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ABSTRACT

The m acrobenthos o f  th e  E liz a b e th  R iv er , Hampton Roads, V ir g in ia ,  
was sam pled to  d e f in e  community s tr u c tu r e  and t o  d eterm in e p o s s ib le  
a l t e r a t i o n  o f  t h i s  community b eca u se  o f  p o l lu t io n .  The sam ples were  
dom inated by p o l lu t io n  t o le r a n t  organism s w ith  w ide geo g ra p h ic  r a n g es. 
T hese organism s are  r a r e ly  dom inant in  o th e r  com m unities, ex cep t under 
s t r e s s  c o n d it io n s .

N o n -s e le c t iv e  d e p o s it  f e e d e r s  were found in  low  numbers b ecau se  
o f  th e  la c k  o f  oxygen and h ig h  c o n c e n tr a t io n  o f  hydrogen s u l f i d e  found  
i n  d e p o s it s  below  1 cm. S u sp en sio n  fe e d e r s  and s e l e c t i v e  d e p o s it  
f e e d e r s  w ere fa v o red  b ecau se  o f  th e  good su p p ly  o f  w e l l  a e ra ted  
d e t r i t a l  m a te r ia l on th e  sed im ent su r fa c e  and trapped  in  abundant 
o y s te r  s h e l l s .

The mean Hf d iv e r s i t y  v a lu e  ( 2 .9 6  b i t s / i n d i v . ) was as h ig h  a s  
t h a t  i n  some u n p o llu te d  a r e a s , b ecau se  p o l lu t io n  t o le r a n t  s p e c ie s  
m a in ta in ed  h ig h  e q u i t a b i l i t y  v a lu e s . .  S p ec ie s  r ic h n e s s  was red u ced .

The ben thos was most a f f e c t e d  by p o l lu t io n  in  May. D iv e r s i t y  and 
s p e c ie s  r ic h n e s s  v a lu e s  were reduced  and th e  r a t io  o f  p o l lu t io n  
t o le r a n t  t o  n o n -p o llu t io n  to le r a n t  organism s in c r e a s e d .



BENTHIC MACROINVERTEBRATE COMMUNITIES. AS 

INDICATORS OF POLLUTION IN THE ELIZABETH 

RIVER, HAMPTON ROADS, VIRGINIA



INTRODUCTION

H is to r y  o f  P o l lu t io n  S tu d ie s

The u se  o f  in v e r te b r a te s  a s  in d ic a to r s  o f  w a ter  q u a l i t y  has been  

rev iew ed  by Wass (1 9 6 7 ), R e ish  ( i 9 6 0 ), McNulty (1 9 7 0 ) , Hynes ( i 9 6 0 ), 

and Hawkes (1 9 6 2 ) .  B en th ic  in v e r te b r a te s  are  among th e  b e s t  in d ic a to r s  

o f  p o l lu t io n  b ecau se  o f  t h e ir  c o n sta n t p r e se n c e , r e l a t i v e l y  lo n g  l i v e s  

and se d e n ta r y  h a b its  (Wass, 1 9 6 7 )* B en th ic  in v e r te b r a te s  in d ic a t e  th e  

w ater  q u a l i t y  a t  th e  tim e o f  sam plin g and p a s t  c o n d it io n s  d u rin g  th e  

l i f e  spans o f  th e  organism s sampled (G aufin  and T a rz w e ll, 1 9 5 2 ) .

Most b e n th ic  p o l lu t io n  s tu d ie s  w r it t e n  b e fo r e  i 960 were based on 

th e  sa p ro b ic  system  or th e  u se  o f  in d ic a to r  organ ism s. The sa p ro b ic  

sy stem  was d ev e lo p ed  f o r  fr e sh w a ter  s tu d ie s  i n  Europe by K olkw itz and 

M arsson ( 1908 , 1 9 0 9 ) .  L i s t s  o f  organism s known t o  be a s s o c ia te d  w ith

d i f f e r e n t  p o l l u t io n  c o n d it io n s  were d ev e lo p ed . A more com plex system  o
■ \

c l a s s i f i c a t i o n  o f  sa p r o b ic  zones was d eve lo p ed  by R ichardson  ( 1 9 2 1 ) fo r  

t h e  I l l i n o i s  R iv e r . P a tr ic k  (19^9) an(i  Wurtz (1955) d evelop ed  v a r io u s  

in d ic e s  in v o lv in g  h istogram s o f  t o le r a n t  and in t o le r a n t  s p e c ie s  fo r  

fr e sh w a te r  stream s in  th e  U n ited  S t a t e s .

G aufin  and T a rzw ell (1952 , 1 9 5 6 ), s tu d y in g  p o l lu t io n  in  fr e sh w a ter  

stream s in  O hio, were th e  f i r s t  w orkers t o  em phasize th e  e f f e c t  o f  

p o l l u t io n  on community s t r u c t u r e .  They s t r e s s e d  th a t  th e  p r e se n c e  o f  

an in d ic a t o r  organism  d id  not in d ic a t e  p o l lu t io n ,  b u t th a t  th e  p resen ce  

o f  in d ic a t o r  organism s in  la r g e  numbers to  th e  e x c lu s io n  o f  non-, 

p o l l u t io n  form s d id  in d ic a t e  p o l lu t io n .



Wilhm and D o rr is  (1 9 6 6 ) w ere th e  f i r s t  w orkers t o  u se  d iv e r s i t y  

in d ic e s  as m easures o f  w a ter  q u a l i t y .  Wilhm (197Q) p u b lish e d  a r e v ie w , 

o f  d i v e r s i t y  in  p o l lu t e d  and u n p o llu te d  fr e sh w a te r  stream s t o  d ev e lo p  a 

b a s is  f o r  com parisons o f  th e s e  m easures.

Most m arine and e s tu a r in e  p o l l u t io n  w orkers have used  th e  sa p ro b ic  

sy stem  or th e  in d ic a t o r  s p e c ie s  approach d ev e lo p ed  by fr e sh w a ter  

b i o l o g i s t s .  E stu a r in e  p o l lu t io n  work was begun by European w orkers in  

th e  Teas e s tu a r y  (A lexander and S o u th g a te , 1936; F r a ser , 1932) and 

m arine work by B legvad (1 9 3 2 ) s tu d y in g  an o f f s h o r e  sewage o u t f a l l  near  

Copenhagen, Denmark. E x te n s iv e  work has been done a lo n g  th e  C a lifo r n ia  

c o a s t  and i n  C a lifo r n ia  bays ( s e e  M cNulty, 1970)* These w orkers used  

th e  in d ic a t o r  s p e c ie s  C a p lt .e lla  c a p ita t a  in  a d d it io n  t o  d e v e lo p in g  

s a p r o b ic  zones o f  p o l l u t io n .  On th e  e a s t  c o a s t  worK has been  done by 

M cNulty ( 1961 , 1 9 7 0 ) in  B isca y n e  Bay and Dean and H askin (196U) on th e  

R a r ita n  R iv e r . Both s t u d ie s  c o n s id e re d  th e  changes in  b e n th ic  

com m unities a f t e r  p o l lu t io n  abatem ent. N e ith e r  stu d y  u sed  in -d e p th  

m easures o f  community s t r u c tu r e .  P earson  at* a l .  (1 9 6 7 ) u sed  H* 

d i v e r s i t y  in  p o l l u t io n  s tu d ie s  o f  San F r a n c isco  Bay.

M arine and e s tu a r in e  system s are more com plex th an  th e  

u n id ir e c t io n a l  f lo w  o f a fr e sh w a te r  stream . When th e  sa p ro b ic  system  

o r  in d ic a t o r  s p e c ie s  approach d eve lo p ed  by fr e sh w a ter  b i o l o g i s t s  i s  

a p p lie d , o n ly  th e  most s e v e r e  p o l lu t io n  i s  d e f in e d .. Wilhm and D orris  

( 1 9 6 8 ) and Wass ( 1 9 6 7 ) r ea n a ly ze d  R e ish  and W in te r s ’ ( 196 4̂) d a ta  on 

p o l l u t io n  o f  A lam itos Bay, C a lifo r n ia ,  and found th a t  a rea s th ou gh t to  

■be u n p o llu te d  by R e ish  and W inter were m ild ly  p o l lu t e d .  New. tech n iq u es  

fo r  a n a ly s is  o f  a more com plex m arine p o l lu t io n  system  must be 

d e v e lo p e d .



k

Modern n u m erica l te c h n iq u e s  w i l l  he used  t o  d e f in e  th e  b e n th ic  

community s tr u c tu r e  in  th e  E liz a b e th  R iv er , Hampton Roads, V ir g in ia .  

D iv e r s i t y  (H*) and i t s  com ponents, e q u i t a b i l i t y  and s p e c ie s  r ic h n e s s ,  

w i l l  b e c a lc u la t e d .  Dominant s p e c ie s  w i l l  be determ ined  by a 

B io lo g ic a l  In d ex . D o m in a n c e -a ff in ity  v a lu e s  w i l l  be c a lc u la te d  t o  

d eterm in e  s t a t io n  and sam ple h om ogen eity . D is t r ib u t io n ,  to le r a n c e  t o  

p o l l u t io n ,  and fe e d in g  ty p e s  o f  dom inant s p e c ie s  w i l l  be d is c u s s e d .

The p o s s ib le  a l t e r a t io n  o f  t h i s  community s tr u c tu r e  w i l l  be determ ined  

by com parisons w ith  a r e c e n t  s tu d y  o f  Hampton Roads (B oesch , 1 9 71) and 

o th e r  b e n th ic  s tu d ie s  th rou gh out th e  w o r ld . T h is approach sh ou ld  

b e t t e r  d e f in e  th e  som etim es s u b t le  e f f e c t s  o f  p o l lu t io n  in  a complex  

e s t u a r in e  sy stem .

P h y s ic a l  and Chemical C o n d itio n s

The E liz a b e th  R iver  d r a in s  in t o  th e  James R iv er , th e  southernm ost 

t r ib u t a r y  o f  th e  Chesapeake Bay (F ig . l ) .  The t i d a l  range i s  about 

0 .8  m and cu rren t v e l o c i t i e s  seldom  ex ceed  0<9 m /sec  (C alder and

Brehmer, 1 9 6 7 )* The bottom  c o n s is t s  o f  p o o r ly  so r te d  sed im en ts o f
\

c la y ,  s i l t ,  and sand, w ith  numerous s h e l l s ,  p red om in an tly  o f  th e  o y s te r  

C r a sso s tr e a  v i r g i n l c a . ■ A 1 5 -m eter  chann el i s  m ain ta in ed  in  m id -stream  

o f  th e  r iv e r .  S a l i n i t y  and tem p erature d a ta  from Newport News P o in t  

a re  g iv e n  in  F ig u re  2 f o r  1 9 6 9 * Tem perature and s a l i n i t y  reg im es in  

th e  E liz a b e th  R iv er  a re  s im ila r  t o  th o se  o f f  Newport.News P o in t , w ith  

th e  p o s s ib le  e x c e p t io n  o f  s t a t io n  E -8 .

Hampton Roads and th e  E liz a b e th  R iv er  i s  th e  . la r g e s t  n a va l p o r t  

f a c i l i t y  on th e  E ast C oast o f  A m erica, an d .a  p o p u la t io n  and in d u s t r ia l  

c e n t e r .  S e v e r a l prim ary sew age trea tm en t o u t f a l l s  d r a in  in t o  th e



F ig u r e  1 .  The p o r t o f  N o r fo lk , in c lu d in g  s t a t io n  lo c a t io n s  on th e  
E liz a b e th  R iver  occu p ied  in  1 9 6 9 .
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F ig u re  2 . S a lin ity - te m p e r a tu r e  p o ly g o n  fo r  Newport News P o in t ,
1 9 6 9 .

6



EM
PE

RA
TU

RE
 

(°C
.)

30

2 0 — *

10-

0 “ -

15

7  7

/V.  i

SURF
BOTTOM (7 M)

   r    --

20

SALINITY (%o)

J 5 - N E W P O R T  NEWS POINT — 1 9 6 9  
SLACK BEFORE FLOOD

n
2 5



7

E liz a b e th . R iv er  in  a d d it io n  t o  numerous in d u s t r ia l  e f f l u e n t s . The 

s u b s t r a t e  i s  covered  w ith  r e s id u e  from  th e  op en-b u rn in g  t r a s h  d is p o s a l  

a r ea  betw een  th e  L a fa y e tte  and E liz a b e th  r iv e r s  and c o a l  d u st from  

c o a l  lo a d in g  p ie r s  a t  Lamberts P o in t . F resh w ater r u n o f f  from  

su rrou n d in g  la n d  adds d o m estic  and a g r ic u l t u r a l  w a ste  t o  th e  sy stem . 

S h e l l f i s h  are  condemned fo r  market b ecau se  o f  h ig h  b a c t e r ia l  l e v e l s .  

The h ig h e s t  c o n c e n tr a t io n s  o f  h eavy  m eta ls  and p e s t i c id e s  found in  th e  

lo w er  James R iv er  b a s in  occu r i n  th e  E liz a b e th  R iv e r .



METHODS

F ie ld  O p eration s

T hree r e p l i c a t e  grabs w ere o b ta in ed  from each  o f  s e v e r a l  s t a t io n s  

i n  th e  E liz a b e th  R iv er  d u rin g  th r e e  sam pling p e r io d s  in  1 9 6 9 . S ix  

s t a t i o n s  w ere sam pled w ith  a 0 .0 6  m̂  P e te r se n  grab in  l a t e  January.

A 0 .0 7  m.2 Van Veen grab was u sed  to  sam ple 11 s t a t io n s  in  May and 12  

s t a t i o n s  in  A u gu st. S t a t io n  lo c a t io n s  and d e s c r ip t io n s  a re  p r e se n ted  

i n  F ig u r e  1 and Table 1 . A l l  sam ples were s ie v e d  th rou gh  a 1 mm 

s c r e e n  and th e  f r a c t io n  rem ain in g  on th e  sc r e e n  was p r e se r v ed  in  10$  

se a w a te r -b u ffe r e d  fo r m a lin .

Sedim ent sam ples fo r  p a r t i c l e  s i z e  a n a ly s is  and w a ter  sam ples fo r  

d is s o lv e d  oxygen d e te r m in a tio n  w ere o b ta in ed  a t a l l  12  s t a t io n s  in  

A u g u st. The sed im ent sam ples c o n s is t e d  o f  th e  upper 1 cm o f  s u b s tr a te  

from  an u n d istu rb ed  0 .0 7  m̂  Van Veen grab . A Kemmerer b o t t l e  was used  

t o  c o l l e c t  th e  w a ter  sam ples a s  c lo s e  t o  th e  bottom  as  p o s s ib l e .

L a b oratory  Procedure

A l l  an im als w ere s o r te d  from  th e  d e b r is ,  i d e n t i f i e d  and counted  

W ith th e  a id  o f  a d i s s e c t in g  m icro sco p e . Sedim ent p a r t i c l e  s i z e  

d i s t r ib u t io n  was d eterm ined  by w et s ie v in g  and p ip e t t e  a n a ly s is  (F o lk , 

1 9 6 1 ) .  Sedim ents were c l a s s i f i e d  a cco rd in g  t o  S h ep ard ’s (195^+) 

s a n d - s i l t - c l a y  term in o lo g y  (T ab le  l ) .  D is so lv e d  oxygen d e te r m in a tio n s  

w ere made u s in g  a m o d ified  W inkler method (T able 2 ) .

8
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TABLE 2

D is s o lv e d  oxygen ( m g / l i t e r )  and p e r c e n t s a tu r a t io n  o f  E liz a b e th  R iv er  
sam ples ta k en  a t  s la c k  w a ter  a f t e r  ebb f lo w  0 .3  m eter from  th e  
bottom , A ugust 19* 19^9*

S t a t io n  Oxygen P ercen t S a tu r a tio n
O2 m g / l i t e r  a t  23°C and 23 %o

L - l  5 .7 9  l H

L -2 6 .0 0  77$

L-3 5 .8 3

L -V  6 .1 5  7 9 $

L-5 6 .6 k  85$

L- 6  6 .1 5  79$

L -7  ^ -55  58$

L-8  5 .1 6  66$

L -9  5 .6 1  71$

L -10 5 .6 1  71$
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RESULTS

M acrofanna

A t o t a l  o f  2 2 ,b o b  in d iv id u a ls  d iv id e d . among 122 ta x a  w ere  

i d e n t i f i e d  and counted  from 87 grabs a t  29 s t a t i o n s .  A t o t a l  o f  

5*5 o f  s u r fa c e  was sam pled. Of th e  122 ta x a , 113 w ere i d e n t i f i e d  

t o  s p e c i e s ,  th r e e  t o  g en era  and s i x  t o  h ig h e r  ta x a . P o ly c h a e te s  were 

th e  m ost numerous group (17*122 in d iv id u a ls ,  b6  s p e c ie s )  fo llo w e d  by  

m o llu sc s  (3* -̂38 in d iv id u a ls ,  25 s p e c ie s )  and c r u sta c e a n s  (771  

in d iv id u a ls ,  36 s p e c i e s ) .  The rem ain in g 15 s p e c ie s  (1 ,0 7 3  in d iv id u a ls )  

w ere i n  o th er  p h y la . A com p lete  l i s t  o f  th e  s p e c ie s  and in d iv id u a ls  

found i n  each  sam ple i s  p r e se n te d  in  A ppendix I I .

The mean d e n s ity  a t  s t a t io n s  i n  th e  E liz a b e th  R iv e r  was 3*803  

in d iv id u a ls  p er  m̂  w ith  a range o f  lb2 /zn^  a t  E~7 in  A ugust t o  19*858/m.2 

a t  L-3 i n  May (T able 3)* Comparing o n ly  th o se  s i x  s t a t io n s  o ccu p ied  

a t  a l l  th e  sam plin g  p e r io d s , May had th e  h ig h e s t  mean d e n s i t y  (7*553  

in d iv id u a ls /m ^ ), fo llo w e d  by January (^ ,2 1 0  in d iv id u a ls /m ^ ) and August 

( l ,  66b  in d iv id u a ls /irP-) .

Dominant Organisms

A b i o l o g i c a l  in d ex  o f  dom inance ( B . I . )  m o d ified  from Fager (1 9 5 7 )  

was c a lc u la t e d  t o  d eterm in e  th e  dom inant s p e c ie s  p r e se n t  d u rin g  each  

sa m p lin g  p e r io d . In  t h i s  a n a ly s i s ,  th e  m ost numerous s p e c ie s  a t  each  

s t a t i o n  i s  g iv e n  5 p o in t s ,  th e  n ex t U, e t c .  The s c o r e s  f o r  each  s p e c ie s  

a r e  summed f o r  a l l  s t a t io n s  d u rin g  a sam pling p e r io d  and d iv id e d  by th e

12



TABLE 3

D e n s ity  o f  in d iv id u a ls  p er  fo r  a l l  s t a t io n s  d u rin g  each  sam plin g  
p e r io d  (dashed l i n e s  in d ic a t e  no sam ple ta k e n ) .

S t a t io n ________ January__________ May

L - l 3 ,5 7 5 1,1*99

L-2 1 ,9 9 6 1 7 ,2 9 7

L-3 3 ,6 9 7 1 9 ,8 5 8

L -h 2 ,8 7 5 2 ,6 7 9

L -5 1 1 ,3 8 6 3 ,3 6 o

L -6 - - - - - 2 ,3 8 0

1 -7 ------- 1 ,9 8 9

L-8  

t  o

------- 2 ,0 6 5

Ij'-y

L -10 ........ 5,1*97

E -7 1 ,7 3 -b 623

e -8 3 ,0 2 7

Aug. T o ta l Mean

51*7 5 ,6 2 1 1 , 871*

U, 522 2 3 ,8 1 5 7 ,9 3 8

2 ,1 3 2 2 5 ,6 8 7 8 , 562

723 6 ,2 7 7 2 ,0 9 2

8,51*8 23, 291* 7 ,7 6 5

333 2 ,7 1 3 1 ,3 5 6

371 2 ,3 0 6 1 ,1 5 3

5^2 2 ,6 0 7 1 ,3 0 3

1 , U9U 1 , 1*91* 1,1*91*

h, 879 ‘ 1 0 ,3 7 6  ■ 5 ,1 8 8

1^2 2 , 1*99 833

*+95 3 ,5 2 2 l , 76l

13



l b

t o t a l  number of* s t a t io n s  d u rin g  th a t  sam plin g  p e r io d . S p e c ie s  a re

l i s t e d  in  order o f  d e c r e a s in g  B .I .  fo r  each sam pling p e r io d  in  T ab les

b , 6 - In c lu d ed  in  th o se  t a b le s  a re  th e  freq u en cy  p er  sam ple,

fr e q u e n c y  p er  s t a t io n ,  number o f  in d iv id u a ls ,  mean d e n s it y ,  and

F is h e r * s  c o e f f i c i e n t  o f  d i s p e r s a l  fo r  each  s p e c ie s .  F i s h e r ’s
2c o e f f i c i e n t  o f  d is p e r s a l  — ( r a t i o  o f  v a r ia n c e  t o  mean) i s  a  m easure

x
o f  th e  p a t te r n  o f  d i s t r ib u t io n  of. th e  numbers o f  in d iv id u a ls  o f  a 

s p e c ie s  among th e  s t a t io n s  (G re ig -S m ith , 1 9 6b ) . In  a P o isso n  

d i s t r i b u t i o n  th e  v a r ia n c e  i s  eq u a l t o  th e  mean. I f  th e  r a t io  o f  

v a r ia n c e  t o  mean i s  l e s s  than  one, an even  d is t r ib u t io n  i s  in d ic a te d .

I f  t h e  r a t i o  o f  v a r ia n c e  t o  mean i s  g r e a te r  th an  one, an a g g reg a ted  

d i s t r ib u t io n  i s  in d ic a te d .  S p e c ie s  whose v a lu e s  d e v ia te  from a 

P o is s o n  d i s t r ib u t io n  a t  th e  5^ l e v e l  (.C hi-square t e s t )  a re  marked w ith  

an a s t e r i s k .  L ie  (1 9 6 8 ) c r i t i c i z e d  th e  u se  o f  F i s h e r ’s c o e f f i c i e n t  o f  

d is p e r s a l  when i t  i s  a p p lie d  t o  s p e c ie s  w ith  low  numbers o f  in d iv id u a ls  

p e r  s t a t i o n .  The c o e f f i c i e n t  was o n ly  c a lc u la te d  fo r  s p e c ie s  w ith  a

h ig h  B .I .  v a lu e , i . e . ,  h ig h  numbers o f  in d iv id u a ls  p er  s p e c ie s .
\

F i s h e r ’s c o e f f i c i e n t  o f  d is p e r s a l  may n o t d e s c r ib e  th e  d is t r ib u t io n  

p a t te r n  o f  s p e c ie s  over, th e  e n t ir e  sam pling area  b eca u se  th e  s t a t io n s  

w ere n ot s e le c t e d  random ly. The v a lu e s  o n ly  a p p ly  t o  s t a t io n s  sam pled.

The c o e f f i c i e n t  o f  d is p e r s a l  was a l s o  c a lc u la te d  fo r  th e  s p e c ie s  i n  

th e  th r e e  r e p l i c a t e  sam ples w ith in  each s t a t i o n .  W ith few  e x c e p t io n s ,  

th e  s p e c ie s  d id  n ot d e v ia te  from a P o isso n  d i s t r ib u t io n  a t  th e  5$ 

p r o b a b i l i t y  l e v e l  w ith in  s t a t i o n s .

The combined B .I .  v a lu e s  o f  s p e c ie s  a t  each  s t a t i o n  fo r  a l l  th r e e  

sam p lin g  p e r io d s ,  to g e th e r  w ith  th e  freq u en cy  p er  sam ple, freq u en cy  p er  

s t a t i o n ,  number o f  I n d iv id u a ls ,  and mean d e n s it y  p er  0 .1  râ  are



P t

P3

g

-p  OJ

O

o

. CQ
—  ̂ 0
0  rH

P4
&
& CD 
cD cq 
CQv-oo  P «-t

CQ
P  P  o o•H »H

- P  - P  
cD cD 

-P +3 
CQ CQ

• P  VD

H
pq

H
• dpq P

N— cD
X ■<»0CM, CQ
d  £ (I)
p •rH
•H rH CJ
1 • CD

•H O P
cD m
O Jh
•H 0)hD P
OrHO

•rH
pq

G \ o VO o n —H p t t*— o LTV
*
o n

o \ On CT\ on 7h pj- ON o OV p t
ON O un Cr\ i—i oo p f CSV ON p t

• » « • « • • • • •
o 1--1 O o ■—i o 1--1 o O OJ

LT\ ITs o n OJ i—i P t \S\ on CTY 1—1
« ■ % • « • • • • 9

o 0 O vo t— OO OV rH OO P t
P t o n o n LTV OJ O J OJ OJ P t

oo

VD

ooi—I

VO

VOI—1 IT\ 1—1 C"- OO P t  I—1 ooI—I oo

vo ir\ vo vo vo vo vo

P t

OJ

*
on
p t
CVl

ov
dvi—i

oo LTV P t t on t i—l O vo vo ir\
on o rH o CT\ O CT\ on CT\ H
p t P t P t vo CM on on OJ P t CM

p t

OJ

OJ on t— \o Lm LT\ o vo P t o \
OJ o CO oo CM CM I—1 o CO VO on♦ « « • • • 9 • • • •
OJ OJ I—1 1—1 1—1 i—1 1—1 1—1 o o o

CQ
P

. - p CQ
aj -H cD

•H ■—1 crt fq -P
-P P P cD
O cD a i—1 o P CQ

•H -P o cD P •rH
CQ d cD ,P •H •H P

•H 0 i—1 CQ -P rH P4 cD cD
H cD P P p rP •H bO -P
cD CD 0 a p P <M- O i—1 cD
P £ , 0 *H 0 o | •H n H
0 •H ctf rH ■P P CQ p p O

P> O •rH o cD P o P cq P
cD O P •H P o •H p> O cD
i—1 P cD P i cD P> & CQ P ■H •H

CQ P CQ o 0 .P O 5h
cD 0 . o cD cD f i •rH cD cD
•H CQ P i—! cD r P i—i o P i—1 rH
P •H cD rQ CQ a i—1 p . P i—1 O

•H 0 0 P o 0 0 cD 0 •H
rH P cD P - p •H r P -p P rQ a
P 0 [>-, -P 0 p cD 0 cD cD P

s m P h CO m K P U2 D

*oLTV

OJ

P t

on
rH

LTV
P t
rH

oo

o n

Hi—i
o

•H
PbD
•HrH
cDPOd>SI—1o
pq

15



LTN

I-1PQ
£

P  ft

f t  OJ

ft • O J>
•rH

*o p ^  M

CQ(D
0 )  r - (ft P  P  g 
g  cd
CD CQ 
cq

"—  on  
f t  o n

oa
PP oO *rJ 

•H -P 
P> cD 
cD -P 

- p  cq wv—̂ i—I
ft  f t

f t
PQ

m
CD•HO
CD
f t

CQ

on on CM vo on *1—1 *OJ CM CMLTN U"N L T N f t on LfN o I—I f t OOoo O n VO o OJ OJ CM 1—I. OO L f N• « « • • * • % ■ %
o O i—1 ft ft OJ OJ f t ft 1-I

on o vo o ft- CM 1—1 LfN CM• • • « • * • • •
o D" ft- LfN oo on vo vo f t f t
f t vo f t " OJ on ■— 1 C O
1— 1 i—1

ft- oo o f t f t vo o I— 1 oo o
f t " f t " o f t C O 1— 1 O N L T N O N f t

L T N L T N t—i L T N oo vo O N i—1 1—1OJ i—1 1—1 CM 1—I

o n
o n

f t

i—I
on

i—I ■—I

o n
o n

o n
o n

OJ
o n

i—I
f t ftft on

o n v o o n on r H L T \ L T \
o o n f t i r \ — C O o o

• • • * « m •
- 3 ” C M I—1 t—1 1— 1 o o

Oni—I

oo

3
O

ft-i—I

■ft-

ON
o n

CQ•P-j cd
•H g cd P
ft P S cd
O o CQ ft P
•H Pi •H cd P
ft •H P P CQ •rH
CD ft CD P ft piP cD ft fciD P ft
CD CD ft •rH i—1 P cd O
ft P p p O p •H

cD •H m h0 !> P 0 pO *P O P •P o p in
•rH P O P ft cd ft cd o
p- cD ’ P in f t g i—1 p
w P cq eg cD p o
o CD S P cd cd cd ft
i—l U to o o i—1 i—i • P p
P cD •H P ft ■—1 ft P pCD CD CD > 5 CD CD •H cd
U cD P P ft P P ft P
P CD CD o cd cd P cd
CQ S K p CQ CQ P

ft-i—I

vo

o n
o n
O

a3o
f tft
Pft
cD
ft

SO
o
cd

16

Co
ro

ph
iu

m
 

ac
he

ru
si

cu
m

 
0.

30
 

2 
5 

 ̂
1.

9 
3H

61
+*



TA
BL

E 
6

t

0

IK
OJ.

CO

>5
■̂CVL•H g  
CQ "'■vP  i—1 CD • 
Pi O

<+H •O J> 
•H*

£  « P7 M

i—1 PiP  6 « cd 
cd cq 
CQ

v— VO Vi on

O•H
Pcd -p
P  CQ 
CQ
— - OJ Vt rH

M
pq'

CQ
CU•HO
CU
P

02

p- CO i—1 OJ on o\ Ov OO *ON & VO OJir\ Iv­ CO ■—I ON • LTN IV- on VO V- OO LT\vo on VO LT\ C— OJ -=t VO ov OJ rH VO
• • • • • • « • • • « •

i—l rH rH rH o 1-1 1—1 1—I 1—1 OJ r—1 rH

in on OO on o OJ 1—1 OV OO V- IV- OO
• % • • • • • • • • • •

v- o on vo t — CO LTN rH o o rH ~=t OOOJ OJ i—1 OJ i—1 1—1

p- OJ On p- vo o i—1 OO p - on CO 1—1
o v 1— I -=t vo V - OO OO P " IV- p - 1—1 CVI

v o LTV on v o rH on -H - rH OJ

Oon

OJi—i

i—1on

OJi—l

on
OJ

V~ oO
OJ

ooi—I V-i—I
VOI—1 on r—t OO

Oi—1 CSV HI—I V- CO OV VO

I—I 
OJ

o\

onrH

un

1—1 oo OJ CT\ P" on P- co i—I o ON vo
1—1 O oo OJ CIV oo VD ir\ VO L0\ on on

• • • • • • • • • * « %
OJ OJ 1—1 i—i o o O o o O o o

cd
p

■ cd
•H

CQ ,P
p o

CQ p p
*ri cd cd cd

i—i ctf p Pjzj P s CQ cd P
O o i—1 cd • H p CQ •rH cd
Vl o ctf CQ p CQ p P O P
•tH ,p •rl o P • H P P CU
rH CQ p rH CU CD PM CU cd rH
•rH cd P ,p •H p P 1—1 Pi o

CU P Pi OD *H P O •H o CJ
p CD O cd ,P cd • H P CQ CU P

CQ •H P P P O ,P P fctO p o CU
p O PH O P P P CQ •H o p 1—1

- p O ol ■ d cd cd O rH i f
CQ P H -3 g CQ £ P CQ r ’S CU
cd CQ ‘ CU O CQ O cd P P pg cd cd i—I •rH cd P •H P CU
o CQ ,P rH Pi P rH P o P CU
P •H o ■—I o 1 o P P Td cd nd 3
CU (U ■ o CU rH p 5d cd. !>j CQ p P

P P •H p o o ■—1 P rH CQ CU cd
CD 0) P cd O rP o cd O cd CQ •rH
W S 02 02 02 Ph s Ph Ph IP Ph p

17



18

p r e s e n te d  i n  T able  J .  T h is t a b le  was in c lu d e d  t o  compare th e  E liz a b e th  

R iv e r  w ith  o th er  a rea s  f o r  w hich  d ata  i s  in t e g r a te d  fo r  th e  e n t i r e  y e a r .

January s t a t io n s  were c h a r a c te r iz e d  by h ig h  B .I .  v a lu e s  and random 

d i s t r i b u t i o n  o f  th e  m ollU sks M u lin ia  l a t e r a l i s ,  Mya a r e n a r ia  and R etusa  

c an a l i  c u la t  a and th e  p o ly c h a e te s  N ere is  s u c c in e a , S tr e b lo s p io  b e n e d ic t i , 

H eterom astus f i l i f o r m l s  and P a ra p r io n o sp io  p in n a ta .

The p o ly c h a e te s  S a b e l la r ia  v u lg a r i s , S a b e lla  m icrophthalm a and 

P o ly d o ra  l i g n i ,  and th e  amphipod U n c io la  ir r o r a t a  were found in  la r g e  

numbers, but had low  B .I .  v a lu e s  b eca u se  o f  t h e i r  a g g reg a ted  

d i s t r i b u t i o n s . S a b e l la r ia ,  S a b e l la , P o lydora  and U n c io la  were u s u a l ly  

found to g e th e r ,  a tta ch ed , t o  th e  abundant o y s te r  s h e l l s  found a t  s t a t i o n  

L-5«

May was c h a r a c te r iz e d  by  a h ig h  B .I .  (^4.03) and random 

d i s t r ib u t io n  o f  S t r e b lo s p io . M u lin ia  d e crea sed  i n  dom inance ( B .I .  2 .2 2  

t o  0 .M 3 ). Mya, N e r e is , H eterom astus and P a ra p r io n o sp io  had h ig h  

b io - in d e x  v a lu e s ,  as in  January, and a random d i s t r ib u t io n .  P o lyd ora  

in c r e a s e d  i n  dom inance ( B .I .  0 .1 1  t o  l . t l )  and numbers, and was 

random ly d i s t r ib u t e d .  S a b e lla  and S a b e l la r ia  rem ained a g g reg a ted  and 

w ere found on dead o y s te r  s h e l l s ,  w h ile  U n c io la  was not p r e s e n t .

Macoma b a l t h ic a ,  a lth o u g h  n o t found i n  January, had a B .I .  v a lu e  o f

0 .3 3  and a c o e f f i c i e n t  o f  d i s p e r s a l  o f  1 . 582, w hich  su g g e ste d  an

a g g r eg a ted  d i s t r ib u t io n .  Corophium aeheru sicu m  was c o l l e c t e d  o n ly  a t

th e  m ost u p r iv e r  s t a t i o n s ,  E -7 and E -8 .

A u gu st was c h a r a c te r iz e d  by an in c r e a s e d  a g g r e g a t io n  o f  m ost 

s p e c i e s .  S t r e b lo s p io  and Mya,. dom inant s p e c ie s  in  May, were s e v e r e ly  

red u ced . S p io ch a e to p te r u s  o c u la tu s  (p o ly c h a e ta ) ,  P h oron is a r c h i t e c t a  

(P h o ro n id a ), M olgula m a n h a tten sis  (T u n ic a ta ) , Diadumene le u c o le n a
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(C o e le n te r a ta )  arid N a ssa r iu s  o b s o le tu s  (G astrop od a), a l l  ra re  in  

January and May, in c r e a s e d  i n  dom inance in  A u gu st. H eterom astu s, 

N e r e is ,  S a b e lla , P a ra p r io n o sp io , and P olydora  co n tin u ed  t o  be im portant 

members o f  th e  community as th e y  were in  January and May.

Sample H om ogeneity

Sanders* ( i 9 6 0 ) d o m in a n c e -a ff in ity  in d ex  was c a lc u la te d  among th e  

th r e e  sam ples a t  each s t a t i o n  and among each  o f  th e  th r e e  sam ples and 

th e  mean o f  th e  th r e e  sam ples a t  each s t a t i o n .  Mean d o m in a n c e -a ff in ity  

v a lu e s  f o r  each  s t a t io n  a re  found i n  T ahle 8 and 9» The in d ex  i s  

o b ta in e d  by com puting th e  p e r c e n ta g e  o f  th e  t o t a l  sam ple r e p r e se n te d  by  

each  s p e c ie s  p r e se n t  in  th e  sam ple and th en  summing th e  s m a lle s t  

p e r c e n ta g e s  fo r  each  s p e c ie s  betw een  th e  two sa m p les .

Only fo u r  s t a t i o n s ,  L-3> L-U, E -7 , and E -8 , a l l  sam pled i n  A u gu st, 

had d o m in a n c e -a f f in ity  v a lu e s  b elow  70$  when th e  sam ples w ere compared 

t o  t h e i r  mean. The mean dom inance a f f i n i t y  fo r  a l l  s t a t io n s  was 77$  

and was h ig h e s t  i n  May. ( 83$ ) ,  fo llo w e d  by January ( 76$ )  and A ugust 

(7 2 $ ) .
\

The mean d o m in a n c e -a f f in ity  v a lu e  was 61$ when t h i s  in d ex  was 

c a lc u la t e d  among th r e e  sam ples a t  each  s t a t io n ,  May had th e  h ig h e s t  

mean v a lu e  (72$ ) ,  fo llo w e d  by January ( 58$ ) and A ugust (5 3 $ ) . These 

v a lu e s  w i l l  be compared w ith  th o s e  from  o th er  s t u d ie s .

S t a t io n  Hom ogeneity

S a n d e r s ’ ( i 9 6 0 ) d o m in a n c e -a f f in ity  betw een a l l  p o s s ib le  p a ir s  o f  

s t a t io n s  was c a lc u la te d  fo r  each  sam plin g  p e r io d . T r e l l i s  diagram s 

w ere c o n s tr u c te d  t o  show s t a t io n  a f f i n i t i e s  (F ig . 3> 5)* Dominance-

a f f i n i t y  v a lu e s  above .50$  w ere chosen  t o  in d ic a t e  a h ig h  d eg ree  o f



TABLE 8

Mean d o m in a n c e -a f f in ity  v a lu e s  among th r e e  sam ples a t  each  s t a t io n .

 Sam pling P er io d   . .
S t a t io n _____________________ January____________  May____________  A ugust

L - l 67 .0 2 7 2 . 9 b 5 8 .8 1

L-2 5 0 . ^ 7 6 .3 9 8 1 .2 2

L-3 52 . ok 7 5 .6 8 2 9 .1 7

L -V 5 6 .1 8 5 6 .9 0 UO.77

L-5 6 7 .8 7 7 6 .3 2 52 .7 9

l -6 59 . *±0 6 1 . 9k

T  r y
x j - i

7 1  C l  1 _ L  . 6 0 .1 2

L-8 8 2 .5 0 63.33

L-9 ' 7 1 .1 7

L-10 8 1 .6 9 7 2 .3 7

E-7 5 6 .23 6 2 .0 8 1 5-^ 8

e -8 7 3 .9 8 2 9 .8 1
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TABLE 9

Mean d o m in a n c e -a f f in ity  v a lu e  betw een each  o f  th e  th r e e  sam ples and 
mean o f  th e  th r e e  lumped sam ples a t  each  s t a t i o n .

 _________________ Sam pling P er io d __________
S t a t io n _________  January__________________May________________ A ugust

L - l 7 9 -9 7 8 3 -9 7 7 7 -0 2

L -2 7 3 .5 0 8 6 .7 0 8 7 .7 1

L-3 7 0 .5 7 8 5 .8 8 5 7 .7 8

1, -k 7 3 .2 1 7 0 .1 1 6 h . h 2

L -5 8 1 .2 0 8 6 .3 5 7 k .  59

l - 6 7 6 .6 2 7 6 .2 3

L -7 8 U.1 6 7 6 .0 1

L-8 8 9 .9 3 7 7 -5 0

L -9 8 2 .7 8

L -10 8 8 . it-1 8U .75

E -7 7 k .  67 7 6 .3 3 1*8 .8 1

e -8 8 3 .6 5 5 9 -3 9
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Figure 3» Trellis diagram of the dominance-affinity index for all
station pairs, January 1969* Elizabeth River.
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JANUARY 1969 

L-1 L-2 L-3 L-5 L~4 E~7

L-l 

L-2

L-3 

L-5 

L -4  

E -7

< 3 0 %  3 0 — 50 % 50 —100%



Figure k Trellis diagram of the dominance-affinity index for.all
station pairs, May 19^9 > Elizabeth River.
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MAY 1969
L-2 Lr3 E -8  L-4 L-7 L"8 L“ 6 L-1 Lr5 L-|0 E-7

» ;» W

< 3 0 %  3 0 — 5 0 %  5 0  — t o o  %



Figure 5 Trellis diagram of the dominance-affinity index for all
station pairs, August 1969* Elizabeth River.
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AUGUST 1969

E-8 L-3 L-10 L-2 L-5 L-7 L -8  L -9  L- 4  L-f L~6 E~7

E - 8  

L - 3  

L - I O  

L - 2  

L - 5  

L - 7  

L - 8  

L - 9  

L - 4  

L - I  

L - 6

L-7

< 3 0 %  3  0 -  5 0 %  5 0  — 1 0  0 %
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a f f i n i t y , ,  v a lu e s  b etw een  3 0 $ and. 50$ in d ic a t e  a m oderate a f f i n i t y ,  and 

v a lu e s  b e low  3 0 $  in d ic a t e  a weak a f f i n i t y  (S a n d ers, i 9 6 0 ) .

January had a mean d o m in a n c e -a f f in ity  in d ex  o f  U l .2 $  b etw een  a l l  

s t a t i o n  p a i r s . S t a t io n  p a ir s  L - l ,  L -2 , L -3 , L-H, E -7 had a h ig h  

d eg ree  o f  a f f i n i t y .  In  May th e  mean dom inance a f f i n i t y  betw een  s t a t i o n  

p a ir s  was 1+3-0$. N in e te e n  s t a t io n  p a ir s  had a h ig h  d eg ree  o f  a f f i n i t y .

T hese s t a t io n s  w ere ordered  in t o  th r e e  groups o f  h ig h  a f f i n i t y  (L -2 ,

L -3 ; L-1+, L -6 , L -7 , L -8 ; and L - l ,  L -5 , L -10 , E - 7 ) .  E-8  showed l i t t l e

a f f i n i t y  w ith  any o th e r  s t a t i o n s .  A ugust had th e  lo w e s t  mean 

d o m in a n c e -a f f in ity  betw een s t a t io n  p a ir s  ( 3 1 .2 $ ) .  Only e ig h t  s t a t i o n  

p a ir s  had a h ig h  d eg ree  o f  a f f i n i t y .  T hese s t a t io n s  w ere ordered  in t o  

two groups o f  h ig h  a f f i n i t y  (’L -2 , L -3 , L -5 , L -1 0 , E -8 ; and L-1+, L -7 ,

L -8 , L -9 )-  Three s t a t io n s  ( L - l ,  L -6, E -7 ) showed l i t t l e  a f f i n i t y  w ith  

any o th e r  s t a t i o n s .

I n d ic a to r  S p e c ie s

Wass (1 9 6 7 ) prop osed  an in d ex  o f  p o l l u t io n  w hich  i s  th e  r a t io  o f

th e  number o f  p o l l u t io n - t o le r a n t  organism s t o  th a t  o f  p o l l u t io n -

i  n t o le r a n t  o rg a n i sm s.

^ j  _ number p o l l u t io n  t o le r a n t  in d iv id u a ls ______
number o f  p o l l u t io n  in t o le r a n t  in d iv id u a ls

Any v a lu e  o f  th e  in d ex  above one in d ic a t e s  p o l l u t io n .  The h ig h e r  th e

v a lu e  o f  t h i s  in d ex  th e  more s e v e r e  th e  p o l l u t io n .

A l i s t  o f  b e n th ic  m a c r o in v e r teb ra te s  found in  th e  s tu d y  area  and

c o n s id e r e d  t o  be t o le r a n t  o f  p o l l u t io n  was com p iled  from  th e  l i t e r a t u r e

(T ab le  1 0 ) .  A ssum ing th e  rem ain in g  s p e c ie s  t o  be in t o le r a n t  o f

p o l l u t io n ,  I  c a lc u la te d  v a lu e s  fo r  W ass’ in d ex  f o r  each  s t a t io n

(Table 11).



TABLE 10

M arine organism s c o n s id e r e d  t o  Be t o le r a n t  t o  p o l l u t io n  (d eterm in ed  By 
th e  l i t e r a t u r e  and p e r so n a l o B se r v a t io n ) .

S p e c ie s  R eferen ce

P o ly ch a e ta
C a p j t e l la  c a p i t a t a  
D io p a tra  cuprea  
G ly cera  am ericana  
H eterom astus f i l i f o r m j s .  
N e r e is  su e c in e a  
P arap ri o n o sp i o 'p in n a ta  
P e c t in a r ia  g o u ld i  
P olyd ora  l i g n i  
P is t a  c r i s t a t a  
S p lo ch a e to p te r u s  o c u la tu s  
S tr e B lo s p io  B e n e d ic t i  
C lym en ella  to r q u a ta  
S c o lo p lo s  f r a g i l i s  
S a B e lla  mi c r opht halma 
S a B e lla r ia  v u lg a r is  

M o llu sca
M u lin ia  l a t e r a l i s  
Mya a r e n a r ia  
N assariu s. v iB ex  
T agelu s d iv i s u s  
M ercenaria  m ercen aria  

C ru sta cea
Corophium acheru sicum  
Corophium tu b ercu la tu m  
E r ic h th o n iu s  B r a s i l i e n s i s  
J a s sa  f a l c a t a  

O thers
M olgula m a n h a tten sis  
B alanus im p ro v isu s

R e ish  ( i 9 6 0 ) ,  Wass (1967)
M cNulty (1 9 7 0 )
M cNulty '(1 9 6 1 )

L eppakoskei (1 9 6 8 ) ,  Wass (1 9 6 7 )
Wass (1 9 6 7 )
B oesch  (1 9 7 1 )

BurBanck et_. a i .  (1 9 5 6 ) ,  McNulty (1961)  
Wass TT9 6 7 )
M cNulty (1 9 6 1 )
McNulty (1 9 6 1 )

Wass ( 1 9 6 7 ) f R e ish  & W inter (195^+) 
BurBanck e t .  a l»  (1956)
P et t  iBone~~(l 9^3*)
P erso n a l o B se r v a tio n  
P e r so n a l o B se r v a tio n

B oesch (1 9 7 1 )
B oesch . (1 9 7 1 )
M cNulty (1961)
M cNulty (1 9 6 1 )
Cooper e t .  a l .  (1 9 6 U)

Wass (1 9 6 7  ̂ R e ish  & W inter (195^)
Wass ( 1 9 6 7 )
Barnard (1 9 5 8 )
Barnard (1 9 5 8 )

Van Name (19^-5)
McNulty (1 9 7 0 )
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TABLE 11

R a t io  o f  p o l l u t io n  t o le r a n t  t o  n o n -p o llu t io n  t o le r a n t  organism s fo r  
a l l  s t a t io n s  (Wass*' in d e x ) .

S t a t io n __________ January May______________   A ugust

L - l . k . l k 7 -5 1 6 . 67

L -2 6 .9 8 1 5 .7 5 2 . 9 6

L-3 2 .3 0 1 6 .9 8 2 .5 3

L - k 3 .8 6 I k .  6 k ' 1 . 21+

L-5 3-^ 5 1 3 .7 1 2 .0 0

L- 6 3 .0 7 0 .5 2

l -7 6 . 7 b 0 > 90

L-8 lU .5 0 1 .5 9

l -9 3 .6 7

L -10 5 .6 0 2 .3 5

E -7 1 2 .0 8 3 1 .7 5 2 .3 3

e -8 1 6 . l b 2 .7 1

Mean -5 . b6 1 3 .3 1 2 . 1+6
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Two s t a t i o n s ,  L-6  and L-7> i n  A ugust had v a lu e s  below  on e.

A ccord in g  t o  W ass1 in d ex  th e  rem ain in g  s t a t io n  v a lu e s  w ere a l t e r e d  due 

t o  p o l l u t io n .  The h ig h e s t  v a lu e s  o f  t h i s  in d ex  were c a lc u la t e d  f o r  

May (mean 13*3) fo llo w e d  b y 'Jan u ary  ( 5 .^ 6 ) and A ugust (2 .U 6 ) .

F eed in g  Types

The fe e d in g  and p u rch ase  ty p e s  o f  th e  18 dom inant organism s  

(b io - in d e x )  w ere com piled  from  th e  l i t e r a t u r e  (T ab le  1 2 ) .

P seu d eu ryth oe p a u c ib ra n ch ia ta  was not in c lu d e d  b eca u se  no reco rd  o f  i t s  

fe e d in g  ty p e  was fou n d . For th e  pu rpose o f  t h i s  p ap er , fo u r  fe e d in g  

ty p e s  have been  d e f in e d  as f o l l o w s :

S u sp en sio n  fe e d e r s  -  organism s fe e d in g  m ost on m a te r ia l  suspended  

i n  th e  o v e r ly in g  w a ter  m ass.

S e le c t iv e  d e p o s it  f e e d e r s  -  organism s fe e d in g  on th e  d e t r i t a l  

m a te r ia l  d e p o s ite d  on r o c k s , v e g e t a t io n ,  and th e  upper su r fa c e  o f  th e  

s u b s t r a t e .

N o n -s e le c t iv e  d e p o s it  f e e d e r s  -  organism s fe e d in g  in d is c r im in a t e ly  

on sed im en t b e low  th e  s u r fa c e .

Omnivore -  o p p o r tu n is t ic  organism s fe e d in g  on w hatever i s  a v a i la b le .

The p e r ce n ta g e  o f  each fe e d in g  ty p e  found d u rin g  each sam plin g  

p e r io d  and f o r  th e  t o t a l  sam plin g p e r io d  was c a lc u la t e d  (T ab le  1 3 ) .

The l 8 dom inant s p e c ie s  a ccou n ted  f o r  2 0 ,2 7 5  in d iv id u a ls  or 90$ o f  th e  

t o t a l  2 2 , kok  in d iv id u a ls  found i n  th e  sa m p les . The rem ain in g  2 ,1 2 9  

in d iv id u a l s ,  d iv id e d  among 105 s p e c ie s ,  w ould not d r a s t i c a l l y  change 

th e  p e r c e n ta g e s  in  t h i s  a n a ly s i s .

S u sp en sio n  fe e d e r s  dom inated th e  E liz a b e th  R iv er  s t a t io n s  (5 3 $  hy  

in d i v i d u a l s ) .  Most o f  th e  s p e c ie s  are  e p ifa u n a l organism s a s s o c ia t e d
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TABLE 13

P e r c e n ta g e  c o m p o sitio n  o f  f e e d in g  ty p es  o f  th e  l 8 dom inant s p e c ie s  
(B io -I n d e x ) , by in d iv id u a ls ,  fo r  each sam plin g  p e r io d .

F e e d in g  Type___________________ January May________A ugu st________ T o ta l

S u sp en sio n 50 58 U8 53

N on-s e l e c t i v e  d e p o s it 13 5 17 10

S e le c t iv e  d e p o s it 26 26 23 27

Omnivore 10 10 12 10
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33
w it h  exp osed  dead o y s te r  s h e l l s ,  p a r t i c u l a r ly  S a b e lla  m icrophthalm a, 

S a b e l la r ia  v u lg a r i s , M olgula m a n h a tte n s is , and Diadumene le u c p le n a .

Macoma b a l.t h i  c a , M u lin ia  l a t e r a l i s , . Mya a r e n a r ia , P h oron is a r c h i t e c t a ,  

and S p io ch a e to p te r u s  o c u la tu s  a re  in fa u n a l and a s s o c ia t e d  w ith  mud 

s u b s t r a t e s .

S e l e c t iv e  d e p o s it  f e e d e r s  f e e d in g  on th e  abundant d e t r i t a l  

m a t e r ia l  i n  th e  upper 1 cm o f  s u b s tr a te  and on th e  exp osed  o y s te r  

s h e l l s  a ccou n ted  fo r  27$ o f  th e  in d iv id u a ls .  S t r e b lo s p io  b e n e d ic t i ,  

P o ly d o ra  l i g n l , P a ra p r io n o sp io  p ln n a ta , P a s sa r iu s  o b s o le t u s , and 

U n c io la  ir r o r a t a  a r e  a l l  in fa u n a l organism s i n  t h i s  c a te g o r y .

H eterom astus f i l i f o r m i s ,  S c o lo p lo s  f r a g i l i s ,  and R etusa  

c a n a l ic u la t a  are  a l l  n o n - s e le c t iv e  d e p o s it  f e e d e r s .  T hese in fa u n a l  

organ ism s com prised  10$  o f  th e  in d iv id u a ls .

The in fa u n a l om nivore P e r e is  su c c in e a  accou n ted  fo r  10$ o f  th e  

in d iv id u a ls  and was th e  dom inant organism  i n  th e  E liz a b e th  R iv er  

( B io - in d e x ) .

D iv e r s i t y

D iv e r s i t y  in d ic e s  have o f t e n  been u sed  t o  summarize la r g e  amounts 

o f  d a ta  on th e  d i s t r ib u t io n  o f  s p e c ie s  and in d iv id u a ls  from  

com m u n ities . The m ost m ea n in g fu l and u n iv e r s a l ly  a c c e p te d  d i v e r s i t y  

i n d i c e s .a r e  th o s e  based  on in fo r m a tio n  th e o r y . The m ost commonly u sed  

d i v e r s i t y  in d ex  was d ev e lo p ed  from  th e  in fo r m a tio n  P u n etio n  o f  Shannon 

and W eaver (1 9 ^ 3 ):

s
H* = -  2 pi lo g 2 p, 

i = l



3*+
Where Hf = d i v e r s i t y  i n  b i t s  o f  in f o r m a t io n / in d iv id u a l

s = t o t a l  number o f  s p e c ie s

p . = th e  ob served  p r o p o r t io n  o f  in d iv id u a ls  th a t  b e lo n g
t o  th e  i - t h  s p e c ie s .

L loyd and G h elard i (1 9 6*4) have showed th a t  d i v e r s i t y  (H f ) i s  

s e n s i t i v e  t o  two com ponents, th e  number o f s p e c ie s  in  a sam ple ( s p e c ie s  

r ic h n e s s )  and th e  d i s t r ib u t io n  o f  in d iv id u a ls  among s p e c ie s '

( e q u i t a b i l i t y ) .

Sanders ( 1 9 6 8 ) r a r e f a c t io n  method was u sed  t o  red u ce each s t a t io n  

t o  200 in d iv id u a ls .  T his method a llo w s  com parison o f  th e  number o f  

s p e c ie s  p r e se n t  a t  s t a t io n s  w ith  d i f f e r e n t  numbers o f  in d iv id u a l s .

Each sam ple g e n e r a te s  a r e g r e s s io n  o f  th e  number o f  s p e c ie s  th a t  would  

be found in  d e c r e a s in g  sam ple s i z e s  i f  th e  p e r ce n ta g e  c o m p o s itio n  o f  

th e  component s p e c ie s  rem ains c o n s ta n t .

E q u i t a b i l i t y  ( e )  was c a lc u la t e d  from  a form ula d ev e lo p ed  by L loyd  

and G h elard i (196*4):

s

w here E i s  a m easure o f  e q u i t a b i l i t y ,  s i s  th e  number o f  s p e c ie s  in  th e

sam ple and s ’ i s  th e  number o f  s p e c ie s  p r e d ic te d  by M acArthurf s

b r o k e n - s t ic k  m odel, assum ing th e  ob served  H* d i v e r s i t y .  T a b les  fo r  

c a lc u la t io n  o f  s T are  g iv e n  i n  L loyd and G h elard i (196*4) .

HT d i v e r s i t y ,  e q u i t a b i l i t y  (E ), and th e  number o f  s p e c ie s  p r e se n t  

a t  each  s t a t i o n  i f  a l l  s t a t io n s  had 200 in d iv id u a ls  ( r /2 0 0 )  are  

p r e se n te d  in  T ab les 1*4, 1 5 , and 1 6 . The l i n e s  g en era ted  by r a r e f a c t io n  

a r e  found i n  F ig u r es  6, 7 , and 8 . I t  was n e c e s s a r y  t o  e x tr a p o la te

s e v e r a l  o f  th e  R /200 v a lu e s  where th e  t o t a l  number o f  in d iv id u a ls  a t  a

s t a t i o n  was below  200; One s t a t i o n  in  May and sev en  s t a t io n s  in  A ugust



TABLE . . I k

H* d i v e r s i t y  v a lu e s  f o r  each s t a t i o n  (3 lumped r e p l i c a t e s ) .

S t a t i o n s _____________ January_____________ May ______  A ugust

L - l 3 .0 9 2 .7 0 3 .0 8

L -2 2 .6 3 2 .9 7 3 .3 8

L-3 3 .5 6 2 .6 5 3 .3 3

L-1+ 3*18 2 .9 7 2 .9 7

L -5 3 -9 ^ 2 .1 7 1+.12

L-6 2 .8 3 3 .2 2

L -7 ------- 2 . 6l 3 .3 8

L-8 ------- 2 .1 8 3 . 2 6

L -9 ------- 3 -0 1

L -10 2 . 1+8 3 - 66

E -7 3 .0 1 2 .0 6 2 . 1+5

E-8 _ _ —_ 1 .8 2 3-03
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TABLE 15

E q u i t a b i l i t y  v a lu e s  ( e )  fo r  each s t a t i o n  (3 lumped r e p l i c a t e s ) .  

S ta t io n s _________________  January______ :___________May_________________ A ugust

L - l o . k 6 0 .5 6 0 .7 1

L -2 0 .U5 0 .2 6 0 . 1+7

L-3 0 .U7 0 .2 1 0 . 1+7

L-1+ 0 . 5^ 0 .3 8 0 .5 8

L -5 0 .3 7 0 .2 2 0 .3 8

l - 6 ------- 0.1+3 0 .7 6

L -7 O^kO 1 .0 0

l -8 ------- 0 .3 2 0 .7 0

l -9 0 . 1+1

L -10 ------- 0 . 2 *+ 0 . 1+6

E -7 0 .5 0 0 .5 0 0 .7 7

e -8 ------- 0 .1 9 0 .6 0

36



TABLE 16

Number o f  s p e c ie s  p r e se n t  in  each  s t a t io n  when s t a t io n s  a re  reduced t o  
200 in d iv id u a ls  (3 lumped r e p l i c a t e s ) .  S t a t io n s  marked w ith  an 
a s t e r i s k  are  e x tr a p o la te d  v a lu e s .

S t a t io n s  ____  January______________  May_________________A ugust

L - l 1 9 . k 1 5 .3 2 0 . 0*

L-2 1 7 .6 1 8 .5 2 1 .1

L-3 2 8 .9 I k . 9 2 5 .0

L-U 1 8 .0 1 9 .6 2 2 . 0*

L-5 3 1 .9 2 1 .6 3 k .  5

l -6 -------- 1 6 .2 2 6 . 0 *

L-7 1 7 .2 2 0 . 0*

l -8 -------- 1 5 . 6 2 6 . 0*

l -9 -------- -------- 2 5 . k

L -10 -------- 2 0 .1 2 6 .5

E-7 2 0 .2 1 U .0 * 2 0 . 0*

e -8 _ _ _ _ 1 6 .9 2 7 . 0*
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F ig u r e  6 . A r ith m e t ic a l  p lo t  g en era ted  by r a r e f a c t io n  f o r  each  
s t a t i o n ,  January 1 9 6 9 . Each sam ple r e p r e s e n ts  a 
r e g r e s s io n  o f  th e  number o f  s p e c ie s  th a t  w ould be 
found  i n  d e c r e a s in g  sam ple s i z e s  i f  th e  p e r ce n ta g e  
c o m p o sitio n  o f  th e  component s p e c ie s  rem ains c o n s ta n t .
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F ig u r e  7« A r ith m e t ic a l  p lo t  g e n e ra ted  by r a r e f a c t io n  f o r  each
s t a t i o n /  May 1969* Each l i n e  r e p r e s e n ts  a r e g r e s s io n  
o f  th e  number o f  s p e c ie s  th a t  would be p r e se n t  i f  th e  
p e r ce n ta g e  co m p o s itio n  o f  th e  component s p e c ie s  rem ains  
c o n s ta n t .
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F ig u r e  8 . A r ith m e t ic a l  p lo t  g en era ted  by r a r e f a c t io n  fo r  a l l  
s t a t i o n s ,  A ugust 1989- Each l i n e  r e p r e s e n ts  a 
r e g r e s s io n  o f  th e  number o f  s p e c ie s  th a t  w ould be 
p r e s e n t  i f  th e  p e r ce n ta g e  co m p o sitio n  o f  th e  
component s p e c ie s  rem ains c o n s ta n t .
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41
had l e s s  th an  200 in d iv id u a ls .  The s p e c ie s  r ic h n e s s  v a lu e  f o r  th e  

rem ain in g  f i v e  s t a t io n s  i n  A ugust was 2 6 .5 *  T h is v a lu e  was o n ly  two 

in d iv id u a ls  low er th a n  th e  s p e c ie s  r ic h n e s s  v a lu e  c a lc u la t e d  w ith  th e  

e x tr a p o la te d  v a lu e s .

The mean d i v e r s i t y  f o r  th e  E liz a b e th  R iv er  s t a t io n s  was 2 .9 6  

b i t s / i n d i v i d u a l  w ith  a range o f  1 .8 2  a t  E-8  in  May t o  4 .1 2  a t  L-5 in  

A u g u st. May had th e  lo w e s t  mean d i v e r s i t y  v a lu e  ( 2 .4 9 )  w ith  h ig h er  

mean v a lu e s  o f  3*23 and 3 -2 4  in  January and May.

E q u i t a b i l i t y  (E ) had a range o f  1 .0 0  a t  L-7 i n  A ugust t o  0 .1 9  a t  

E-8  in  May, w ith  a mean o f  0 .4 8 .  May had th e  lo w e s t  mean e q u i t a b i l i t y  

v a lu e  (0 .3 .4 ) w ith  h ig h e r  mean v a lu e s  o f  0 .4 7  and 0 . 6 l  in  January and 

A u g u st.

U sin g  S a n d e rs ’ r a r e f a c t io n  m ethod, th e  mean number o f  s p e c ie s  

found a t  each  s t a t i o n  c o n ta in in g  200 in d iv id u a ls  was 2 1 .4 ,  w ith  a h ig h  

o f -3 4 .5  s p e c ie s  a t  L-5 in  A ugust and a low  o f  l 4  s p e c ie s  a t. E -7 in  

May. May had th e  lo w e s t  mean R /200 v a lu e  o f  1 7 -3  w ith  h ig h er  mean 

v a lu e s  o f  2 2 .7  and 2 4 .5  i n  January and A u gu st, r e s p e c t iv e ly .



DISCUSSION

M acrofauna

R e ish  (1959^ ) em phasized  th e  im p ortance o f  s c r e e n  s i z e  In  

d e te r m in in g  th e  d e n s i t y  o f  m arine h e n th ic  in v e r t e b r a t e s .  He found  

fo u r  tim es  as many in d iv id u a ls  on a .2 7  mm sc r e e n  as on a 1 . 0  mm 

s c r e e n . Numerous sm a ll p o ly c h a e te s  and nem atodes acco u n ted  f o r  t h i s  

in c r e a s e .  I  ob served  abundant sm a ll c a p i t e l l i d  and s p io n id  p o ly c h a e te s  

and nem atodes in  my sam ples and compared d e n s it y  o n ly  t o  o th e r  s tu d ie s  

w h ich  used  a 1 . 0  mm s c r e e n  s i z e .

Haven (1 9 6 7 ) found a mean d e n s i t y  o f  928 in d iv id u a ls /rn ^  f o r  mud 

s t a t io n s  and 5^548 In d iv id u a ls /m ^  f o r  sand s t a t i o n s ,  i n  th e  low er York 

R iv e r , V ir g in ia .

W ig ley  and M cIntyre (1 9 6 4 ) sam pled th e  m acrobenthos from  a 

t r a n s e c t  a c r o s s  th e  c o n t in e n ta l  s h e l f  so u th  o f  Woods H ole, 

M a ssa c h u se tts . They found a mean d e n s ity  o f  4 ,7 4 0  in d iv id u a ls /m ^  on 

th e  In n er s h e l f ,  1 ,4 9 6  in d iv id u a ls /m ^  on th e  o u ter  s h e l f  and -1,214  

in d iv id u a ls /m ?  on th e  s lo p e .

Lowry (1 9 6 9 )̂  i n  a . s o f t  bottom  community in  A n ta r c t ic a ,  found a 

mean d e n s i t y  o f  6 ,9 5 7  in d iv id u a ls /m ^ . He a t t r ib u t e d  th e  h ig h  d e n s ity  

o f  b e n th ie  organism s in  h is  sam ples and th a t  o f  W ig ley  and M cIntyre  

on th e  in n er  c o n t in e n ta l  s h e l f  t o  h ig h  p r im a r y -p r o d u c t iv ity .

B oesch  (1 9 7 1 ) in  c o n ju n c t io n  w ith  th e  p r e se n t  s tu d y  r ep o rted  

mean d e n s i t i e s  o f  2 ,6 6 3  in d iv id u a ls /m ^  fo r  sand s t a t i o n s ,  1 ,3 8 2  

in d iv id u a ls /m ^  fo r  mud s t a t i o n s ,  and 1 ,0 4 7  in d iv id u a ls /m ?  f o r  mixed
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b3

■ sed im en t s t a t  i  o n s .

The mean d e n s i t y  o f  b e n th ie  m a c r o in v e r te b r a te s  a t  th e  E liz a b e th  

R iv e r  s t a t io n s  (3^803 in d iv id u a ls /m ? ) was h ig h er  th a n  f o r  com parable  

mud s t a t io n s  sam pled by B oesch  i n  Hampton Roads and Haven i n  th e  York 

R iv e r . The mean d e n s ity  was lo w er  th an  th o s e  o f  Lowry’s A n ta r c t ic  

s t a t i o n s  and o f  W ig ley  and M cIn ty re ’s s t a t io n s  on th e  in n e r  

c o n t in e n t a l  s h e l f .  Both are  a r ea s  o f  h ig h  prim ary p r o d u c t iv i t y .

The mean d e n s i t y  fo r  E liz a b e th  R iv er  s t a t io n s  lo c a t e d  on o y s te r  

r e e f s  (L -2 , 'L-3* L-5* L -10) was in d iv id u a ls /m ^ , h ig h er  th a n  th e

a r e a s  o f  h ig h  p r o d u c t iv i t y  sam pled by Lowry and by W ig ley  and 

M cIn tyre . The d e n s it y  o f  th e  rem ain in g  nrud s t a t io n s  was 1 ,5 0 2  

in d iv id u a ls /m ^ , w hich  was o n ly  s l i g h t l y  h ig h er  th an  com parable mud 

s t a t i o n s  in  Hampton Roads and th e  York R iv e r . The h ig h e r  d e n s it y  o f  

organ ism s a t  s t a t io n s  downstream  from  L am bert's P o in t  and s t a t io n s  

w ith  a c la y e y  sand s u b s tr a te  was p ro b a b ly  due t o  th e  p r e se n c e  o f  dead  

o y s te r  s h e l l s  a t  th o se  s t a t i o n s .

The E liz a b e th  R iv er  i s  su p p lie d  by abundant d e t r i t a l  m a te r ia l  

from  sew age o u t f a l l s  and o th e r  r u n o ff  from  numerous in d u s t r i a l ,  

d o m e stic , and a g r ic u l t u r a l  s o u r c e s . The exp osed  o y s te r  s h e l l s  serv ed  

as a sed im en t tr a p  f o r  in fa u n a l s p e c ie s  S t r e b lo s p io  b e n e d ic t i , H ere is  

s u c c in e a , H eterom astus f i l i f o r m ! s ,  and P a ra p r io n o sp io  p in n a ta  and a 

s u b s tr a te  fo r  a tta c h e d  s p e c i e s ' S a b e lla  m icrophthalm a, S a b e l la r ia  

v u l g a r i s , and P olyd ora  l i g n i . The o y s te r  s h e l l s ,  co u p led  w ith  h ig h  

d i s s o lv e d  oxygen l e v e l s ,  made th e  abundant d e t r i t a l  m a te r ia l  a v a i la b le  

t o  su p p o rt h ig h  d e n s i t i e s  o f  organ ism s.



Dominant Organism s

Dominant organism s (B io -In d e x )  from th e  E liz a b e th  R iv er  s t a t io n s  

w ere compared t o  th e  dom inant organism s o f  th r e e  s t u d ie s  in  th e  

Chesapeake Bay and i t s  t r ib u t a r y  r iv e r s  and t o  a s tu d y  in  Buzzards Bay, 

M a ssa ch u se tts  (T ab le  1 7 ) .

Wass (p e r so n a l com m unication) c o l l e c t e d  b e n th ic  organism s 300  

m eters  from  th e  VIMS p ie r ,  G lo u c e s te r  P o in t , V ir g in ia ,  fo r  a s ix  y ea r  

p e r io d . Wass e t .  a l .  ( 1 9 6 7 ) and S ton e ( 1 9 6 3 ) sam pled th e  benth os in  

th e  lo w er  C hesapeake Bay o f f  th e  Rappahannock R iv e r . B oesch (1 9 7 1 )  

c o l l e c t e d  sam ples from  mud s t a t io n s  in  Hampton Roads. Sanders ( i 9 6 0 ) 

sam pled a m u d -s i l t  s t a t i o n  in  Buzzards Bay, m on th ly , f o r  a p e r io d  o f  a 

y e a r .

M u lin ia  l a t e r a l i s ,  a su sp e n s io n  fe e d in g  b iv a lv e  w ith  a sp o ra d ic  

d is t r ib u t io n  over  th e  e n t ir e  Chesapeake Bay, was th e  o n ly  organism  

dom inant i n  th e  E liz a b e th  R iv er  and in  W ass’ s t u d ie s  in  th e  lo w er  

Chesapeake Bay and th e  York R iv e r . S a n d e r s ’ Buzzards Bay s t a t io n  had 

no dom inant organism s i n  common w ith  th e  E liz a b e th  R iv e r . Four 

dom inant organism s w ere found in  common betw een  th e  mud s t a t io n s  in  

Hampton Roads and th e  E liz a b e th  R iv er  s t a t i o n s . M u lin ia  has been  

d is c u s s e d .  N ere is  su c c in e a  had th e  h ig h e s t  b io - in d e x  in  th e  

E liz a b e th  R iv e r , b u t was 1 0 th  i n  th e  mud s t a t io n s  in  Hampton Roads. 

P a ra p r io n o sp io  p in n a ta  ranked f i r s t  in  Hampton Roads mud s t a t io n s  and 

ranked 1 0 th  i n  th e  E liz a b e th  R iv e r . P o lyd ora  l i g n i  ranked 8th  in  b oth  

s t u d i e s .

The dom inant fauna o f  th e  E liz a b e th  d i f f e r e d  g r e a t ly  from th a t  

o f  mud s t a t io n s  in  Hampton Roads and a lm ost no s i m i l a r i t i e s  e x is t e d



TABLE 17

Dominant organism s (B io -In d e x )  found in  th r e e  s t u d ie s  i n  V ir g in ia  and 
one s tu d y  a t  Buzzards Bay. M a ssa c h u se tts .

Lower Chesapeake Bay 
Wass e t . a l . ( 1 9 6 7 )

1 .  N ephtys i n c i s a
2 . R etu sa  c a n a l ic u la t a  
3- E n s is  d ir e c t u s
if. M u lin ia  l a t e r a l i s  
5- M olgula m anha11ensis
6 . P e c t in a r ia  g o u l d i .
7 . A m p elisca  vadorum
8 . Macoma te n t a
9 . L y o n sla  h y a lin a

1 0 . C ir r ifo r m ia  f i l i g e r a

Hampton Roads (mud s t a t io n s  
B oesch  (1 9 7 0 )

1 . P a ra p r io n o sp io  p in n a ta
.2. S p i oc h a e to p t e rus o c u la tu s
3 .  Phor on i s a r c h i t e c t a
if. R etu sa  c a n a l ic u la t a
5* M u lin ia  l a t e r a l i s
6 . Ps eudeuythoe p a u c ib r a n c h ia ta
7* U nci o la  in - o r  a t  a
8 . P o lyd ora  l i g n i
9 . N e re is  s u c c in e a

O ff VIMS P ie r ,  G lo u c e s te r  P o in t , Va.
6 y e a r  s tu d y , Wass (u n p u b lish ed  d a ta )

1 .  N ephtys i n c i s a
2 . R etu sa  c a n a l ic u la t a  
3 • O gyrides l im ic o la  
if. M u lin ia  l a t e r a l i s
5 . Edwardsi e le g a n s
6 . P e c t in a r ia  g o u ld i  
7* A m p elisca  sp .
8 . Am phiodia a tr a
9 . P h oron is  a r c h i t e c t a

Buzzards Bay, S t a t io n  R (m u d -s i lt ) , .  
Sanders ( i 9 6 0 )

1 .  N ucula proxim a
2.- N ephtys i n c i s a
3 . N inoe n ig r ip e s  
if. C y c lich n a  oryza
5 . C a llo c a r d ia  morrhuana
6 . H u tc h in s o n ie l la  m ocrocantha  
7- L um brinereis te n u is
8 . T u r b o n illa  a
9 . S p io  f i l i c o r n i s

1 0 . R etu sa  c a n a l ic u la t a

^5



k 6

b etw een  t h e .E liz a b e th  R iv er  fau na and th a t  from  a r ea s  o u t s id e  Hampton 

R oads.

The te n  dom inant s p e c ie s  found a t  s t a t io n s  in  th e  E liz a b e th  R iv er  

a re  found i n  e s tu a r in e  environm ents th rou gh ou t th e  tem p erate  E a st C oast 

o f  N orth  A m erica (T able l 8 ) .  N e r e is  s u c c in e a , Mya a r e n a r ia  and 

H eterom astus f i l i f o r m i s  a r e  c o sm o p o lita n , and S t r e b lo s p io  b e n e d ic t i  

an( -̂ R olydora l i g n i  occu r on b o th  c o a s t s  o f  N orth  A m erica . The 

rem ainder range w id e ly  a lo n g  our E ast C o a st. The 10 dom inant s p e c ie s  

found a t  s t a t io n s  in  th e  E liz a b e th  R iv e r , a lth o u g h  w id e ly  d i s t r ib u t e d ,  

have r a r e ly  been  dom inant members o f  b e n th ic  s t u d ie s  e x ce p t under 

s t r e s s  s i t u a t i o n s . A l l  are  c o n s id e r e d  in d ic a t o r s  o f  p o l l u t io n  

(T ab le  8 ) .

Sample and S t a t io n  H om ogeneity

Sanders ( i 9 6 0 ) c a lc u la t e d  a mean d o m in a n c e -a f f in ity  o f  6 9 .3 °!o 

b etw een  sam ples ta k en  i n  Buzzards Bay a t  one s t a t io n  over  a p e r io d  o f  

a y e a r . Sanders ch o se  t h i s  a rea  as one b e in g  homogeneous and s t a b le  

on th e  b a s is  o f  an e a r l i e r  s tu d y . The mean d o m in a n c e -a f f in ity  r a t io  

b etw een  sam ples ta k en  a t  th e  same s t a t i o n  in  th e  E liz a b e th  R iv er  was 

6l . 5^, in d ic a t in g  hom ogen eity  w ith in  s t a t i o n s .  Mean d o m in a n c e -a f f in ity  

among s t a t io n s  was 3 8 . i n d i c a t i n g  h e tero g en eo u s  d i s t r ib u t io n  o f  

s t a t io n s  w ith in  th e  t o t a l  a r e a . The d o m in a n c e -a f f in ity  betw een  each  

sam ple and th e  mean o f  a s t a t i o n  was 77^» T h is h ig h  v a lu e  j u s t i f i e s  

u s e  o f  th e  s t a t i o n  means in  l a t e r  a n a ly s e s .

S a n d e r s1 d o m in a n c e -a f f in ity  method i s  n o t o n ly  an in d ex  o f  fa u n a l  

h om ogen eity , but when th e  d o m in a n c e -a f f in ity  v a lu e s  a re  arran ged  in  a 

t r e l l i s  diagram  ( F ig s .  3 -5 )*  th e y  d e l in e a t e  groups o f  s t a t io n s  w ith



TABLE 18

W orld d i s t r ib u t io n  o f  th e  10 dom inant s p e c ie s  (B io -In d e x )  i n  th e

Hartman (1 9 5 1 )  

Hartman (1 9 5 1 )  

Turgeon (1 9 6 8 ) 

Hartman (1 9 5 1 )

P e tt ih o n e  (1 9 ^3 ) 

Hartman (19^-5)

Hartman (1 9 5 1 )

Turgeon (1 9 6 8 ) .

Hartman (1 9 5 1 )  
Wass (1965

Hartman ( l 9 5 l )

b l

E liz a b e th  R iv e r .  

S p e c ie s

N e re is  s u c c in e a  - 

S t r e h lo s p io  b e n e d ic t i  

Mya a r e n a r ia  

S p ib .ch aetop teu s QCulatus

H eterom astu s f i l i f o r m i s  

S a b e lla  m icr ophthalm a

P olyd ora  l i g n i  

M u lin ia  l a t e r a l i s  

P a ra p r io n o sp io  p in n a ta

S a b e l la r ia  v u lg a r is

Range

C osm opolitan

Both U .S . c o a s t s

C ircum boreal

New England t o  G ulf  
o f  M exico

C osm opolitan

New England t o  N orth  
C a ro lin a

B oth  U .S . c o a s t s

Maine t o  W est In d ie s

V ir g in ia  t o  G ulf o f  
M exico

New England t o  G ulf 
o f  M exico
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s im i la r  fa u n a s . T hese groups o f  s t a t io n s  w ere r e la t e d  t o  v a r ia t io n s  

i n  s u b s tr a te  and th e  d is p e r s a l  p a t te r n s  o f  dom inant o rg a n ism s. The 

p r e se n c e  or  ab sen ce  o f  dead o y s te r  s h e l l s  was th e  c o n t r o l l in g  f a c t o r .

The s im i la r  d o m in a n c e -a f f in ity  v a lu e s  betw een  s t a t io n s  i n  January  

r e f l e c t e d  th e  random d i s t r ib u t io n  o f  s p e c ie s  th rou gh ou t m ost o f  th e  

s t a t i o n s .  S t a t io n  L-5* b eca u se  o f  i t s  lo c a t io n  on an o y s te r  r e e f ,  had 

a lo w er  d o m in a n c e -a f f in ity  v a lu e  w ith  th e  o th er  s t a t i o n s .  S a b e lla  

mi c-r opht halm a, Sab e l  l a r i  a v u lg a r is  and U n c io la  ir r o r a t a  dom inated t h i s  

s t a t i o n  and had a g g reg a ted  d is t r ib u t io n s  fo r  th e  e n t ir e  sam p lin g  a r e a .

In  May s t a t io n s  L-2 and L -3 / lo c a te d  on o y s te r  r e e f s ,  w ere  

dom inated by S a b e lla  and S a b e l la r ia . Both s p e c ie s  had a g g reg a ted  

d i s t r i b u t i o n s . The rem ain in g  s t a t io n s  had l i t t l e  or no o y s te r  r e e f  

m a t e r ia l  and w ere dom inated by S t r e b lo s p io  b e n e d ic t i  and Mya a r e n a r ia .

B oth  s p e c ie s  had a random d i s t r ib u t io n .  S t a t io n s  h -h ,  L -o , L-7^ and 

L- 8  w ere dom inated by b o th  S tr e b lo s p io  and Mya, s t a t io n s  L - l ,  L-5> L -10 ,

E -7  by S tr e b lo s p io  a lo n e  and s t a t i o n  E-8  by Mya a lo n e

In  A ugust th e  lo w er  d o m in a n c e -a f f in ity  v a lu e s  betw een  s t a t io n s  was 

r e f l e c t e d  by th e  in c r e a s e d  a g g r e g a t io n  o f  m ost dom inant s p e c ie s .

S t a t io n s  L -2 , L-3> L -5 , and L -10 , lo c a t e d  on o y s t e r  r e e f s ,  were 

dom inated by th e  a tta c h e d  organism s S a b e lla , M olgula m a n h a tte n s is ,

Diadumene le u c o le n a  and P o lyd ora  l i g n i  and th e  f r e e - l i v i n g  N ere is  

s u c c in e a  a n d . H eterom astus f i l i f o r m i s . S t a t io n  E-8  was c l o s e l y  r e la t e d ,  

w ith  h ig h  d e n s i t i e s  o f  M olgu la , S a b e lla  and N e r e is . S t a t io n s  L-U, L-7>

L -8 , and L -9 la c k e d  o y s te r  r e e f s  and w ere dom inated by S p io c h a e to p te r u s  

o c u la t u s , P h oron is a r c h i t e c t a  and H eterom astus f i l i f o r m i s . S t a t io n s  

L - l ,  L -6 , and E -7 had low  d o m in a n c e -a f f in ity  v a lu e s  w ith  th e  o th er  

s t a t i o n s .  S t a t io n  L - l  was dom inated by S p io ch a eto p te u s  and N e r e is ,



e - 7  b y  P a ra p r io n o sp io  p in n a ta , and L-6  by N a ssa r iu s  o b s o le t u s .

I n d ic a to r  S p e c ie s

The sa p r o b ic  or  in d ic a t o r  s p e c ie s  a n a ly s is  o f  p o l lu t io n  showed no 

a l t e r a t i o n  o f  th e  b e n th ic  community i n  th e  E liz a b e th  R iv er- The mean 

v a lu e  o f  Wass* in d ex  o f  p o l l u t io n  was 7*2 w hich  was h ig h e r  th a n  th e  

mean in d ex  v a lu e  I  c a lc u la te d  from  B oesch*s (1 9 7 1 ) d a ta  ( 1 .8 )  from  

mud s t a t io n s  i n  Hampton Roads. Comparison o f  th e s e  d i f f e r e n t  p o l l u t io n  

a n a ly s e s  in d ic a t e  th a t  th e  E liz a b e th  R iv er  b en th o s w ere m ild ly  a f f e c t e d  

by p o l l u t io n  but n ot s e v e r e ly  enough t o  e l im in a te  m ost o f  th e  ssp ecies  

p r e s e n t .

The h ig h e s t  v a lu e s  fo r  Wass* in d ex  were c a lc u la te d  fo r  May.

T hese h ig h  v a lu e s  were accom panied by an in c r e a s e  in  d e n s ity  o f  

in d iv id u a l s ,  e s p e c i a l l y  th e  p o l l u t io n  t o le r a n t  s p e c ie s  S t r e b lo s p io  

b e n e d ic t i ,  Mya a r e n a r ia , N ere is  s u c c in e a , S a b e l la r ia  v u lg a r i s , and 

S a b e lla  m icrophthalm a. The d i v e r s i t y  and s p e c ie s  r ic h n e s s  in  May w ere  

a l s o  red u ced , b o th  in d ic a t in g  an in c r e a s e d  e f f e c t  o f  p o l l u t io n .

Care must be ta k en  in  th e  u se  o f  t h i s  in d e x . The e c o lo g ic a l
\

to le r a n c e s  o f  a l l  th e  organism s d e s ig n a te d  as p o l lu t io n  t o le r a n t  have 

n o t b een  s tu d ie d . F a c to r s  o th er  th an  w a ter  and s u b s tr a te  q u a l i t y  co u ld  

in f lu e n c e  t h e i r  d i s t r ib u t io n  and abundance. However, t h i s  in d e x , u sed  

i n  c o n ju n c t io n  w ith  o th er  community p a ra m eters , i s  a u s e f u l  t o o l  fo r  

p o l l u t io n  a n a ly s i s .

F e e d in g  Types

The m a jo r ity  o f  su sp e n s io n  fe e d e r s  (53%) ,  s e l e c t i v e  d e p o s it  

f e e d e r s  (37%)  and om nivores (15%)  found a t  th e  s t a t io n s  in  th e  

E liz a b e t h  R iv er  fe e d  on suspended or r e c e n t ly  d e p o s ite d  d e t r i t a l
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m a t e r ia l .  Of th e  rem ain in g  1 0 $ , n o n - s e le c t iv e  d e p o s it  f e e d e r s ,  R etu sa  

c a n a l i  c u la t  a was o n ly  found i n  th e  upper 1 cm, in d ic a t in g  i t  was 

fu n c t io n in g  as a s e l e c t i v e - d e p o s i t  f e e d e r .  H eterom astus f i l i f o r m i s  and 

S c o lo p lo s  f r a g i l i s ,  b o th  r ep o r ted  t o  in h a b it  muds w ith  h ig h  l e v e l s  o f  

HgS l e v e l s ,  a r e  th e  o n ly  dom inant organism s a b le  t o  u t i l i z e  th e  

abundant o r g a n ic  m a tter  found below  th e  upper 1 cm.

N o n - s e le e t iv e  d e p o s it  f e e d e r s  can be r e s t r i c t e d  from  some a r e a s ,  

b eca u se  o f  th e  la c k  o f  food  or th e  h ig h  p h i s i z e  o f  compacted  

se d im e n ts . N e ith e r  f a c t o r  was l im i t in g  t o  th e s e  burrow ing organism s  

in  th e  n u t r ie n t - r ic h ,  p o o r ly  s o r te d  sed im en ts  o f  th e  E liz a b e th  R iv e r .

Hydrogen s u l f i d e  was found in  th e  b la c k  mud below  1 cm a t  many 

s t a t i o n s ,  w hich  in d ic a te d  a l im it e d  su p p ly  o f  oxygen . The la c k  o f  

oxygen  e lim in a te d  th e  food  su p p ly  o f  th e s e  n o n - s e le c t iv e  d e p o s it  

f e e d e r s  by l i m i t i n g  t h e i r  p e n e tr a t io n  in t o  th e  s u b s tr a te .

Oxygen was n o t l im i t in g  in  th e  suspended and r e c e n t ly  d e p o s ite d  

d e t r i t a l  m a te r ia l b eca u se  o f  c o n sta n t c u r r e n ts  and t i d a l  m ix in g . T h is  

abundant d e t r i t a l  m a te r ia l  was a v a i la b le  t o  su p p ort la r g e  numbers o f  

s u sp e n s io n  and s e l e c t i v e  d e p o s it  f e e d e r s .

R e la t io n s h ip  o f  D i v e r s i t y . Components

S p e c ie s  r ic h n e s s  (r / 200 v a lu e s )  and e q u i t a b i l i t y  (E) r e la t io n s h ip s  

t o  Hr d i v e r s i t y  w ere d e f in e d  g r a p h ic a l ly  and by c o r r e la t io n  v a lu e s  (R) 

o b ta in e d  by th e  a n a ly s is  o f  c o v a r ia n c e . The l i n e s  jo in in g  v a lu e s  on 

F ig u r e s  9> 1 0 , and 11 are  n ot meant t o  show v a lu e s  betw een p o in t s ,  

bu t t o  f a c i l i t a t e  in t e r p r e t a t io n .

S p e c ie s  r ic h n e s s  (R /2 0 0 ) i s  h ig h ly  c o r r e la te d  w ith  Hf d i v e r s i t y  

(r  = 0 . 7 7 6 0 ) in d ic a t in g  th e  dependence o f  d i v e r s i t y  in  th e  s p e c i e s -



Figure 9 R e la t io n s h ip  o f  e q u i t a b i l i t y  (E) ,  d i v e r s i t y  (H1),  and 
s p e c ie s  r ic h n e s s  (r / 2 0 0 ) fo r  th e  E liz a b e th  R iv e r , 
January 19^9 •
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F ig u r e  1 0 . R e la t io n s h ip  o f  e q u i t a b i l i t y  ( E ) /  d i v e r s i t y  (H1)* and 
s p e c ie s  r ic h n e s s  (r / 200 ) fo r  th e  E liz a b e th  R iver,,
May 1 9 6 9 .
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F ig u r e  1 1 . R e la t io n s h ip  o f  e q u i t a b i l i t y  (E) ,  d i v e r s i t y  (Hr ),  
s p e c ie s  r ic h n e s s  ( r /2 0 0 ) fo r  th e  E liz a b e th  R iv e r ,  
A ugust 1 9 6 9 *

arid
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r ic h n e s s  com ponent. The lo w er  c o r r e la t io n  b etw een  e q u i t a b i l i t y  and H' 

- d i v e r s i t y  (r  = 0 .3 0 3 6 )  in d ic a t e s  l e s s  dependence o f  H’ d i v e r s i t y  on 

e q u i t a b i l i t y .

S p e c ie s  D iv e r s i t y  Compared t o  Other A reas

D iv e r s i t y  (H’ ) v a lu e s  c a lc u la te d  fo r  s t a t io n s  in  th e  E liz a b e th  

R iv er  were compared t o  H' v a lu e s  from  o th e r  s t u d ie s  (F ig . 1 2 ) .

Wilhm (1 9 7 0 ) , i n  a r e v ie w  paper on fr e sh w a te r  strea m s, c a lc u la te d  

H’ v a lu e s  f o r  21 p o l lu t e d  and 23 h e a lth y  s tr ea m s. The range o f  

d i v e r s i t y  v a lu e s  d id  n o t o v e r la p , y ie ld in g  a c le a r  d i s t i n c t i o n  betw een  

h e a lth y  and p o l lu t e d  s trea m s.

P earson  e t . a l .  (1 9 6 7 ) found H’ o f  m acrobenthos t o  be a good 

in d ic a t o r  o f  p o l l u t io n  i n  San F r a n c isc o  Bay, C a l i f o r n ia .  He found a 

range o f  H’ o f  1 .7  t o  h . 5  (mean 3 - 3 )  n ear th e  G olden Gate B rid ge  in  

u n p o l lu t e d  w a te r . The H’ v a lu e s  f e l l  b elow  1 .0  on b o th  ends o f  San 

F r a n c isc o  Bay where p o l l u t io n  was s e v e r e .

B oesch  (1 9 7 1 ) c a lc u la te d  HT v a lu e s  from  d a ta  on h e a lth y ,  

s e m i-h e a lth y  and p o l lu t e d  a r ea s  in  Los A n g e les  and Long Beach h a rb o rs, 

C a lifo r n ia  (R e ish , 1959)* The H’ v a lu e s  w ere low  in  a l l  a r e a s . B oesch  

su g g e s te d  th a t  R e ish , c o n fr o n ted  w ith  a rea s  o f  g r o ss  p o l lu t io n ,  

u n d e re stim a ted  a r ea s  o f  m ild  p o l l u t io n .

Wilhm and D o rris  (1 9 6 8 ) re-exam in ed  R e ish  and W in te r ’s (195*0  

d a ta  on A la m ito s  Bay, and c a lc u la t e d  H’ v a lu e s  f o r  th e  n in e  s t a t io n s  

c o n s id e r e d  m ild ly  p o l lu t e d  by Wass (1 9 6 7 ) . Wilhm and D o r r is , con clud ed  

as W ass; t h a t ,  c o n tr a r y  t o  R e ish  and W in te r ’s f in d in g s ,  th o se  n in e  

s t a t io n s  w ere m ild ly  p o l lu t e d .

B oesch  (1 9 7 1 ) c a lc u la te d  H* d i v e r s i t y  v a lu e s  f o r  mud, sand and 

"mixed sed im ent"  s t a t io n s  in  Hampton R oads. The lo w e r  H’ d i v e r s i t y



F i g u r e  1 2 . Ranges o f  H1 d i v e r s i t y  f o r  th e  E l i z a b e t h  R iv e r  and other  
s t u d i e s  -  E l i z a b e t h  River  ( p r e s e n t  s t u d y ) ,  Hampton Roads 
(Boesch, 1 9 7 1 )> A lam itos  Bay (R e ish  and Winter ,  195*0> 
Los A n g e l e s ,  Long Beach Harbor (R e ish ,  1959 Fresh  
w ater  streams (Wilhm, 1970)*
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v a l u e s  o f .m ix e d - s e d im e n t  s t a t i o n s  were r e l a t e d  t o  low  v a l u e s  o f  s p e c i e s  

r i c h n e s s .

The mean d i v e r s i t y  (Hf ) f o r  t h e  E l i z a b e t h  R iver  s t a t i o n s  was 2.95*  

much h ig h e r  than t h e  d i v e r s i t y  o f  f r e s h w a t e r  p o l l u t e d  streams and Los 

A n g e le s  and Long Beach harbors ,  and s l i g h t l y  h ig h e r  th an  A lam itos  Bay.  

The E l i z a b e t h  R iver  H’ d i v e r s i t y  i s  much low er  th an  Hampton Roads sand  

and s l i g h t l y  low er  th an  h e a l t h y  f r e s h w a t e r  streams and Hampton Roads 

mud. Sanders (19^9) r ep o r t e d  a h ig h e r  d i v e r s i t y  f o r  sand s t a t i o n s  than  

mud s t a t i o n s .  He a t t r i b u t e d  t h e  h ig h e r  d i v e r s i t y  t o  an i n c r e a s e  i n  

a v a i l a b l e  n i c h e s  i n  sand.  I t  was t h e r e f o r e  conc luded  from comparisons  

w i t h  o t h e r  a r ea s  t h a t  t h e  d i v e r s i t y  a t  s t a t i o n s  i n  th e  E l i z a b e t h  R iver  

i s  s l i g h t l y  low er  th an  i n  u n p o l l u t e d  a r e a s .

S e v e r a l  f a c t o r s  may e x p l a i n  t h e  h ig h  d i v e r s i t y  v a l u e s  found i n  t h e  

m i l d l y  p o l l u t e d  E l i z a b e t h  R iv e r  and' e s t u a r i n e  a r e a s  i n  g e n e r a l .

P a t t e r n s  o f  d i s p e r s a l  o f  p o l l u t a n t s  a re  more complex i n  an e s t u a r y  th a n  

i n  f r e s h w a t e r  streams which have u n i d i r e c t i o n a l  f l o w s .  T id e s ,  t i d a l  

c u r r e n t s ,  and winds ten d  t o  d i s t r i b u t e  p o l l u t a n t s  throughout  th e  

s y s t e m s ,  but  t h i s  c o n s t a n t  m ix ing  a l s o  t e n d s  t o  m a in ta in  h igh  l e v e l s  

o f  oxygen. The e f f e c t s  o f  p o l l u t i o n  are  more n o t i c e a b l e  i n  a r ea s  o f  

l i t t l e  w a te r  movement where oxygen becomes l i m i t i n g .  Oxygen can be  

l i m i t i n g  when l a r g e  amounts o f  org a n ic  m a t ter  are  added t o  s tream s ,  

even  though t h e r e  i s  c o n s t a n t  w a ter  movement. The stream r e c o v e r s  

downstream from t h e  p o l l u t i o n  s o u rce  as  t h e  o r g a n ic  m a t e r i a l  i s  

u t i l i z e d  and oxygen i s  r e p l e n i s h e d .

Organisms I n h a b i t i n g  e s t u a r i e s  a r e  hardy s p e c i e s  and must be  

c a p a b le  o f  w i t h s t a n d i n g . l a r g e  env ironm enta l  f l u c t u a t i o n s  t o  s u r v i v e .  

T his  i s  c e r t a i n l y  t r u e . o f  th e  10 dominant organisms found a t  t h e
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E l i z a b e t h  R iver  s t a t i o n s .  Enough o f  t h e s e  e s t u a r i n e  s p e c i e s  are  

c a p a b le  o f  -w ithstanding m ild  p o l l u t i o n  t o  r e t a i n  a f a i r l y  e q u i t a b l e  

d i s t r i b u t i o n  o f  i n d i v i d u a l s  among s p e c i e s ,  and m a in ta in  h ig h  d i v e r s i t y  

v a l u e s .  The r e d u c t io n  o f  d i v e r s i t y  i n  May.was r e l a t e d  m o s t l y  t o  a 

r e d u c t i o n  In  s p e c i e s  r i c h n e s s  and not  i n  e q u i t a b i l i t y .

M i d  p o l l u t i o n  i n  t h e  E l i z a b e t h  R iver  e l i m i n a t e s  some s p e c i e s  

( r e d u c t i o n  i n  s p e c i e s  r i c h n e s s )  but i s  compensated f o r  by h ig h  v a lu e s  

o f  e q u i t a b i l i t y ,  which m a in ta in s  h ig h  d i v e r s i t y .  A s i m i l a r  i n t e r p l a y  

o f  s p e c i e s  r i c h n e s s  and e q u i t a b i l i t y  was noted  by Marsh (1970)  i n  h i s  

s t u d y  o f  an e s t u a r i n e  Z o s t er a  community.



SUMMARY

1 .  Macrobenthos i n  th e  E l i z a b e t h  R iv e r ,  Hampton Roads, V i r g i n i a ,  

were sampled t o  d e f i n e  community s t r u c t u r e  and t o  determ ine  t h e  e f f e c t s  

o f  p o l l u t i o n  on community s t r u c t u r e .  Twelve s t a t i o n s  were sampled by 

grabs  du r in g  t h r e e  sam pling  p e r i o d s  i n  1969.

2 .  E i g h t y - s e v e n  grabs  y i e l d e d  2 2 ,k 0 k  i n d i v i d u a l s  d i v i d e d  among 

122 i d e n t i f i a b l e  t a x a .  Of t h e s e ,  76.^4$ were p o l y c h a e t e s ,  15*3$  

m o l l u s k s ,  3 .U $  c r u s t a c e a n s ,  and h.Qffo o t h e r  t a x a .

3 .  The samples  had a mean d e n s i t y  o f  3.>803 i n d i v i d u a l s / m ^ .

D e n s i t y  was h i g h e r  a t  s t a t i o n s  l o c a t e d  on dead o y s t e r  r e e f s ,  because  o f  

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

p r e s e n c e  o f  a s u b s t r a t e  f o r  a t tach m en t .

h. The samples  were dominated by N e re i s  s u e c i n e a ,  S t r e b l o s p i o  

b e n e d i c t ! , Heteromastus f i l i f o r m i s , Mya a r e n a r ia ,  S p io ch a e t o p te r u s  

o c u l a t U s , S a b e l l a  microphthalma, Po lydora  l i g n l , Muli'nia l a t e r a l i s ,  

P a r a p r io n o sp io  p in n a t a ,  and S a b e l l a r i a  v u l g a r i s . These organisms are  

a l l  p o l l u t i o n  t o l e r a n t ,  have wide  g eograp h ic  d i s t r i b u t i o n s ,  and a r e  not  

u s u a l l y  dominant i n  o t h e r  communities  In  Chesapeake Bay or i n  o th er  

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

5 . Samples ta k en  from t h e  same s t a t i o n  were homogeneous (69.3^ i n  

common) but  t h e r e  was h e t e r o g e n e i t y  between s t a t i o n s  (38. 5$  i n  common). 

Most s p e c i e s  had a random d i s t r i b u t i o n  w i t h i n  s t a t i o n s  and a c o n ta g io u s  

d i s t r i b u t i o n  among s t a t i o n s ,  i n d i c a t i n g  t h a t  most s p e c i e s  were found i n  

a g g r e g a t e s  l a r g e r  th an  t h e  s t a t i o n s .
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6. The r a t i o  o f  p o l l u t i o n  to le r a n t '  organisms t o  i n t o l e r a n t  ones  

was 7 . 08. May had t h e  h i g h e s t  r a t i o  ( l 3 » 3 l )  f o l l o w e d  by January (4. 89) 

and August ( 2 . 4 6 ) .

J .  The mean Hf d i v e r s i t y  f o r  th e  E l i z a b e t h  RiVer was 2 . 9 8 
b i t s / i n d i v i d u a l .  May had t h e  l o w e s t  mean d i v e r s i t y  ( 2 . 4 5 )  f o l l o w e d  by  

January ( 3 - 2 3 )  and August  ( 3 . 2 4 ) .  Because o f  t h e  many p o l l u t i o n  

t o l e r a n t  s p e c i e s  encountered  i n  t h i s  s tu d y ,  d i v e r s i t y  was as h igh  as  

i n  some u n p o l l u t e d  tem p erate  a r e a s .

8 .  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 s  were reduced b eca u se  o f  t h e  

l a c k  o f  Og and h ig h  c o n c e n t r a t i o n s  o f  HgS found i n  bottom d e p o s i t s  

be low  1 cm. Su sp en s ion  f e e d e r s  and s e l e c t i v e  d e p o s i t  f e e d e r s  were  

fa v o r e d  b ecause  o f  t h e  good su p p ly  o f  w e l l  a e r a t e d  d e t r i t u s  i n  

s u s p e n s i o n  and d e p o s i t e d  on t h e  s u b s t r a t e .

9 . H* d i v e r s i t y  was more dependent  on t h e  s p e c i e s  r i c h n e s s  

component th an  on t h e  e q u i t a b i l i t y  component.



APPENDIX I .  S p e c i e s  c o l l e c t e d  i n  t h e  E l i z a b e t h  R i v e r ,  
F e b r u a r y  1 9 6 9  — A u g u s t  1 9 6 9 *

CNIDARIA
C e r i a n t h e o p s l s  a m e r i c a n u s  ( V e r r i l l )  
D i a d u m e n e l e u c o l e n a  ( V e r r i l l )  
E d w a r d s i a  e l e g a n s  V e r r i l l  
Z o a n t h a r i a  ( u n i d . )

PHORONIDA
P h o r o n i s  a r e h i t e c t a  A n d r e w s

RHYNCHOCOELA
A m p h i p o r u s  b i o c u l a t u s  ( M c I n t o s h )  
A m p h i p o r u s  o c h r a c e u s  V e r r i l l  
C a r i n o m e l l a  l a c t e a  Coe  
C e r e b r a t u l u s  l a c t e u s  ( L e i d y )
C e r e b r a t u l u s  l u r i d u s  V e r r i l l
M i c r u r a  r u b r a  V e r r i l l
T u b u l a n u s  p e l l u c i d u s  ( C o e )
T e t r a s t e m m a  s p .
N e m e r t e a n s  ( u n i d . )

POLYCHAETA
A r a b e l l a  i r r l c o l o r  ( M o n t a g u )
A r i c l d e a  w a s s i  P e t t i b o n e  
A s a b e l l i d . e s  o c u l a t a  ( W e b s t e r )  
C a p i t e l l a  c a p i t a t  a ( F a b r i c i u s )  
C l y m e n e l l a  t o r q u a t a  ( L e i d y )
D l o p a t r a  c u p r e a  ( B o s c )
D r i l o n e r e i s  f i l u m  ( C l a p a r e d e )  
D r i l o n e r e i s  l o r i g a  W e b s t e r  
E t e o n e  h e t e r o p o d a  H a r t m a n  
E t e o n e  l a c t e a  C l a p a r e d e  
E u m id a  s a n g u i n e a  ( O e r s t e d )
G l y c e r a  a m e r i c a n a  L e i d y  
G l y c e r a . d i b r a n c h i a t a  E h l e r s  
G l y c i n d e  s o l i t a r i a  ( W u b s t e r )
G y p t l s  v i t t a t a  ( W e b s t e r  a n d  B e n e d i c t )  
H a r m o t h o e  i m b r i c a t a  ( L i n n e )  
H e t e r o m a s t u s  f l l i f o r m i s  ( C l a p a r e d e )  
H y d r o i d e s  h e x a g o n a  ( B o s e )
L e p i d o n o t u s  s u b l e v i s  V e r r i l l  
L o i m a  m e d u s a  ( S a v i g n y )
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L u m b r i n e r i s  t e n u i s  ( V e r r i l l )
M a r p h y s a  s a n g u i n e a  ( M o n t a g u )
N e p h t y s  m a g e l l a n i c a  ( A u g e n e r )
N e r e i s  s u c c i n e a  ( F r e y  a n d  L e u c k a r t )  
N o t o c i r r u s  s p i n i f e r u s  ( M o o r e )
N o t o m a s t u s  l a t e r i c i u s  S a r s  
P a l e a n o t u s  h e t e r o s e t  a  H a r t m a n  
P a r a p r i o n o s p i o  p i n n a t a  ( E h l e r s )
P e c t i n a r i a  g o u l d i  ( V e r r i l l )  
P i l a r g i i d a e  ( u n i d . )
P i s t a  p a l m a t a  ( V e r r i l l )
P h y l l o d o c e  a r e n a e  W e b s t e r  
P o d a r k e  o b s c u r a  V e r r i l l  
P o l y c i r r u s  e x i m i u s  ( L e i d y )
P o l y d o r a  l i g n i  W e b s t e r  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t  a  P a u v e l  
S a b e l l a  m i c r o p h t h a l m a  V e r r i l l  
S a b e l l a r i a  v u l g a r i s  V e r r i l l  
S c o l e c o l e p i d e s  v i r i d i s  ( V e r r i l l )  
S c o l o p l o s  f r a g i l i s  V e r r i l l  
S p i o  s e t o s a  ( V e r r i l l )
S p i o c h a e t o p t e r u s  o c u l a t u s  Wre b s t e r  
S t a u r o n e r e i s  r u d o l p h i  ( d e l l e  C h i a j e )  
S t r e b l o s p i o  b e n e d l c t i  W e b s t e r  
T h a r y x  s e t i g e r a  H a r t m a n  
P o l y c h a e t e  a  
P o l y c h a e t e  b

BIVALVIA
A n a d a r a  t r a n s v e r s a  ( S a y )
A n o m i a  s i m p l e x  O r b i g n y  
C r a s s o s t r e a  v i r g i n i c a  ( G m e l i n ) .
E n s i s  d i r e c t u s  C o n r a d  
Gemma; gemma ( T o t t e n )
L y o n s i a  h y a l i n a  C o n r a d  
Macoma b a l t h i c a  ( L l n n o e u s )
M e r c e n a r i a  m e r c e n a r i a  ( L i n n a e u s )  
M u l l n i a  l a t e r a l i s  ( S a y ) '
Mya a r e n a r i a  ( L i n n a e u s )
T a g e l u s  p l e b e i u s  ( S o l a n d e r )
B i v a l v e  a

GASTROPODA
A c t e o n  p u n c t o s t r i a t u s  Adams  
C r e p i d u l a  c o n v e x a  S a y  
E p i t o n i u m  r u p i c o l u m  ( K u r t z )
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E u p l e u r a  c a u d a t a  ( S a y )
M a n g e l i a - p l i c o s a  (A d a m s)
M i t r e l l a  l u n a t a  ( S a y )
N a s s a r i u s  o b s o l e t u s  ( S a y )
N a s s a r i u s  v i b e x  ( S a y )
O d o s t o m i a  i r n p r e s s a  S a y  
P y r a m i d e l l a  f u s c a  Adams  
R e t u s a  c a n a l i c u l a t a  ( S a y )  
T u r b o n i l l a  i n t e r r u p t a  T r o t t e n  
U r o s a l p i n x  c i n e r e a  .

CIRRIPEDIA
B a l a n u s  i m p r o v i s u s  D a r w i n

MYSIDACEA
N e o m y s i s  a m e r i c a n a  ( S m i t h )

CUMACEA
C y c l a s p i s  v a r i a n s  C a im a n  
L e u c o n  a m e r i c a n u s  Zimmer  
O x y u r o s t y l i s  s m i t h i  C a im a n  
S p h a e r o m a  q n a d r l d e n t a t u m  S a y

ISOPODA
C y a t h u r a  b u r b a n c k i  P r a n k e n b e r g  
C y a t h u r a  p o l i t a '  ("St imp s o n )
E d o t e a  t r i l o b a  ( S a y )

AMPHIPODA
A m p e l i s c a  v a d o r u m  M i l l s  
B a t e a  c a t h a r l n e n s i s  M u l l e r  
C a p r e 1 1 a  g e o m e t r i c  a S ay  
C e r a p u s  t u b u l a r i s  S a y  
C o r o p h i u m  a c h e r u s i c u m  C o s t a  
C o r o p h i u m  l a c u s t r e  V a n h o f f e n  
C o r o p h i u m  t u b e r c u l a t u m  S h o e m a k e r  
E l a s m o p u s  l a e v i s  ( S m i t h )  
E r i c h t h o n i u m  b r a s i l i e n s i s  D a n a  
Gammarus m u c r o n a t u s  S a y  
J a s s a  f a l c a t a  ( M o n t a g u )
Me l i t  a a p p e n d i c u l a t a  ( S a y )
M e l i t a  n i t i d a  S m i t h  
P a r a c a p r e l l a  t e n u i s  M a y er  
S t e n o t h o e  m i n u t a  ("Holmes) '  
U n c i o l a  i r r o r a t a  S a y  
A m p h ip o d  f u n i d . )
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DECAPODA
A l p h e u s  h e t e r o c h a e l i s  S a y  
C a l l i n e c t e s  s a p i d u s  R a t h b u n  
C r a n g o n  s e p t e m s p i n o s a  ( S a y )  
E u c e r a m u s  p r a e l o n g u s  S t i m p s o n  
E u r y p a n o p e u s  d e p r e s s u s  ( S m i t h )  
N e o p a n o p e  t e x a n a  ( S m i t h )  
O g y r i d . e s  l i m i c o l a  W i l l i a m s  
P i n n l x a  s a y a n a  S t i m p s o n  
P i n n i x a  ( u n i d . )
U p o g e b i a  a f f i n i s  ( S a y )
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APPENDIX II
SPECIES AND NUMBER OP INDIVIDUALS FOUND 
N EACH SAMPLE IN THE ELIZABETH RIVER 1 9 6



Station L-l (1, 2, 3) January 1969

S a m p l e

S p e c i e s

S t r e b l o s p i o  b e n e d i c t !
M u l i n i a  l a t e r a l i s  
R e t u s a  c a n a l i c u l a t a  
N e r e i s  s u c c i n e a  
Mya a r e n a r i a
S p i o c h a e t o p t e r u s  o c u l a t u s  
E d o t e a  t r i l o b a  
C a p i t e l l a  c a p i t a t a  
P e c t i n a r i a  g o u l d i  
E t e o n e  h e t e r o p o d a  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  
H e t e r o m a s t u s  f i l l f o r m i s  
S a b e ' l l a  mi c r o p h t h a l m a  
P a r a o r i o n o s o i o  d i n n a t a  
S c o l o p l o s  f r a g i l i s  
G l y c i n d e  s o l i t a r i a  
O d o s t o m i a  i m p r e s s a  
Gemma gemma  
M a n g e l i a  p l i c o s a  
A c t e o n  p u n c t o s t r i a t u s  
E p i t o n i u m  r u p i c o l u m  
Gammarus m u c r o n a t u s  
D i o p a t r a  c u p r e a  
G l y c e r a  a m e r i c a n a  
G l y c e r a  d i b r a n c h i a t a  
C e r e b r a t u l u s  l a c t e u s

N u m b er  i n d i v i d u a l s

N u m b er  s p e c i e s

1 2 3 T o t a l

44 37 1 2 9 2 1 0
4 1 59 29 1 2 9
2 1 37 17 75
1 8 16 2 4 58
17 8 31 56

4 5 14 23
6 4 7 17
2 5 5 12
4 2 5 1 1
2 3 4 9-
1 7 8
1 1 5 7
3 2 5
i_ 2 2 £
3 1 4

3 3
1 1 2

1 1
1 1

1 1
1 1

1 1
1 1

1 1
1 1
1 1

1 7 1 1 8 2 2 9 0 6 4 3

18 15 21 26

69



Station L-2 (1, 2, 3) January 1969

S a m p l e  1 2  3 T o t a l

S p e c i e s

M u l l n i a  l a t e r a l i s  75. 3 95 1 7 3
N e r e i s  s u c c i n e a  16 3 29 4 8
S t r e b l o s p i o  b e n e d i c t i  1 14 28  43
R e t u s a  c a n a l i c u l a t a  12  2 11  25
S p i o c h a e t o p t e r u s  o c u l a t u s  1 3 10  14
P a r a p r i o n o s p i o  p i n n a t a  3 4 6 1 3
H e t e r o m a s t u s  f i l i f o r m i s  3 7 3 1 3
S c o l o p l o s  f r a g i l i s  3 2 4 9
P e c t i n a r i a  g o u l d i  1 3 4
My a  a r e n a r i a  1 2  3-
E d o t e a  t r i l o b a  1 2 3
G l y c e r a  d i b r a n c h i a t a  2 2
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  1 1 2
C a l l i n e c t e s  s a p l d u s  1 1
L e u c o n  a m e r l c a n u s  1 1
P o l y d o r a  l i g n i  1 1
G l y c e r a  a m e r i c a n a  1 1
S a b e l l a  m i c r o p h t h a l m a  1 1
E t e o n e  h e t e r o p o d a  1 1
E d w a r d s  l a  e l e g a n s  1 1

Number  i n d i v i d u a l s  xl l 8 4 l  2 0 0  3 5 9

Num ber  s p e c i e s  12  11  17 20
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Station L—3 (1, 2, 3) January 1969

S a m p l e

S p e c i e s

S t r e b l o s p i o  b e n e d i c t i
R e t u s a  c a n a l i c u l a t a
S p i o c h a e t o p t e r u s  o c u l a t u s
Mya a r e n a r i a
S a b e l l a  mi c r o p h t h a l m a
H e t e r o m a s t u s  f i l i  P o r m i s
N e r e i s  s u c c i n e a
M u l i n i a  l a t e r a l i s
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
S c o l o p l o s  f r a g i l i s
P a r a p r i o n o s p i o  p i n n a t a
G l y c i n d e  s o l i t a r i a
A c t e o n  p u n c t o s t r i a t u s
P e c t i n a r i a  g o u i d i
P o l y d o r a  l i g n i
C a p I t e l l a  c a p i t a t a
P o l y c h a e t e a  a
N a s s a r l u s  v i b e x
T u b u l a n u s  p e l l u c i d u s
P y r a m i d e l l a  f u s  c a
O d o s t o m i a  i m p r e s s a
E d o t e a  t r i l o b a
L e p l d o n o t u s  s u b l e v i s
D i a d u m e n e  l e u c o l e n a
M o l g u l a  m a n h a t t e n s i s
E p i t o n i u m  r u p i c o l u m
C y c l a s p i s  v a r i a n s
E t e o n e  h e t e r o p o d a
C e r e b r a t u l u s  l a c t e u s
M a n g e l ! a  p l i c o s a
C a l l i n e c t e s  s a p i d u s
G l y c e r a  a m e r i c a n a
T h a r y x  s e t i g e r a
S a b e l l a r i a  v u l g a r i s
G l y c e r a  d i b r a n c h i a t a
P h o r o n i s  a r c h i t e c t a

N um b er  i n d i v i d u a l s

N u m b er  s p e c i e s

1 2 3 T o t a l

13 5 1 5 0 1 6 8
62 23 63 1 4 8
36 17 22 75
14 24 24 62

5 27 3 35
4 6 13 23
2 15 5 22
4 3 8 15

5 8 13
2 3 7 12
5 3 3 11
4 7 1 1
3 2 2 7
1 2 4 7

3 2 5
1 1 3 5

4 1 5
4 4

1 3 4
1 2 3

\ 1 2 3
1 2 3

1 2 3
1 2 3
3 3

1 1 2
2 2
2 2

1 1 2
1 1

1 1
1 1
1 1
1 ' 1

1 1
1 1

1 6 6 1 5 6 3 4 3 6 6 5

24 2 3 27 36
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Station L-4 (1, 2, 3) January 1969

S a m p l e

S p e c i e s

Mya a r e n a r i a
M u l i n i a  l a t e r a l i s
S a b e l l a  m i c r o p h t h a l m a .
H e t e r o m a s t u s  f i l i f o r m l s
N e r e i s  s u c c i n e a
S p i o c h a e t o p t e r u s  o c u l a t u s
R e t u s a  c a n a l i c u l a t a
P e c t i n a r i a  g o u i d i
N a s s a r i u s  v i b e x
P a r a p r i o n o s p i o  p i n n a t a
P o l y d o r a  l i g n i
S t r e b l o s p i o  b e n e d i c t i .
C r e p i d u l a  c o n v e x a
S c o T o p 1 o s  . f  r  a g 1 1 i  s
L e p i d o n o t u s  s u b l e v i  s.
T h a r y x  s e t i g e r a  
E t e o n e  h e t e r o p o d a  
P s u e d e u r y t h o e  p a u c i b r a n c h i a t a  
G l y c e r a  a m e r i c a n a  
P h o r o n i s  a r c h i t e c t a  
M o l g u l a  m a n h a t t e n s l s  
C o r o p h i u m  a c h e r u s i c u m  . 
N e o p a n o p e  t e x a n a  
C e r e b r a t u l u s  l a c t e u s

N um b er  i n d i v i d u a l s

N u m b er  s p e c i e s

1 2 3 T o t a l

35 40 44 1 1 9
1 8 49 4 1 1 0 8
91 5 3 99

9 19 2 3 5 1
10 1 8 2 30

2 1 1 15 28
1 4 9 14
1 9 3 1 3
2 2 7 11
2 2 7 11

7 2 9
2 4 2 8
1 1 2
1 i 2
1 1 2

2 2
1 1

1 1
1 1
1 1

1 1
1 1
1 1
1 1

1 8 1 1 7 2 1 6 4 5 1 7

19 14 1 7 24
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Station L-5 (1, 2, 3) January 1969

S a m p l e

S p e c i e s

S a b e l l a r i a  v u l g a r i s
S a b e l l a  m i c r o p h t h a l m a
U n c i o l a  i r r o r a t a
N e r e i s  s u e c i n e a
S t r e b l o s p i o  b e n e d i c t i
P o l y d o r a  l i g n i
S p i o c h a e t o p t e r u s  o c u l a t u s
H e t e r o m a s t u s  f i l i f o r m i s
.Mya a r e n a r i a
R e t u s  a c a n a l i  c u l a t  a
M a n g e 1 1 a p l i c o s a
G l y c i n d e  s o l i t a r i a
A m p e l i s c a  v a d o r u m
E d o t e a  t r i l o b a
L e p i d o n o t u s  s u b l e v i s
E u m l d a  s a n g u i n e a
P o d a r k e  o b s c u r a
C a p i t e l l a  c a p i t a t a
N a s s a r i u s  v i b e x
T h a r y x  s e t l g e r a
A n a d a r a  t r a n s v e r s  a
O d o s t o m i a  I m p r e s s a
M i t r e l l a  l u n a t a
N e o p a n o p e  t e x a n a
P a r a p r i o n o s p i o  p i n n a t a
P e c t i n a r i a  g o u i d i
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
M u l i n i a  l a t e r a l i s
E t e o n e  h e t e r o p o d a
P y r a m i d e l l a  f u s c a
E p i t  o n i u m  r u p l c o l u m
L y o n s i a  h y a l i n a
C a l l i n e c t e s  s a p i d u s
Gammarus m u c r o n a t u s
P h o r o n i s  a r c h i t e c t a
S c o l o p l o s  f r a g i l i s
D i a d u m e n e  l e u c o l e n a
Mi c r u r a  r u b r a
G l y c e r a  d i b r a n c h i a t a
M a r p h y s a  s a n g u l n e a

1 2 3 T o t a l

1 3 9 42 2 9 4 4 7 5
69 76 1 0 4 2 4 9
92. 67 55 2 1 4
51 42 1 1 4 2 0 7

9 33 1 3 1 1 7 8
4 3 24 6 3 1 3 0
27 70 31 1 2 8
17 25 59 1 0 1
15 33 20 68

7 15 5 27
12 2 8 22

1 1 3 7 21
1 1 3 3 17

5 o0 Ti 15
4 1 8 13
3 8 2 13
2 2 9 1 3
1 1 1 0 1 3
5 5 1 11
3 3 4 10
3 3 3 9
1 3 5 9
1 2 5 8
5 3 8
2 4 2 8

7 1 8
1 1 5 7
2 2 2 6

3 3 6
1 1 3 5
1 1 3 5

1 2 3
1 1 1 3
3 3

2 1 3
3 3

1 1 2
2 2

2 2
1 1 2
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Station L-5 (1> 2, 3) January 1969

S a m p l e  1 2  3 T o t a l

S p e c i e s

E t e o n e  l a c t e a  1 1 2
M e r c e n a r i a  m e r c e n a r i a  1 1
T u r b o n i l l a  i n t e r r u p t a  1 1
C r e p i d u l a  c o n v e x a  1 1
A c t e o n  p u n c t o s t r i a t u s  1 1
U p o g e b i a  a f f i n i s  . 1 1
C y a t h .u r a  b u r b a n c k i  1 1
S p h a e r o m a  q u a d r i d e n t  a t u m  1 1
C y c l a s p i s  v a r i a n s  1 1
C o r o p h i u m  l a c u s t r e  . 1 1
C o r o p h i u m  t u b e r c u l a t u m  1 1
C o r o p h i u m  a c h e r u s i c u m  1 1
M e l i t a  n i t I d a  1 1
C u c u m a r i a  p u l c h e r r i m a  1 1
C e r e b r a t u l u s  l u r i d u s  1 1
E d w a r d s ! a  e l e g a n s  1 1
M o l g u l a  m a n h a t t e n s i s  1 1
G l y c e r a  a m e r i c a n a  1 1
C l y m e n e l l a  t o r q u a t a  1 1
S t a u r o n e r e i s  r u d o l p h i  1 1

\

N um ber i n d i v i d u a l s  5 4 5  5 1 4  9 8 9  2 0 4 8

N um ber s p e c i e s  37 4 2  47 60
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Station E-7 (1, 2, 3) January 1969

S a m p l e

S p e c i e s

My a a r e n a r i a .
P a r a p r i o n o s p i o  p i n n a t a  
N e r e i s  s u c c i n e a  
S p l o c h a e t o p t e r u s  o c u l a t u s  
H e t e r o m a s t u s  f l l i f o r m i s  
M u l i n l a . l a t e r a l i s  
M o l g u l a  m a n h a t t e n s i s  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  
R e t u s a  c a n a l i c u l a t a  
E d o t e a  t r i l o b  a 
G l y c e r a  a m e r i c a n a  
N e p h t y s  m a g e l l a n i c a  
P h o r o n l s  a r c h i t e c t a  
Pe c t i n a r i a . ^ o u 1 cl a 
S a b e l l a  m l c r o p h t h a l m a  
C a l l i n e c t e s  s a p i d u s  
N a s s a r i u s  v l b e x  
Na s s a r i u s  o b s o l e t u s  
U n c l o l a  i r r o r a t a  
B a l a n u s  i m p r o v i s u s  
C e r e b r a t u l u s  l a c t e u s  
N e m e r t e a n  ( u n i d . )

N um ber  i n d i v i d u a l s

Num ber  s p e c i e s

1 2 3 T o t a l

7 1 35 1 0 6
11 1 8 19 4 8
17 12 11 40
1 1 8 20 39
10 11 14 35

1 4 2 7
5 1 6

1 3 4
3 1 4
1 3 4

1 1 1 3
1 2 3
2 2

1 1 2
1 1 2

2 2
2 2

1 1
1 1

1 1
1 1
1 1

57 1 3 7 12 0 314

11 1 3 18 22
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Station L-l (1, 2, 3) May 1969

S a m p l e

Species
S t r e b l o s p i o  b e n e d i c t i  
N e r e i s  s u c c i n e a  
M u l i n i a  l a t e r a l i s  
P o l y d o r a  l i g n i  
Mya a r e n a r i a  
Macoma b a l t h i c a  
H e t e r o m a s t u s  f i l i f o r m i s  
E n s i s  d i r e c t u s  
S c o l o p l o s  f r a g i l i s  
E d o t e a  t r i 1 o b a  
P a r a p r i o n o s p i o  p i n n a t a  
T 'h a ry x  s e t i g e r a  
T u b u l a n u s  p e l l u c i d u s  
G l y c e r a  a m e r i c a n a  
S a b e l l p  m i c r o p h t h a l m a  
E t e o n ' e  h e t e r o p o d a

N um b er  i n d i v i d u a l s

N um b er  s p e c i e s

1 2 3 T o t a l

66 28 52 1 4 6
15 15 19 49
1 3 7 10 30
2 8 10 20
3 7 3 1 3

1 3 1 3
2 6 4 12
1 2 3 6
1 4 1 6
4 1 5
1 2 2 5

1 2 3
2 1 31 1 2

1 1
1 1

111 81 1 2 3 3 1 5

12 11 15 16
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Station L-2 (1, 2 a 3) May 1 9 6 9

S a m p l e

Species
S a b e l l a r i a  v u l g a r i s
S a b e l l a  m i c r o p h t h a l m a
S t r e b l o s p i o  b e n e d i c t i
N e r e i s  s u e c i n e a
Mya a r e n a r i a
H e t e r o m a s t u s  f i l i f o r m i s
P o l y d o r a  l i g n i
D i a d u m e n e  l e u c o l e n a
Macoma b a l t h i c a
Q d o s t o m i a  i m p r e s s a
E t e o n e  h e t e r o p o d a
S c o l o p l o s  f r a g i l i s
M o l g u l a  m a n h a t t e n s i s
Gammarus n i u c r o n a t u s
T h a r y x  s e t T g e r a
L e p i d o n o t u s  s u b l e v i s
E d o t e a  t r i l o b a
P e c t i n a r i a  g o u i d i
N a s s a r i u s  v i b e x
N e o p a n o p e  t e x a n a
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
P o d a r k e  o b s c u r a
T u b u l a n u s  p e l l u c i d u s
P h y l l o d o c e  m u c o s a
P h o r o n i s  a r c h i t e c t  a
E p i t o n i u m  r u p i c o l u m
C r e p i d u l a  c o n v e x a
N a s s a r i u s  o b s o l e t u s
E l a s m o p u s  p o c i l l a m a n u s
E u m i d a  s a n g u i n e a
G l y c e r a  d i b r a n c h i a t a
E d w a r d s i a  e l e g a n s
M u l i n i a  l a t e r a l i s
C r a s s o s t r e a  v i r g i n i c a
B i v a l v e  ( a )
R e t u s a  c a n a l i c u l a t a  
C e r a p u s  t u b u l a r i s  
U n c i o l a  i r r o r a t a  
M a r p h y s a  s a n g u i n e a  
L u m b r i n e r i s  t e n u i s  •

1 2 3 T o t a l

267 3 2 4 5 3 1 1122
281 2 8 5 2 0 3 7 6 9
156 282 87 5 2 5
127 1 5 5 121 4 0 3

35 88 89 212
66 106 32 2 0 4
68 5 3 33 1 5 4
2 3 15 10 48
16 10 3 29
6 6 1 3 2 5-
6 8 14
3 6 4 1 3

8 5 13
10 10

4 6 10
3 4 3 10
3 2 3 8
3 4 1 8

4 2 6
2 3 5
1 1 3 5
3 1 1 5
5 5

4
3 3
1 1 2
2 • 2

1 1 2
2 2
1 1 2

1 1 2
2 2
1 1

1 1
1 1

1 1
1 1

1 1
1 1

1 1
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Station L-2 (1, 2, 3) May 1969

Sample
Species
M i c r u r a  r u b r a  
M e l i t a  n i t i d a

N um b er  i n d i v i d u a l s

Num ber  s p e c i e s

1 Total

1

1 0 9 5

30

1386

27

1 1 5 3

26

3634

42

74
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Station L-3 (1, 2, 3) May 1969

Sample
Species
S a b e l l a r i a  v u l g a r i s
S a b e 1 1 a  m i c r o p h t h a l m a
N e r e i s  s u c c i n e a
S t r e b l o s p i o  b e n e d i c t i
Mya a r e n a r i a
P o l y d o r a  l i g n i
D i a d u m e n e  l e u c o l e n a
H e t e r o m a s t u s  f i l i f o r m i s
Macoma b a l t h i c a
M o l g u l a  m a n h a t t e n s i s
S c o l o p l o s  f r a g i l i s
E d o t e a  t r i l o b a
L e p i d o n o t u s  s u b l e v i s
E t . e o n e  h e t e r o p o d a
O d o s t o m i a  i m p r e s s a
P o d a r k e  o b s c u r a
P e c t i n a r i a  g o u i d i
Gammarus m u c r o n a t u s
N e o p a n o p e  t e x a n a
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
M u l l n l a  l a t e r a l i s
E n s i s  d i r e c t u s
T h a r y x  s e t i g e r a
Mi c r u r a  r u b r a
U r o s a l p i n x  c i n e r e a
C l y m e n e l l a  t o r q u a t a
G l y c e r a  d i b r a n c h i a t a
A m p h i p o r u s  o c h r a c e u s
B i v a l v e  Ta)
N a s s a r i u s  o b s o l e t u s  
E u p l e u r a  c a u d a t a  
U n c i o l a  i r r o r a t a  
D r i l o n e r e i s  f i 1 urn 
S t a u r o n e r e i s  r u d o l p h i  
G l y c i n d e  s o l i t a r i a  
H a r m o t h o e  i m b r i c a t a  
E u m i d a  s a n g u i n e a  
E d w a r d s i a  e l e g a n s

1 2 3 Total

37 4 4 l 6 7 0 3 1 4 9 3
43 5 1 1 8 610 1 1 6 3
1 5 7 80 2 2 3 4 6 0

86 1 8 0 1 3 9 4 0 5
99 59 33 1 9 1
30 53 26 1 0 9

8 1 94 1 0 3
22 23 48 93

6 1 1 16 33
2 12 14

5 7 1 13
2 2 5 9
4 1 4 9
1 7 1 9

3 5 8
3 5 8

4 1 2 7
1 1 4 6
2 2 1 5

3 1 4
1 2 3

2 1 3
2 1 3
1 2 3

2 2
2 2
1 1 2

2 2
1 1

1 1
1 1

1 1
1 1

1 1
1 1

1 1
1 1

1 1
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Station L-3 (1, 2, 3) May 1969

S a m p l e 1 2 3

Num ber  i n d i v i d u a l s 1 2 4 3 9 8 6 1 9 4  3

N um b er  s p e c i e s 21 30 29

Total
4 1 7 2

38
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Station L-4 (1, 2, 3) May 1969-

S a m p l e

Species
Mya a r e n a r i a
S t r e b l o s p i o  b e n e d i c t i
H e t e r o m a s t  u s  f i 11 f o r m i s
N e r e i s  s u c c i n e a
S a b e l l a  m i c r o p h t h a l m a
P a r a p r i o n o s p i o  p i n n a t a
M u l i n i a  l a t e r a l i s
P o l y d o r a  l i g n i
E t e o n e  h e t e r o p o d a
S p i o c h a e t  o p t e r u s  o c u l a t u s
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
S c o l o p l o s  f r a g i l i s
D i a d u m e n e  l e u c o l e n a
P e c t i n a r i a  g o u i d i
L e p i d o n o t u s .  s u b l e v i s
C r a n g o n  s e p t e r n s p i n o s u r n
E d o t e a  t r i l o b  a
N a s s a r i u s  v l b e x
E n s i s  d i r e  c t u s
M e r c e n a r i a  m e r c e n a r i a
Macoma b a l t h i c a
P i n n i x a  s a y a n a
N e o m y s i s  a m e r i c a n u s
N e o p a n o p e  t e x a n a
C a p l t e 1 1 a  c a p i t  a t  a
G l y c e r a  a m e r i c a n a
C e r e b r a t u l u s  l a c t e u s
P h o r o n i s  a r c h i t e c t a
M o l g u l a  m a n h a t t e n s i s

N u m b er  i n d i v i d u a l s

N um b er  s p e c i e s

1 2 3 T o t a l

5 18 1 4 1 1 6 4
2 1 26 6 8 1 1 5

8 12 46 66
3 8 47 5 8

5 3 5 3
1 1 24 1 36

3 7 1 1 1
2 5 2 9
5 2 7
2 3 1 6

6 6
3 2 5

4 4
3 3
3 3

2 2
1 1 2
1 1 . 2
1 1
1. 1

1 1
1 1
1 1

1 1
1 1

1 1
1 1

1 1
1 1

67 1 1 0 3 8 6 5 6 3

1 3 1.5 21 29
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Station L-5 (1> 2, 3) May 1969

S a m p l e  1 2  3 T o t a l

S p e c i e s

P o l y d o r a  l i g n i - 1 0 2  7 3  1 2 8  3 0 3
S t r e b l o s p i o  b e n e d i c t i  62 74 57  1 9 3
P a r a p r i o n o s p i o  p i n n a t  a  14  2 8 5 47
H e t e r o m a s t  u s  f  i l i f  o r m i s  10 7 -17 34
M u l l n i a  l a t e r a l i s  1 9  4 4 27
Mya a r e n a r i a  6 3 1 0  19
P e c t i n a r i a  g o u i d i  4 1 6 1 1
N e r e i s  s u c e i n e a  2 3 6 1 1
P h o r o n l s  a r c h i t e c t a  6 5 11
E r i s i s  d i r e c t u s  4 2 2 8
S p i o c h a e t o p t e r u s  o c u l a t u s  1 2 3 6
E t e o n e  h e t e r o p o d a  3 1 1  5
S c o l o p l o s  f r a g i l i s  2 2 1 5
N a s s a r i u s  v i b e x  1 2 3
R e t u s a  c a n a l i c u l a t a  3 3
O d o s t o m i a  i m p r e s s a  3 3
G l y c e r a  a m e r i c a n a  2 1 3
M a n g e l i a  p l i c o s a  2 2
E d o t e a  t r i l o b a  2 2
T h a r y x  s e t i g e r a  2 2
G l y c e r a  d i b r a n c h i a t a  2 2
L y o n s ! a  h y a l i n a  1 1
M i t r e l l a  l u n a t a  1 1
C r a n g o n  s e p t e m s p i n o s u m  1 1
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  1 1
S a b e l l a  m i c r o p h t h a l m a  1 1
D i a d u m e n e  l e u c o l e n a  1 1

N um b er  i n d i v i d u a l s  2 4 2  2 1 2  2 5 2  7 0 6

N um b er  s p e c i e s  l b  1 7  19  27
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Station L-6 (1,2,3) May 1969

S a m p l e

Species
S t r e b . l o s p i o  b e n e d i c t i  
Mya a r e n a r i a  
Macoma b a l t h i c a  
M u l i n i a  l a t e r a l i s  
N e r e i s  s u c c i n e a  
E n s i s  d i r e c t u s  
P o l y d o r a  l i g n i .
H e t e r o m a s t u s  f i l i f o r m i s  
E t e o n e  h e t e r o p o d a  
O d o s t o m i a  i m p r e s s a  
A s a b e H i d e s  o c u l a t a  
C a p l t e l l a  c a p i t a t a  
G l y c e r a  a m e r i c a n a  
Gemma gemma '
N e o m y s l s  a m e r i c a n u s  
E d o t e a  t r i l o b a  
C a l l i n e c t e s  s a p i d u s  
S c o l o p l o s ’ f r a g i l i s  
L e p i d o n o t u s  s u b l e v i s  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  
D i a d u m e n e  l e u c o i e n a  
P a r a p r i o n o s p i o  p i n n a t a  
G l y c e r a  d i b r a n c h i a t a

Number  i n d i v i d u a l s

Number  s p e c i e s

1 2 3 T o t a l

24 83 59 1 6 6
12 8 89 1 0 9

8 49 23 80
6 39 45
2 7 21 30

11 7 4 22
1 1 12 14
1 1 6 8
1 5 2 8
2 2

1 1 2
1 1 2

2 2
1 . 1

1 1
1 1

1 1
1 1

1 1
1 1
1 1
1 1
1 1

70 2 0 3 2 2 7 5 0 0

12 12 18 2 3

o

79



S t a t i o n  L- 7  ( l s 2 ,  3)  May 1 9 6 9  

Sample  1 2  3 T o t a l

Species
■S t r e b l o s p i o  b e n e d i c t i .  37  8 1  66 1 84
Mya a r e n a r i a  16 62 8 86
P o l y d o r a  l i g n i  7 35 1 3  . 55
H e t e r o m a s t u s  f i l i f o r m i s  11  6 8 25
P h o r o n i s  a r c h i t e c t  a  3 5 6 14
Macoma b a l t h i c a  2 5 2 9
E t e o n e  h e t e r o p o d a  3 6 9
N e r e i s  s u c c i n e a  2 3 3 8
G l y c e r a  a m e r i c a n a  3 4 7
P a r a p r i o n o s p i o  p i n n a t a  1 3 1  5
T u b u l a n u s  p e . l l u c l d u s  3 3
C a p r e 1 1 a  g e o m e t r i c a  2 2
C r a n g o n  s e p t e m s p i n o s u m  2 2
T h a r v x  s e t i g e r a  1 1  2
P s e u d e u r y t h o e  p a u c i b r a n c h l a t a  1 1  2
E n s l s  d i r e c t u s  1 1
E d o t e a  t r i l o b a  1 1
D i o p a t r a  c u p r e a  1 1
C a l l i n e c t u s  s a p i d u s .  1 1
Mi c r u r a  r u b r a  1 1

Number  i n d i v i d u a l s  88 2 1 8  1 1 2  4 l 8

Number  s p e c i e s  13  16 11  20
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Station L-8 (1,2,3) May 1969

Sample
Species
Mya a r e n a r i a
S t r e b l o s p i o  b e n e d i c t i
H e t e r o m a s t u s  f i l i f o r m i s
N e r e i s  s u c c i n e a
P o l y d o r a  l i g n i
P h o r o n i s  a r c h i t e c t a
Macoma b a l t h i c a
C r a n g o n  s e p t e m s p i n o s u m
P a r a p r i o n o s p i o  p i n n a t a
P s e u d e u r y t h o e  p a u c i b r a n c h i a t  a
M o l g u l a  m a n h a t t e n s i s
E t e o n e  h e t e r o p o a a
G l y c e r a  a m e r i c a n a
E n s i s  d i r e c t u s
E d o t e a  t r i l o b a
T h a r y x  s e t i g e r a
S c o l o p l o s  f r a g i l i s
G l y c e r a  d i b r a n c h i a t a
M i c r u r a  r u b r a

Number  i n d i v i d u a l s  

Number  s p e c i e s

2 3 Total

52 86 247
27 20 88

8 16 28
3 8 21
5 . 6 19
4 1 8
3 1 5

2 4
1 1  3
1 2  3

3 3 
2 
2

1 1
1
1

1 1
1 1

1 1

106 1 4 8  4 3 4

11 13  19

1

1 0 9
36

4
10

8
3
1
2
1

2
2

1
1

180

13
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Station L—10 (1, 2, 3) May 1969

S a m p l e

Species
S t r e b l o s p i o  b e n e d i c t i
P o l y d o r a  l i g n i
H e t e r o m a s t u s  f i l i f o r m i s
T h a r y x  s e t i g e r a
Mya a r e n a r i a
M u l i n i a  l a t e r a l i s
P h o r o n i s  a r c h i t e c t a
E t e o n e  h e t e r o p o d a
G l y c i n d e  s o l i t a r i a
E n s i s  d i r e c t u s
N e r e i s  s u e c i n e a
D r i l o n e r e i s  f i . l u m
B a l a n u s  i m p r o v i s u s
N e o m y s i s  amerzLcanus
E d o t e a  t r i l o b a
R e t u s a  c a n a l i c u l a t a
E p i t o n i u m  r u p i c o l u m
G l y c e r a  d i b r a n c h i a t a
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
P e c t i n a r i a  g o u l d l
S p i o  s e t o s a
N a s s a r i u s  o b s o l e t u s
P y r a m i d e l l a  f u s c a
S c o l o p l o s  f r a g l l i s
T u b u l a n u s  p e l l u c i d u s
N a s s a r i u s  v i b e x
S a b e l l a  m i c r o p h t h a l m a
S a b e l l a r i a  v u l g a r i s
D i o p a t r a  c u p r e a
S c o l e c o l e p i d e s  v i r l d i s
P o d a r k e  o b s c u r a
D r i l o n e r e i s  l o n g a
C e r e b r a t u l u s  l a c t e u s

Nu mb er  i n d i v i d u a l s

N umb er  s p e c i e s

1 2 3 T o t a l

2 1 8 1 3 9 2 7 7 6 3 4
1 0 5 45 47 1 9 7

23 13 24 60
5 4 49 58

23 1 3 15 51
5 5 12 22
7 12 2 2 1
7 4 9 20
8 4 3 15
9 1 3 1 3
4 3 2 9
3 2 3 8
5 5
3 1 4

3 1 4
3 3

3 3
1 1 1 3
1 2 3

1 2 3
3 3

1 1 2
1 1 2

1. 1 2
2 2

1 1
1 ‘ 1
1 1
1 1
1 1

1 1
1 1

1 1

4 3 9 2 5 4 4 6 2 1 1 5 5

25 19 22 33
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Station E-7 (1,2,3) May 1969

S a m p l e 1 2 3 T o t a l

S p e c i e s

S t r e b l o s p i o  b e n e d i c t  1. 12 12 53 77
H e t e r o m a s t u s  f i l i f o r m i s 2 8 11 21
N e r e i s  s u c c i n e a 4 6 2 12
C o r o p h i u m  a c h e r u s i c u m 3 1 2 6
S p i o c h a e t o p t e r u s  o c u l a t u s 3 2 5
Mya a r e n a r i a 2 2
E t e o n e  h e t e r o p o d a 1 1 2
P o l y d o r a  l i g n i 1 1 2
Gammarus  m u c r o n a t u s 1 1
P a r a p r i o n o s p i o  p i n n a t a 1 1
T h a r y x  s e t i g e r a 1 1
G l y c e r a  a m e r i c a n a 1 1
Number  i n d i v i d u a l s 2 7 3 1 7 3 1 3 1

Numb er  s p e c i e s 9 6 8 12
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Station E-8 (1, 2, 3) May 1 9 69

S a m p l e s

Species
Mya a r e n a r i a  
N e r e i s  s u c c i n e a  
C o r o p h i u m  a c h e r u s i c u m  
H e t e r o m a s t u s  f i l i f o r m i s  
S t r e b l o s p i o  b e n e d i c t l  
Gammarus m u c r o n a t u s
M u l l n i a  l a t e r a l i s  
P o l y d o r a  l i g n i  
E t e o n e . h e t e r o p o d a  
E d o t e a  t r i l o b a  
P i a d u m e n e  l e u c o l e n a  
E n s i s  d i r e c t u s  
M e l i t a  a p p e n d ! c u l a t a
A l p h e u s  
S a b e 1 1 a

h e t e r o c h a e . i l  s
m i c r o p h t h a l m a

g e o m e t  r i c a -

M o l g u l a  m a n h a t t e n s i s  
S p i o c h a e t o p t e r u s  o c u l a t u s  
C y a t h u r a  p o l i t a
C a p r e l l a  ________
A m p h i p o d a ~ T u n i d . ) 
N e m e r t e a n  ( u n i d . )
P o d a r k e  o b s c u r a  
E l a s m o p u s  p o c i l l a m a n u s  
L e u c o n  a m e r i c a n u s  
G l y c e r a  a m e r i c a n a  
S c o l o p l o s  f r a g i l i s

Numb er  i n d i v i d u a l s

Number  s p e c i e s

1 2 3 T o t a l

1 2 0 23O 1 0 4 4 5 4
14 17 8 39

1 37 38
6 5 15 26
3 8 8 19

1 3 1 3
2 6 4 12
1 3 1 5

4 1 5
3 3

1 1 2
2 2

2 2
1 1 2
2 2

2 2
1 1

1 1
1 1
1 1
1 1
1 1

1 1
1 1
1 1
1 1

1 5 1 2 8 6 1 9 9 6 3 6

10 16 16 26
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Station L-l (1,

S a m p l e '

Species
S p i o c h a e t  o p t e r u s  o c u l a t u s  
N e r e i s  s u c c i n e a  
C a p i t e l l a  c a p ! t a t a  
G l y c e r a  d i b r a n c h i a t a  
N a s s a r i u s  v i b r e x  
S a b e l l a  m i c r o p h t h a l m a  
M u l l n i a  l a t e r a l i s  
D i o p a t r a  c u p r e a  
S t r e b l o s p i o  b e r i e d i c t i  
R e t u s a  c a n a l i c u l a t a  
E d o t e a  t r i l o b a  
P a r a p r i o n o s p i o  p i n n a t a  
C e r e b r a t u l u s  l a c t e u s  
Gemma gemma  
A c t e o n  p u n c t o s t r i a t u s  
E t e o n e  h e t e r o p o d a  
H e t e r o m a s t u s  f i l l f o r m i s

Numb er  i n d i v i d u a l s

Number  s p e c i e s

2 ,  3 ) A u g u s t 1 9 6 9

1 2 3 T o t a l

6 8 18 32
9 12 7 28
6 6 7 19
1 5 6
1 2 2 5

4 4
2 1 3

1 1 1 32 1 32 2
2 2
2 2

2 2
1 1

1 1
1 1

1 1
27 4o 48 1 1 5

8 10 12 17
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Station L-2 (1, 2, 3) August 1969

S a m p l e

S p e c i e s

S a b e l l a  m i c r o p h t h a l m a . 
P o l y d o r a  l i g n i  
N e r e i s  s u c c i n e a  
H e t e r o m a s t u s  f i l i f o r m i s  
T h a r y x  s e t i g e r a  
D i a d u m e n e  l e u c o l e n a  
M o l g u l a  m a n h a t t e n s i s  
S c o l o p l o s  f r a g i l i s  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  
H y d r o i d e s  h e x a g o n u s  
S t r e b l o s p i o  b e n e d i c t i  
C e r e b r a t u l u s  l a c t e n s  
E d o t e a  t r i l o b  a
P e c t i n a r i a  g o u l d i  
T a g e l u s  p l e b i u s  
G l y c e r a  d i b r a n c h i a t a  
S a b e l l a r i a  v u l g a r i s  
E u p l e u r a  c a u d a t a  
E d w a r d s ! a  e l e g a n s  
N a s s a r i u s  v i b e x  
P o d a r k e  o b s c u r a  
M e r c e n a r i a  m e r c e n a r i a  
M u l i n i a  l a t e r a l i s  
B i v a l v e  ( u n i d . )  
C r e p i d u l a  c o n v e x a  
N a s s a r i u s  o b s o l e t u s  
M i t r e 1 1 a  i u n a t a  
M e l i t a  n i t i d a  
E l a s m o p u s  p o c i l l i m a n u s  
E t e o n e  h e t e r o p o d a  
P h y l l o d o c e  m u c o s a  
S t e n o t h o e  m i n u t a

Numb er  i n d i v i d u a l s  

Nu mb er  s p e c i e s

1 2 3 T o t a l

1 0 7 45 60 212
89 2 3 53 1 6 562 24 50 1 36
59 24 31 1 1 4
49 12 16 77
21 7 35 6 3
28 6 24 58
8 2 13 23

12 6 2 20
15 2 1 7

7 2 2 11
2 3 3 8
1 5 6
4 2 6
1 2 2 52 1 1 4
1 2 1 . 4

1 2 31 2 32 2
: 2 2
1 1

1 1
1 1

1 1
1 1

1 1
1 1

1 1
1 1

1 1
1 1

4 7 6 1 6 5 3 0 9  ' 9 5 0

23 19 2 3 32
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Station L~3 (1, 2 a 3) August 1969

S a m p l e  1 2 3 T o t a l

S p e c i e s

M o l g u l a  m a n h a t t e n s i s  1 1 4  44  1 5 3
T a b e l l a  r n X c r o p h t h a l m a  75 8 83
H e t e r o m a s t u s  f i l l f o r m i s  9 12  9 30
H y d r o i d e s  h e x a g o n u s  30  30
D l a d u m e n e  l e u c o l e n a  8 18 26
S c o l o p l o s  T r a g i l i s  . 4 11  7 22
N e r e i s  s u e c i n e a  9 10  19
N a s s a r i u s  o b s o l e t u s  5 4 7 16
P e c t i n a r i a  g o u l d i  2 9 ^  15
P o l y d o r a  l i g n i  5 3 8
P s e u d e u r y t h o e p a u c i b r a n c h i a t a  1 4 5
N a s s a r i u s  v i b e x  1 2  3
E p i t o n l u m  r u p i c o l u m  1 2  3
E d o t e a  t r i T o b a  ~ 1 2  3
L e p i d o n o t u s  s u b l e v i s  3 3
E d w a r d s i a  e l e g a n s  1 1 1  3
T u b u l a n u s  p e l l u c i d u s  2 1 3
R e t u s a  c a n a l i c u l a t a  2 2
N e o p a n o p e  t e x a n a  2 2
E l a s m o p u s  p o c i l l i m a n u s  2 2
P o d a r k e  o b s c u r a  2 2
P a r a p r i o n o s p i o  p i n n a t a  2 2
C r e p l d u l a  c o n v e x a  1 1
E u p l e u r a  c a u d a t a  1 1
C y a t h u r a  b u r b a n c k i  1 1
P a r a c a p r e l l a  t e n u i s  1 1
S p i o c h a e t o p t e r u s  o c u l a t u s  1 1
G l y c e r a  a m e r i c a n a  1 1
S t r e b l o s p i o  b e n e d i c t i  1 1
P h o r o n i s  a r c h i t e c t a  1 1

Nu mb er  i n d i v i d u a l s  25 2 6 3  1 6 0  4 4 8

N um b er  s p e c i e s  8 1 8  24  30
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Station L-4 (1, 2, 3) August 1969

S a m p l e

Species
S p i o c h a e t o p t e r u s  o c u l a t u s
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
S c o l o p l o s  f r a g i l i s
H e t e r o m a s t u s  f i l i f o r m i s
N e r e i s  s u c c i n e a
P h o r o n i s  a r c h i t e c t a
P a r a p r i o n o s p i o  p i n n a t a
G l y c i n d e  s o l i t a r i a
P e c t i n a r i a  g o u l d i
S a b e l l a  m i c r o p h t h a l m a
N a s s a r i u s  v i b e x
Q g y r i d e s  l i m i c o l a
A m p e i i s c a  v a d o r u m
U n i  c o l a  i r r o r a t a
N e p h t y s  m a g e l l a n i c a
P h y l l o a o c e  a r e n a e
N e m e r t e a n  ( u n i d . )
C a r i n o m e l l a  l a c t e a  
G l y c e r a  a m e r i c a n a

Number  i n d i v i d u a l s

Number  s p e c i e s

1 2  3 T o t a l

4 1  7 4 52
17  8 2 ' 2 7
1 8 16 25
2 11 2 15
1 2  4 7
3 2 2 7
2 1 1  4
1 1 2

1 1 2
2 2
1 1

1 1
1 1

1 1
1 1
1 1

1 1
1 1

1 1

72 42  38 152
12 10 1 3  19
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Station L-5 (1, 2, 3) August 1969

S a m p l e

Species
H e t e r o m a s t u s  f i l l f o r m i s  
S a b e l l a r l a  v u l g a r i s  
P o l y d o r a  l i g n i  
U n c i o l a  i r r o r a t a  
S a b e l l a  m i c r o p h t h a l m a  
N e r e i s ,  s u c c i n e a  
T h a r y x  s e t i g e r a  
M o l g u l a  m a n h a t t e n s i s  
S t r e b l o s p i o  b e n e d i c t i  
S p i o c h a e t o p t e r u s  o c u l a t u s  
S c o l o p l o s  f r a g i l i s  
D i a d u m e n e  l e u c o l e n a  
E d . o t e a  t r i l o b a
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a
E t e o n e  h e t e r o p o d a
P h o r o n i s  a r c h i t e c t a
P e c t i n a r i a  g o u l d i
G l y c i n d e  s o l i t a r i a
P h y l l o c o c e  a r e n a e
M i c r u r a  r u b r a
M i t r e l l a  l u n a t a
G l y c e r a  d i b r a n c h i a t a
M a n g e l i a  p l i c o s a
A m p e l i s c a  v a d o r u m
E u m i d a  s a n g u i n e a
P a l e a n o t u s  h e t e r o s e t a
H y d r o i d e s  h e x a g o n u s
A n a d a r a  t r a n s v e r s a
E p i t o n i u m  r u p i c o l u m
C o r o p h i u m  a c h e r u s i c u m
M a r p h y s a  s a n g u i n e a
N a s s a r i u s  v i b e x
P o d a r k e  o b s c u r a
Mya a r e n a r i a
R e t u s a  c a n a l i c u l a t a
G l y c e r a  a m e r i c a n a
L y o n s i a  h y a l i n a
M e r c e n a r i a  m e r c e n a r i a
C r e p i d u l a  c o n v e x a
P a r a c a p r e l l a  t e n u i s

1 2 3 T o t a l

78 1 1 5 118 3 1 1
50 1 4 1 35 226
55 1 3 5 3 1 9 3
99 6 4 28 1 9 1
14 152 20 186
39 51 25 1 1 5
20 6 4 7 9 1

5 35 11 51
16 22 4 42
14 15 10 39
20 5 11 36
6 17 10 33
O
C.. 16 14 32

7 20 2710 9 2 21
3 1 3 2 18
4 11 1 16
3 6 5 ' 14
1 8 3 12

3 8 11
5 2 3 10
3 1 5 92 4 2 8
3 2 2 n

I
1 6 7
1 6 7

6 6
2 1 2 5
2 3 5
1 2 2 5
3 1 1 5

2 2 4
2 2 4

1 2 3
1 2 3
3 3

1 1 2
2 2

1 1 2
2 2
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Station L-5 (1, 2, 3) August 1969

S a m p l e 1 2 3 T o t a l

S p e c i e s

P i s t a  p a l m a t a 1 1 1 2
L e p l d o n o t u s  s u b l e v i s 1 1 2
S t a u r o n e r e i s  r u d o l p h i 2 2
C u c u m a r i a  p u l c h e r r i m a 1 1 2
A m p h i p o r u s  b i o c u l a t u s 1 1 2
N e m e r t e a n  ( u n i d . ) 2 2
T a g e l u s  p l e b i u s 1 1
M u l i n i a  l a t e r a l i s 1 1
N e o p a n o p e  t e x a n a 1 1
M e l i t a  n i t i d a 1 1
S t  e n o t h o e  m i n u t  a 1 1
P a r a p r i o n o s p i o  p i n n a t a 1 .1
C a p i t e l l a  c a p i t a t a .1 1
P o l y c i r r u s  e x i m i u s 1 1
N o t o m a s t u s  l a t e r i c i u s 1 1
P i l a r g i d a e  s p . 1 1
E t e o n e  l a c t e a 1 1
A r a b e l l a  t r i c o l o r 1 1
D r i l o n e r e i s  l o n g a 1 1
A r i c i d e a  w a s s i 1 1
T e t r a s t e m m a  s p . 1 1
E d w a r d s i a  e l e g a n s 1 1
C e r i a n t h e o p s i s  a m e r i c a n u s 1 1
C e r e b r a t u l u s  l a c t e u s .1 1
A m p h i p o r u s  o c h r a c e u s 1 1
P o l y c h a e t a  ( u n i d . ) 1 1
Nu mb er  i n d i v i d u a l s 4 7 6 9 5 3 3 6 7 1 7 9 6

Number  s p e c i e s 42 53 35 66
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Station L-6 (1,

S a m p l e

Species
N a s s a r i u s  ob s o l e t u s
S c o l o p l o s  f r a g i l i s
N e r e i s  s u c c i n e a
H e t e r o m a s t u s  f i l i f o r m i s
P a r a p r i o n o s p i o  p i n n a t a
C a p i t e l l a  c a p i t  a t  a
N a s s a r i u s  v i b e x
R e t u s a  c a n a l i c u l a t a
E u p l e u r a  c a u d a t a
G l y c e r a  d i b r a n c h i a t  a
T u b u l a n u s  p e l l u c i d u s
Gemma gemma
M u l i n i a  l a t e r a l i s
E d o t e a  t r i l o b  a
S t r e b i o s p i o  b e n e d i c t !
S p i o c h a e t o p t e r u s  o c u l a t u s
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a

Number  i n d i v i d u a l s

Number  s p e c i e s

, 3 ) A u g u s t 1 9 6 9

1 2 3 T o t a l

10 9 6 25
2 1 7 10
3 2 2 72 2 2 6
1 1 1 32 1 32 2

2 2
2 2

1 1 2
1 1 2

1 1
1 1

1 1
1 1
1 1

1 1
25 24 21 70

11 11 8 17
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Station L—7 (1, 2, 3) August 1969

Sample
Species
P h o r o n i s  a r c h i t e c t a  
P h y l l o d o c e  m u c o s a  
H e t e r o m a s t u s  f i l l f o r m i s  
N e r e i s  s u e c i n e a  
S p i o c h a e t o p t e r u s  o c u l a t u s  
R e t u s a  c a n a l i c u l a t a  
P s e u d e u r y t h o e  p a u c i b r a n c h ! a t a  
P e c t i n a r i a  g o u l d i  
G l y c e r a . a m e r i c a n a  
M o l g u l a  m a n h a t t e n s i s  
E d o t e a  t r i l o b  a 
S c o l o p l o s  f r a g i l i s  
E r i c h t h o n l u s  b r a s i l i e n s i s  
B a t e a  . c a t h a r i n e n s i s  
C u c u m a r i a  p u l c h e r r i m a

Numb er  i n d i v i d u a l s

Numb er  s p e c i e s

1 2 3 T o t a l

3 10  5 18
1 4 6 11
5 3 2 10
2 3 4 9

4 4 8
1 1 1  3
1 1 1  3
1 2 3
I  2 3

3 3
1 1  2

I I  2
1 1

1 1
1 1

16  29  33  78

9 1 0  13  15
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Station L-8 (1, 2, 3) August 1969

S a m p l e

Species
S p i o c h a e t o p t e r u s  o c u l a t u s  
P h o r o n i s  a r c h i t e c t a  
H e t e r o m a s t u s  f i l i f o r m i s  
S c o l o p l o s  f r a g i l i s  
P h y l l o d o c e  m u c o s a  
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  
N e r e i s  s u e c i n e a  
M o l g u l a  m a n h a t t e n s i s  
Macoma b a l t h i c a  
P o d a r k e  ob s  c u r  a,
P e c t i n a r i a  g o u l d i  
M u l i n i a  l a t e r a l i s  
E p l t o n i u m  r u p i c o l u m  
N a s s a r i u s  v i b e x  
E d o t e a  t r i l o b a  
P i n n i x a  s a y a n a  
G l y c e r a  d i b r a n c h i a t a  
S a b e l l a  m i c r o p h t h a l m a  
G l y c e r a  a m e r i c a n a  
P a r a p r i o n o s p i o  p i n n a t a

Number  i n d i v i d u a l s

Number  s p e c i e s .

1 2 3 T o t a l

17 10 12 39
9 6 5 20
3 8 3 14
4 1 1 6
3 1 1 5
3 2 ■5
4 1 5

4 1 52 2
2 2
2 2
1 1
1 1

1 1
1 1
1 1

1 1
1 1
1 1

1 1
46 38 30 1 1 4

10 11 12 20
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Station L-9 (1, 2, 3) August 19&9

S a m p l e  1 2  3 T o t a l

S p e c i e s

S p i o c h a e t o p t e r u s  o c u l a t u s  7 3 . 51  4 8 1 7 2
P a r a p r i o n o s p i o  p i n n a t  a  5 8 9 2 2
S c o l o p l o s  f r a g i l i s  6 8 6 2 0
H e t e r o m a s t u s  f i l i f o r m i s  3 3 1.3 19
P h o r o n i s  a r c h i t e c t a  5 8 1 1
N a s s a r i u s  v i b e x  1 1 8 10
N e r e i s  s u e c i n e a  4 5 9
M i c r u r a  r u b r a  4 1 2  7
P e c t i n a r i a  g o u l d i  2 2 2 6
P h y l l o d o c e  a r e n a e  1 1 3  5
R e t u s a  c a n a l i c u l a t a  1 3  4
P s e u d e u r y t h o e  p a u c i b r a n c h i a t a  2 1 3
L o l m i a  m e d u s a  1 2 3
M o l g u l a  m a n h a t t e n s i s  3 3
A m p e l i s c a  v a d o r u m  1 1  2
E d o t e a  t r i l o b a  2 2
T h a r y x  s e t i g e r a  2 2
G l y c e r a  a m e r i c a n a  1 1  2
G l y c i n d e  s o l i t a r l a  1 1  2
L y o n s i a  h y a l i n a  1 1
E u p l e u r a  c a u d a t a  \ 1 1
O x y u r o s t y l i s  s m i t h !  1 ‘ 1
P o l y d o r a  l i g n i  1 1
P o d a r k e  o b s c u r a 1 1
D i o p a t r a  c u p r e a  1 1
S a h e l l a  m i c r o p h t h a l m a  1 1
S a b e l l a r l a  v u l g a r i s  1 1
C u c u m a r i a  p u l c h e r r i m a  1 1
A n t h o z a  C u n i d T l  1 1

Nu mb er  i n d i v i d u a l s  1 1 5  90  ' 109  3 1 4

Number  s p e c i e s  19 16  18  29
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Station L-10 (13

S a m p l e

S p e c i e s

H e t e r o m a s t u s  f i l i f o r m i s
S a b e l l a  m i c r o p h t h a l m a
N e r e i s  s u c c i n e a
P o l y d o r a  l i g n i
D i a d u m e n e  l e u c o l e n a
T h a r y x  s e t l g e r a
M o l g u l a  m a n h a t t e n s i s
S a b e l l a r i a  v u l g a r i s
P s e u d e u r y t h o e  p a u c i b r a n c h i a t  a
S c o l o p l o s  f r a g i l i s
S t r e b l o s p i o  b e n e d i c t i
C e r e b r a t u l u s  l a c t e u s
P e c t i n a r i a  g o u l d i
P o d a r k e  o b s c u r a
N a s s a r i u s  v i b e x
N e o p a n o p e  t e x a n a
C o r o p h i u m  a c h e r u s i c u m
E d o t e a  t r i l o b a
E t e o n e  h e t e r o p o d a
E u m i d a s a n g u l n e a
G l y c i n d e  s o l i t a r i a
L e p i d o n o t u s  s u b l e v i s
H y d r o i d e s  h e x a g o n u s
E d w a r d s i a  e l e g a n s
E u c e r a m u s  p r a e l o n g u s
M e l i t a  n i t i d a
P h o r o n i s  a r c h i t e c t a
T u b u l a n u s  p e l l u c l d u s
S t a u r o n e r e i s  r u d o l p h i
A n o m i a  s i m p l e x
M e r c e n a r i a  me r c e n a r i a
Mya a r e n a r i a
N a s s a r i u s  o b s o l e t u s
M i t r e l l a  l u n a t a
M a n g e l i a  p l i c o s a
U n c i o l a  i r r o r a t a
G l y c e r a  a m e r i c a n a
A r a b e l l a  i r i c o l o r
L u m b r i n e r i s  t e n u i s

2, 3) August 1969

1 2 3 T o t a l

42 64 65 1 7 1
7 78 80 1 6 518 66 79 1 6 3

13 45 46 1 0 4
8 37 47 9 2

16 31 22 691 26 31 5 8
1 24 27 52
9 5 1 3 27
5 12 6 2 3
4 7 4 15
4 4 2 10

7 2 91 4 0 8
3 2 5
3 2 5
2 3 5
1 3 4
3 1 4
1 3 4
1 2 31 2 3

3 3
1 1 1 3

1 1 2
2 2
1 1 2
2 2

1 1 2
1 1

1 1
1 1

1 1
1 ■ 1
1 1

1 1
1 1

1 1
1 1

95



S t a t i o n  L - 1 0  ( 1 , 2 ,  3 ) A u g u s t 1 9 6 9

S a m p l e 1 2 3 T o t a l

Number i n d i v i d u a l s 132 4 37 4 5 6 1 0 2 5

Numb er s p e c i e s 16 31 31 39

96



Station E-7 (1* 2, 3) August 1969

Sample
Species
P a r a p r i o n o s p i o  p i n n a t a  
S c o l o p l o s  f r a g i l i s  
S p i o c h a e t o p t e r u s  o c u l a t u s  
H e t e r o m a s t u s  f i l i f o r m i s  
P e c t i n a r i a  g o u l d i  
N e r e i s  s u e c i n e a  
M u l i n i a  l a t e r a l i s  
N a s s a r i u s  v i b r e x  
N e m e r te a n  ( u n i d . )

N um ber i n d i v i d u a l s

N um ber s p e c i e s

1 2  3 T o t a l

1 11 12
8 8

1 2 32 2
1 1
1 1
1 1
1 1
1 1

1 1 28 30

1 1 9 9
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Station E-8 (1, 2, 3) August 1969

Sample
Species
M o l g u l a  m a n h a t t e n s i s  
N e r e i s  s u e c i n e a  
S a b e 11a m i c r o p h t h a l m a  
D i a d u m e n e  l e u c o l e n a  
H y d r o i d e s  h e x a g o n u s  
A l p h e u s  h e t e r o c h a e l i s  
G . y p t i s  v i t t a t u s  
P o l y d o r a  l i g n i  
E l a s m o p u s  p o c i l l i m a n u s  
S p i o c h a e t o p t e r u s  o c u l a t u s  
E u r y p a n o p e u s  d e p r e s s u s  
T u b u l a n u s  p e l l u c i d u s  
M u l i n i a  l a t e r a l i s  
L e p i d o n o t u s  s u b l e v i s  
E t e o n e  h e t e r o p o d a  
P a r a p r i o n o s p i o  p i n n a t a  
E d o t e a  t r i l o b a  
C e r e b r a t u l u s  l a c t e u s  
S c o l o p l o s  f r a g i l i s  
H e t e r o m a s t u s  f i l i f o r m i s

Number  i n d i v i d u a l s

Number  s p e c i e s

1 2  3 T o t a l

1 7 28 45
8 3 2 1 36 4 10
3 4 76 6
2 1 32 1 3

3 31 1 2
1 1 2
1 1
1 1
1 1
1 1
1 1

1 1
1 1
1 1
1 1
1 1

45 52 7 1 0 4

13 10 6 20
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