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ABSTRACT

T he  d r e d g i n g  an d  du m p in g  o f  s p o i l  m a t e r i a l  b y  t h e  

U n i t e d  S t a t e s  Army C o r p s  o f  E n g i n e e r s  d u r i n g  t h e  w i n t e r  o f  

1962  p r a c t i c a l l y  e l i m i n a t e d  t h e  e x i s t i n g  f a u n a  i n  t h e  

r e s p e c t i v e  c h a n n e l  an d  d i s p o s a l  a r e a s .  Q u a n t i t a t i v e  e v i d e n c  

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

m ore  s t a b l e  s p e c i e s  was o c c u r r i n g  JL n  b o t h  a r e a s .

C o n s i d e r a b l e  s e a s o n a l  v a r i a t i o n  was n o t e d  I n  t h e  

n u m b e rs  o f  b e n t h i c  o r g a n i s m s .  The  r a z o r  c l a m ,  E n s i s  

d i r e c t u s a showed n u m e r i c a l  r e d u c t i o n s  o f  97 t o  1 0 0  p e r  c e n t  

I n  .one m o n th .

A n i m a 1 - s e d i m e n t  r e l a t i o n s h i p s  w e r e  d e f i n e d  f o r  s a n d  

a n d  mud c o m m u n i t i e s .  T he  N e p h t y s i n c I s a - R e t u s a  e a n a l i e u l a t a  

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

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

an(3 L y o n s i a  h y a l i n a ,  w e r e  a s s o c i a t e d  w i t h  s a n d i e r  s e d i m e n t s .



INTRODUCTION

H i s t o r y  o f  P r e v io u s  Work

Q u a n t i t a t i v e  b e n t h ic  s t u d i e s  r e c e i v e d  Im p etu s from  

C. G. J .  P e t e r s e n  su b s e q u e n t  t o  a s e r i e s  o f  p a p er s  p u b l i s h e d  

i n  1911  and l a t e r .  P e t e r s e n  p r e s e n t e d  m ethods and i n v e n t e d  

in s t r u m e n t s  su ch  a s  t h e  " P e te r s e n  g r a b ” w h ich  g a v e  qu an ­

t i t a t i v e  sa m p lin g  a f ir m  b a s i s  (H ed g p eth , 1 9 5 7 ) .

S p a rck  ( 1 9 3 5 )# summ arized t h e  im p o r ta n c e  o f  q u a n t i t a ­

t i v e  i n v e s t i g a t i o n s  un der  s e v e r a l  m ajor  s u b j e c t s .  At f i r s t ,  

b e n t h i c  s t u d i e s  w ere  u n d e r ta k e n  t o  d e te r m in e  t h e  amount o f  

f i s h  fo o d  a v a i l a b l e  per sq u a r e  m eter  o f  s e a - b o t t o m .  T h ese  

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

s i n c e  t h e r e  seem ed t o  be a c l o s e  r e l a t i o n  b e tw e e n  t h e  number 

o f  b e n t h i c  a n im a ls  and t h e  p o p u la t io n  o f  b o tto m  f i s h e s .  

S e c o n d ly ,  t h e r e  was a need  f o r  s i m p l i f i e d  m ethods o f  

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

b y  I n d i c a t i n g  t h e  few  q u a n t i t a t i v e l y  dom inant s p e c i e s  and 

r e f e r r i n g  t o  t h e s e  a s  a com m unity . The com m unity c o n c e p t  

e n a b l e s  t h e  i n v e s t i g a t o r  t o  make c e r t a i n  broad s t a t e m e n t s  

c o n c e r n in g  th e  fa u n a 1 a s s e m b la g e  o v e r  f a i r l y  l a r g e  a r e a s  w h ich  

c o u ld  n o t  b e  t h o r o u g h ly  c o v e r e d  b y  sa m p lin g  in  a n y  r e a s o n a b le  

amount o f  t i m e .  T h is  c o n c e p t  i s  em p h asized  i n  S p a r c k ' s



d i s c u s s i o n  o f  m arin e  e c o l o g y .  E c o l o g i c a l  im p o r ta n c e  i n c l u d e s  

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

o f  s e d im e n t  a s s o c i a t e d  w i t h  t h e  o r g a n ism . I t  i s  w i t h  t h i s  

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

P r e v io u s  r e s e a r c h  i n v o l v i n g  q u a n t i t a t i v e  s a m p lin g  

and an im a 1 -s e d im e n t  r e l a t i o n s h i p s  on t h e  e a s t  c o a s t  o f  t h e  

U n ite d  S t a t e s  h a s  b e e n  d i r e c t e d  l a r g e l y  tow ard  t h e  s t u d y  o f  

p e l e c y p o d s .  B ader (195*0  r e p o r t e d  t h a t  t h e  o r g a n i c  c o n t e n t  

o f  s e d im e n t s  and t h e  s t a t e  o f  d e c o m p o s i t io n  w e re  pr im ary  

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

i n  t h e  r e g i o n  o f  Mt. D e s e r t  I s l a n d ,  M aine. S t i c k n e y  and  

S t r i n g e r  ( 1 9 5 7 )  c o n d u c te d  b i o l o g i c a l  s t u d i e s  o f  t h e  s o f t  c lam  

( Mya a r e n a r l a ) and t h e  hard clam  ( M ercen a r la  m e r e e n a r l a ) i n  

G reen w ich  B a y , Rhode I s l a n d .  T hey i n d i c a t e  t h e  p o s s i b i l i t y  

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

© v o r a b le  f o r  c o m m e r c ia l ly  im p o r ta n t  s p e c i e s . W e l l s  (1 9 5 7 )  

s t u d i e d  hard c la m ' p o p u l a t i o n s  i n  t h e  C h ln c o te a g u e  B ay a r e a  

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

b ottom  t y p e s .  Clams w ere  m ost abundant i n  a r e a s  o f  s h e l l .

Sand ranked  se c o n d  and t h e  abundance d e c r e a s e d  t h r o u g h  

sand^mud m ix tu r e s  t o  a low i n  mud s a m p le s .  Clams were more 

abu nd ant i n  d e e p e r  w a te r  and a r e a s  o f  s t r o n g  c u r r e n t s .

The m ost r e c e n t  s t u d i e s  o f  a n im a l - s e d im e n t  r e l a t i o n ­

s h i p s  h ave  b een  done b y  S a n d ers  ( 1 9 5 8 ) i n  B u z z a r d s  B ay ,  

M a s s a c h u s e t t s ,  and M cNulty e t  a l .  ( 1 9 6 2 ) i n  B l s c a y n e  B ay ,  

F l o r i d a .  S an d ers  (1 9 5 8 )  s e p a r a t e d  two pr im ary  f e e d i n g  t y p e s ,



t h e  f l i t e r - f e e d e r s  and th e  d e p o s I t - f e e d e r s . He found  

n u m e r ic a l  dom inance o f  t h e s e  t y p e s  i n  t h e  sand and mud s e d i ­

m e n ts ,  r e s p e c t i v e l y .  R e s u l t s  i n d i c a t e d  t h a t  c l a y  was th e  

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

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

w ere  m ost abundant i n  f i n e ,  w e l l  s o r t e d  sand w i t h  m edian  

d ia m e t e r s  o f  0 .1 8  mm.

M cNulty e t , a l . ( l 9 6 2 )  found dom inant o r g a n ism s  o c c u r ­

r i n g  a t  d i f f e r e n t  g r a i n  s i z e s  from  t h o s e  found b y  S a n d e r s .

T hey s e p a r a t e d  t h e  o r g a n ism s  i n t o  t h r e e  f e e d i n g  t y p e s :  d e p o s i t ,

d e t r i t u s ,  and f i l t e r  f e e d e r s *  Dominance was f i g u r e d  i n  term s  

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

D e t r i t u s - f e e d e r s  w ere  predom inant i n  t h e  f i n e  s e d i m e n t s ,  

w h i l e  d e p o s i t -  and f  l i t e r - f e e d  era- w ere  most ab u n d an t i n  

s e d im e n t s  w i t h  a m edian  d ia m e t e r  a b o u t  0 . 4  mm.

P u rp o se  o f  P r e s e n t  I n v e s t i g a t i o n

The d r e d g in g  o p e r a t i o n  f o r  t h e  U. S .  Army Corps o f  

E n g in e e r s  removed se d im e n t  i n  t h e  Rappahannock S h o a l s  s h i p  

c h a n n e l  t o  a d e p th  o f  a p p r o x im a t e ly  f i v e  f e e t  b e lo w  t h e  

s u r r o u n d in g  b o t to m . S p o i l  m a t e r i a l  was pumped i n t o  h o p p er  

b a r g e s  and tow ed t o  a d i s p o s a l  s i t e  w here th e  m a t e r i a l  was 

dumped.

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

fa u n a  In  t h e  low er  C hesapeake Bay was u n d e r ta k e n  under  

C o n tr a c t  D A -44-110-C IV E N G -61-181 w i t h  t h e  U. S .  Army Corps



-  4 -

o f  E n g in e e r s  o v e r  th e  p e r io d  J u l y ,  19^ 1 , th r o u g h  J u l y ,  1 9 6 3 .

The p u rp o se  was t w o f o l d .  F i r s t ,  t o  d e te r m in e  t h e  e f f e c t  o f  

d r e d g in g  and t h e  dumping o f  t h e  d red ged  m a t e r i a l  i n t o  th e  

d i s p o s a l  a r e a  on t h e  e x i s t i n g  fau n a  and t h e  l e n g t h  o f  t im e  

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

c o m p a r e -th e '" a n im a l-se d im e n t  r e l a t i o n s h i p s  i n  t h e  lo w e r  

C h esapeake  Bay w i t h  s i m i l a r  s t u d i e s  i n  o t h e r  a r e a s .

Area o f  Inv e 3 1 1g a t  io n

C h esap eak e  Bay and i t s  t r i b u t a r i e s  c o m p r is e  one o f  

t h e  l a r g e s t  e s t u a r i e s  i n  t h e  w o r ld .  The b ay  i s  a p p r o x im a t e ly  

on e  hundred and e i g h t y  m i le s  lo n g  from  t h e  mouth o f  t h e  S u s ­

quehanna R i v e r ,  t h e  n o r th e r n m o st  and l a r g e s t  t r i b u t a r y ,  t o  

i t s  o c e a n ic  mouth b e tw e e n  Cape H enry and Cape C h a r le s .

( F i g .  1 ) .  The w id th  v a r i e s  from  t h r e e  t o  t h i r t y  m i l e s .

Ryan (1 9 5 3 )  I n d i c a t e s  t h a t  c o a r s e  sa n d s  o f  t h e  w e s t e r n  sh o r e  

g r a d e  outw ard th r o u g h  f i n e r  sa n d s  t o  c l a y e y - s i l t s  i n  t h e  c h a n ­

n e l ,  w h i l e  e a s t  o f  t h e  main c h a n n e l  t h e  s e d im e n t s  a r e  sa n d s  

r e g a r d l e s s  o f  d e p t h .  He f u r t h e r  s t a t e s  t h a t  t h e  lo w e r  bay  

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

The m a j o r i t y  o f  t h e  sa m p le s  t a k e n  d u r in g  t h e  p r e s e n t  

s t u d y  w ere  r e s t r i c t e d  t o  t h e  s i l t s  i n  t h e  d e e p e r  p o r t i o n s  o f  

t h e  b a y  ( F i g .  5 ) .  The n o r th e rn m o st  sa m p lin g  s t a t i o n  was 

l o c a t e d  i n  an a r e a  a d j a c e n t  to  th e  mouth o f  t h e  G rea t  W icomico  

R i v e r ,  w h i l e  the  so u th e r n m o st  t r a n s e c t  c r o s s e d  t h e  b a y  o p p o s i t e  

t h e  mouth o f  th e  P ia n k a ta n k  R iv e r  ( F i g .  1 ) .
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Sm itti Point.

Ton f i t  r

Rappahannock Rhrmr.

INDEX MAP

F i g .  1 .  Map o f  l o w e r  C h e s a p e a k e  Bay  sh o w in g  s a m p l i n g  
t r a n s e c t s .
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MATERIALS AND METHODS

S am p lin g  s t a t i o n s  w ere  I n i t i a l l y  e s t a b l i s h e d  a t  i n t e r  

v a l s  o f  one m i le  a lo n g  t r a n s e c t s  b e tw e e n  p r i n c i p a l  b u oys  

( F i g ,  1 ) .  T h ese  w ere su p p lem en ted  by  a d d i t i o n a l  s t a t i o n s ,  

c l o s e l y  s p a c e d ,  t o  g i v e  a d e q u a te  c o v e r a g e  to  t h e  a r e a l  d i s ­

t r i b u t i o n  o f  t h e  b e n th o s  and s e d im e n t  t y p e s  i n  t h e  d red g ed  

a r e a  and d i s p o s a l  s i t e .

One hundred s t a t i o n s  w e re  sam pled  i n d i v i d u a l l y  i n  

J u l y ,  I 9 6 I  (T a b le  1 )  and n i n e t y  sa m p le s  w ere  t a k e n  from  84 

s t a t i o n s  i n  J a n u a ry  and F e b r u a r y ,  1 9 6 2 . June and J u l y ,  1 9 6 2 ,  

t r a n s e c t s  In c lu d e d  119 sa m p le s  t a k e n  from  108  s t a t i o n s .  Only  

13 s t a t i o n s  were sam pled  i n  A p r i l ,  1 9 o 3 ,  w i t h  r e p l i c a t e  

sa m p le s  b e in g  ta k e n  a t  11 o f  t h e s e .

F a u n a l sa m p les  w ere  c o l l e c t e d  b y  u s in g  a  P e t e r s e n  

grab  w i t h  a c a p a c i t y  o f  .0 6 7  sq u a r e  m e te r .  The g r a b  was

TABLE 1

NUMBER OF SAMPLES AND STATIONS

S am p lin g  P er io d No. o f  Sam ples
T a k e n

No. o f  S t a t i o n s
Sampled

J u l y  1961' 100 1 0 0

J a n .  F eb . 1962 90 84

J u n . J u l y  1962 119 108

A p r i l  1963 40 13
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l o w e r e d  f r o m  t h e  d e c k  o f  t h e  r e s e a r c h  v e s s e l  upon  a s s u m i n g  a 

s t a t i o n a r y  p o s i t i o n  i n  t h e  s a m p le  a r e a .  W e i g h t s  w e r e  a d d e d  

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

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

h a u l e d  t o  t h e  d e c k ,  t h e  s a m p l e  was dumped i n t o  a  s e t  o f  two 

s c r e e n s ,  t h e  t o p  s c r e e n  h a v i n g  a  2 mm. mesh a n d  t h e  b o t t o m  

s c r e e n  1 mm. The s a m p l e s  w e r e  i m m e d i a t e l y  w a s h e d ,  a n d  t h e  

a n i m a l s  rem oved  an d  p r e s e r v e d  i n  d i l u t e  f o r m a l i n  f o r  l a t e r  

l a b  o r a  t  o r  y  1 d e n t l  f  i  c a  t  i o  n .

The  r e s u l t s  f r o m  two m e th o d s  o f  3 e d i m e n t  a n a l y s i s  

w e r e  u s e d  i n  p r e p a r i n g  a n i m a 1 - s e d i m e n t  i n t e r r e l a t i o n s h i p s • 

S i z e  a n a l y s i s  f o r  t h e  100 s a m p l e s  o b t a i n e d  d u r i n g  J u l y ,  1961* 

w e r e  p r e p a r e d  b y  B a t t e n  . (A n n u a l  P r o g r e s s - B e p o r t - ,  -1962) u s i n g  

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

( Krurabein  a n a  P e t t i j o h n ,  1 9 3 8 ,  p .  1 3 3 ) •  B a t t e n * ©  s a m p l e s  

w e r e  n o t  d r i e d  a n d  w e ig h e d  b e f o r e  p i p e t t i n g .  T h i s  was t h e  

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

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

a n d  Lynch ( 1 9 6 3 ) o f  t h e  V i r g i n i a  I n s t i t u t e  o f  M ax ine  S c i e n c e  

b y  a  s t a n d a r d  s i e v e  a n a l y s i s  an d  h y d r o m e t e r  m eth od  (L aw so n ,  

1 95 9 )*  The  r e s u l t s  r e p o r t e d  b y  H a r r i s o n  a n d  L y nch  ( 1 9 6 3 ) 

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

a n a l y z e d  b y  B a t t e n  (A n n u a l  P r o g r e s s  R e p o r t ,  1 9 6 2 ) .

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

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



-  8  -

mud a c c o r d i n g  t o  t h e  t e x t u r a l  c l a s s  p r o v i d e d  b y  B a t t e n  

( A n n u a l  P r o g r e s s  R e p o r t ,  1 9 6 2 ) a n d  H a r r i s o n  a n d  L y n ch  ( 1 9 6 3 ) .  

The  s e p a r a t i o n  b e t w e e n 1mud a n d  s a n d  c a n  b e  s e e n  I n  F i g u r e  2 .  

Muds, a s  u s e d  i n  t h i s  s t u d y ,  a r e  m ark ed  o f f  b y  d a s h e d  l i n e s .  

S a m p le s  w h ic h  o c c u r r e d  I n  t h e  r e m a i n i n g  a r e a  o f  t h e  s e d i m e n t  

t r i a n g l e  w e r e  c o n s i d e r e d  t o  b e  s a n d s  ( P i g .  2 ) .
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Fig. 2. Nomenclature of sediment types. (After Shepard, 1954, p. 157)
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RESULTS

The  J u l y ,  ,1961,  s a m p l e s  w e r e  t a k e n  p r i o r  t o  t h e  du m p ing  

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

t i o n '  o f  w h a t  m ig h t  h e  e x p e c t e d  u n d e r  r e l a t i v e l y  11 n o r m a l ” c o n ­

d i t i o n s .  S a m p le s  t a k e n  d u r i n g  J a n u a r y  and  F e b r u a r y ,  1 9 6 2 ,  

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

b y  a p p r o x i m a t e l y  one  m o n th .  I t  was e v i d e n t  f r o m  t h e  t h i c k ,  

lu m p y  t e x t u r e  o f  t h e  s e d i m e n t  and  t h e  a b s e n c e  o f  ..ia&st 

o r g a n i s m s  t h a t  t h e  tw o  s a m p l e s  h ad  come f r o m  t h e  d i s p o s a l  

s i t e .  G-5 a n d  J - 2  w e r e  t h e  o n l y  two s t a t i o n s  w h e r e  t h e  m ass  

p r o p e r t i e s  f o u n d  b y  H a r r i s o n  and Lynch ( 1 9 6 3 , p . 3 5 j  w e r e  n o t  

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

o f  t h e  a r e a .  S u b s e q u e n t  s a m p l i n g  a t  s t a t i o n s  G - 5  a n d  J - 2  

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

s l o w l y .  N u m e r i c a l  c o m p o s i t i o n  o f  t h e  f a u n a  a t  ' s t a t i o n s  G-5

TABLE. 2

QUANT IT  AT X YE .ANALYSIS OF BENTHOS- AT STATION G - 5

D a t e No. o f - S p e c i e s No. o f  I n d i v i d u a l s

J u l y ,  I 9S I 10 76

J a n . ,  F e b . ,  1962 3 0

J u n e ,  1962 2 7 2 9^

A p r i l ,  1963* 5 23

*Mean o f  t h r e e  s a m p l e s .



an d  J - 2  was i n d i c a t i v e  o f  t h e  r a t e  o f  r e p o p u l a t i o n  In  t h e  

d i s p o s a l  a r e a ,  a s  p o i n t e d  o u t  b y  t h e  r e s p e c t i v e  89  and 80  

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

two s t a t i o n s  f r o m  w i n t e r ,  1 9 6 2 ,  t o  A p r i l ,  1963* i f  t h e  

r e s u l t s  f o r  J u n e ,  1 9 6 2 ,  a r e  d i s c o u n t e d  ( T a b l e  2 ) .  I n  t h e  

J u n e ,  1 9 6 2 ,  s p o i l  s a m p l e s ,  t h e r e  was e v i d e n c e  I n  t h e  f o r m  

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

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

o c c u r r e d •

TABLE 3

QUANTITATIVE ANALYSIS. -CF BENTHOS AT STATION J - 2

B a te No. o f  S p e c i e s No. o f  I n d i v i d u a l s

J u l y ,  1961 5 34

J a n .  F e b . ,  1962 2 6

J u n e ,  1962 13 1007

A p r i l ,  1963* •t; 24

♦Mean o f  s e v e n  s a m p l e s •

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

I u ~3 * s i m i l a r l y  r e f l e c t e d  t h e  s p a r s i t y  o f  s p e c i e s  a n d  i n d i ­

v i d u a l s  . f o l l o w i n g  t h e  c o m p l e t i o n  o f  t h e  p r o j e c t  ( T a b l e  4 ) .  

The  J u n e ,  1 9 6 2 ,  s a m p l e ,  l i k e w i s e ,  showed a n  a b u n d a n c e  o f  

o r g a n i s m s  a t  t h i s  s t a t i o n .  S t a t i o n  I "-3  was n o t  s a m p l e d  i n  

A p r i l ,  1 9 6 3 ,  b u t  t h e  m ost  r e c e n t  s u r v e y  i n  t h e  d r e d g e d  a r e a
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c o n s i s t e d  o f  a  s e r i e s  o f  t h r e e  t r a n s e c t s  a c r o s s  t h e  c h a n n e l  

d u r i n g  J u l y ,  1 9 6 3 . E a c h  t r a n s e c t  c o n t a i n e d  t e n  s t a t i o n s ,  

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

S t a t i s t i c a l l y ,  t h e r e  was  & s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

t h e  a v e r a g e  num ber  o f  i n d i v i d u a l s  p e r  s a m p le  f o u n d  i n  t h e  

c h a n n e l  a n d  o u t s i d e  ( F i g .  2 ) .  I n t e r v a l  e s t i m a t e s  a t  t h e  95% 

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

. 0 6 7  s q u a r e  m e t e r  ̂ s a m p l e  i n  t h e  d r e d g e d  c h a n n e l  w e r e  1 7 . 4  

t o  3 0 . 3 ,  w h i l e - c o r r e s p o n d i n g  f i g u r e s  f o r  o u t s i d e  t h e  c h a n n e l  

w e r e  1 2 2 .  G t o  1 7 9 . 4 .

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

p r e s e n t e d  i n  t h e  a p p e n d i x .  T h e y  i n c l u d e  s e d i m e n t  t y p e s ,  

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

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

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

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

1 9 3 3 9 s a m p l e s  w e r e  l i m i t e d  t o  a  s m a l l  a r e a  o f  f i n e r  g r a i n  

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

The t o t a l  n u m b er  o f  o r g a n i s m s  was g r e a t e s t  i n  J u n e ,

TABLE 4

QUANTITATIVE ANALYSIS o f  b en th o s  at STATION I M -3

D a t e No. o f  S p e c i e s No. o f  I n d i v i d u a l s

J u l y ,  I 9 6 I 10 57

J a n . F e b . ,  1962 2 8

J u n e ,  1962 19 6 4 3
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1 9 6 2 , w i t h * t h e  o c c u r r e n c e  o f  5 2 , 3 0 4  I n d i v i d u a l s  i n  93  s a m p l e s .  

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

f e w e r ,  w i t h  9739  i n d i v i d u a l s  f ro m  100  s a m p l e s  i n  t h e  summer 

o f  1961  a n d 4 7 0 0  i n  90 s a m p l e s  d u r i n g  J a n u a r y  a n d  F e b r u a r y ,  

1 9 6 2 .

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

d a t e  a r e  l i s t e d  i n  T a b l e  5* w h e r e  mean n u m b e r s  o f  i n d i v i d u a l s  

p e r  s a m p le ,  a r e  r e l a t e d  t o  mean g r a i n  s i z e  i n  p h i  ( 0 ) u n i t s ,  

w h e r e ~ t h e  p h i  ( 0 ) u n i t  i s  - l o s ’2 o f  t h e  d i a m e t e r  i n  m i l l i ­

m e t e r s  ( K i n g ,  I 96I ,  p .  3 ) .  P h i  ( 0 )  u n i t s  f o r  t h e  J u l y ,  1 9 b l ,  

s a m p l e s  w e r e  f u r n i s h e d  b y  B a t t e n  (A n n u a l  P r o g r e s s  R e p o r t ,  

1 9 6 2 ) ,  w h i l e  p h i  ( 0 ) u n i t s  f o r  t h e  r e m a i n i n g  s a m p l e s  w e re  

co m p u te d  b y  - H a r r i s o n  a n d  L ynch  ( 1 9 6 3 ) .  The  m a j o r i t y  o f  t h e  

s a m p l e s  w e r e  t a k e n  i n  s i l t y  s e d i m e n t s .  More e m p h a s i s  s h o u l d  

b e  p u t  o n  t h e  mean v a l u e s  f o u n d  i n  t h e  >  30 d i v i s i o n  

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

o f  t h e  m e a n .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  t h e  J u l y ,  1 9 6 1 , 

s a m p l e s ,  w h e r e  t h e  3 - 4  a n d  4 - 5  0 - d i v i s i o n s  c o n t a i n e d  o n l y  two 

s a m p l e s  e a c h ,  w h i l e  t h e  > 5 0  d i v i s i o n  i n c l u d e d  t h i r t y - f i v e  

s a m p l e s .  I f  t h e  <  3 0  and  3 - 4  0 d i v i s i o n s  f o r  M u l i n l a  a r e  

lum ped  t o g e t h e r  a s  s a n d  s a m p l e s ,  t h e  mean n u m b e r  o f  i n d i v i ­

d u a l s  p e r  s a m p le  w ou ld  b e  1 9 . 4 ,  w h i l e  a  s i m i l a r  l u m p i n g  o f  

t h e  mud s a m p l e s  y i e l d s  5 5* 9  i n d i v i d u a l s  p e r  s a m p l e .  The 

a p p a r e n t  t r e n d  n o t i c e d  f o r  M u l i n i a  i n  t h e  J u l y *  1 9 ^ 1 ,  

s a m p l e s  was s l i g h t l y  r e v e r s e d  i n  t h e  J u n e ,  1 9 6 2 ,  r e s u l t s .

T he  r e a s o n  f o r  t h i s  c a n  b e  f o u n d  i n  t h e  v a r i a t i o n  b e t w e e n



t h e  g r a i n - s i z e  v a l u e s  g i v e n  b y  B a t t e n  (A n n u a l  P r o g r e s s  R ep ort  

I 9 6 2 ) a n d  t h o s e  f o u n d  b y  H a r r i s o n  a n d  Lynch  ( 1 9 6 3 ) .  A lth o u g h  

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

t h e  g r a i n  s i z e s  f o u n d  b y  H a r r i s o n  a n d  Lynch  ( 1 9 6 3 ) w e r e  

c o a r s e r  a s  shown i n  t h e  a p p e n d i c e s .  T h i s  would c a u s e  some 

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

1 9 6 1 ,  s e r i e s ,  t o  b e  p l a c e d  i n  t h e  s a n d  d i v i s i o n  i n  J u n e ,

1 9 6 2 .  T r e n d s  w ou ld  t h e n  s h i f t  t o w a r d  t h e  sandy ,  s e d i m e n t s .

A c o lu m n  l i s t i n g  t h e  f e e d i n g  t y p e  was a l s o  I n c l u d e d  i n  

T a b l e  3» t o  e m p h a s i z e  t h e  r e l a t i o n s h i p  b e tw e e n  s e d i m e n t  

s i z e  an d  f e e d i n g  t y p e .  G e n e r a l l y ,  4 0  i s  c o n s i d e r e d  t o  b e  

t h e  s e p a r a t i o n  b e t w e e n  s a n d  and s i l t  ( S h e p a r d ,  1 9 5 4 ) .  The  

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

many i n v e s t i g a t o r s  ( C l a r k ,  1 9 6 2 ) ,  b u t  S a n d e r s  ( i 9 6 0 ) f o u n d  

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

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

was a  s e l e c t i v e  d e t r i t u s  f e e d e r  I n  t h i s  a r e a .  T h e r e  was

no e v i d e n c e  t h a t  t h i s  s p e c i e s  i n d i s c r i m i n a t e l y  I n g e s t e d  

t h e  s e d i m e n t s .  T he  d i g e s t i v e  t r a c t  c o n t a i n e d  a  g r e e n  

m a t e r i a l  c o m p l e t e l y  v o i d  o f  s e d i m e n t .
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TABLE 5

LIST OF THE NUMERICALLY DOMINANT SPECIES, FEEDING TYPES8 ,  

AND MEAN:-,NUMBERS;- OF INDIVIDUALS PER SAMPLE*3 RELATED TO THE 

GRAIN SIZE DIVISION IN WHICH THEY OCCUR

J u l y ,  1961 F e e d .
Type

< 3 #
( 8 )

3 - 4 0
(2 )

4 - 5 0
(2 )

> 5 0
( 3 5 )

M u lin ia  l a t e r a l i s SF 1 1 . 0 5 3 . 0 1 . 0 6 2 .4

M olgu la  m a n h a t t e n s l s SF 9.9 4 . 0 1 .5 4 . 7

N eph tys  i n c i s a SDF 4 . 0 1 8 . 0 1 1 .5 1 2 .7

L y o n s ia  h y a l i n a SF 9*6 2 4 . 0 3 . 5 4 . 0

R etu sa  c a n a l t c u l a t a C 3 . 6 3 . 0 1 0 . 0 5 . 4

J a n .  F e b . ,  1962 (5 ) ( 6 ) d o ) ( 1 7 )

R e tu sa  e a n a l i c u l a t a c 8.5 4 . 8 1 2 .3 1 2 . 2

A m p e lisc a  s p i n i p e s SF 4 . 8 1 3 .6 4 . 7 4 . 0

N eph tys i n c i s a SDF 3 . 8 7 . 4 8 . 6 7 . 4

M olgu la  m a n h a t t e n s l s SF 3 .5 2 0 . 0 7 . 3 5 . 2

Am phlodia a t r a SDF 1 . 2 2 . 6 1 . 6 1 . 2

J u n e ,  1962 (8 ) 17) ( 1 4 ) ( 2 1 )

E n s i s  d l r e c t u s SF 9 5 0 .7 2 6 3 .7 1 1 5 .7 1 6 9 .8

C i s t e n i d e s  g o u l d i NSDF 2 3 . 7 5 0 .3 2 2 . 2 2 8 . 1

M u lin ia  l a t e r a l i s SF 1 4 .1 1 2 .3 1 2 . 0 1 2 . 1

A ra p e lisca  s p i n i p e s SF 2 6 .6 9 .7 5 . 1 3 . 0

N eph tys  i n c i s a SDF 7 . 4 1 3 .0 1 6 . 2 1 9 .9

a
SF s  S u s p e n s i o n  f e e d e r
SDF -  S e l e c t i v e  d e t r i t u s  f e e d e r
NSDF = N o n - s e l e c t i v e  d e p o s i t  f e e d e r
C 3 C a r n i v o r e
d u m b e r  o f  s a m p l e s  p e r  g r a i n  s i z e  d i v i s i o n  i n d i c a t e d  
i n  p a r e n t h e s e s .
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DISCUSSION

D i s p o s a l  A rea

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

lum py  s e d i m e n t  w i t h  l a r g e  mud h a l l s  b e i n g  t h e  o u t s t a n d i n g  

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

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

t h e  d i s p o s a l  s i t e  i n  h o p p e r s .  K o r n i e k e r  et_- a l . .  ( 1 9 5 3 )  o b ­

s e r v e d  a d r e d g e  i n  a c t i o n  i n  t h e  Laguna  Madre a n d  i n s p e c t e d  

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

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

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

a h u n d a n t  mud b a l l s . 'The  r o t a r y  a c t i o n  o f  t h e  s t e e l  s c r e w  on  

t h e  d r e d g e ,  b r e a k s  t h e  s e d i m e n t  i n t o  c h u n k s  which-  become-, 

r o u n d e d  b y  a b r a s i o n .

A t  t h e  C o r p s  .of  E n g i n e e r s  d i s p o s a l  s i t e ,  t h e  d r e d g e d  

m a t e r i a l  was dumped f r o m  h o p p e r s ,  r e l e a s i n g  a  l a r g e  q u a n t i t y  

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

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

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

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

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

w o u ld  r e s i s t  d i s p e r s i o n  i n  t h e  w a t e r  c o lu m n  w hen  r e l e a s e d .  

T h e r e f o r e ,  i f  some o f  t h e  m a t e r i a l  d i d  r e a c h  b o t t o m  r e l a t i v e l y  

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

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

m e n t s .  S a m p le s  G-5  a n d  J - 2  w e r e  c h a r a c t e r i z e d  b y  t h i s  t h i c k ,  

lum py  s e d i m e n t  a n d  a n  I n s i g n i f i c a n t  n um b er  o f  o r g a n i s m s .  T h i s  

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

b y  H a r r i s o n  a n d  Lynch ( 1 9 6 3 ) d e l i n e a t e d  t h e  d i s p o s a l  s i t e .

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

o b s e r v e d  a t  a l l  s t a t i o n s  d u r i n g  t h e  1962  summer s a m p l i n g  

p e r i o d .  The  mean n u m b er  o f  i n d i v i d u a l s  p e r  s a m p l e  o b t a i n e d  

i n  t h e  s a n d  s e d i m e n t s  i n c r e a s e d  f r o m  5 6 . 9  i n  J a n u a r y  a n d  

F e b r u a r y ,  1 9 6 2 ,  t o  7 8 3 • 9  i n  J u n e ,  1 9 6 2 ( F i g .  3 ) .  T h e  o c c u r ­

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

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

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

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

s t a t i o n s  G-5  a n d  J - 2 .  The  mean n u m b e r  o f  i n d i v i d u a l s  f o u n d  

a t  S t a t i o n  G-5 i n  A p r i l ,  1963* was 2 3 ,  w h i l e  a  m ean  o f  24  

was p r e s e n t  a t  J - 2 .  T h i s  i s  a  93  a n d  98  p a r  c e n t  d e c r e a s e  

r e s p e c t i v e l y  f ro m  t h e  summer v a l u e .  Hpx^ever, t h e  A p r i l *

1 9 8 3 ,  s a m p l e s  w e r e  89  and  80  p e r  c e n t  l a r g e r  t h a n  t h e  w i n t e r ,  

1 9 6 2 ,  s a m p l e s ,  i n d i c a t i n g  t h a t  r e p o p u l a t i o n  was o c c u r r i n g .  

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

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

82$ o f  t h e  s a m p l e s  t a k e n  a t  G-5 a n d  J - 2  i n  A p r i l , .  T h e s e  

se em  t o  b e  r e l a t i v e l y  s t a b l e  a n i m a l s  ( i . e . ,  o r g a n i s m s  c a p a b l e
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o f  w i t h s t a n d in g  a d v e r s e  f l u c t u a t i o n s  i n  t h e  e n v iro n m en t  and 

c o n s e q u e n t l y  n o t  e x h i b i t i n g  e x tr e m e  n u m e r ic a l  v a r i a t i o n s ) ,  

o c c u r r in g  more o f t e n  i n  f i n e r  s a n d s ,  s i l t ,  and c l a y .  N o ta b le  

was t h e  a lm o s t  c o m p le t e  a b s e n c e  o f  l a m e l l i b r a n c h s . Many 

s p e c i e s  o f  t h i s  g rou p  h ave  u n s t a b l e  p o p u la t io n s  and a r e  more 

d e p e n d en t  on r e l a t i v e l y  s t a b l e  h a b i t a t s  th a n  N ep h ty s  o r  

R e t u s a  (T h o r so n ,  1 9 5 7 )*

D redged Area

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

was more  t h a n  s u f f i c i e n t  t o  e l i m i n a t e  t h e  e x i s t i n g  b e n t h i c  

f a u n a .  T h e  t o t a l  o f  e i g h t  i n d i v i d u a l s  f o u n d  a t  s t a t i o n  I " - 3  

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

^mean o f  ^ 3 . 0  i n d i v i d u a l s  p e r  s a m p le  i n  t h e  o t h e r  mud s t a t i o n s .  

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

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

n e a r b y  s e d i m e n t s .  T he  J u n e ,  1 9 6 2 ,  s a m p le  a t  s t a t i o n  I !?-3  

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

r a t e  o f  r e  p o p u l a t i o n  was o b t a i n e d  f r o m  a  n um b er  o f  s t a t i o n s  

i n  J u l y ,  1 9 6 3 ,  I n s i d e  a n d  o u t s i d e  t h e  c h a n n e l .  T h e r e  was a  

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

i n  e a c h  a r e a  ( ? l g .  2 ) .  A c o m p a r i s o n  o f  n u m b ers  o f  i n d i v i d u a l s  

b e t w e e n  t h i s  d a t e  a n d  t h e  w i n t e r  o f  1962  r e v e a l e d  t h a t  s lo w  

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

h e r e .  A g a i n ,  t h e  l a m e l l l b r a n c h s  w e re  n o t a b l y  a b s e n t .



2 0  •

4 0 0 0  

1 0  0 0

I 0 0

I 0 

2

FIG.  4j-

SAND

MUD

S A N D

MU 0

SAND

MUD

MUD

SAND

J ULY , 1 9 6  1 JAN.  FEB. ,  19  6 2 J U N E  , 1 9  6 2  A P R I L ,  1 9  6 3

S E A S O N A L  V A R I A T I O N  S H O WN  B Y  T H E  M E A N S ,  S T A N D A R D  E R R O R S  A N D  

R A N G E S  F O R  T H E  N U M B E R  O F  I N D I V I D U A L S  P E R  S A M P L E  D U R I N G  T H E  

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



S e a s o n a l  V a r i a t i o n

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

o f  b e n t h i c  o r g a n i s m s  ( F i g .  3 ) .  As a n  e x a m p le  o f  t h i s ,  on e  

s a m p l e  t a k e n  i n  J u n e ,  1 9 6 2 ,  a p p r o x i m a t e l y  s i x  t o  e i g h t  w eek s  

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

2 , 2 4 3  i n d i v i d u a l s ,  w h i c h  g i v e s  a n  e s t i m a t e d  p o p u l a t i o n  o f  

3 3 , 4 7 8  i n d i v i d u a l s  p e r  s q u a r e  m e t e r .  E n s l s  n u m b e re d  2 , 0 6 3  o f  

t h e  t o t a l  2 , 2 4 3  i n d i v i d u a l s  c o n t a i n e d  i n  t h e  s a m p l e .  The  

f o l l o w i n g  m o n th - a  s a m p l e  t a k e n  a t  t h e  same s t a t i o n  c o n t a i n e d  

o n l y  294 i n d i v i d u a l s ,  o f  w h i c h  o n l y  48  w e r e  E n s i s . T h e  J u l y  

d u p l i c a t e  s t a t i o n s  showed r e d u c t i o n s  o f  97  t o  1 0 0  p e r  c e n t  

i n  t h e  num ber  o f  E n s l s  p e r  s a m p le  ( T a b l e  6 ) .  T h e  n u m b er  o f  

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

t h e  summer s a m p l e s ,  b u t  t h i s  i s  a p p a r e n t l y  a  s e a s o n a l  phenom enon  

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

t y p e s ,  p r e d a t i o n ,  d i s e a s e ,  I n t e r s p e c i f i c  a n d  i n t r a s p e c i f i c  

c o m p e t i t i o n .

TABLE 6

COMPARISON OF JUNE AND. JULY, 1 9 6 2 ,  DUPLICATE STATIONS GIVING 
NUMBER OF ENSIS DIRECTUS HER SAMPLE

S t a t i o n J u n e J  u l y

A -0 117 0
A -1 142 0
A- 2" 176 2
A-3 825 0
A-4 643 0
•A-5 920 0
A-6 2 7 5 0
A~7 176 3
A-8 1339 14

- A - 9 2 0 6 3 4 8
B - 0 102 0
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A n im a l- S ed im en t R e l a t i o n s h i p s

A n i m a l - s e d i m e n t ’r e l a t i o n s h i p s  c o r r e s p o n d i n g  t o  

s i m i l a r  r e l a t i o n s h i p s  f o u n d  i n  B u z z a r d s  B ay  b y  S a n d e r s  ( 1 9 5 8 )  

a n d  B i s c a y n e  Bay b y  M cN u l ty  et^ aJL. ( 1 9 6 2 ) w e r e  d i s c e r n i b l e  

i n  t h e  p r e s e n t  a r e a  o f  i n v e s t i g a t i o n .  Two o f  t h e  m os t  

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

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

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

a n d  s i l t y  s e d i m e n t s ,  r e s p e c t i v e l y  ( T a b l e  5 ) .  R e l a t i o n s h i p s  

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

s u s p e n s i o n  f e e d i n g  l a m e l l i b r a n c h ,  Mu 11 n la ,  l a t e r a l i s , n o r m a l l y  

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

s i l t y  s e d i m e n t s  ( F i g .  4 ) .  S a n d e r s  ( 1 9 5 8 ) f o u n d  t h e  a r e a s  

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

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

f e e d e r s •

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

t h e  a r e a s  i n v e s t i g a t e d  b y  S a n d e r s  ( 1 9 5 8 )  a n d  M c N u l ty  et_ a l . 

( 1 9 6 2 )1  n o t  i n  s e d i m e n t  t y p e ,  b u t  i n  t h e  a m o u n t  o f  d e t r i t u s  

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

l o w e r  b a y  b y  t h e  c o m p le x  o f  l a r g e  t r i b u t a r y  r i v e r s .  B i s c a y n e  

B ay  a n d  B u z z a r d s  B a y  a r e  b o t h  s h a l l o w ,  r e l a t i v e l y  w e l l  p r o ­

t e c t e d  a r e a s  w i t h  no  m a j o r  r i v e r s  e n t e r i n g  t h e m .  The  i n f l u x  

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

B ay  e n a b l e s  s u s p e n s i o n  f e e d e r s ,  s u c h  a s  M u l l n i a » t o  e s t a b l i s h  

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

f o r  s u c c e s s f u l  ■com m unit ies  o f  f i l t e r  f e e d e r s .  T h i s  phenom enon  

dam p en s  a n y  d i s t i n c t  o v e r - a l l  a n i m a l - s e d i m e n t  . i n t e r r e l a t i o n —- 

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

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

F a u n a 1 A s s e m b l a g e  .

To a c h i e v e  a  more  a c c u r a t e  p i c t u r e  o f  t h e  a c t u a l  

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

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

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

was d o n e  b y  u s i n g  a  f a u n a 1 i n d e x  v a l u e  ( S a n d e r s ,  i 9 6 0 ) ,  f o r  

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

t h r e e  m o s t  a b u n d a n t  ( T a b l e s  J, 8 ,  a n d  9 )*  A r a n k  o f  o n e  h a s  

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

t h r e e  e q u a l s  o n e  p o i n t .  I f  t h e r e  a r e  100 s a m p l e s  a n d  one. 

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

a  maximum v a l u e  o f  3 0 0 ,

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

o c c u r r e n c e  i n  t h e  mud s e d i m e n t s .  T h e s e  a r e  N e p h ty e  i n o I s a ,■ I ■»«, 1 I II 111 I Win 'II ■ II

H e t u s a  c a n a l l e u l a t a , a n d  H u l I n l a  l a t e r a 1 i s . T n f a u n a l  com­

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

s p e c i e s  w i t h  r e l a t i v e l y  s t a b l e  p o p u l a t i o n s  ( T h o r e o n ,  1 9 5 7 ) .  

T h i s  q u a l i f i c a t i o n ^ w o u l d " , n e c e s s i t a t e  t h e  e x c l u s i o n . - o f  

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



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

1 9 6 3 ,  a n d  J u l y ,  1963* s a m p l e s .  F o r t y  s a m p l e s  t a k e n  i n  A p r i l ,  

1 9 6 3 ,  d i d  n o t  p r o d u c e  a  s i n g l e  M u l i n i a . I n  J u l y ,  1 9 6 3 ,  f i f t e e n  

s a m p l e s  t a k e n  o u t s i d e  t h e  c h a n n e l  c o n t a i n e d  2 7 9  M u l i n i a ,  w h i l e  

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

N e p h t y s  i n e i s a - R e t u s a  c a n a l l c u H a  t a  co m m u n i ty  I s  s i m i l a r  t o  t h e  

N e p h t y s  i n c i s a - N u c u l a  p r o x l m a  c o m m u n i ty  d e f i n e d  b y  S a n d e r s  

( I 9 5 8 ) i n  B u z z a r d s  B a y  i n  t h a t  many o f  t h e  a n i m a l s  a r e  

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

was  M u l i n i a . As m e n t i o n e d  p r e v i o u s l y ,  t h e  c h a r a c t e r i s t i c  

l a r g e  t r i b u t a r i e s  e n t e r i n g  i n t o  C h e s a p e a k e  B a y ,  h e a v y - l a d e n  

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

f e e d e r s  to'  s u r v i v e  i n  t h e  mud c o m m u n i t i e s .

T h e  s a n d y  s e d i m e n t s  a r e  c h a r a c t e r i z e d  b y  t h e  

A m p e l l s c a  s p i n I p e s - Lyon s i a  h y a l l n a  c o m m u n i ty .  B o t h  o f  t h e s e  

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

s u s p e n s i o n - f e e d e r s . A s i m i l a r  s a n d  c o m m u n i ty  i n 7B u z z a r d s  

B a y  i s  t h e  A m p e l l s c a  s p p ,  c o m m u n i ty  ( S a n d e r s ,  1 9 5 8 ) .

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

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

c o m m u n i t i e s  m e n t i o n e d  a b o v e .
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TABLE 7

INDEX VALUES AND FREQUENCY OF 15 SPECIES COMPRISING 90 ^  OF 
FAUNA IN  LOWER CHESAPEAKE BAY SURVEY 

SUMMER, 1961

S p e c i e s 1s t 2 d- 3d V a l u e P r e q . T o t a l

N e p h ty s  i n c i s a 21 32 2 0 147 91 1062

M u l i n i a  l a t e r a l i s 35 14 4 137 86 3 7 50

A m p e l l s c a  s p . 13 16 11 98 81 1 2 5 4

M o lg u la  manha 11 e n s  i s 11 14 11 6 9 66 1043

R e t u s a  c a n a l i c u l a t a 5 9 13 46 74 397

L y o n s i a  h y a l i n a 5 ^ 6 16 43 76 597

Macoma t e n t a 2 ( 8 12 34 6 0 2 7 1

C i s t e n i d e s  g o u l d i 4 10 18 50 2 87

C l r r l f o r m l a  f i l i g e r a 2 2 3 13 2 7 137

A m p h io d ia  a t r a 1 1 2 7 4 0 114

Gemma gemma 2 1 1 7 6 119

L u c i n a  m u l t i l l n e a t a 2 2 6 2 1 73

N u c u la  p ro x im a 2 6 9 22

P s e y d e u r y t h o e

p a u c i b r a n c h i a t a 4 4 4 3 61

E n s i s  d i r e c t u s 3 3 21 63
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TABLE 8

INDEX VALUES AND FREQUENCY OF 15 SPECIES COMPRISING 76fo OF- 
FAUNA IN LONER CHESAPEAKE BAY SURVEY 

WINTER, 1962

S p e c i e s 1 s t 2d 3d V a lu e Pr eq * T o t a l

B e tu s a  c a n a l i e u l a  ta 32 19 6 140 77 811

N ep h tys  i n c i s a 2 0 25 4 114 65 561

A m p e lisc a  s p i n i p e s 10 8 14 6 0 5 9 594

M olgu la  m a n h a t t e n s i s 9 7 3 44 36 453

C yath ura  p o l i t a 6 1 2 0 14 66

A m p e l lsc a  m a cro cep h a la 2 5 3 19 30 150

A m phiodia  a t r a 1 3 16 19 43 155

M elin na  m a cu la ta 1 4 4 15 30 106

C i r r i f o r m i a  f i l i g e r a 2 2 3 13 18 '  97

M u lin ia  l a t e r a l i s 3 3 12 22 107

^ c o m a  t e n t a 2 4 8 45 134

C l s t e n i d e 3 g o u l d i 1 6 8 37 107

Anadara t r a n s y e r s a 1 2 7 1 9 111

T u r b o n i l l a  I n t e r r u p t a 1 5 7 43 86

O x y u r o s ty lu s  s m i t h ! . 1 2 5 12 25
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TABLE 9

INDEX VALUES AND FREQUENCY OF 15 SPECIES COMPRISING 95$  OF 
FAUNA - IN. LOWER CHESAPEAKE BAY SURVEY 

SUMMER, 1962

S p e c i e s 1s t 2 d 3d V a l u e F r e q . T o t a l

E n s l s  d i r e c t u s 6 9 10 9 236 92 4 2 1 7 8

N e p h t y s  I n c  I sa ' ; 16 32' 18 130 94 1602

C i s t  e n i d e s  g o u l d i 11 2 0 13 86 83 1738

M u l i n i a  l a t e r a l i s 6 11 19 59 91 1123

A m p e l l s c a  s p i n i p e s 2 13 15 47 81 1154

M o lg u la  . m a n h a t t e n s i s 4 7 4 30 40 465

Ly0 n s l a  h y a 11na 1 7 9 26 84 1066

R e t u s a  c a n a l i c u l a t a 3 6 4 25 96 5 1 8

A s a b e l l i d e s  o c u l a t a 6 8 2 0 64 582

C i r r i f o r m i a  f i l i g e r a 1 2 7 14 42 2 9 0

A m p e l i s c a  m a c r o c e p h a l a 3 1 1 12 39 303

P s e u d e u r y t h o e

p a u e l b r a n c h l a t a 1 3:.-; 3 12 70 2 1 4

E r i c t h o n i u s  b r a s i l l e n s i s 1 1 3 8 39 2 0 0

P o l y c i r r u s  e x i m i u s 2 1 5 19 4 04

Mya a r e n a r i a 5 5 72 364



SUMMARY

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

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

t i v e  o f  t h e  h a b i t a t  p r i o r  t o  a n d  a f t e r  d r e d g i n g .  The f a u n a  

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

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

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

1 9 6 2 ,  s a m p l i n g  i n  b o t h  t h e  d r e d g e d  a n d  d i s p o s a l  a r e a s .

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

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

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

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

Mass p r o p e r t y  d a t a  f r o m  s t u d i e s  b y  H a r r i s o n  a n d  

Lynch ( 1 9 6 3 ) ,  mud b a l l s ,  a n d  t h e  a b s e n c e  o f  a l l  b u t  a  few  

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

T h e r e  I s  c o n s i d e r a b l e  s e a s o n a l  v a r i a t i o n  i n  b e n t h i c  

p o p u l a t i o n s .  T h e  - r a z o r  e l a m , -'K n s I s "d . l r ' e c t u b » sh o w e d  n u m e r i c a l ,  

r e d u c t i o n s  o f  97  t o  100  p e r  c e n t  i n  o n e  m o n th .

R e l a t i o n s h i p s  b e t w e e n  f e e d i n g  t y p e s '  a n d  s e d i m e n t -  s i z e  

were, d i s c e r n i b l e  f o r  som e s p e c i e s .  N e p h t y s  I n c i s a  was f o u n d  

p r e d o m i n a n t l y  I n  s i l t y  s e d i m e n t s , ,  w h i l e  Dm p e l  l  g c a , s. p i  n 1. pe 3 

was m ost '  a b u n d a n t  I n  s a n d y  s e d i m e n t s . .  S u s p e n d e d  m a t e r i a l  

b r o u g h t  i n t o  t h e  b a y  -by la rge - ,  t r i b u t a r i e s -  a p p a r e n t l y  i n f lu e n c e d  

t h e  o c c u r r e n c e  o f  f l l t e r - f e e d e r e .

T h e  He p h t y s  i  nc  1 s a - P. e  t  u s a- c a n a l  l e u  l a t a  c o m m u n i ty  was
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d e f i n e d  f o r  t h e  mud s e d i m e n t s .  Sand s e d im e n t s  w ere  

c h a r a c t e r i z e d  b y  t h e  f i I t e r - f e e d e r s , A m p e llsc a  s p i n ! p e s -  

Lyons l a  h y a l l n a . . F a u n a l  i n d i c e s  w ere  used  t o  o b t a i n  a more  

a c c u r a t e  p i c t u r e  o f  com m unity s t r u c t u r e .



-  32  -

LITERATURE CITED

A n n u a l  P r o g r e s s  R e p o r t  on  t h e  e f f e c t s  o f  d r e d g i n g  a n d  d r e d g e

s p o i l  d i s p o s a l  o n  t h e  m a r i n e  e n v i r o n m e n t .  J u n e ,  1 9 6 2 .  

V a .  I n s t ,  o f  Mar.  S c i e n c e .  Mimeo. r e p o r t .

BADER, R. G. 1 9 5 4 .  The r o l e  o f  o r g a n i c  m a t t e r  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  p e l e c y p o d s  i n  m a r i n e  s e d i m e n t s .  

J o u r .  M ar .  R e s . ,  1 3 : 3 2 - 4 7 .

CLARK, R .  B .  1 9 6 2 . O b s e r v a t i o n s  o n  t h e  f o o d  o f  N e p h t y s .

L i m n o l .  O c e a n o . , 7 : 3 8 0 - 3 8 5 .

DAWSON, R .  F .  1959* L a b o r a t o r y  m a n u a l  i n  s o i l  m e c h a n i c s .

P i t m a n ,  New Y o r k .  177  P*

HARRISON, W . ,  a n d  M. P .  LYNCH. 1 9 6 3 . Mass p r o p e r t i e s  o f  

s e d i m e n t s  o f  l o w e r  C h e s a p e a k e  B a y .  I n  A n n u a l  

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

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

V a .  I n s t ,  o f  Mar.  S c i e n c e .  Mimeo. r e p o r t .

HEPGPETH, J .  W. 1 9 5 7 .  I n t r o d u c t i o n .  I n  T r e a t i s e  o n

m a r i n e  e c o l o g y  an d  p a l e o e c o l o g y  ( J .  W. H e d g p e t h ,  e d . ) .  

Gep ' l .  S o c .  A m e r i c a  Memoir  6 7 ,  1: 1 - 1 6 .

KING, C.  A . M. 1 9 6 1 .  B e a c h e s  a n d  c o a s t s .  A r n o l d ,

L o n d on .  403  P.

KORNICKER, L .  S . ,  C .  H .  OPPENHEIMER a n d  J .  T .  CONOVER. 1 9 5 8 .  

A r t i f i c i a l l y  f o rm e d  mud b a l l s .  P u b l i c a t i o n s  o f  t h e  

I n s t .  M ar. S c i e n c e ,  U n i v .  o f  T e x a s ,  52 1 4 8 - 1 5 0 .



' -  3  3  -
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STICKNEY, A. P .  a n d  L .  D .  STRINGER. 1 9 5 7 .  A s t u d y  o f  t h e  

I n v e r t e b r a t e  b o t t o m  f a u n a  o f  G r e e n w ic h  B a y ,  Rhode 

I s l a n d .  E c o l o g y ,  3 8 : 1 1 1 - 1 2 2 .
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1 :  , 4 6 1 - 5 3 4 .
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APPENDIX 1

LIST OF JULY, 1 9 6 1 ,  STATIONS AT WHICH BOTH GEOLOGICAL AND 
BIOLOGICAL DATA WERE AVAILABLE. SEDIMENT TYPES AND MEAN 
GRAIN SIZES IN 0  UNITS-ARE FOLLOWED BY TOTAL SPECIES AND 
•INDIVIDUALS PER SAMPLE, PLUS THE NUMBERS. CP THE FIVE MOST 
ABUNDANT ORGANISMS PRESENT I N  THE JULY SAMPLES.

-n,. * .

ra
CQ <0

-p

0)
rH to OJ* • ca CO C rH

N O O 3 <U 3
c

*0
«H Ja to S5 03 rH CCi -P CO ca cq O0 -P CO <D *H t -4 cd rH 4-J >5 cd ■rH Cl ca **h*H C  . r-i <S H  *rH rH > C  JC4- 3  cd P  CQ GO *H CJ rH

4-> •H rH «j 0 CSJ *H •H QJ bO.C JZ -H C  rH 3  cd
O CO CO O ca"—' 4-5 CD -P  T5 rH -P «H C CL 0 0  ca 4J C
-P CD O -CL 0  c r 5  ^ 0  cq O  c r ’S 0  ca
CO E-t GO Eh M S I rH ;ia  -«h >1 Xi P

A -0 6 0 6 4 . 0 30 0 6 . 8 - 10 6 6 1 3 15 2 3
A-5  . 39 3 4 3 . 6 ■17 1 5 . 6 24 141 3 15 1 9 0 5
A-6 27 2 4 9 . 6 23 2 5 . 8 2 2 135 1 17 14 2 7
A- 7 54 7 2 8 . 5 16 8 4 . 3 16 62 0 1 1 0 0 7
B - 0 2 2 5 9 . 4 38 4 7 . 2 6 3 0 3 21 3 1 0
C-5 9 3 6 2 . 7 28 0 6 . 0 2 0 73 4 2 0 2 0 1
c - 6 10 3 6 1 . 6  28 1 6 . 6 15 53 5 4 8 11 10
C - 9 8 0 3 1 1 . 1 8 6 2 . 4 21 139 8 33 6 10 2
D -5- 3

r>O 6 1 . 1 35 1 7 . 4 10 75 26 8 11 11 11
D-6 5 9 6 0 . 4 33 7 7 . 1 6 18 1 0 9 0 2
D -7 4 3 6 2 . 7 33 0 6 . 9 7 34 0 0 5 1 24
P - 8 31 7 4 3 . 6 24 7 5 . 6 7 36 0 5 6 0 17
D-9 8 9 6 3 . 1 28 0 7 / : 8 33 7 0 11 5 5
E - 1 4 6 5 7 . 9 37 5 7 . 4 5 2 3 4 0 9 0 0
E -2 4 2 6 5 . 3 30 5 7 . 0 10 37 5 8 11 0 4
E - 3 6 5 6 , 0 9 105 0 72 1 1 1 0
E -4 R 3 6 2 . 9 31 8 6 . 6 12 47 2 0 2 5 2 6
E -5 4 5 6 5 . 1 30 3 6 . 8 11 54 1 6 1 5 3 13
E - 6 11 2 6 6 . 1 22 7 6 . 0 12 56 26 2 8 1 3
E - 8 80 9 1 1 . 6 8 4 2 . 2 12 5 5 23 8 1 0 0
E - 9 77 2 1 0 . 2 12 5 2 .5 - 10 76 17 10 4 23 0
F - 3 83 7 1 2 . 0 3 0 2 . 5 17 130 9 16 8 13 2
G—1 95 3 3 . 3 0 9 2 . 2 18 52 8 0 0 4 7
G-3 87 9 7 . 7 4 4 2 . 0 10 51 10 0 0 17 2
G-5 5 3 5 . 9 10 76 67 1 0 i 0
G—6 0 7 5 9 . 4 35 7 7 . 6 2 54 50 0 0 4 0
G-7; 10 0 3 3 . 2 33 1 7 . 1 8 2 44 2 17 0 0 14 4
H -0 0 8 8 6 . 9 12 3 6 . 4 5 2 6 9 236 0 14 3 13
H-3 98 9 1 . 1 0 0 2 . 1 2 1 96 2 1 0 1 6
1 1 -1 • 7 5 9 . 4  3 8 8 7 . 6 11 182 157 0 9 2 6
I ,f- 1 47 2 3 3 . 6 19 2 4 . 9 16 55 2 2 13 7 13



APPENDIX 1 (CONT.)

S
ta

ti
o

n

%
 

S
a

n
d <p

rH
•H
CO

CB
rH
o

M
ea

n 
S

iz
e

(GO
T

o
ta

l 
N

o
. 

S
p

e
c

ie
s

m
rH

■
O  3

•H
r *  ><3 «H

■ ■
0  c
£h >-i M

u
li

n
ia

.
■

la
te

r
a

li
s

t M
o

lg
u

la
u

a
n

h
a

tt
e

r
is

ls

ih
e

is
a

L
y

o
n

s
ia

 
n

y
a

li
n

a

cd.

cd
rH

•' =T
0  

as -h
CO rH
3  cd 
4J £
a  ca

1 - 2 3 . 5 5 8 . 8 3 7 . 7 7 . 3 9 1 5 5 1 3 0 1 6 0 9
I '  - 2 3 3 . 7 1 1 . 4 4 . - 8 2 . 4 1 9 1 4 2 1 1 1 1 1 3 9 1 0

I  " - 3 7 . 1 6 3 . 5 2 Q . 4 7 . 0 1 0 5 7 0 1 0 9 2 4
I ' - 4 3 9 . 8 3 8 . 4 2 1 . 8 5 . 4 1 2 3 5 4 0 6 - 7 0
1 7 - 5 7 . 0 6 0 . 9 3 2 . 1 7 . 1 1 4 1 0 5 2 0 7 3 7 7 5
J - l 6 5 . 7 2 4 . .  1 8 . 6 3 . 4 1 0 3 9 1 7 8 0 0 3
J - 2 2 . 2 6 6 . 7 3 0 . 0 6  . 3 5 3 4 2 3 1 5 0 4
X - 0 7 7 . 2 1 5 » 0 7 . 8 3 - 3 1 7 2 5 9 8 9 0 3 6 5 2 3
X - l 4 6 . 9 3 0 . 9 2 1 . 6 5 . 9 9 7 3 2 3 0 3 0 6 0
X - 2 6 . 8 4 9 . 6 4 3 . 6  7 . 3 1 0 1 0 5 6 5 0 2 2 7 4

X - 3 0 * 0 5 7 . 4 4 2 . 6 7 - 9 i i 1 7 3 - 1 0 6 3 0 1 1 6 2
Y - 2 0 . 0 6 2 . 1 3 7 . 8 7 . 5 1 1 3 2 5 2 7 3 0 2 6 1 2 1

Y - 3 0 . 9 5 7 . 1 4 2 . 0 7 . 7 8 5 2 6 4 6 0 1 3 2 8 1 6 4
Z - 0 0 . 0 6 1 . 1 3 8 . 9 7 . 8 6 6 0 3 8 0 1 0 0 3
Z - l 0 . 5 5 3 . 3 4 6 . 2 7 . 9 5 6 7 5 0 0 8 3 5
2 - 3 0 . 9 6 1 . 2 3 7 . 9 7 . 4 5 8 2 6 0 0 1 6 3 0
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APPENDIX 2 .

LIST OP JANUARY AND FEBRUARY, 1 9 6 2 ,  STATIONS AT WHICH BOTH 
GEOLOGICAL AND BIOLOGICAL DATA WERE AVAILABLE. SEDIMENT 
TYPES AND MEAN GRAIN SIZES IN  0  UNITS ARE FOLLOWED BY TOTAL 
SPECIES AND INDIVIDUALS PER SAMPLE, PLUS THE NUMBERS OF THE 
FIVE MOST ABUNDANT- ORGANISMS PRESENT IN THE JANUARY AND

FEBRUARY SAMPLES.

cd 03
CQ 4-5 •fH
rH cd CQ

Q • • Cd rH ca c cd
N O O  3 3 O  C3 CD *H

c ■H K» K - < d - O CD CD CQ Cd 4-5 ra
o T3 •P >> CO cd «|H Cd «H H  Q> >»  cd rH 4-> o
•rH C rH <d rH «rH rH > CQ rH rH H H P  CQ 3  Cd •H

<0 •H rH n ' t s i Cd O Cd *H ■' 3  cd CD C , £  «H cd
C®'C OQ CQ O « j — ■» <U 4-5 T9 4-» c Q,*rH 0 * 0 rH  C a *  jo,
4-5 O  CL o  c <d  cq e  q . (D C o cd 6  4-5

GQ 22 Eh OQ Eh H i «  o <t{ 03 J25 H-< <3 3

A-Q 2 8 . 5  6 3 . 7 7 . 8 5 . 0 15 54 7 3 2 3 1 0
A- 6 4-7.8 ■co 0 0 . 2 4 . 1 15 53 6 3 8 2 2
B - 0 2 0 . 5  6 3 .3 1 6 .2 5 . 6 5 5 4 31 0 1 4 0 2
c - 5 3 5 . 0 6 4 . 5 0 . 5 4 . 3 14 75 11 9 ;7 3 0
c - 9 9 0 . 4 9 . 6 0 . 0 2 . 4 6 2 0 0 0 1 0 2
D-6 25  .2- 64,-8 -10 .0 5 . 0 5 22 11 0 4 0 0
D -7 2 8 . 0 6 0 . 2 1 1 . 8 5 . 2 6 26 16 0 5 0 2
P - 9 2 5 .2 6 4 . 4 1 0 . 4 5 . 2 16 45 11 5 8 0 7
E - l 2 8 . 6 6 4 . 0 7 . 4 5 . 0 13 121 1 19 1 57 0
E -2 2 6 . 1 6 1 . 0 1 2 . 5 5 . 1 14 81 0 2 0 0" 10 0
E - 3 8 4 . 5 1 5 . 5 0 . 0 42.4 14 48 2 0 8 3 1
E -4 4 6 . 0 3 3 . 8 2 0 . 2 5 . 3 7 26 10 0 6 0 6
E - 5 2 4 . 0 6 1 . 4 1 4 . 6 5 . 4 7 36 19 1 7 0 2
E - 7 3 1 . 5 5 5 . 9 1 2 . 6 5 . 1 15 62 3 8 14 0 3
E - 9 8 9 . 6 1 0 .4 0 . 0 2 . 3 8 41 2 3 0 11 0 2
F - 3 6 8 . 2 2 1 . 6 1 0 . 2 3 . 7 17 53 15 1 3 0 0
G-3 4 6 . 0 4 6 . 9 7 . 1 4 . 3 15 65 2 0 10 12 0 7
G-5 6 6 . 0 2 8 . 5 5 . 5 3 . 7 3 3 0 0 0 0 0
G-6 1 8 . 5 7 0 . 5 1 1 . 0 5 . 5 6 33 2 3 0 6 0 1
G-7: 1 7 .4 5 7 . 1 2 5 . 5 6 . 0 8 47 14 0 12 0 0
a - 8 2 1 . 0 6 5 .1 1 3 . 9 5 - 6 25 145 20 2 1 8 30 1
H -0 1 5 o 6 O. 5 2 4 . 0 5 . 9 8 52 5 0 12 3 0
H -3 9 9 . 9 0 . 1 0 . 0 2 . 5 17 41 6 7 1 2 1
I  * -2 8 1 . 5 1 2 . 0 6 . 5 2 . 9 15 49 5 12 2 12 0
I " - 3 2 4 . 0  5 8 .2 1 7 . 8 5 . 6 2 8 0 0 6 0 0
I  *-4 6 9 .5 22 .3 8 . 2 3 . 7 30 170 5 50 0 18 8
r M-5 3 5 . 0 5 3 . 6 1 1 . 4 4 . 9 6 45 2 7 0 8 0 2
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APPES3IX 2 (COOT.)

a> •
N O
•H 5E5 IQ

'O 4-3 >3 CO <D
C rH <3 rH H

«H rH C 'JSl cd 0
CO CO O CSS 'w ' 

a>
4-> <D. 
O 0 .

\'S> 4 R t R Eh CO

J - l 8 0 . 0 14 .2 5 . 8 3 . 1 14
J  ~2 6 1 . 8 aD 0vj • d 1 0 . 0 - 3 . 9 2
X -0 7 6 . 2 1 9 . 4 4 . 4 3 . 6 2 4
X - l 3 6 . 5 5 3 . 5 8 . 0 4 . 8 17
X~2. 2 1 . 5 6  0 . 4 I 8 . I 5 . 5 8
X -3 I 8 . 9 4 8 . 6 3 2 . 5 6 . 0 3
y -2 2 7 . 0 ■55-8 1 7 .2 5 . 9 7
Y-3 1 9 .0 5 9 . 8 2 1 .2 5 . 8 5
z  —,0 4 5 . 0  5 5 . 0 0 . 6 4 . 2 5
Z - l 2 1 . 0 5 3 . 0 2 1 . 0 5 . 7 7
Z - 3 6 3 .O 2 2 . 3 1 4 . 7 4 . 1 9

cc CQ
GQ ' •H

rH CQ
* £3 rH cd c m

O  3 £3- 0  ra (1) t4
S  XJ C <n a> CQ CO 4-3 XJ

cd «H «h  Cl >» CO rH 4^ O
rH > CQ rH rH •*—< 4-> CQ 3  cd •rH
CIJ *H 3  cc CD C bO £2, <- cd
-P  X) 4-3 C Qi -H Cm Q rH C CL
0  c a) cd E  CL CD C 0  as E  4*3

Eh !H k  0 <G CQ s :  e ''C cd

115 0 5. 11 56 4
6 0 0 ■ 5 - ■ 0 0

100 4 12 18 26 1
66 8 5 15 2 0
33 14 2 5 0 0
33 32 0 5 0 0
2 0 10 1 5 0 0
2 4 4 0 2 0 0
2 0 12 0 5 0 0
51 12 0 6 3 0
68 1 6 5 44 0
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APPENDIX 3 .

LIST OF JUNE, 1 9 6 2 ,  STATIONS AT WHICH BOTH GEOLOGICAL AND
BIOLOGICAL DaTA WERE AVAILABLE. SEDIMENT TYPES AND MEAN GRAIN 
SIZES IN  -0 UNITS ARE FOLLOWED BY TOTAL SPECIES. AND INDIVIDUALS 
PER SAMPLE,. PLUS THE RUBBERS OF THE FIVE MOST ABUNDANT ORGANISMS

PRESENT IN THE JUNE SAMPLES.
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A -0 2 8 . 5  6 3 . 7 7 8. 5 0 15 178 117 3 4 1 18
A -5 4 5 . 0 5 3 . 4 1 6 c; ■ 2 1 11.48 920 5 1 48 90
A-6 4 7 , 8 5 2 . 0 0 2 4 1 22 385 2 7 5 3 2 2 0 18
A- 7 6 9 . 0 3 1 .0 0 0 3 2 22 2 9 7 176 23 10 2 18
B - 0 2 0 . 5 6 3 . 3 16 2 5 6 9 13& 102 0 5 0 10
C -5 3 5 . 0 6 4 .5 0 5 4 3 15 224 159 2 11 5 15
C -6 8 4 . S 1 1 . 0 4 2 2 6 38 2 05 5 1861 6 11 2 3 11
C -9 9 0 . 4 9 . 6 0 0 2 4 34 1409 1239 1 19 2 1 0
D-5 3 1 -8 5 3 .7 14 5 5 2 21 2 4 4 173 2 1 0 21
D-6 2 5 . 2 6 4 . 3 10 0 5 0 2 0 322 242 3 11 2 24
D-7 2 8 . 0 6 0 . 2 1 1 8 5 2 13 35 44 0 5 2 12
D-6 2 3 . 0 5 8 .2 13 8 c:> 9 26 372 282 1 1 1 19
E - l 2 8 . 6 6 4 . 0 7 4 5 0 16 272 2 1 7 4 0 1 21
E -2 2 6 . 1 6-1.4 12 5 5 1 31 1057 814 100 9 7 22
E - 3 8 4 . 5 1 5 . 5 0 0 2 4 35 2 5 5 4 2 26 4 34 2 1 15 22
E -4 4 6 . 0 3 3 . 8 2 0 2 5 3 13 133 48 18 15 0 16
E - 5 2 4 . 0 6 1 . 4 14 6 5 4 19 103 26 10 12 3 26
E - 6 4 8 . 0 4 0 . 5 11 5 4 5 22 511 367 42 11 9 21
E - 7 3 I .5 56 • 9 12 6 5 1 12 401 23 3 92 3 1 3 22
E - 3 3 3 - 9 3 7 - 7  29 4 5 5 11 144 64 3i 9 0 2 3
E - 9 ■8 9 . 6 1 0 . 4 0 0 2 3 1 4 159 54 46 11 7 22
F--3 6 8 . 2 2 1 . 6 10 2 3 7 2 1 154 76 2 2 h 14
G - l 9 7 . 5 2 . 4 0 1 2 3 33 278 106 74 1 0 8 0
G-3 4 6 . 0 4 6 . 9 7 1 4 3 1 7 2 2 7 121 2 3 13 2 26
G-5 6 6 . 0 2 8 . 5 5 5 3 7 27 294 122 36 3 2 9 9
G-6 18.. 5 7 0 . 5 11 0 5 5 11 153 41 61 5 0 17
G-7 1 7 . 4 5 7 . 1  25 5 6 0 10 6 1 2 15 4 0 14
G-8 2 1 . 0  6 5 . 1 13 9 5 6 11 34 0 1 2 0 11
H -0 1 5 . 5 6 0 . 5 24 0 5 9 12 170 24 82 32 0 8
H -3 9 9 . 9 0 . 1 0 0 2 5 43 941 582 5 15 42 0
I * - l 3 7 . 5 62  .5 0 0 4 3 9 71 0 0 3 0 8
I M- 1 4 0 . 0 5 9 . 0 1 0 4 6 18 463 192 153 46 1 2 9
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'APPENDIX'■ 3  (CONT.)

<u •
N o

c •H S  in
o •u P CO <D
-r-i c rH cd rH «H
P cd •H pH d ’tsc 03 O
fO CO CO O a j ' —'

CD
P  0

P O CL
CO S E-* CO

1 - 2 2 9 . 0  6 3 .4 7 . 6 5 . 2 10
I  f. -2 8 1 . 5 1 2 . 0 6 . 5 2 . 9 52
I ” -3 2 4 . 0 58 .2 ■17.8 5 . 6 19
1 1 - 4 6 9 . 5  2 2 . 3 8 . 2 3 . 7 32
I ” - 5 3 5 . 0 53«6 1 1 .4 4 . 9 22
J - l 8 0 . 0 1 4 . 2 5 . 8 3 - 1 26
J - 2 6 1 . 8 of?- 0 ' 1 0 . 0 3 . 9 13
X -0 J 6 .2 1 9 . 4 4 . 4 3 . 6 16
X - l 3 8 . 5 5 3 . 5 8 . 0 4 . 8 9
X-2 2 1 . 5 6 0 . 4 1 8 . 1 5 . 5 7
X-3 1.8 . 9 4 8 . 6 3 2 . 5 6 . 0 12
Y-2 2 7 . 0 5 5 . 8 1 7 . 2 5 . 9 10
Y-3 1 9 .0 5 9 . 8 2 1 . 2 5 . 8 10
Y-4 3 0 . 0 6 9 . 9 0 . 1 4 . 6 11
Z - 0 4 5 . 0 5 5 . 0 0 . 0 4 . 2 7
Z - l '21*0 5 8 . 0 2 1 . 0 5 . 7 7
z -3 6 3 .O 2 2 . 3 1 4 . 7 4 . 1 7
z -5 9 3 . 9 6 . 1 0 . 0 2 . 3 19

ca
rH 

• Cd
O  3 CQ

CQ
<U
•D

CQ
P cd

t )  CQ
£ 5  'O D •H C3 <-H CQ <L> CQ

P d *H •r-4 CQ tH Cl >> eg
rH > CQ O 0  *d c  u fH  «H P. CQ
0J -H •H  CD p  pH H 0 03 d x: p
P  <U CQ JU IQ 3 rH 43 CL *H CL 0O C d  *H •H  O J3 cdrH

B CL 0 d
£-* H W D O fca CQ Id P

140 19 74 21 0 16
3089 2 6 3 0 6 24 8 0 2*

6 43 5 4 9 2 9 4 9
751 5 6 0 24 19 18 19
2 12 111 3 2 2 24
184 100 3 3 5 11

1007 6 7 0  2 4 3 13 14 0
122 0 7 27 15 l 6

39 13 2 5 5 4
43 14 2 6 0 16
65 14 15 10 1 13
89 12 33 15 0 16

302 115 117 38 0 19
55 11 0 9 1 12
41 8 0 10 0 12
77 4 3 46 0 14
67 16 16 2 0 1 Q✓

173 78 2 8 9 5 17




