t i v e  

r h e o t a x i s  and  c h e m o t a x i s ,  i t  t e n d s  t o  r e m a i n  w i t h i n  i t  

and  f e e d .  T h e re  i s  t h u s  i n c r e a s e d  f e e d i n g  and  r e d u c e d
>

l o c o m o t i o n .  T h i s  l e a d s  t o  r e d u c e d  m a i n t e n a n c e  c o s t  and  

i n c r e a s e d  g r o w t h .  M i c r o h a b i t a t s  w i t h  a  h i g h  f o o d  d e n s i t y  

a r e  f a v o r a b l e  t o  g r o w th  a n d  r e p r o d u c t i o n .  Campeloma w i l l  

o f t e n  be f o u n d  a t  h i g h  d e n s i t i e s  i n  s u c h  m i c r o n a b i t a t s  

and i n  m a c r o h a b i t a t s ,  t y p i c a l l y  p o o l s ,  c o n t a i n i n g  many 

such  m i c r o h a b i t a t s .  L a rg e  a g g r e g a t i o n s  may be fo rm ed  

a r o u n d  e s p e c i a l l y  d e n s e  f o o d  c o n c e n t r a t i o n s .

A m i c r o h a b i t a t  i n c l u d i n g  a  low f o o d  d e n s i t y  i s  l e s s  

f a v o r a b l e  t o  Campeloma. The l a c k  o f  f o o d  means  r e d u c e d  

f e e d i n g  and  t h i s  l e a d s  t o  c o n t i n u e d  l o c o m o t i o n .  As a 

r e s u l t ,  t h e  s n a i l s  e x p e r i e n c e  i n c r e a s e d  m a i n t e n a n c e  c o s t  

and  r e d u c e d  g r o w t h .  The c o n t i n u e d  l o c o m o t i o n  w i l l  be i n  

t h e  f o rm  o f  m ic rom ovem en ts  i f  more f a v o r a b l e  m i c r o h a b i ­

t a t s  a r e  e n c o u n t e r e d  w i t h i n  t h e  same m a c r o h a b i t a t . .  I f  

more f a v o r a b l e  m i c r o h a b i t a t s  a r e  n o t  e n c o u n t e r e d  w i t h i n  

t h e  same m a c r o h a b i t a t ,  t h e  s n a i l s  w i l l  c o n t i n u e  to  move 

i n t o  and  p o s s i b l y  t h r o u g h  a n o t h e r  a d j a c e n t  m a c r o h a b i t a t .  

They w i l l  c a r r y  o u t  m acrom ovem en ts .  Whenever
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e n v i r o n m e n t a l  c o n d i t i o n s  i n d u c e  m ic ro m o v e m e n ts  o r  m a c ro ­

movements  t h e s e  a r e  i n f l u e n c e d  i n  r a t e  an d  d i r e c t i o n  by 

t h e  a m b i e n t  c o n d i t i o n s  o f  l i g h t  and  c u r r e n t  v e l o c i t y ,  a s  

p r e v i o u s l y  d i s c u s s e d .  M i c r o h a b i t a t s  h a v i n g  l o w  f o o d  

d e n s i t y  -w i l l  c o n t a i n  f ew  s n a i l s  and  t h e  p r e s e n c e  o f  t h e s e  

w i l l  be r e l a t i v e l y  t r a n s i e n t .  M a c r o h a b i t a t s  composed 

p r e d o m i n a n t l y  o f  s u c h  f o o d - p o o r  m i c r o h a b i t a t s  w i l l  t e n d  

t o  c o n t a i n  a  lo w  d e n s i t y  o f  s c a t t e r e d  i n d i v i d u a l s  w i t h  

f e w ,  i f  a n y ,  a g g r e g a t i o n s  f o r m e d .

Summary -  a  l i s t i n g  o f  t h e  C o n c l u s i o n s

B u r ro w in g  i s  t h e  p r e v a l e n t ,  n e a r l y  u n i v e r s a l  r e ­

s p o n s e  t o  a  p e n e t r a b l e  s u b s t r a t e ,  r e g a r d l e s s  o f  l i g h t  

c o n d i t i o n  o r  c u r r e n t  v e l o c i t y .

The r a t e  o f  movement o v e r  a n  i m p e n e t r a b l e  s u b s t r a t e  

i s  r e l a t e d  t o  t h e  t y p e  o f  s u r f a c e  i t  p r e s e n t s .  Movement 

i s  s t e a d i e r  and  more r a p i d  o v e r  a  smooth s u r f a c e  t h a n  

o v e r  a  more  r u g g e d  o n e .

Movement i n  s t a n d i n g  o r  s l o w l y  f l o w i n g  w a t e r  i s  

e i t h e r  a t  random  o r  d i r e c t e d  to w a r d  f o o d  c o n c e n t r a t i o n s  

w i t h  g r a v i t y ,  a m b i e n t  l i g h t  i n t e n s i t y ,  and  any  c u r r e n t  

v e l o c i t y  h a v i n g  l i t t l e  o r  no i n f l u e n c e .

I n  m oving w a t e r  o f  m o d e r a t e  o r  g r e a t e r  v e l o c i t y  

(>8 c m / s e c ) ,  t h e  r a t e  o f  movement i s  g r e a t e r  and  t h e  

d i r e c t i o n  o f  movement  i s  more s t r o n g l y  i n f l u e n c e d  by t h e
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a m b i e n t  c u r r e n t  v e l o c i t y  and  l i g h t  c o n d i t i o n  t h a n  i n  

s t a n d i n g  o r  more  s l o w l y  f l o w i n g  w a t e r .

Campeloma e x h i b i t s  p o s i t i v e  r h e o t a x i s  n o t  a b s o l u t e l y  

b u t  r a t h e r  t o  a n  e x t e n t  d e p e n d e n t  upo n  t h e  a m b i e n t  

c o n d i t i o n s  o f  c u r r e n t  v e l o c i t y  and  l i g h t  i n  c o m b i n a t i o n .
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