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ABSTRACT

The s i g n i f i c a n c e  o f  l a r g e  m o b ile  p r e d a to r s  i n  c o n t r o l l i n g  
t h e  d i s t r i b u t i o n  and abundance of in f a u n a  in  a  sh a l lo w  s u b t i d a l  sand 
community was t e s t e d  u s in g  m a n ip u la t iv e  f i e l d  e x p e r im e n ts .  B lue  c ra b s  
( C a l l i n e c t e s  s a p id u s )  and two s p e c ie s  o f  b o t to m -fe e d in g  f i s h e s ,  sp o t  
( Leiostom us x a n th u r u s ) and hogchoker ( T r in e c t e s  m a c u l a tu s ) , were 
e i t h e r  ex c lu d ed  from o r  co n f in ed  to  sm a l l  a r e a s  u s in g  w ire  mesh cag es .

The in fa u n a  responded  to  d e c re a se d  p r e d a t io n  w i th  a  l a r g e  
i n c r e a s e  i n  d e n s i t y  and d i v e r s i t y  w i t h i n  2 m onths. The l a r g e s t  
p o p u la t io n  i n c r e a s e s  were e x h ib i t e d  by o p p o r t u n i s t i c  s p e c i e s ,  which 
a r e  c o n s id e re d  to  be m ost s u b j e c t  to  p r e d a t io n .  S p e c ie s  whose pop­
u l a t i o n s  were l e a s t  a f f e c t e d  by p r e d a t io n  were th o s e  s p e c ie s  w hich 
e i t h e r  l i v e  deep i n  o r  q u ic k ly  r e t r a c t  i n t o  t h e  sed im en t.  These 
s p e c ie s  th u s  avo id  p r e d a t io n  and were g e n e r a l l y  th e  dom inant s p e c ie s  
i n  th e  n a t u r a l  community. For most s p e c i e s ,  r e c r u i tm e n t  was by  
p la n k to n ic  l a r v a e  and growth was v e ry  r a p i d ,  i n d i v i d u a l s  growing to  
m a tu r i ty  i n  on ly  a  few m onths.

A l l  s p e c ie s  in c re a s e d  i n  e x c lo s u r e s ,  s u g g e s t in g  t h a t  t h e i r  
p o p u la t io n  d e n s i t i e s  a r e  n o t  c o n t r o l l e d  by c o m p e t i t iv e  i n t e r a c t i o n s .
I n  t h i s  community, in f a u n a l  p o p u la t io n  s i z e s  a r e  l i m i t e d  by p r e d a t io n  
and n o t  by food o r  s p a c e .  S evere  p r e d a t io n  p r e s s u r e  and p h y s ic a l  
d i s t u r b a n c e s ,  p a r t i c u l a r l y  sed im en t i n s t a b i l i t y ,  keep p o p u la t io n  
l e v e l s  f a r  below th e  c a r r y in g  c a p a c i ty  o f  th e  en v ironm en t.  The 
s e v e re  p r e d a t i o n ,  and t h e  r a p id  g row th , s h o r t  g e n e r a t io n  t im e s ,  and 
r a p id  t u r n o v e r  r a t e s  o f  c o n s t i t u e n t  p o p u la t io n s ,  s u g g e s t s  t h a t  such  
in f a u n a l  com m unities , d e s p i t e  a  low s ta n d in g  c ro p ,  a r e  an im p o r ta n t  
food  s o u rc e  f o r  p r e d a to r  s p e c ie s  im p o r ta n t  to  man.

ix



EFFECTS OF PREDATION ON AN INFAUNAL COMMUNITY



INTRODUCTION

S o f t -b o t to m  communities a r e  e x tre m e ly  im p o r ta n t  i n  term s 

o f  ecosystem  s t r u c t u r e  and f u n c t i o n ,  n u t r i e n t  r e c y c l i n g  (D avies  1975, 

Rowe e t  a l .  1975) sed im en t dynamics (Rhoads and Young 1970, Rhoads

1974), energy  f lo w  (Pamatmat 1968, M a rsh a l l  1970, Smith 1973, D avies

1 9 7 5 ) ,  and a re  a  m ajor food so u rc e  f o r  e p ib e n th ic  and d em ersa l  p r e d a to r s  

(Medcof and M acPhail 1952, Smith 1970, S t ic k n e y  e t  a l .  1975, A rntz  

and Brunswig 1 9 7 5 ) ,  many o f  w hich a re  d i r e c t l y  v a lu a b le  to  man.

Many t h e o r i e s  of s o f t - b o t to m  community o r g a n iz a t i o n  have 

grown from s t u d i e s  h e a v i ly  dependent on sam pling  app roaches  which s t r e s s  

th e  d e s c r i p t i v e  a s p e c t s  o f  t h e  community ( e .g .  Thorson 1957, Sanders  

1960, Boesch 1971 , 1973, L ie  1974). W hile t h i s  d e s c r i p t i v e  work i s  

a n e c e s s a ry  f i r s t  s t e p ,  few e x p e r im en ts  have been  conducted to  i d e n t i f y  

th e  f u n c t i o n a l  r o l e s  o f  the  m a jo r  community components o f  any s o f t -  

bo ttom  community. The concep t o f  community s t r u c t u r e  and o r g a n iz a t i o n  

s u g g e s ts  more th a n  a mere d e s c r i p t i o n  of th e  assem blage  o f  p o p u la t io n s  

d ay ton  1971). A b e t t e r  method o f  d e te rm in in g  s t r u c t u r e  i s  to  e x p e r i ­

m e n ta l ly  change v a r i a b l e s  o r  p o p u la t io n s  (C o n n e ll  1972). To do so 

r e q u i r e s  m a n ip u la t io n  such t h a t  t h e r e  a r e  com parable  a l t e r e d  ( e x p e r i ­

m en ta l)  and u n a l t e r e d  ( c o n t r o l )  a r e a s .  The in fo r m a t io n  g a in ed  by such 

m a n ip u la t io n s  sh o u ld  i n d i c a t e  th e  im p o r ta n t  p a ra m e te rs  c o n t r o l l i n g  th e  

community s t r u c t u r e  and i d e a l l y  sh o u ld  e x p la in  and p r e d i c t  th e  observed  

d i s t r i b u t i o n a l  p a t t e r n s  and abundances o f  th e  s p e c ie s  i n  t h e  community 

(Dayton 1971, C onnell 1972). In  a s e r i e s  o f  f i e l d  e x p e r im e n ts ,

2



C onnell (1961a, b ,  1970, 1972), Dayton (1 9 7 1 ) ,  P a in e  (1 9 7 4 ) ,  and Henge 

(1970) have dem onstra ted  c l e a r l y  t h a t  b o th  p h y s i c a l  and b i o l o g i c a l  

f a c t o r s  a re  im p o r tan t  in  d e te rm in in g  v e r t i c a l  d i s t r i b u t i o n  and abundance 

o f  o rganism s on m arin e  rocky  i n t e r t i d a l  s u r f a c e s .

These e x p e r im e n ta l  s t u d i e s  on rocky  i n t e r t i d a l  s u r f a c e s  have 

s e v e r a l  ad v an tag es  o v e r  s i m i l a r  exper im en ts  on s u b t i d a l  s o f t - b o t t o m s : 

th e  rocky  a re a s  a r e  a c c e s s i b l e ;  t h e i r  s p e c ie s  a r e  w e l l  known; s p e c ie s  

abundances and d i s t r i b u t i o n s  can be  seen  and th u s  m easured  o r  e s t im a te d  

d i r e c t l y  w i th o u t  removing th e  a n im a ls ;  and p o p u la t io n s  a r e  amenable to  

e x p e r im e n ta l  m a n ip u la t io n  in  t h e  f i e l d  (C o n n e ll  1972). I n  c o n t r a s t ,  

s u b t i d a l  s o f t - b o t to m  a re a s  a r e  l e s s  a c c e s s i b l e ;  s p e c ie s  cannot be  

removed e a s i l y  o r  s e l e c t i v e l y ;  and , most im p o r ta n t l y ,  t h e  in fa u n a  o f 

s o f t  bo ttom s canno t be  enum erated w i th o u t  perm anen tly  removing some o f 

th e  an im als  and s u b s t r a t e ,  th u s  d i s t u r b i n g  and p a r t l y  d e s t r o y in g  t h a t  

which was to  be  m easured . Due to  th e s e  in h e r e n t  d i f f i c u l t i e s ,  e c o l o g i s t s  

w orking on s o f t - b o t to m  in fa u n a  a r e  on ly  r e c e n t l y  p r o g r e s s in g  p a s t  th e  

s t a g e  o f  community d e s c r i p t i o n s  to  a s s e s s  th e  r o l e  o f  p h y s ic a l  and 

b i o t i c  i n t e r a c t i o n s  i n  community s t r u c t u r e .  P r e d a t io n  by e p ib e n th ic  

c rabs  and f i s h  i s  one such p o t e n t i a l l y  im p o r tan t  b i o t i c  i n t e r a c t i o n .

Many s t u d i e s  have shown t h a t  d em ersa l f i s h  (D a rn e l l  1958,

Bakus 1964, Medcof and M acPhail 1952, Smith 1970, P ee r  1970, A rntz  

and Brunswig 1975, S t ick n e y  e t  a l .  1975, McEachran e t  a l . , i n  p re s s )  

and c ra b s  (D a rn e l l  1958, L anders  1954, Menzel and Hopkins 1955, 

D unnington 1956) f e e d  on s o f t - b o t to m  b e n th o s ,  in c lu d in g  in fa u n a .

A lthough th e  a ssum ption  i s  o f t e n  made t h a t  a l a r g e  p ro p o r t io n  o f i n f a u n a l  

m o r t a l i t y  i s  due to  p r e d a t io n ,  few s t u d i e s  have examined th e  e f f e c t  of 

p r e d a t io n  on In f a u n a l  com m unities , p a r t i c u l a r l y  s u b t i d a l l y .  Woodin
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(1974) i n a d v e r t e n t l y  found t h a t  c ra b s  cou ld  reduce g r e a t l y  th e  abundance 

o f  t u b e - b u i ld in g  p o ly c h a e te s  i n  a  N orth  P a c i f i c  i n t e r t i d a l  s o f t - s e d im e n t  

env ironm en t.  Naqvi (1968) u-sed 6 mm mesh cages to  p r o v id e  p r o t e c t i o n  

from p r e d a t io n  to  th e  I n t e r t i d a l  in f a u n a  a t  A l l i g a t o r  H a rb o r ,  F l o r id a .

He found fo u r  t im es  as  many an im a ls  i n s i d e  th e  cages  a s  o u t s id e  th e  

c ag es .  No p r e d a t o r s ,  however, were n o te d  o r  i d e n t i f i e d ,  and i t  was 

n o t  d em o n s tra ted  t h a t  r e s u l t s  w ere  due to  la ck  of p r e d a t i o n .

Many b o t to m -fe e d in g  f i s h e s  m ig ra te  in to  Chesapeake Bay and 

i t s  t r i b u t a r i e s  i n  th e  s p r i n g ,  feed  th roughou t th e  s p r i n g  and summer, 

and th en  le a v e  th e  Bay in  t h e  f a l l  (McHugh 1967, M cE rlean  e t  a l . . 1973).

Some o f  t h e s e  more abundant s p e c i e s  a r e  sp o t  (L e ios tom us x a n th u r u s ) , 

A t l a n t i c ' c ro a k e r  (Micropogon u n d u la tu s )  and summer f l o u n d e r  ( P a r a l i c h t h y s  

d e n t a t u s ) . The hogchoker ( T r ln e c t e s  m aculatus) i s  a  y e a r - r o u n d , b u t  

m ig r a to r y ,  r e s i d e n t .  The b lu e  c rab  (C a l l in e c te s  s a p id u s )  , an e s p e c i a l l y  

v o ra c io u s  f e e d e r  on t h e  in f a u n a ,  i s  v e ry  abundant th ro u g h o u t  th e  Bay 

d u r in g  summer b u t  i s  i n a c t i v e  d u r in g  w in te r ,  when i t  h i b e r n a t e s  i n  th e  

sed im en t o f  th e  d e ep e r  w a te r s  o f  th e  low er Bay.

S h a l lo w -w a te r  s u b t i d a l  communities in  C hesapeake  Bay have 

low in f a u n a l  d e n s i t i e s  compared to  s i m i l a r  b u t v e g e t a t e d  sed im en ts  

(O r th ,  1973), where c ra b s  have  d i f f i c u l t y  d ig g in g  th r o u g h  th e  rhizom e 

mat o f  submerged g r a s s e s .  A lso ,  t h e s e  d e n s i t i e s  a r e  lo w e s t  i n  summer 

and f a l l  (when c ra b s  and f i s h  have  been  feed in g  on t h e  in fa u n a )  and 

h ig h e s t  i n  w i n t e r  and s p r in g  (when th e s e  p re d a to rs  a r e  a b s e n t ) , sug­

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

o f  p r e d a t io n  and i n f a u n a l  abundance .

T h is  t h e s i s  r e p o r t s  th e  r e s u l t s  o f  m a n ip u la t iv e  f i e l d  e x p e r i ­

ments to  t e s t  th e  s i g n i f i c a n c e  o f  l a r g e  m obile  p r e d a t o r s  i n  c o n t r o l l i n g
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th e  d i s t r i b u t i o n  and abundance o f  in fa u n a  in  sh a l lo w  s u b t i d a l  com­

m u n i t ie s  .



METHODS AND MATERIALS

The a r e a  i n v e s t i g a t e d  was a s h a l lo w  ( 1 .4  m a t  MLW) sandy 

bottom  70 m from th e  mean low w a te r  l i n e  i n  th e  low er York R iv e r  a t  

th e  V i r g i n i a  I n s t i t u t e  o f  M arine S c ien ce  (F ig .  1 ) .  Wire mesh cages 

were used  e i t h e r  to  ex c lu d e  p r e d a to r s  f rom , o r  to  c o n f in e  c e r t a i n  

p r e d a to r s  t o ,  a sm a l l  a r e a .  Cages m easu ring  50 cm sq u a re  by 15 cm 

h ig h  were c o n s t r u c te d  o f 12 mm ( h a l f - i n c h )  mesh w ire  hardw are  c l o t h  

o v e r  a  fram e o f 9 mm-diameter s t e e l  ro d s  (F ig .  2 ) .  A t r a p  door was 

c u t  in  th e  top  o f  each  cage to  p ro v id e  a c c e s s  i n s i d e  th e  c ag e s .  The 

30 cm le g s  and 5 cm o f  th e  bottom edge o f th e  s id e s  were pushed In to  

th e  sed im en t to  keep th e  cage i n  p la c e  and to  p re v e n t  p r e d a to r s  from 

d ig g in g  u n d e r  t h e  cage . F o u l in g  organism s were removed by s c ru b b in g  

th e  cages f r e q u e n t l y  w i th  a  w ire  b ru sh  (w eekly sc ru b b in g  a f t e r  th e  

f i r s t  3 w e e k s ) .

Cages and o th e r  t r e a tm e n ts  were  p la c e d  3 m a p a r t  a t  randomly 

a ss ig n e d  p o s i t i o n s  o f  a  4 x 6 g r id  m easuring  12 x 20 m ( lo n g  a x is  p a r a l ­

l e l  to  s h o r e ) .  I n  each  ex p e r im en t ,  a l l  cages and t r e a tm e n ts  were s t a r t e d  

on th e  same d a t e ,  l e f t  f o r  a p re d e te rm in ed  p e r io d  o f  t im e ,  and th en  

sampled on t h e  same d a t e .  P r e l im in a r y  e x p er im en ts  i n  1973 showed t h a t  

s i g n i f i c a n t  changes took  p l a c e  w i t h i n  2 m onths. T h e r e f o r e ,  t h e  e x p e r i ­

ments i n  1974 were run  f o r  2 m onths. T here  were two r e p l i c a t e s  o f  

each t r e a tm e n t .  The v a r io u s  t r e a tm e n ts  w ere :  c o n t r o l  (u n cag ed );

empty cag e ;  cage c o n ta in in g  a  c ra b ;  1 m^ cage c o n ta in in g  a c ra b ;

6



F ig u re  1 . Map showing l o c a t i o n  o f  s tu d y  a r e a  i n  th e  low er 

York R iv e r ,  V i r g i n i a .
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F ig u re  2. P ho tograph  o f c ag es .  The s ta n d a r d  cage used  i s  on
9

th e  l e f t ,  t h e  1 m cage on th e  r i g h t .  When s e t  o u t ,  

th e  lo w er  h o r i z o n t a l  b a r  was pushed below th e  

se d im e n t-w a te r  i n t e r f a c e .
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cage d iv id e d  by  mesh in to  q u a d ra n ts  each  c o n ta in in g  a c r a b ; cage con­

t a in in g  a f i s h  (1973: hogchoker, 1974: s p o t ) ;  cage w ith  th e  i n s id e  

sed im en t m anually  d i s tu r b e d ;  tw o -s id e d  cage (w i th  to p ) ;  and a crab 

t e th e r e d  to  a  s t a k e .  The c rabs  u sed  were 9-11 cm c a rap ace  w id th ;  th e  

s p o t  and hogchokers  were 12-13 cm t o t a l  l e n g t h .  The f i s h  w ere measured 

b e fo re  b e in g  p u t  i n  th e  cages and th e n  a g a in  a t  th e  end o f t h e  e x p e r i ­

ment ( i f  th e y  cou ld  be r e c a p tu r e d ) .  A l l  f i s h  s u r v iv e d ,  b u t  no crab 

su rv iv e d  t h e  f u l l  two months o f  an  e x p e r im e n t ,  hav ing  an averag e  l i f e  

expec tan cy  o f  one month in  th e  c a g e s .  When a  c rab  d ie d ,  i t  was r e p la c e d  

by a n o th e r .  M ajor experim ents  w ere  ru n  J u ly  to  Septem ber i n  1973 and 

May to J u l y  i n  1974. A d d it io n a l  empty cages were p u t  in  and sampled 

a f t e r  2, 4 ,  6 ,  9 ,  and 12 months i n  1974. A com ple te  t a b l e  o f  t r e a tm e n ts  

and r e p l i c a t e s  i s  g iven  b e fo re  t h e  r e s u l t s  o f  each  ex p e r im en t .

To sam ple t h e  in fa u n a  i n  a  cage , th e  cage was c a r e f u l l y

p u l le d  o u t  o f  t h e  sedim ent and s e t  a s i d e .  F iv e  co res  w ere  tak en  a t

randomly a s s ig n e d  p o s i t io n s  from w i t h i n  th e  a r e a  where th e  c a re  had
2

b een . Samples w ere taken  w ith  an 8 .1  cm i n s i d e  d ia m e te r  (0 .0 0 5  m ) 

h an d -h e ld  PVC p ip e  c o re r  to  a  d e p th  o f  10 cm. In  1973, sam ples were 

s iev ed  th ro u g h  a  0 .5  mm sc ree n  and  th e n  f ix e d  i n  fo r m a l in  w i th  the  

v i t a l  s t a i n  p h lo x in e  B added. I n  1974, sam plesw ere  f ix e d  i n  fo rm a l in  

f i r s t  and th e n  s ie v e d .  This l a t t e r  p ro c e d u re  In c re a s e d  th e  number o f  

an im als  r e t a i n e d ,  s in c e  many t h r e a d - l i k e  worms ( e s p e c i a l l y  o l ig o c h a e te s )  

would c raw l th ro u g h  th e  s c re e n  i f  s i e v e d  a l i v e .  The r e t a i n e d  an im als  

were s o r t e d  from th e  sedim ent u n d e r  a  d i s s e c t i n g  m ic ro sco p e ,  i d e n t i f i e d ,  

co un ted , many m easured , and a l l  r e t a i n e d  in  e th a n o l .  Samples were ta k en  

in  the  same m anner from randomly a s s ig n e d  uncaged p l o t s  whenever a cage



was p u t  i n  o r  sam pled , as w e l l  as d u r in g  most o th e r  m onths. A ll  

s e r v i c i n g  o f  c ag e s ,  sam p lin g , and o b s e r v a t io n s  were c a r r i e d  o u t u s in g  

SCUBA g e a r .

Samples f o r  a n a l y s i s  o f  sed im en ts  w ere  ta k en  w i th  a  5 cm 

c o re r  5 cm d e ep ,  and ana ly zed  f o r  p a r t i c l e  s i z e  a c c o rd in g  to  methods 

g iven  by F o lk  (1968) . The sand f r a c t i o n  was s e p a r a te d  from  th e  s i l t s  

and c la y s  by wet s ie v in g  th ro u g h  a  62 p mesh s i e v e  and an a ly zed  by 

dry  s i e v i n g  th rough  a  Wentworth s i e v e  s e r i e s .  The s i l t - c l a y  f r a c t i o n  

was measured by p i p e t t e  a n a l y s i s .  O ra n g e -p a in ted  sand was p la c e d  on 

th e  sed im en t b o th  i n s i d e  and o u t s id e  th e  cages  so  t h a t  any d i f f e r e n c e s  

i n  sed im en t s t a b i l i t y  and t r a n s p o r t  by c u r r e n t s  and waves cou ld  be 

o b s e rv e d .

Q u a n t i t a t i v e  a n a ly s e s  o f  f a u n a l  sam ples  were done u s in g  the  

pooled d a t a  from b o th  r e p l i c a t e s .  In  th e  few c a s e s  where r e p l i c a t e s  

were q u i t e  d i f f e r e n t ,  each  r e p l i c a t e  was t r e a t e d  s e p a r a t e l y .

Comparisons o f  t o t a l  d e n s i t y ,  number o f  s p e c i e s ,  and number 

o f  I n d iv i d u a l s  o f  abundant s p e c ie s  were made betw een t h e  t r e a tm e n ts  

u s in g  a  one-way a n a ly s i s  o f  v a r ia n c e  (S okal and Rohlf 1969). Homo­

g e n e i ty  o f  v a r i a n c e  was t e s t e d  u s in g  th e  F - t e s t .  I f  a  s i g n i f i c a n tmax

d e p a r tu r e  from hom ogeneity  was fo u n d , a  lo g (x  +  1) t r a n s f o r m a t io n  was 

a p p l i e d ,  and th e  tran s fo rm ed  d a ta  th e n  r e t e s t e d  w i th  t h e  Fmax- t e s t .

I f  th e  a n a l y s i s  of v a r i a n c e  in d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  between 

means, a l l  means were compared u s in g  th e  a  p o s t e r i o r i  Student-Newman- 

Keuls m u l t i p l e  com parison t e s t .  A t - t e s t  was used  to  t e s t  w he ther  

a  sample mean was s i g n i f i c a n t l y  g r e a t e r  th a n  z e r o .  S i g n i f i c a n c e  was 

chosen to  b e  th e  a  = 0 .0 5  l e v e l .  Any d e p a r tu r e s  from t h i s  s ta n d a rd  

p ro ced u re  a re  n o te d .
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B a s ic  assum ptions  of t h e  e x p e r im e n ta l  d e s ig n

I n  a d d i t i o n  t o  th e  s ta n d a r d  assum ptions  o f  random sam pling , 

a d eq u a te  sam ple s i z e ,  e t c . , t h e r e  a r e  two o t h e r  b a s i c  assum ptions  

u n d e r ly in g  th e  scheme o f  th e  e x p e r im e n ta l  d e s ig n .  One assum ption  i s  

t h a t  th e  in fa u n a  th ro u g h o u t th e  a r e a  where th e  cages  were p la c e d  was 

homogeneous, i . e .  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  d id  n o t  e x i s t  from one 

sm a l l  p l o t  to  a n o th e r  a  few m e te rs  away, and when cages  were p la ce d  

o v e r  d i f f e r e n t  p l o t s  on t h e  same d a t e ,  t h a t  they  a l l  o r i g i n a l l y  en c lo sed  

th e  same in f a u n a l  community. T h is  a ssum ption  was t e s t e d  by comparing 

r e p l i c a t e s  from randomly s e l e c t e d  uncaged a re a s  f o r  a l l  months when 

r e p l i c a t e s  were  ta k e n .  Uncaged r e p l i c a t e s  were t a k e n ,  i n  th e  s e n s e  t h a t  

two uncaged p l o t s  th e  s i z e  o f  a cage were randomly s e l e c t e d  and f iv e  

randomly p la c e d  co re s  were tak en  from each  o f  t h e  two r e p l i c a t e  p l o t s .

T o t a l  d e n s i t y  and number o f  s p e c ie s  p e r  c o re  o f  r e p l i c a t e s  were com­

p a red  u s in g  a  one-way a n a ly s i s  o f  v a r i a n c e ,  and t h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s  ( a  > 0 .0 5 )  be tw een r e p l i c a t e s  from any one month. T here ­

f o r e  th e  p o s i t i o n  o f  a  cage d id  n o t  have any e f f e c t  on t h e  in fa u n a  

w i th in  t h a t  cage.

The second assum ption  i s  t h a t  i f  two cag es  were p u t  i n  a t  

th e  same d a t e ,  and one cage sampled a t  t im e  t^  and a n o th e r  a t  tim e t 2 , 

th e n  b o th  cages had th e  same in fa u n a  a t  t im e  tj_. U n f o r tu n a te ly ,  t h i s  

assum ption  was u n t e s t a b l e  due t o  th e  d e s t r u c t i v e  n a tu r e  o f  t h e  sam pling . 

Repeated o b s e r v a t io n s  o f  c ag e s ,  how ever, p a r t i a l l y  confirm ed  t h i s  

a ssum ption  f o r  th o s e  s p e c ie s  v i s i b l e  a t  t h e  sed im en t s u r f a c e .



RESULTS AND INTERPRETATION

The N a tu r a l  Community

The a r e a  i n v e s t i g a t e d ,  a s h a l lo w ,  (1 .4  m) san d y , u n v e g e ta te d  

bo ttom  i n  th e  low er York R iv e r  ( s a l i n i t y  16-23 o /oo )  i s  p ro b a b ly  r e p r e ­

s e n t a t i v e  o f  many o f  t h e  e x te n s iv e  sh o a l  a r e a s  o f  th e  Chesapeake Bay 

and i t s  s u b e s t u a r i e s .  Sedim ents  and communities were s i m i l a r  a t  1 .5  

and 3 .0  jn-deep s i t e s  s tu d ie d  e a r l i e r  by Haven ec a l .  (1 9 6 7 ) .  Sedim ents  

were p o o r ly  s o r t e d  (o-j = 1 .1 0  f i n e  sands (Md^ = 2 .52  si = 0 .178  mm) 

(Folk 1968) w i th  a  15% s i l t - c l a y  c o n te n t .  The sedim ent s u r f a c e  had a 

s l i g h t  to p o g ra p h ic  r e l i e f  o f  1 -2  cm, covered  w i th  a l a y e r  o f  f e c a l  

p e l l e t s ,  p a r t i c u l a r l y  c o n c e n t r a te d  in  t h e  s l i g h t  d e p r e s s io n s  (F ig .  3 ) .

Rank a n a l y s i s  (F a g e r ,  1957) was used  to  d e te rm in e  dominant 

s p e c ie s  based  on t h e  t e n  months o f  1974 sam ples from uncaged a re a s  

(T able  1 ) .  For each  m o n th 's  sam ple , t h e  to p - ra n k e d  s p e c ie s  was g iv en  

10 p o i n t s ,  s eco n d -ran k ed  9 p o i n t s ,  e t c . ,  f o r  th e  top  10 s p e c i e s .

Maximum p o s s i b l e  s c o r e  ( f o r  a s p e c ie s  to p - ra n k e d  i n  e v e ry  sample) i s  

100. Of th e  to p  12 s p e c i e s ,  11 a r e  a n n e l id s  (one o l i g o c h a e t e  and 10 

p o l y c h a e t e s ) . The to p  f i v e  s p e c ie s  b u i ld  v e r t i c a l  tu b e s  o r  burrow s in  

th e  sed im en t b u t  e x h i b i t  d iv e r s e  fe e d in g  ty p e s :  two fe e d  on th e  sed im ent

s u r f a c e  (S p io c h a e to p te ru s  o c u la tu s  and S t r e b l o s p i o  b e n e d i c t ! ) , two feed  

a n t e r i o r  end down a t  t h e  bo ttom  o f  t h e i r  tu b e s  o r  burrows (P e lo s c o le x  

g a b r i e l l a e  and H e terom as tus  f i l i f o r m i s ) , and one s p e c i e s  i s  a t e n t a c u l a t e  

su sp e n s io n  f e e d e r  (P h o ro n is  psam m ophila). I n d e e d , P h o ro n is  i s  t h e  on ly

12



F ig u re  3. P r o f i l e  ( to p )  and v e r t i c a l  (bottom ) pho tog raphs  o f  

n a t u r a l  sed im en ts  ta k e n  i n  t h e  f i e l d  u s in g  methods 

s i m i l a r  to  t h a t  o f  Rhoads and Cande (1 9 7 1 ) ,  u s in g  a 

h a n d -h e ld  Nikonos camera. A c tu a l  f i e l d  o f  view  i s  

a p p ro x im a te ly  10 x 12 cm. The p redom inan t f e a t u r e  

i n  t h e  lo w er pho tograph  i s  t h e  p a i r e d  s ip h o n s  of th e  

ange l-w ing  clam , C y r to p le u ra  c o s t a t a  ( L . ) .





TABLE 1

Rank a n a l y s i s  o f  dominant s p e c ie s  i n  t h e  n a t u r a l  community b ased  on 

sam ples from t e n  months in  1974.

S p e c ie s Rank Score
Average 
d e n s i ty  
(No. /m^)

V a r i a b i l i t y  o f  d e n s i ty  
( v a r ia n c e  o f  monthly 

means ab o u t  th e  
y e a r l y  mean)

P e lo s c o le x  g a b r i e l l a e  (0) 1 96 3971 7 .03

S p io c h a e to p te r u s  o c u la tu s  (P) 2 80 .5 890 0 .3 6

H eterom astus  f i l i f o r m i s  CP) 3 79 1424 1 .00

S t r e b l o s p io  b e n e d i c t i  (P) 4 63 1162 1 0 .06

P h o ro n is  psamraophila (Ph) 5 5 0 .8 436 0 .6 8

G lyc inde  s o l i t a r i a  (P) 6 45 .3 349 0 .8 9

P o ly d o ra  l i g n i  (P) 7 27 450 11 .90

P a ra p r io n o s p io  p in n a t a  (P) 8 2 2 .3 167 0 .4 6

S c o le l e p i s  squam ata  (P) 9 1 5 .5 153 0 .5 1

S co lo p lo s  r o b u s tu s  (P) 10 15 .3 107 0 .5 4

E teone h e te ro p o d a  (P) 11 13 105 1 .34

N e re is  s u c c in e a  (P) 12 9 .5 110 0 .37

Acteon p u n c t o s t r i a t u s  (G) 13 9 89 0 .6 4

0 = o l l g o c h a e t e ,  P = p o ly c h a e te ,  Ph = p h o ro n id ,  G = g a s tro p o d

14
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su sp e n s io n - fe e d in g  s p e c ie s  o f  th e  top  13 s p e c i e s ; th e  o th e r  12 sp e c ie s  

i n g e s t  sed im en ts  o r  s u r f a c e  d e p o s i t s .  Of s i g n i f i c a n t  n o te  i s  th e  

complete absence  o f  b iv a lv e s  and c r u s ta c e a n s  from t h i s  l i s t  o f dominant 

s p e c ie s .

The ra n k in g  o f  th e  dominant s p e c ie s  was r a t h e r  c o n s ta n t  

th roughout t h e  y e a r .  F or example, i n  t h e  t e n  sam ples P e lo s c o le x  ranged 

i n  rank  only  from 1 -3 ,  S p io c h a e to p te ru s  ranked  2 -5 ,  H e terom astus  1 -5 , 

and Glycinde s o l i t a r i a  4 -9 .  A r e l a t i v e  index of p e r s i s t e n c e ,  c a lc u la te d  

as the  r a t i o  o f  th e  v a r i a n c e  o f  th e  m onthly  means to  th e  y e a r ly  mean 

(Table  1) , i n d i c a t e s  t h a t  S p io c h a e to p te ru s  was t h e  s p e c ie s  m ost c o n s ta n t  

i n  abundance th ro u g h o u t  th e  y e a r ,  and S t r e b l o s p io  and P o ly d o ra  were th e  

l e a s t  p e r s i s t e n t  ( a l s o  i n d ic a te d  in  F ig .  4 ) .

T here  was a  g e n e r a l ,  though n o n - s i g n i f i c a n t  t r e n d  in d i c a t i n g  

t h a t  t o t a l  d e n s i t y  and numbers o f  s p e c ie s  were lo w e s t  i n  Septem ber or 

November in  b o th  1973 and 1974 (F ig .  4A, B ) . Crabs and most f i s h  have 

been fee d in g  on in fa u n a  th ro u g h o u t th e  summer u n t i l  t h i s  tim e o f  th e  

y e a r ,  then e i t h e r  s to p  fe e d in g  o r  le a v e  th e  sh a l lo w  a r e a s .  Thus, th e  

d e c l in e  in  d e n s i t y  and number o f  s p e c ie s  may have been  due to  th e  con­

t i n u a l  p r e d a t io n  on t h e  in fa u n a  th ro u g h o u t  th e  summer. In  1974, t o t a l  

d e n s i ty  in  December was s i g n i f i c a n t l y  g r e a t e r  than  in  November, p o s s ib ly  

in d i c a t i n g  a  r a p id  r e p o p u la t io n  o f  in f a u n a  when p r e d a to r s  l e a v e ,  a lthough  

o th e r  e x p la n a t io n s  a r e  p o s s i b l e .  The o p p o r t u n i s t i c  s p e c ie s  (G ra s s le  

and G ra ss le  1974) S t r e b l o s p io  b e n e d i c t i ,  P o ly d o ra  l i g n i , and M u lln ia  

l a t e r a l i s , fo l lo w e d  t h i s  t r e n d  o f  a d e c re a se  i n  d e n s i t y  con co m itan t w ith  

continued  a c t i v i t y  o f  p r e d a t o r s ,  fo llow ed  by a l a r g e  in c r e a s e  i n  d e n s i ty  

i n  l a t e  f a l l  a f t e r  p r e d a to r s  le a v e .  These t h r e e  s p e c ie s  l i v e  v e ry  near 

o r  a t  the  s u r f a c e ,  and a re  th u s  v e ry  s u s c e p t i b l e  to  p r e d a t io n  o r  to  

d is tu rb a n c e  a t  th e  s u r f a c e  o f  th e  sed im en ts .



Figure 4 M onthly abundance p a t t e r n s ,  1973-1974, of (A) t o t a l  

m a c ro fa u n a l  d e n s i t y ,  (B) number o f  s p e c i e s ,  and 

(C-R) th e  16 most common s p e c i e s .
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1973 Caging E xperim en ts

I n  1973, p r e l im in a r y  exp er im en ts  w ere  conducted to  t e s t  th e  

e f f e c t  on t h e  in fa u n a  b o th  o f  e x c lu s io n  from and confinem ent o f  p red ­

a t o r s  w i t h i n  sm a l l  a r e a s  u s in g  w ire  mesh c ag e s .  P r e d a to r s  t e s t e d  f o r  

e f f e c t s  on in fa u n a  were th e  b lu e  c rab  C a l l i n e c t e s  s a p id u s  Rathbun and 

th e  hogchoker T r ln e c te s  m acu la tu s  (B loch and S c h n e id e r ) , a  f l a t - f i s h .  

One cage was d iv id e d  w i th  w ire  mesh i n t o  q u a d ra n ts  and a c rab  p u t  in  

some q u a d ra n ts  ( " 4 - c r a b s "  t re a tm e n t)  t o  t e s t  t h e  e f f e c t  o f  d e n s i t y  of 

c r a b s ,  o r  i n t e n s i t y  o f  c rab  p re d a t io n .  O th e r  q u a d ra n ts  were l e f t  

empty ("em pty  V 1 t r e a tm e n t )  to  t e s t  t h e  e f f e c t  o f  cage s i z e .  S in ce  i t  

was s u s p e c te d  t h a t  the  cag es  m ight a f f e c t  w a te r  c u r r e n t s  and sedimen­

t a t i o n ,  a  cage w i th  a  to p  b u t  on ly  two s i d e s  was used . T h is  cage was 

p laced  w i th  th e  two s i d e s  p e r p e n d ic u la r  t o  t h e  d i r e c t i o n  o f  t i d a l  cu r­

r e n t s ,  so  as to  have maximum e f f e c t  on c u r r e n t s ,  w h ile  t h e  two open 

s id e s  would a l lo w  c rab s  and f i s h  a c c e s s  t o  th e  in fa u n a  under  t h e  cage. 

I n  the  c o u rs e  o f  t h e  ex p e r im en t ,  c r a b s  were observed  d ig g in g  w i th in  

t h i s  p a r t i a l l y  open cage .

Empty cages and cages w ith  c ra b s  w ere  sampled a t  two time 

i n t e r v a l s  to  d e te rm in e  t h e  time c o u rse  o f  t h e  re s p o n se  of t h e  in fa u n a .

A summary o f  t r e a tm e n t s ,  d a t e s ,  and r e p l i c a t e s  i s  g iv e n  i n  T ab le  2.

F o r  each e x p e r im e n ta l  p e r io d ,  d i f f e r e n c e s  betw een t r e a tm e n ts  

were t e s t e d  by a one-way a n a ly s i s  o f  v a r i a n c e .  P a ram e te rs  t e s t e d  

were t o t a l  d e n s i t y ,  number o f  s p e c ie s  p e r  c o r e ,  and numbers o f  i n d iv id ­

u a ls  p e r  c o re  o f  a l l  s p e c ie s  s u f f i c i e n t l y  abundant to  s u sp e c t  any 

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



TABLE 2

1973 experim ents . The number o f  samples o f  each r e p l i c a t e  

tre a tm e n t  a t  each sam p lin g  d a t e .  The e n t r y  "5 + 5" i n d i c a t e s  

f i v e  cores  sampled from  e ac h  o f two r e p l i c a t e s .

Treatm ent At s t a r t  o f  
e x p e r im e n t  

(7 -3 1 -7 3 )

A f t e r  2 k  
weeks 

(8 -1 7 -7 3 )

A f t e r  2 
months 

(9 -29 -73 )

Uncaged a rea 5 +  5 5 5 + 5

Empty cage 5 5 + 5

Empty quadrant 
of cage 5

Cage w ith 
Hogchoker 5 + 5

Cage w ith  crab 5 5 + 5

Cage w ith  crab 
i n  each 
qu ad ran t 3 5 + 5

Cage w ith  2 
s id e s 5

20
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R e s u l t s  a f t e r  2 h  weeks

On 17 August 1973, a f t e r  th e  cages had been  In  p l a c e  2% weeks, 

t h e r e  were few s i g n i f i c a n t  d i f f e r e n c e s  between any of th e  t r e a tm e n ts  

sam pled. Although th e r e  was l e s s  th a n  h a l f  th e  t o t a l  d e n s i t y  i n  th e  

4 -c ra b s  t r e a tm e n t ,  none o f  th e  d i f f e r e n c e s  was s i g n i f i c a n t  a t  a  = 0 .05 .

The number o f  s p e c ie s  p e r  co re  i n  th e  empty cage  was s i g n i f i c a n t l y  

g r e a t e r  than  a l l  o t h e r  t r e a tm e n t s ,  and was h ig h ly  s i g n i f i c a n t l y  l e s s  

( a  < 0 .01 )  i n  th e  4 -c ra b s  t r e a tm e n t  than  any o t h e r  t r e a tm e n t .  Of th e  

s p e c ie s  w i th  s u f f i c i e n t  d e n s i t y  to  t e s t  s t a t i s t i c a l l y ,  on ly  t h e  c h ae to p -  

t e r i d  p o ly c h a e te  S p io c h a e to p te ru s  o c u la tu s  showed any s i g n i f i c a n t  

d i f f e r e n c e s  betw een t r e a tm e n t s ,  th e  4 -c ra b s  t r e a tm e n t  h av ing  s i g n i f i ­

c a n t l y  few er i n d i v i d u a l s  p e r  c o re  than  any o t h e r  t r e a tm e n t  and uncaged 

August sam ples h av ing  more I n d iv i d u a l s  than  a l l  o t h e r  t r e a tm e n t s  excep t 

th e  empty cage. T here  were no s i g n i f i c n a t  d i f f e r e n c e s  be tw een  t r e a t ­

ments f o r  any o th e r  s p e c i e s .

A p p aren t ly  th e  number o f  s p e c ie s  p e r  c o re  i s  a  p a ra m e te r  

which responds  more q u ic k ly  to  th e  t r e a tm e n ts  t e s t e d .  T h is  re sp o n se  

was due to  th e  r a r e r  s p e c ie s  b e in g  e l im in a te d  from  th e  cage w i th  fo u r  

c r a b s ,  and in c r e a s in g  i n  t h e  empty cage. A r e l a t i v e l y  s m a l l  change 

i n  d e n s i t y  o f  a  r a r e  s p e c ie s  may b e  s u f f i c i e n t  t o  a f f e c t  i t s  p ro b ­

a b i l i t y  o f  be in g  sam pled.

The ra n k s  o f  t r e a tm e n ts  averaged o v e r  b o th  com posite  pa ram ete rs  

and a l l  s p e c ie s  t e s t e d  f a l l  i n  th e  fo l lo w in g  o r d e r  ( to p  ranked  to  low est 

r a n k e d ) :  empty c a g e ,  uncaged a t  s t a r t ,  uncaged a t  end, c r a b ,  4 -c ra b s .

S p e c ie s  d i v e r s i t y  (Shannon H ' , P le lo u  1966) d e c re a se d  from  3 .63  to  

3 .15  b i t s / i n d i v i d u a l  in  t h i s  o r d e r in g ,  which m igh t a l so  b e  c o n s id e re d  

an o rd e r in g  o f  t r e a tm e n ts  from low to  h ig h  d i s t u r b a n c e ,  th u s  su p p o r t in g
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th e  h y p o th e s i s  t h a t  h ig h  s t r e s s  causes low d i v e r s i t y  (S an d e rs ,  196 8 ).

R e s u l t s  a f t e r  2 months

On 29 Septem ber 1973, a f t e r  t h e  cages had been i n  p la c e  2 

m onths , th e r e  were many more s i g n i f i c a n t  d i f f e r e n c e s  between t r e a tm e n ts  

th an  a f t e r  on ly  2% weeks. T o t a l  d e n s i t y ,  number o f  sp e c ie s  p e r  c o r e ,  

and number o f  i n d i v i d u a l s  p e r  co re  o f  s i x  s p e c ie s  w ere  s i g n i f i c a n t l y  

g r e a t e r  in  th e  empty cage th a n  in  e i t h e r  o f  th e  cag es  w ith  c ra b s  (F ig .  

5 ) .  These  s i x  s p e c ie s  were P a ra p r io n o s p io  p i n n a t a , S p io c h a e to p te ru s  

o c u l a t u s , S t r e b l o s p io  b e n e d l c t i , S c o lo p lo s  r o b u s t u s , M ulin ia  l a t e r a l i s , 

and E dw ards ia  e l e g a n s . Of t h e s e  s ix  s p e c i e s ,  S t r e b l o s p i o  and M u lin ia  

a r e  two o f  th e  t h r e e  s p e c ie s  shown above to  b e s t  fo l lo w  th e  s e a s o n a l  

p a t t e r n  o f  d e c r e a s in g  d e n s i t y  c o in c id in g  w i th  p re s e n c e  o f  p r e d a t o r s ,  

and a r e  Indeed  s u b j e c t  to  c o n t r o l  by c ra b  p r e d a t io n  ( t h e  t h i r d  s p e c i e s ,  

P o ly d o ra  l i g n i , was p r e s e n t  o n ly  in  cages  t h a t  w ere  empty o r  c o n ta in e d  

a h o g ch o k er ,  b u t  w ere  n o t  abundant enough t o  t e s t  s t a t i s t i c a l l y .

Of t h e  12 most abundant s p e c i e s , only P h o ro n is  psammonhila 

d id  n o t  show any s i g n i f i c a n t  d i f f e r e n c e s  betw een any o f  th e  t r e a t m e n t s .  

P h o ro n is  has a  v e r t i c a l  r i g i d  tu b e  which ex ten d s  deep enough i n to  t h e  

sed im en t (10 cm) to  p o s s ib ly  e scap e  p r e d a t io n  by c ra b s .  Also showing 

few s i g n i f i c a n t  d i f f e r e n c e s  betw een t r e a tm e n ts  w ere  P e Io sco lex  

g a b r i e l l a e , H e terom as tus  f i l i f o r m i s ,  and Mya a r e n a r i a , a l l  o f  which 

l i v e  o r  can r e t r a c t  r a t h e r  d e e p ly  in to  t h e  sed im en t — and cou ld  th u s  

avo id  p r e d a t io n  and s u r f a c e  d i s t u r b a n c e s .

Both t o t a l  d e n s i t y  and number o f  s p e c i e s  p e r  co re  w ere  h ig h ly  

s i g n i f i c a n t l y  g r e a t e r  in  empty cag es ,  empty h, c a g e s ,  and cages w i th  

a hogch o k er  th a n  i n  any o th e r  t r e a tm e n t s ,  t h e r e  b e in g  an av erag e  of



F ig u r e  5. J u l y  to  September 1973 ex p er im en t .  Mean and 95% con­

f id e n c e  l i m i t s  (X ± t  05SK) o f  t o t a l  m acro fau n a l  

s e n s i t y  (A ) , number o f  s p e c ie s  ( B ) , and d e n s i ty  o f  

abundant s p e c ie s  (C -N ). A, C, D, F - I ,  K, and N w ere 

l o g  (x+1) t r a n s fo rm e d ;  re t r a n s fo rm e d  means and con­

f id e n c e  l i m i t s  a r e  p r e s e n te d .  A heavy  v e r t i c a l  l i n e  

ex ten d in g  betw een two t r e a tm e n ts  i n d i c a t e s  a non­

s i g n i f i c a n t  ( a  = 0 .0 5 )  d i f f e r e n c e  be tw een  means.



A Total  Densi ty B  Number o f  Spec ies

Hogchoker
Empty
Empty <4
Out Start
4 Crabs 1—o---- 1

Crab MD— 1

2-Sided tCH

Out End nr
20 6 0

Hogchoker i— 0 — I
Empty i— 0— i

Empty Va I----------0 ----------1
Out Start i— O— 1

2- Sided I— 0 — 1
Out End t-OH

4 Crabs O-H
Dabs

0  5 10 15 20

C Streblospio bensdicti

Hogchoker i n  17 >

Empty i--------- 0 ----------------- 1

Empty Va l o  ■
4  Crabs - 0 — 1
2-Sided 0 - 1
Crab 0-1
Out End D
Out Start <>

T  1"' i I I 1 I
0  2 4 6  6 10 1 2  14

Number per 0,005 m2

D  Paraprionospio pinnata

Empty
Hogchoker r-

Empty Va

2- Sided t-O—1

Crob t-O—1
Out End KM
4 Crabs “0 —1
Out Start 3-------- ,-------- p - ----- 1-------- j

0  5 10 15 2 0

Number per 0.005 m2



E  Pe/os co(ex gabieHae F Heteromastus fififormis

Empty 

Crab 
2-Sided 

Out End 
Out Start 
Empty '/<

4 Crabs 
Hogchoker

T
10

Hogchoker 
Empty 
Out Start 
Empty V* 
2-Sided 
Out End

4 Crabs 
Crab

15

G Spiochaetopterus ocu/atus H Nereis succinea

Empty Va Hogchoker I O-I—— . ----u r l —
Hogchoker 1------ O--------- i Empty (— C— r

Empty 1— 0------1 Empty Va ------o-------:------------- r

Oul Start HO-----1 4  Crabs HO—r

4 Crabs HO----- 1 Out S tart H-0----!

Out End i-O— H Out End a-r

2 -  Sided hO—1 2 -S id e d 0—1

Crab ►O-r Crab X

<
I i t 

)  5 10 15 (
1 1 1 i 

) 2 4

I Giycinde so iita r ia

Empty Vi 
Empty 
Out Start 
4 Crabs 
Hogchoker 

Crab 
2 -S id e d  
Out End

0  5 10 15

Individuals per 0 .0 0 5  m2

J S co/op ios ro.bustus

Empty I----------------0-

Empty Vi
Crab ----- 0------1

2-Sided —o -----------1
Out Start —o------1

Hogchoker -o—l

4  Crabs -o— i
Out End 1--------------------------,--------------------------p

0 I 2
Individuals per 0 .005m 2



K M u tin ia  la teralis L  Mya arenaria

Empty 
Empty 
Hogchoker 
Out Start 
2 - Sided 

Crab 
Out End 
4 Crabs

0 1 2  3

Empty t---------- 0---------- 1
Hogchoker —0------- 1

Empty % - - o ---------1

Out End - 0 — 1
Out Slart o - i

4  Crabs -O-H

2 -S id e d  <)
Crab ( )

1 I I
0  1 2  3

M Phoronis psammophiia

Empty 
Hogchoker 
Out End 

Empty '/4 
Out Start 
Crab 
4  Crabs 

2 - Sided

Edwardsia elegans

Hogchoker 
Empty 
Empty %

4  Crabs 
Crab 

Out End 
Out Start <j> 

2 -Sided

c—I

T

Individuals per 0 .0 0 5  m2 Individuals per 0 .0 0 5  m2
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o v e r  t h r e e  t im es  th e  t o t a l  d e n s i t y  and tw ic e  as many s p e c ie s  p e r  core  

( F ig .  5A, B ) . These t h r e e  t r e a tm e n t s  r e s u l t e d  i n  s i m i l a r  r e sp o n se s  

( a l th o u g h  a l l  were n o t  s i g n i f i c a n t )  in  th e  d e n s i t i e s  o f  seven  o f  t h e  

12 s p e c ie s  t e s t e d :  P a ra p r io n o s p io  p i n n a t a , S t r e b l o s p io  b e n e d i c t i ,

S p io c h a e to p te r u s  o c u l a t u s , N e re is  s u c c i n e a . M u lin ia  l a t e r a l i s , Mya 

a r e n a r i a . and Edw ardsia  e l e g a n s .

There was a  g e n e r a l  p a t t e r n  o f  g r e a t e r  d e n s i t y  o f  most 

s p e c ie s  in  empty c a g e s ,  w i th  th e  hogchoker t r e a tm e n t  p ro d u c in g  th e  

same r e s u l t s  a s  an empty cage (F ig .  5 ) .  Thus hogchokers  ( T r in e c te s  

m acu la tu s )  had l i t t l e  o r  no c o n t r o l l i n g  i n f l u e n c e  on th e  in fu a n a .

Both hogchokers  used su rv iv e d  th e  2 months i n  th e  c a g e s ,  b u t  l o s t  

an averag e  o f  15% o f  t h e i r  body w e ig h t  o v e r  t h i s  p e r io d .  They a re  

abundant (D ovel, M ihursky, and M cErlean, 1969) n o c tu r n a l  f e e d e r s  

(C a s ta g n a ,  1 9 5 5 ) ,  and may fe e d  on an im als  such  as  m ysids and cumaceans, 

w hich a re  more e p i f a u n a l  th a n  i n f a u n a l ,  a l th o u g h  m a in ly  a n n e l id s  were 

found i n  hogchoker stomachs by C astagna  and by H ild eb ran d  and S ch ro ed e r  

(1 9 2 8 ) .  C a p t iv i t y  may have i n h i b i t e d  fe e d in g  b e h a v io r  and caused  t h i s  

d is c r e p a n c y .  Hogchokers a r e  more abundan t on mud th a n  sand b o tto m s , 

a l th o u g h  th ey  were o f t e n  ob se rv ed  i n  t h e  s tu d y  a r e a .

The cages  w i th  c ra b s  had e s s e n t i a l l y  t h e  same in fa u n a  as  th e  

tw o -s id e d  cage and uncaged a r e a s ,  Im ply ing  t h a t  n a t u r a l  a r e a s  a r e  as 

d i s tu r b e d  o r  as  p reyed  upon as an a r e a  i n  w hich t h e r e  was a  caged c ra b .  

D e n s i t i e s  i n  th e  tw o -s id ed  cage were g e n e r a l l y  n o t  s i g n i f i c a n t l y  d i f ­

f e r e n t  from uncaged a r e a s  o r  cages  w i th  c r a b s ,  b u t  were s i g n i f i c a n t l y  

l e s s  than  empty c a g e s ,  im ply ing  t h a t  t h e  main e f f e c t  o f  th e  cage was 

e x c lu s io n  o r  in c lu s io n  o f  c r a b s ,  and t h a t  r e s u l t s  w ere  n o t  due i n  some 

way to  th e  p h y s i c a l  p re s e n c e  o f  t h e  cage .
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The ra n k s  o f  t r e a tm e n ts  were  averaged  o v e r  a l l  t h e  s p e c ie s  

and p a ra m ete rs  t e s t e d  i n  F ig .  5 ,  and a rran g ed  from h ig h e s t  r a n k  ( h ig h e s t  

d e n s i t y )  to  lo w e s t  r a n k :  empty c ag e ,  cage  w i th  hogchoker ,  empty %

cag e , uncaged a r e a  a t  s t a r t  o f  e x p e r im e n t ,  tw o -s id e d  c ag e ,  uncaged 

a r e a  a t  end , cage w i th  c r a b ,  and cage w i th  f o u r  c ra b s  (T ab le  3 ) .  As 

i n  t h e  August e x p e r im en t ,  t h i s  o r d e r in g  m ight be  c o n s id e re d  as  ran k in g  

th e  t r e a tm e n ts  from low to  h ig h  d i s t u r b a n c e .  S p e c ie s  d i v e r s i t y  

(Shannon H’ ) g e n e r a l ly  fo llo w ed  t h e  same p a t t e r n ,  a v e rag in g  3 .54  b i t s /  

i n d i v i d u a l  f o r  t h e  f i r s t  t h r e e  t r e a t m e n t s ,  and 3 .0 4  f o r  th e  l a t t e r  f i v e  

t r e a tm e n t s .

1974 Caging E xperim ents  

Based on r e s u l t s  o f  1973 e x p e r im e n ts ,  s i m i l a r  e x p er im en ts  

were  s e t  up i n  1974, b u t  w ere  r e v i s e d  in  t h e  fo l lo w in g  ways. E x p e r i­

ments were s t a r t e d  i n  th e  s p r in g  (May) when more s p e c ie s  w ere  spaw ning, 

and b e f o r e  b lu e  c ra b s  became abun d an t.  Enough empty cages  w ere  p u t  i n  

a t  t h i s  t im e  f o r  sam pling a t  r e g u l a r  i n t e r v a l s .  S in c e  th e  hogchoker 

a p p a r e n t ly  d id  n o t  p rey  on th e  in f a u n a ,  i t  was r e p la c e d  by t h e  sp o t  

(S c ia e n id a e :  Lejostom us x a n th u ru s  L a c e p e d e ) , known to  p re y  on

in fa u n a  (Chao, p e r s o n a l  com m unication, H ild e b ra n d  and S ch ro ed e r  1928, 

S t ic k n e y  e t  a l .  1975), dom inant i n  t h i s  a r e a  ( I l lo w sk y  and C o lv o co resses  

1975, Pacheco 1962a, b) and observed  f e e d in g  i n  t h e  e x p e r im e n ta l  a r e a .

To f u r t h e r  t e s t  t h e  e f f e c t  o f  d i f f e r e n t  c rab  d e n s i t i e s ,  c r a b s  in  t h r e e

2 9d i f f e r e n t  s i z e d  cages were u s e d :  a i m  cage w i th  a  c rab  ( " c r a b / n r "
2

t r e a t m e n t ) ,  a  s ta n d a r d  s i z e  cage (0 .5  m sq u a re  = 0 .2 5  m ) w i th  a  c rab  

( " c ra b "  t r e a t m e n t ) , and a s ta n d a r d  s i z e  cage d iv id e d  by w ire  mesh i n t o  

q u a d ra n ts  w i th  a  crab  i n  each  q u a d ra n t  ( " 4 - c r a b s "  t r e a tm e n t ) .  Thus,



TABLE 3

J u ly  to  Sep tem ber, 1973, ex p e r im en t .  F requency o f  r a n k  o f  each 

t r e a tm e n t ,  b ased  on ra n k  o f  abundance o f  t o t a l  d e n s i t y ,  number 

o f  s p e c i e s ,  and th e  12 most abundant s p e c i e s .  A l l  v e r t i c a l

columns do n o t add up to 14 due 

Rank

to t i e s in  rank .i

T rea tm en t 1 2 3 4 5 6 7 8
Average

Rank

Empty 5 8 1 1 .7

Hogchoker 6 3 2 1 1 1 2 .6

Empty h 3 2 6 2 1 2 .8

Out S t a r t 2 4 5 2 1 4 .9

2-S ided 1 2 4 6 1 5 .8

Out End 1 2 6 2 3 6 .1

Crab 1 1 2 5 1 4 6 .1

4 -Crabs 3 3 1 6 1 6 .1

28
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th e  e f f e c t i v e  c rab  d e n s i t i e s  were  l /m ^ ,  4/m^, 16/m^, r e s p e c t i v e l y .

To t e s t  th e  e f f e c t  o f  c o n f in in g  a  c rab  to  a  s m a l l  a r e a  w i th o u t  th e  

p re se n c e  o f  a  c ag e ,  a  c rab  was t e t h e r e d  t o  a  b u r i e d  s t a k e  by a  cord 

a t ta c h e d  to  a  w ire  looped around th e  p o in t s  o f  t h e  c r a b ’s c a ra p a c e .

The 28 cm t e t h e r  a llow ed  th e  c ra b  to  roam o v e r  t h e  same a r e a  as  a cage 

(0 .2 5  m ^). These c r a b s  fo u g h t  to  e scape  th e  t e t h e r ,  appeared  to  be 

more a c t i v e  th a n  th e  c r a b s  i n  c a g e s ,  and averaged  e i t h e r  one e scap e  

o r  d e a th  p e r  month. T e th e re d  c ra b s  and c ra b s  i n  cages w ere re p la c e d  

as soon as they  were found to  be  dead o r  m is s in g .

An a t te m p t  was made to  d i f f e r e n t i a t e  t h e  e f f e c t s  o f  c rab s

caused b y :  ( i )  th e  a c t u a l  e a t i n g  o f  in f a u n a l  a n im a ls ,  and ( i l )  p h y s ic a l

b u ry in g ,  c r u s h in g ,  and tu b e  o r  burrow  d i s r u p t i o n  caused by d ig g in g  

a c t i v i t i e s  a s s o c i a t e d  w i th  fe e d in g  and p r o t e c t i v e  burrow ing . To make 

t h i s  d i s t i n c t i o n ,  I  t r i e d  to  d u p l i c a t e  th e  p h y s ic a l  d i s tu r b a n c e s  

caused  by a  c r a b .  Every 4-5 days t h e  top  2-3 cm o f  sed im en t was 

d i s tu r b e d  and f a i r l y  w e l l  mixed by re a c h in g  th ro u g h  th e  t r a p  door 

opening o f  a cage and w a lk ing  my f i n g e r s  h e a v i ly  th ro u g h  th e  sed im en t 

(a s  i n  m ix ing  b i s c u i t  dough) and by push ing  my f i s t  i n t o  t h e  sed im en t 

( t o  s im u la te  th e  a c t i v i t i e s  o f  c r a b s  d ig g in g  f o r  food and b u rro w in g ) ,  

r e f e r r e d  to  as th e  "hand” t r e a tm e n t .  A summary o f  1974 t r e a t m e n t s ,  

d a t e s ,  and r e p l i c a t e s  i s  g iv en  i n  T ab le  4.

R e s u l t s  a f t e r  2 months

On 18 J u ly  1974, a f t e r  cages had been  i n  p la c e  2 m onths,

com posite  p a ra m e te rs  and most dom inant s p e c ie s  showed some s i g n i f i c a n t

d i f f e r e n c e s  betw een t r e a tm e n ts  ( F ig .  6 ) .  Both  t o t a l  d e n s i t y  and 

number o f  s p e c ie s  p e r  co re  fo l lo w ed  th e  same p a t t e r n  — th e  empty c ag e ,
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F ig u re  6. May to  J u ly  1974 e x p e r im en t .  Mean and 95% c o n fid e n ce  

l i m i t s  (X ± t  q^Sx ) t o t a l  m acro fa u n a l  d e n s i t y  (A ) , 

number of s p e c ie s  (B ) , and d e n s i t y  o f  abundant s p e c ie s  

(C -P ). A ll  b u t  B were lo g  (x+1) t r a n s fo rm e d ;  r e t r a n s ­

formed means and co n f id e n ce  l i m i t s  a r e  p r e s e n te d .  A 

heavy v e r t i c a l  l i n e  e x ten d in g  betw een two t r e a tm e n ts  

i n d i c a t e s  a  n o n - s i g n i f i c a n t  ( a  = 0 .05) d i f f e r e n c e  

betw een means.



A T o ta l  Density B Number of Species

Crab /m 2
Empty
Hand
Crab
Spot
Out S tart
Out End
4  Crabs

Tethered
Crab

K H

l-OH
KX

1-0— H
—I

430

400

too 200 300 4 0 0

Empty 1— o — r

Crab/m 2 1— 0— 1

Hand t—O—1

Crab K H

Spot 1---- 0 —H

Out S ta rt 1— O-------1

Out End t-C H

4 Crabs t------ - 0 --------- 1

Tethered 1—O—1
Crab ------------1----------- 1----------- f---------- T

0  5 10 15 20 25

Heteromastus fHiformis

j Crab / m 2
| Em pty

Hond
Crab
Out End
Spot
4  Crabs
Out S ta r t
Tethered

Crab

xx
t—o-

~T
5 0 100

■ til.
127

150 20 O

D P eloscolex  gabrie l/ae

Hand
Empty
Crob
Crab / m 2
Spot
4  Crabs
Out S tart
Out End
Tethered

Crab
i—o-

10

04.3

20  3 0  4 0
I

50 60

E Glycinde so/itaria

Crab /  m2 

Spot 
Empty 

Hand 
Out End 
Crab 
4  Crabs 

Teth. Crab 

Out Start

r—o—i
i—o------1

t-o—I 
HCH

~ 1  I I----------1
4  8 12 |6

Number per 0 .0 0 5  mz

F s tre b lo sp io  benedicti

Hand 
Empty 
Crob /m 2 

Spot
Out s ta rt
Crab
Out End
4  Crabs
Tethered

C rab

KM

CH
'3 ~r

10

-o—

I
20

~r
30 4 0

74

5 0
I

60

N um ber per 0 .0 0 5  m2



G Polydora ligni H P ectinarlo  gouldii
Hand
Empty V-

Spot
Crab /  rn* •—0
Crab -o — 1
4  Crabs KX

Out Start -CM
Teth. Crab CM
Out End ( >

Em pty

Crob /  m*

4  Crabs
Out S ta r! <>
Out End
Tethered 

Crob

I  Spiochaetopterus ocu/atus J Scotoplos robust us

Spot 
Out End 

Crab 
Emply 
Crab /m z 
Out Start 
Hand
Teth. Crab 
4  Crabs

l-
!---

-0 I

t T
2

r
6

Hand
Empty
4  Crabs
Crab /  m2
Out Start-
Spot
Crab
Out End
Tethered

Crab T
2

1
3

K N ereis succfnea L Phoronis psammophi/ia

Empty 1--------------------- O---------------------M -

Hand t------- 0------------ 1

Crab/m® i-----O---------1

Spot t— O------1
Crab t—O—1
Teth. Crab -CM

Out Start CH

Out End CH
4  Crabs 1)

t
■ 1 1" " I I ' ' '  | 

> 2 4 6

Individuals per 0 .0 0 5  m:

Em pty
Hand
Teth. Crab 
Out End 
C ra b /m *  

Spot 
Crab 
Out Start 
4  Crabs

In d iv id ua ls  per 0 .0 0 5 m2



M Mulinia la te r a l is N Mya arenaria

Empty I n  ®s r Out Start ir

Crab / m® KH Empty I------------o—

H and K H Crab /m® H i

Crab KH Crab
4  Crabs 31 Hand <1

Out End 1> Spot <i

Spot <) Out End <)

Teth. Crab 1) 4  Crabs <>

Out S tart <> Tethered <>
T" ” 1' “ Crab 1

0  15 £ 0  3 0 C 1

0  Lyonsia hyafina

Empty
Crab
Hand
Crab /  m®
Out Start <>
Out End o
Spot I)

4  Crabs I)
Tethered I)

Crab
0

I n d i v i d u a l s  p e r  0 .0 0 5  m2

P  Acteon punctostriatus

Crab 
Crab/m® 
Empty 

Hand 
Out End 
Teth. Crob 

Spot 
4  Crabs 
Out Start

*OH

I n d i v i d u a l s  per 0 .0 0 5 m 2
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crab/m  , and hand t r e a tm e n ts  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from each 

o t h e r ,  b u t  w ere  a l l  s i g n i f i c a n t l y  g r e a t e r  than  a l l  o th e r  t r e a tm e n t s .

The d e n s i ty  and number o f  s p e c ie s  p e r  co re  were s i g n i f i c a n t l y  l e s s  in  

th e  te th e r e d  crab  t r e a tm e n t  than  i n  a l l  o th e r  t r e a tm e n ts  e x c e p t  the  

cage  w ith  f o u r  c ra b s .

Abundances o f  i n d iv id u a l  s p e c ie s  a l s o  fo llo w ed  a  p a t t e r n  

s i m i l a r  to  1973. F o r  12 o f  th e  14 s p e c ie s  s u f f i c i e n t l y  abundan t to  

t e s t  s t a t i s t i c a l l y ,  two o u t  of th e  t h r e e  t r e a tm e n ts  w ith  g r e a t e s t  

d e n s i t i e s  w ere  from among th e  empty, h and , or crab /m  t r e a tm e n t s .  For 

12 o f  th e  14 s p e c i e s ,  th e  low est abundance, e x c lu d in g  t h a t  o u t s id e  th e  

cages  a t  th e  s t a r t  o f  t h e  experim ent i n  May, was e i t h e r  t h e  4 -c ra b s  

t r e a tm e n t  o r  th e  t e th e r e d  crab t r e a tm e n t .  The lo w e s t  abundance in  

n in e  o f  t h e s e  ca se s  was i n  the  t e t h e r e d  crab t r e a tm e n t ,  b u t  was never  

s i g n i f i c a n t l y  l e s s  th a n  in  th e  4 - c r a b s  t r e a tm e n t  (F ig .  6 ) .

F o r  a l l  s p e c ie s  excep t t h e  b iv a lv e s  and H eterom astus  f i l i f o r m i s , 

th e  hand t r e a tm e n t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  than  t h e  empty cage.

T hus , the  d e c r e a s e s  i n  abundances due to  c rabs  m ust be due to  p h y s ic a l  

d i s tu r b a n c e s  more s e v e re  th an  th e  hand t r e a tm e n t ,  o r  to  a c t u a l  e a t in g  

of th e  in f a u n a l  a n im a ls ,  o r  to  a  com bination  o f  b o th .

The t h r e e  s p e c ie s  of b i v a l v e s , Mya a r e n a r i a ,  M u l in ia  l a t e r a l i s , 

and Lyonsia  h y a l i n a , were e f f e c t i v e l y  e l im in a te d  by th e  hand t re a tm e n t  

and by any t r e a tm e n ts  where a crab  o r  f i s h  ( s p o t )  was p r e s e n t .  Mya 

was s i g n i f i c a n t l y  more abundant i n  uncaged a r e a s  a t  th e  s t a r t  o f  the  

experim en t (May) th a n  i n  th e  empty cage in  J u l y ;  o th e r w is e ,  th e  d e n s i t i e s  

o f  a l l  t h r e e  b iv a lv e s  were s i g n i f i c a n t l y  g r e a t e r  i n  th e  empty cage 

than  in  any o t h e r  t r e a tm e n t  (F ig .  6M, N, 0 ) .  T h is  d i f f e r e n c e  was h ig h ly  

s i g n i f i c n a t  (a  < 0 .01) f o r  M u lin ia  and L y o n s ia , which b o th  l i v e  very
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c lo s e  to  th e  sed im en t s u r f a c e  and th u s  a r e  a v a i l a b l e  to  p re d a to r s  and 

would b e  d i s tu r b e d ,  b u r i e d ,  o r  c rushed  by t h e  hand t r e a tm e n t .

D e n s i t i e s  i n  th e  c rab /m  t r e a tm e n t  were g r e a t e r  than  th e  

c rab  t r e a tm e n t  ( a  d e n s i ty  o f  4 c rabs/m  ) f o r  n in e  o f  th e  14 dom inant 

s p e c ie s  (two o f t h e s e  d i f f e r e n c e s  were s i g n i f i c a n t  a t  a  = 0 .0 5 ) .

D e n s i t i e s  in  th e  c rab  t r e a tm e n t  were g r e a t e r  th a n  i n  th e  4 -c rab s  

t r e a tm e n t  (16 crabs/m ^) fo r  a l l  s p e c ie s  excep t S c o lo p lo s  ro b u s tu s  

( f i v e  o f  th e s e  d i f f e r e n c e s  were s i g n i f i c a n t ) .  Thus, as b lu e  crab 

d e n s i ty  i n c r e a s e s ,  in f a u n a l  d e n s i t i e s  d e c r e a s e .

D e n s i t i e s  i n  th e  t e t h e r e d  c rab  t r e a tm e n t  were  l e s s  than  o r

e q u a l  to  th o se  i n  th e  4 -c ra b s  t r e a tm e n t  f o r  n in e  of t h e  top 14 s p e c i e s ,

b u t  were n e v e r  s i g n i f i c a n t l y  l e s s .  A p p a ren t ly  th e  in c re a s e d  a c t i v i t y

o f  th e  t e t h e r e d  c rab  (n o ted  above) was s u f f i c i e n t  t o  d i s tu r b  th e
2

in fa u n a  as much a s  16 c rabs/m  .

The s p o t  (Leiostomus x a n th u ru s )  was a l s o  e f f e c t i v e  in  red u c in g  

i n f a u n a l  d e n s i t i e s .  D e n s i t i e s  o f  12 o f  th e  top  14 s p e c ie s  were l e s s  

in  th e  cage w i th  th e  s p o t  th a n  i n  an empty cage (sev en  o f  th e s e  d i f ­

fe r e n c e s  were s i g n i f i c a n t ) . D e n s i t i e s  i n  t h e  s p o t  t r e a tm e n t  were 

in te r m e d ia te  betw een th o s e  i n  th e  crab/m  and 4 - c r a b s  t re a tm e n ts  f o r  

10 o f  th e  top 14 s p e c i e s ,  and in te r m e d ia te  betw een th o s e  in  th e  c rab  

and 4 -c ra b s  t r e a tm e n ts  f o r  seven  s p e c ie s  (F ig .  6 ) .  Thus, th e  s p o t  was 

a t  l e a s t  as e f f e c t i v e  as a  c rab  i n  re d u c in g  in f a u n a l  d e n s i t i e s  o f  most 

s p e c i e s .

D e n s i t i e s  in  n a t u r a l  (uncaged) sed im en ts  a t  th e  tim e o f  

sam pling  the  cages (Ju ly )  were in te r m e d ia te  betw een th o s e  o f  th e  crab/m^ 

and 4 -c ra b s  t r e a tm e n t s  f o r  sev en  o f th e  top  14 s p e c i e s ,  were l e s s  than  

i n  th e  crab t r e a tm e n t  f o r  11 o f  th e  s p e c ie s  ( s i g n i f i c a n t l y  l e s s  f o r
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fo u r  s p e c i e s ) , and were g r e a t e r  th a n  in  th e  4 - c r a b s  t r e a tm e n t  f o r  

seven  o f  t h e  s p e c ie s  (F ig .  6 ) .  T hus, th e  i n f a u n a  o f th e  n a t u r a l  

uncaged s ed im en ts  i s  a t  l e a s t  a s  d i s tu r b e d  a s  a  caged a r e a  w i t h  a  crab
A

( a  d e n s i t y  o f  f o u r  c r a b s fx s r )  .

The ran k s  o f  t r e a t m e n t s  averaged o v e r  a l l  s p e c ie s  and  com­

p o s i t e  p a ra m e te rs  t e s t e d  i n  F i g .  6 were a r ra n g e d  from h i g h e s t  rank  

( h ig h e s t  d e n s i t y )  to  lo w es t  r a n k  i n  th e  f o l lo w in g  o r d e r :  empty cage,

cage w i th  sed im en t d i s tu r b e d  by  h an d , m cage  w i th  c ra b ,  c a g e  w ith  

c r a b ,  cage w i th  s p o t ,  uncaged a r e a  a t  end o f  experim en t ( J u l y ) ,  uncaged 

a t  s t a r t  o f  ex p e r im en t (May), c ag e  w ith  f o u r  c r a b s ,  and th e  a r e a  w ith  

a t e t h e r e d  c rab  (T ab le  5 ) .  As i n  1973, t h i s  o r d e r in g  m ig h t  b e  con­

s i d e r e d  as  ra n k in g  th e  t r e a t m e n t s  from low to  h ig h  d i s t u r b a n c e .

D i v e r s i t y  (H1) was on ly  2 .14  b i t s / i n d i v i d u a l  i n  th e  4 - c r a b s  t r e a tm e n t ,  

and averaged  2 .7 8  in  th e  o t h e r  t r e a tm e n t s .

R e s u l t s  a f t e r  4 months

On 18 Septem ber 1974 , a f t e r  cages had been  in  p l a c e  4 m onths, 

th e  fo l lo w in g  t r e a tm e n ts  w ere  sam pled  (T ab le  4 ) :  an uncaged  a r e a ,  an

empty cag e ,  and a  cage empty f o r  2 months b u t  th en  w i th  a  c ra b  in  i t

f o r  t h e  n e x t  2 months ("em pty > c ra b "  t r e a t m e n t ) .  R e s u l t s  w ere  very

s i m i l a r  to  th o s e  o f  J u ly  1974.

The empty cage had s i g n i f i c a n t l y  g r e a t e r  t o t a l  d e n s i t y  more 

s p e c i e s ,  and more i n d i v i d u a l s  p e r  co re  o f  m ost s p e c ie s  th a n  any o th e r  

t r e a tm e n t  (F ig .  7 ) .  The s p e c i e s  which were n o t  s i g n i f i c a n t l y  more 

abundant i n  t h e  empty t r e a tm e n t  w ere  th e  d e e p e r - l i v i n g  s p e c i e s  

P e lo s c o le x  g a b r i e l l a e , S p io c h a e to p te r u s  o c u l a t u s , Mya a r e n a r i a  (mean 

s i z e  = 3 2 .7  mm), and P h o ro n is  psam m ophila . T o t a l  d e n s i t y > number o f



TABLE 5
May t o  J u ly ,  1974, experim en t. Frequency o f r a n k  o f  each 

t r e a tm e n t ,  based o n  ra n k  of abundance o f  t o t a l  d e n s i t y ,  

number o f  s p e c ie s ,  and  the 14 m o st  abundant s p e c i e s .  A ll  

v e r t i c a l  columns do n o t  add up t o  16 due to  t i e s  in  rank .

Rank

T rea tm ent 1 2 3 4 5 6 7 8 9
Average

Rank

Empty 6 7 2 1 1 .9

Hand 4 3 5 2 1 1 2 .8

Crab/m2 3 3 3 5 2 3 .0

Crab 1 1 3 5 2 2 2 4.3

Spot 1 1 1 2 6 3 2 4.7

Out End 1 1 5 1 4 3 1 6 .1

Out S t a r t 1 3 3 4 2 3 6 .6

4 C rabs 1 3 3 2 4 3 6 .8

T e th e re d  Crab 1 2 2 1 4 6 7.4
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F ig u re  7. May to  Septem ber 1974 ex p e r im en t .  Mean and 95%  con­

f id e n c e  l i m i t s  (X ± t  q5 Sx^ t o t a l  m acro faunal 

d e n s i ty  (A )» number of s p e c i e s  (B ) , and d e n s i t y  o f  

abundant s p e c ie s  (C -L). C, D, E, H, and J  w ere  lo g  

(x+1) tra n s fo rm e d ;  r e t ra n s fo rm e d  means and c o n f id e n c e  

l i m i t s  a r e  p re s e n te d .  A heavy v e r t i c a l  l i n e  e x ten d in g  

between two t re a tm e n ts  i n d i c a t e s  a  n o n - s i g n i f i c a n t  

( a  = 0 .05) d i f f e r e n c e  be tw een  means.
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s p e c ie s  p e r  c o r e ,  and d e n s i t i e s  o f  h a l f  o f  th e  s p e c ie s  t e s t e d  were 

lo w est  in  th e  em pty—►crab t r e a tm e n t .

The d e n s i t i e s  o f  m ost s p e c ie s  i n  t h e  uncaged a r e a  were more 

■nearly eq u a l  to  and u s u a l l y  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from d e n s i t i e s  

i n  th e  empty—►crab t r e a tm e n t ,  a g a in  i n d i c a t i n g  t h a t  t h e  uncaged n a t u r a l  

a r e a s  a re  r a t h e r  h ig h ly  d i s t u r b e d .  The ran k s  o f  t r e a tm e n ts  were averaged 

o v e r  a l l  s p e c i e s  and com posite  p a ra m e te rs  t e s t e d  i n  F ig .  7 and a rran g ed  

from h ig h e s t  ran k  (h ig h e s t  abundance) to  lo w est  rank  i n  t h e  fo l lo w in g  

o r d e r :  empty c ag e ,  uncaged a r e a  a t  end o f ex p er im en t (S ep tem ber) ,

uncaged a r e a  a t  s t a r t  (May), cage empty f o r  2 months and th e n  w i th  a 

c rab  f o r  2 months (Table  6 ) .

R e s u l t s  a f t e r  6 months

On 16 November 1974 th e  fo l lo w in g  t r e a tm e n t s  were sam pled: 

uncaged a r e a s ,  empty cag es  in  p la c e  f o r  6 months ( s in c e  May), an empty 

cage i n  p la c e  f o r  1 m onth , and an empty cage i n  p la c e  f o r  1 y e a r .  The 

r e s u l t s  from cages  s e t  o u t  i n  May w i l l  be d e s c r ib e d  f i r s t .

The empty cage i n  p l a c e  s in c e  May (6 months) had h ig h ly  s i g ­

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

g r e a t e r  d e n s i t y  o f 10 o f  t h e  15 s p e c ie s  t e s t e d  than  th e  uncaged a re a s  

(T ab le  7 ) .  S p ec ie s  w i th  e s p e c i a l l y  h ig h  d e n s i t i e s  i n  th e  empty cage 

w e r e : P e lo s c o le x  g a b r i e l l a e , H e terom astu 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 l i , P o ly d o ra  l i g n i , N e re i s  s u c c in e a ,  M u lin ia  l a t e r a l i s , and Mya 

a r e n a r i a . A l l  o f  th e  above s p e c ie s  had a l s o  been  abundant i n  empty 

cages  in  J u ly  ( a f t e r  2 months) and September ( a f t e r  4 m o n th s ) , w i th  

th e  e x c e p t io n  o f  Mya i n  September (T ab le  7 ) .



TABLE 6

May t o  S ep tem ber, 1974 , e x p e r im en t .  Frequency  o f  r a n k  

o f  each  t r e a tm e n t ,  b a se d  on r a n k  o f  abundance o f  t o t a l  

d e n s i t y ,  number o f  s p e c i e s  and t h e  10 m ost abundant 

s p e c i e s . A l l  v e r t i c a l  columns do n o t  add up to  12 due 

to  t i e s  i n  ra n k .

__________ Rank___________
Average

T rea tm e n t  1 2 3 4 Rank

Empty 9 2 1 1 .3

Out End 2 3 6 1 2 .5

Out S t a r t  1 5 3 3 2 .7

Empty+Crab 4 5 4 3 .3

42



43

Sedim ents

The cages d id  a f f e c t  sed im ent s i z e  and movement. Empty 

cages , th e  l e a s t  d i s tu r b e d  t r e a tm e n t ,  tended  to  have a  h ig h e r  p e rc en ta g e  

(up to  35%) o f  f i n e  sed im en ts  ( s i l t s  and c la y s )  than  p h y s i c a l l y  d i s ­

tu rb ed  sed im en ts  (18-19%), o r  cages w i th  c r a b s  o r  sp o t  (14-16%), o r  

a reas  o u t s id e  cages (11-16%). T h is  i n c r e a s e  in  f i n e  sed im en ts  in  th e  

empty cage cou ld  be due e i t h e r  to  r e d u c t io n  o f  c u r r e n t s  o r  to  in c re a s e d  

b io d e p o s i t io n  and b in d in g  o f  f i n e  p a r t i c l e s  by anim als  such  as  S t r e b -  

lo s p lo  b e n e d i c t i  o r  P o ly d o ra  l i g n i .

O ran g e-p a in ted  sand  p laced  o u t s id e  th e  cages  was n o t i c e a b ly  

d i s p e r s e d  i n  th e  d i r e c t i o n  o f  t i d a l  c u r r e n t s  w i th in  a  few h o u rs ,  w hereas  

i n s id e  th e  cages t h i s  sed im en t d id  n o t  move f o r  a t  l e a s t  7 d a y s .  P a r t  

o f  t h i s  e f f e c t  may have been  due to  in c r e a s e d  b in d in g  o f sed im en ts  by 

th e  g r e a t e r  d e n s i t y  of an im als  in  t h e  c ag e s .  However, on one o c ca s io n  

in  November when p a in te d  sand was p u t  o u t ,  w i th in  a  few h o u rs  i t  was 

covered o v e r  and s t a b i l i z e d  by d ia to m s , m ain ly  N i tz s c h ia  c l o s t e r i u m , 

bo th  i n s i d e  and o u ts id e  cages  (se e  H o llan d  e t  a l .  1974).

The Empty Cage : G enera l  R e su l ts

The g e n e r a l  p a t t e r n  o f  r e s u l t s  from th e  empty cage t r e a tm e n t  

i s  p re s e n te d  h e re ;  i n d i v i d u a l  s p e c ie s  p a t t e r n s  w i l l  be p re s e n te d  below, 

the  empty cage r e s u l t e d  in  in c re a s e d  d e n s i t i e s  o f  most s p e c i e s ,  b u t  th e  

s p e c i f i c  r e s u l t s  depended on a  number o f  f a c t o r s .

The le n g th  o f  tim e a cage had been  i n  p la c e  de te rm in ed  

w h e th er  t h e r e  were any s i g n i f i c a n t  d i f f e r e n c e s  in  d e n s i ty  between th e  

in fa u n a  i n  an empty cage and in  an uncaged a r e a .  A f te r  2% weeks i n  

1973, t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  f o r  any o f  th e  s p e c i e s .



A f t e r  2 m onths , d e n s i t i e s  o f  seven s p e c i e s  were s i g n i f i c a n t l y  g r e a t e r  

i n  th e  empty c ag e  than  in  an  uncaged a r e a  (F ig .  5 ) .  In  1974, a f t e r  

1 month th e re  w ere  only two s p e c ie s  w i t h  s i g n i f i c a n t l y  g r e a t e r  d e n s i t i e s  

i n  th e  empty c a g e ;  a f t e r  2 ,  4 ,  6, and 12 months, t h e r e  were 8 ,  6 ,  9 and 

9 s p e c ie s ,  r e s p e c t i v e l y ,  t h a t  had s i g n i f i c a n t l y  g r e a t e r  d e n s i t i e s  i n  

th e  empty cag e  th a n  in  an uncaged a r e a  (F ig s .  6, 7 ;  Table  7 ) .  Thus, 

few s i g n i f i c n a t  d i f f e r e n c e s  occur in  1 month o r  l e s s ,  b u t  many s i g ­

n i f i c a n t  d i f f e r e n c e s  o ccu r  a f t e r 2 m onths. Leaving th e  cage i n  lo n g e r  

th a n  2 months d i d  n o t ,  how ever, a p p re c ia b ly  change th e  r e s u l t s .  

E s s e n t i a l l y  t h e  same s p e c ie s  were more abundant a f t e r  2 ,  4 ,  o r  6 months. 

I t  i s  p o s s i b l e  t h a t  d e n s i ty -d e p e n d e n t  r e g u l a t i o n  o f  t h e s e  p o p u la t io n s  

p rev e n ted  f u r t h e r  in c r e a s e s  a f t e r  2 m onths . Number o f  s p e c ie s  p e r  

c o r e ,  t o t a l  d e n s i t y ,  and d i v e r s i t y  d id  n o t  change much from 2 to  6 

m onths , i n d i c a t i n g  th a t  s u c c e s s io n  was no t ta k in g  p la c e  a f t e r  2 months 

(F ig .  8).

The s e a so n  when a  cage was s e t  out d e te rm ined  w hich sp e c ie s  

in c re a s e d  in  abundance i n  t h e  empty c ag e .  R ec ru itm en t i n to  empty 

cages  was p red o m in an tly  by la r v a e  r a t h e r  than  by a d u l t s ,  a  f in d in g  

b ased  on s i z e s  o f  i n d i v i d u a l s .  Thus, i f ,  d u r in g  th e  time t h e  cage 

was in  p la c e ,  t h e  la rv a e  o f  sp ec ie s  A were in  t h e  p la n k to n  and ready 

t o  s e t ,  b u t  t h o s e  of s p e c i e s  B were n o t ,  s p e c ie s  A would i n c r e a s e  in  

abundance i n  t h e  empty c ag e  and s p e c ie s  B would n o t .  A summary of 

r e s u l t  s o f  empty cages s e t  o u t  a t  v a r i o u s  t im es  and l e f t  f o r  v a r io u s  

le n g th s  o f  t im e  i s  p re s e n te d  in  T ab le  7 . In  g e n e r a l ,  any empty cage 

l e f t  f o r  2 m onths  o r  l o n g e r  had s i g n i f i c a n t l y  g r e a t e r  t o t a l  d e n s i t y ,  

more sp e c ie s  p e r  c o re ,  and more I n d iv i d u a l s  p e r  c o re  o f  m ost s p e c ie s  

th a n  th e re  w e re  o u ts id e  t h e  cages i n  n a t u r a l  uncaged sed im en t.
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F ig u re  8 . Community p a ra m e te rs  o f  in f a u n a  v e r s u s  time in

e x c lo su re s  (A) t o t a l  d e n s i t y ,  (B) number of s p e c i e s ,  

and (C) d i v e r s i t y  (H') , r i c h n e s s  (d  =* S - l / l n  N) , 

and evenness ( J ' =  H V log 2 S) components, where S = 

number o f s p e c i e s .
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I n d i v i d u a l  S p e c ie s  P a t t e r n s  

P e lo s c o le x  g a b r i e l l a e  Marcus

The t u b i f i c i d  o l ig o c h a e te  P e lo s c o le x  g a b r i e l l a e , which l i v e s  

in  a  v e r t i c a l  burrow w i th  i t s  p o s t e r i o r  end s t i c k i n g  above th e  sed im ent 

s u r f a c e ,  f e e d s  a t  th e  bo ttom  o f i t s  burrow which may b e  5 cm o r  more 

deep and e j e c t s  i t s  f e c a l  p e l l e t s  i n  a mound a t  th e  s u r f a c e .  T h is  

s p e c ie s  b ro o d s  i t s  young, which develop  d i r e c t l y ,  and h a s  a h ig h ly  

clumped s p a t i a l  d i s t r i b u t i o n  (a v e ra g e  v a r ia n c e - to -m e a n  r a t i o  = 8 ) .

T here  i s  no d i s t i n c t  s e a s o n a l  p a t t e r n  o f  abundance ( F ig .  AC); perhaps  

th e  s p e c ie s  b re e d s  o v e r  a  p e r io d  o f  many m onths. P ro b ab ly  due to  i t s  

d e e p -d w e l l in g  h a b i t ,  i t s  a b i l i t y  to  r e t r a c t  v e ry  q u ic k ly  i n t o  i t s  

bu rrow , and i t s  mode o f  r e p r o d u c t io n ,  P e lo s c o le x  g a b r i e l l a e  showed 

r e l a t i v e l y  sm a l l  in c r e a s e s  in  empty cages (T able  7 ) ,  was r e l a t i v e l y  

u n a f f e c te d  by c rabs  i n  cages ( F ig s .  5G, 61 , 7 E ) , and showed no s i g n i f ­

i c a n t  d i f f e r e n c e s  in  abundance a t  crab d e n s i t i e s  of 0 ,  1 ,  4 ,  o r  16
n

crabs/m  (F ig .  6D). T hus, by a  r a p id  avo idance  r e a c t i o n ,  P e lo sc o le x  

g a b r i e l l a e  av o id s  p r e d a t o r s ,  and i t s  abundance i s  n o t  c o n t r o l l e d  by 

p r e d a t io n ,  which may i n  p a r t  e x p la i n  why P e lo s c o le x  i s  th e  most 

abundant s p e c ie s  in  t h e  n a t u r a l  community.

H eterom astus  f i l i f o r m i s  (C lap ared e )

The c a p i t e l l i d  p o ly c h a e te  H eterom astus  f i l i f o r m i s  l i v e s  in  

a  m u c u s- l in ed  burrow and i s  s i m i l a r  i n  l i v i n g  and f e e d in g  h a b i t  to  

P e lo s c o le x  g a b r i e l l a e . H e te ro m as tu s , and o p p o r t u n i s t i c  s p e c ie s  w i th  

p la n k to n ic  l a r v a e ,  was v a r i a b l e  i n  abundance (F ig ,  4D, T ab le  1 ) ,  and 

was a b le  t o  r e c r u i t  h e a v i l y  i n t o  empty c ag e s .  For exam ple, i n  two o f  

th e  cages s e t  ou t i n  May and sampled in  J u ly  1974, one r e p l i c a t e  each
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2
o f  t h e  empty and crab /m  t r e a tm e n ts  had H eterom astus  d e n s i t i e s  of o v e r  

51,000/m 2 .

In  th e  n a t u r a l  uncaged s e d im e n t , Heterom astus had  a  peak 

abundance i n  summer, 1974. In  any empty cage  t h a t  was o u t  d u r in g  t h i s  

p e r io d  (May to  J u l y ,  May to  Sep tem ber, May to  November, and November 

1973 to  November 1974), H eterom astus  d e n s i t y  in c re a se d  s i g n i f i c a n t l y  

o v e r  the  d e n s i t y  i n  uncaged sed im en ts .

S p io c h a e to p te ru s  o c u la tu s  (G itay )

The c h a e to p t e r id  p o ly c h a e te  S p io c h a e to p te ru s  o c u la t u s  l i v e s  

i n  a v e r t i c a l  c h i t i n o u s  tube  which o f t e n  p r o t r u d e s  above t h e  sedim ent 

s u r f a c e  and ex ten d s  10-15  cm I n to  th e  sed im en t .  S p io c h a e to p te ru s  was 

o b s e rv ed ,  b o th  in  th e  l a b o r a to r y  and th e  f i e l d ,  to  feed  on s u r fa c e  

d e p o s i t s  w i t h i n  a  r a d iu s  up to  10 cm w i th  i t s  p a ired  t e n t a c u l a t e  p a l p s ,  

moving th e  food p a r t i c l e s  a long  c i l i a t e d  g ro o v e s ,  in  c o n t r a s t  to  p r i ­

m a r i ly  su sp e n s io n  fe e d in g  as r e p o r te d  by B arnes  (1964).

As measured by an in d e x  o f p e r s i s t e n c e ,  S p io c h a e to p te ru s  

had th e  l e a s t  f l u c t u a t i n g  abundance o f  any of th e  dom inant sp e c ie s  

(T ab le  1 , F ig .  4 E ) . Embryos brooded i n  tu b e s  were o b se rv ed  from May 

to  Septem ber, and j u v e n i l e s  were p re s e n t  i n  samples from uncaged a r e a s  

from June to  November, w ith  t h e  most j u v e n i l e s  p re s e n t  (42-46% o f  

t o t a l )  i n  sam ples from August th ro u g h  O c to b e r .

S p io c h a e to p te ru s  d id  n o t  in c r e a s e  in  abundance i n  empty cages  

as much as  many o t h e r  s p e c i e s ,  and was s i g n i f i c a n t l y  re d u c ed  in  abundance 

by p r e d a t io n  by c ra b s  b u t  n o t  by f i s h e s .  The f i s h e s ,  p a r t i c u l a r l y  th e  

h o g ch o k srs ,  were n o t  a b le  to  fo ra g e  as d e ep ly  in to  th e  sed im en t as th e  

c r a b s .
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S t r e b l o s p io  b e n e d i c t i  W ebster

The s p io n id  p o ly c h a e te  S t r e b l o s p io  b e n e d ic t i  f e e d s  in  much 

the same manner as S p io c h a e to p te r u s . f e e d in g  on s u r f a c e  d e p o s i t s  w i th  

long p e r i s t o m i a l  p a l p s .  I t s  f r a g i l e  membranous-and-mud tu b e s  h e lp  t o  

bind t o g e h t e r  the  to p  1-2 cm o f  su rface  s e d im e n ts .  I n  t h e  empty cage  

in  p l a c e  from November 1973 t o  May 1974, S t r e b lo s p io  w as ex trem ely  

dense (140 ,000/m 2) .  I t s  s h o r t ,  ap p ro x im a te ly  v e r t i c a l  tu b es  bound th e  

s u r f a c e  sed im en ts  t o g e t h e r  i n  a  mat so w e l l  th a t  the  t o p  2 cm o f  s e d i ­

ment c o u ld  be c a r e f u l l y  p icked  up i n t a c t .  Perhaps i t  w as t h i s  sed im en t 

s t a b i l i t y  th a t  a l lo w ed  the  s o f t  clam Mya a r e n a r i a  to  s e t  in  t h i s  c ag e  

in  su ch  g r e a t  d e n s i t y  (65 ,000/m 2).-, -

S t r e b l o s p io  e x h i b i t s  tlr ê t y p i c a l  p a t t e r n  o f  an  o p p o r t u n i s t i c  

s p e c ie s  (G ra s s le  an d  G ra s s le .  1974) whose p o p u la t io n  f l u c t u a t e s  i r ­

r e g u l a r l y  (F ig . 4F) and resp o n d s  to  a v a i l a b l e  space ( a n  empty cage) 

w ith  a  l a r g e  p o p u la t io n  i n c r e a s e  (Table 7) • Both j u v e n i l e  i n d i v i d u a l s  

and a d u l t s  b ro o d in g  embryos w ere  found i n  samples fro m  uncaged a r e a s  

in  m ost months sam pled . J u v e n i l e s  were m o s t  abundant i n  A p ri l  and May, 

and g r a v i d  i n d i v i d u a l s  were m ost abundant i n  May, J u n e ,  and J u ly  ( a n
ft

average  o f  245/m ) .

S t r e b l o s p io  had b e en  very  ab undan t in  empty cages  s e t  o u t  In  

May and sampled a f t e r  2 months in  Ju ly  1974 (most w ere  j u v e n i l e s  2 -4  mm 

long; some were g r a v id  a d u l t s  10-12 mm). By September ( a f t e r  4 m o n th s) ,  

S t r e b l o s p i o  was l e s s  abundant i n  the empty cage th an  o u t s i d e  c a g e s .

A lso , i n  November 1974 ( a f t e r  6 m onths), S t r e b l o s p io  d e n s i t y  in  t h e  

empty c ag e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  than o u t s i d e  th e  cages and 

was l e s s  than  t h a t  i n  May when th e  cages w e re  o r i g i n a l l y  s e t  o u t .  Out­

s id e  t h e  cag es ,  S t r e b l o s p io  d e n s i t y  a l s o  d e c l in e d  f ro m  May to  November,
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s u g g e s t in g  t h a t  t h i s  d e c l i n e  I s  a n a t u r a l  o c cu r ren c e  a f t e r  spaw ning, 

u n r e la t e d  t o  c rab  o r  f i s h  p r e d a t io n .

N e i th e r  o f  th e  f i s h  s p e c i e s  used  was e f f e c t i v e  i n  re d u c in g  

d e n s i t i e s  o f  S t r e b l o s p i o . The c rab  and 4 -c rab  t r e a tm e n ts  w ere  e f f e c t i v e  

i n  s i g n i f i c a n t l y  reduc ing  S t r e b l o s p io  d e n s i t i e s  below  d e n s i t i e s  in  

empty cages i n  b o th  1973 and 1974 ( F i g s .  5C, 6 F ) .

P o ly d o ra  l i g n i  W ebster

A nother o p p o r t u n i s t i c  s p io n id  p o ly c h a e te ,  P o lydora  l i g n i  

fe e d s  on s u r f a c e  d e p o s i t s  i n  much t h e  same manner as S t r e b l o s p io  

b e n e d i c t i  and S p io c h a e to p te ru s  o c u la t u s  m entioned above. The mud tubes  

o f  P o ly d o ra  a l s o  h e lp  to  s t a b i l i z e  t h e  s u r f a c e  sed im en ts .  P o ly d o ra  

behaves  as an annual o r  sem iannua l s p e c i e s  i n  Chesapeake Bay, w ith  

peak  d e n s i t y  i n  l a t e  w i n t e r  o r  e a r l y  s p r in g  and v e ry  low d e n s i t i e s  a t  

o t h e r  tim es o f  th e  y e a r  (F ig .  4G, O r th  1971, Boesch 1973, V i r n s t e i n  

1975).

Even though P o ly d o ra  abundance was v e r y  low d u r in g  th e  p e r io d s  

t h a t  most cages  were s e t  o u t ,  abundances in c re a s e d  s i g n i f i c a n t l y  i n  

n e a r l y  a l l  empty cages . However, t h e  l a r g e s t  i n c r e a s e s  i n  abundance 

were i n  empty cages  s e t  o u t  d u r in g  p e r io d s  when P o ly d o ra  l a r v a e  were 

h e a v i ly  s e t t i n g  (T able  7 ; F ig s .  6G, 7H).

P a ra p r io n o s p io  p in n a ta  (E h le r s )

A nother s p io n id  p o ly c h a e te ,  P a ra p r io n o s p io  p i n n a t a , was 

common, b u t  n e v e r  abundant d u r in g  t h e  1 9 6 0 's  i n  mud bottom s i n  th e  

lo w er  York R iv e r ,  then  became a dom inant s p e c ie s  from 1972-1975 f o l ­

low ing T r o p ic a l  Storm Agnes i n  Ju n e  1972 (B oesch , D iaz , V i r n s t e i n ,  

in  p r e s s ,  V i r n s t e i n  1975, B oesch, Wass, V i r n s t e i n ,  i n  p r e s s ) .
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P a ra p r io n o s p io  p in n a t a  was s i g n i f i c a n t l y  more abundant i n  

empty cages  a f t e r  2 months i n  1973 (F ig .  6D) , b u t  was n e v e r  s i g n i f i c a n t l y  

more abundan t in  empty cages i n  1974 and, i n  f a c t ,  was u s u a l l y  l e s s  

abundant i n  empty cag es .  D e n s i t i e s  o f  P a ra p r io n o s p io  i n  cages w ith  

c rabs  w ere s i g n i f i c a n t l y  l e s s  than  i n  empty c a g e s , b u t  were n o t  d i f ­

f e r e n t  th a n  d e n s i t i e s  i n  uncaged a r e a s .  Thus, P a ra p r io n o s p io  abundance 

may be c o n t r o l l e d  by crab  p r e d a t io n .

P a ra p r io n o s p io  i s  an a c t i v e  worm, moving a b o u t  i n  i t s  b ran c h in g  

burrow s. R ecru itm en t i n t o  th e  empty cages i n  1973 cou ld  have been  by 

a d u l t s ,  b ased  on th e  l a r g e  s i z e  o f  th e  i n d i v i d u a l s .

S c o le l e p i s  squam ata (M ulle r)

Another s p io n id  p o ly c h a e te ,  S c o l e l e p i s  sq u am ata , commonly 

o ccu rred  i n  low d e n s i t i e s  i n  most m onths’ sam ples from uncaged a re a s  

i n  1974 (T ab le  1 ,  F ig .  4 1 ) ,  b u t  was n e v e r  more abundant i n  any empty 

cage th a n  o u t s id e  c ag e s .  Thus, S c o le le p i s  abundance does n o t seem to  

be r e g u la t e d  by c rab  o r  f i s h  p r e d a t io n .  Perhaps S c o le l e p i s  l i v e s  

d eep ly  enough in  t h e  sed im en ts  to  avoid  p r e d a t io n .  However, many 

i n d i v i d u a l s  were found w i th  t h e i r  g u ts  s t u f f e d  w i th  sand g r a i n s ,  

f o r a m i n i f e r a n s , and o s t r a c o d s — th e  l a t t e r  two most abundant a t  th e  

sed im en t s u r f a c e .

P e c t i n a r i a  g o u l d i i  ( V e r r i l l )

The p e c t i n a r i i d  p o ly c h a e te  P e c t i n a r i a  g o u l d i i  fe e d s  on 

d e p o s i t s  a t  th e  bo ttom  o f i t s  in v e r te d  cone-shaped  tu b e ,  and i s  no rm ally  

found o n ly  i n  v e ry  low d e n s i t i e s  i n  uncaged s ed im en ts ;  averag e  d e n s i t y  

in  1974 was 2/m^. D e n s i ty  was s i g n i f i c a n t l y  g r e a t e r  i n  empty cages in  

J u ly  and Septem ber (OK0.001) and i n  November (ot<0.05) 1974 th a n  i n
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uncaged a re a s  (T ab le  7, F ig s .  6H, 7 F ) . Crabs and sp o t  w ere  e f f e c t i v e  

i n  re d u c in g  P e c t i n a r i a  abundance, b u t  th e  hand t r e a tm e n t  was n o t .

P ee r  (1970) e s t im a te d  t h a t  80% o f  P e c t i n a r i a  h y p e rb o re a  m o r t a l i t y  i n  

S t .  M a r g a r e t 's  Bay, Nova S c o t i a  was due to  f i s h  p r e d a t io n .

I n  th e  empty cage i n  J u l y ,  most of th e  P e c t i n a r i a  were sm a l l  

(2 -3  mm lo n g ,  0 .6  mm o p e r c u la r  p l a t e  d ia m e te r ) ;  i n  Sep tem ber, most 

were v e ry  l a r g e  i n d i v id u a l s  (30-58 mm lo n g ,  7 mm o p e r c u la r  p l a t e ) ;  i n  

November, i n d i v i d u a l s  were  l a r g e r  s t i l l  (48-60  mm lo n g ,  8 mm o p e r c u la r  

p l a t e ) .  Such l a r g e  in d i v i d u a l s  a r e  r a r e l y ,  i f  e v e r ,  found i n  Chesa­

peake Bay, th e  im p l i c a t io n  b e in g  t h a t  P e c t i n a r i a  r a r e l y  l i v e s  more 

than  a few months i n  th e  n a t u r a l  environm ent ( a t  l e a s t  d u r in g  th e  

summer) and t h a t  crab  and f i s h  p r e d a t io n  may be th e  m ajor f a c t o r  

r e g u l a t i n g  P e c t i n a r i a  d e n s i t y .

G lyc inde  s o l i t a r j a  (W ebster)

The g o n ia d id  p o ly c h a e te ,  G lycinde  s o l i t a r i a , had  a r e l a t i v e l y  

u n ifo rm  d e n s i t y  w i th  peaks o f  abundance in  J u ly  of bo th  1973 and 1974 

(T ab le  1 , F ig .  4 J ) , when most o f  th e  i n d iv id u a l s  were j u v e n i l e s  (2 -3  mm). 

G lyc inde  d e n s i t y  fo llow ed  th e  u s u a l  p a t t e r n  o f  b e in g  g r e a t e r  in  empty 

cages  th an  in  cages w i th  c ra b s  i n  Septem ber 1973 and J u l y  1974 

( F ig s .  51, 6E). In  Septem ber and November 1974 , th e r e  w ere  no s i g n i f ­

i c a n t  d i f f e r e n c e s  betw een any of th e  t r e a tm e n ts  in  s p i t e  o f  c o n t in u in g  

r e c r u i tm e n t ,  a s  i n d i c a t e d  by th e  f a c t  th a t  t h e  m a jo r i ty  o f  i n d i v id u a l s  

i n  sam ples from uncaged a r e a s  in  Septem ber and November w ere  j u v e n i l e s .  

G lyc inde  d e n s i t y  i s  th u s  on ly  m o d e ra te ly  c o n t r o l l e d  by c ra b  p r e d a t io n ;  

th e  d e c l i n e  a f t e r  th e  J u l y  peak may be u n r e l a t e d  to  c rab  p r e d a t io n .
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G ly c e ra  d lb r a n c h i a t a  E h le r s

The d e n s i ty  o f  th e  g l y c e r i d  p o ly c h a e te  G ly c e ra  d l b r a n c h ia t a
2

was no rm ally  v e ry  low (a v e ra g in g  54/m ) e x c e p t  i n  May, when th e  d e n s i t y
n

of j u v e n i l e s  (1 .5 - 4  mm) was 390/m (F ig .  4K). May was th e  only  month 

t h a t  ju v e n i l e s  were p r e s e n t ,  e x c e p t  f o r  one 2 mm i n d iv id u a l  found i n  

F eb ru a ry .

The cage i n  p l a c e  from November 1973 to  May 1974, d u r in g  th e  

e a r l y  sp r in g  s e t t i n g  o f  G ly c e ra , had a s i g n i f i c a n t l y  g r e a t e r  d e n s i t y  

(1940/m^) th a n  o u t s id e  t h e  cages (T ab le  7 ) ;  most were j u v e n i l e s  2-3  mm. 

However, th e  cage i n  p la c e  from November 1973 to  November 1974 had 

th e  same low d e n s i ty  as  t h a t  o u t s id e  the  cages  (3 9 /m ^ ) . Perhaps t h i s  

d e c l i n e  i s  due to  n a t u r a l  m o r t a l i t y ,  o r  th e  a c t i v e l y  burrowing G ly ce ra  

may have m ig ra te d  from th e  empty cage between May and November.

S c o lo p lo s  ro b u s tu s  V e r r i l l

J u v e n i l e  i n d i v id u a l s  (1 -4  mm) o f th e  o r b i n i i d  p o ly c h a e te  

S c o lo p lo s  ro b u s tu s  were found i n  uncaged a r e a s  in  December 1973 and 

August to  December 1974, w i th  maximum abundance i n  December 1974.

The peaks i n  abundance o f  S c o lo p lo s  co rrespond  f a i r l y  w e l l  to  peaks  in  

j u v e n i l e  abundance, and f l u c t u a t i o n s  in  abundance th u s  appear to  be 

due p a r t l y  to  f l u c t u a t i o n s  in  l a r v a l  r e c r u i tm e n t .

S c o lo p lo s  was s i g n i f i c a n t l y  more abundant i n  empty cages  

on ly  in  Septem ber 1973 and November 1974 (F ig .  5 J ,  T a b le  7 ) ;  a lm o s t  

a l l  o f  th e s e  i n d i v i d u a l s  were j u v e n i l e s  2-5  mm lo n g . In  J u ly ,  th e  

g r e a t e r  d e n s i t y  o f  S c o lo p lo s  i n  t h e  empty and hand t r e a tm e n ts  was 

due to  l a r g e r  i n d i v i d u a l s  16-40 mm long.
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Eteone h e te ro p o d a  Hartman

The abundance o f  th e  p h y l lo d o c id  p o ly c h a e te  E teone h e te ro p o d a , 

l i k e  S c o lo p lo s , depends on l a r v a l  r e c r u i tm e n t .  J u v e n i l e  E teone  (1-4 

mm) were p r e s e n t  i n  sam ples from uncaged a r e a s  ( i n  o r d e r  o f  d e c re a s in g  

abundance) in  May, F e b ru a ry ,  December, and June 1974. A l l  peaks  in  

d e n s i t y  of E teone (F ig .  4M) co rrespond  t o  peaks o f  j u v e n i l e  d e n s i ty .

I t  i s  th u s  r e a s o n a b le  t h a t  th e  empty cage i n  p la c e  from 

November to  May, d u r in g  t h e  r e c r u i tm e n t  p e r io d  of E teone (December to  

J u n e ) ,  had th e  g r e a t e s t  E teone  d e n s i t y  (3600/m^, m o s tly  j u v e n i l e s  2-3 

mm lo n g )  o f  any t r e a tm e n t  a t  any tim e (T ab le  7 ) .  T here  were a ls o  

s i g n i f i c a n t l y  more Eteone i n  empty cages  p u t  ou t i n  November 1973 and 

May 1974 and sampled i n  November 1974; th e s e  p e r io d s  a l s o  in c lu d e d  a l l  

o r  p a r t  o f  th e  r e c r u i tm e n t  p e r io d .  T here  were too  few i n d i v id u a l s  

p r e s e n t  i n  any t r e a tm e n t  a t  o th e r  m ajor sam pling d a t e s  (A ugust and 

September 1973 and J u ly  and Septem ber 1974) to  d i s c e r n  any p a t t e r n  of 

re sp o n se  o f  E teone  to  o th e r  t r e a tm e n t s .

N e re i s  s u c c in e a  (F rey  and L e u c k a r t)

The peaks  i n  d e n s i t y  o f  th e  n e r e id  p o ly c h a e te  N e re is  ( Neanthes) 

s u c c in e a  in  Ju n e  and O ctober  (F ig .  4N) a l s o  co rresponded  to  peaks in  

d e n s i t y  o f  j u v e n i l e s .  J u v e n i l e s  were found i n  sam ples  from uncaged 

a r e a s  from June th ro u g h  December.

A ll  empty cages  i n  p la c e  lo n g e r  th a n  1 month had a g r e a t e r  

d e n s i t y  o f  N e re is  (a p p ro x im a te ly  h a l f  j u v e n i l e s )  th a n  d id  uncaged a r e a s  

(T ab le  7 ) ;  most o f  th e s e  d i f f e r e n c e s  were s i g n i f i c a n t  ( F ig s .  5H, 6K, 7G) .

The hogchoker and hand t r e a tm e n ts  were n o t  e f f e c t i v e  in  re d u c in g  N e re is  

d e n s i t i e s ,  b u t  th e  c rab  and sp o t  t r e a tm e n ts  were ( F ig s .  6K, 7G ).
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P h o ro n is  psammophila C ori

The phoron id  P h o ro n is  psammophila (= P. a r e h i t e e t a  Andrews) 

l i v e s  i n  a r i g i d  v e r t i c a l  tube  o f  sand g r a i n s  cemented to g e th e r  and 

su sp e n s io n  fe e d s  w i th  i t s  lo phophore . P h o ro n is  was p r e s e n t  i n  sam ples 

o u t s id e  th e  cages  every  month (F ig .  4 0 ) ;  j u v e n i l e s  were p r e s e n t  in  

sam ples from June th rough  December 1974.

Although r e c r u i tm e n t  was o c c u r r in g  d u r in g  p e r io d s  t h a t  cages  

were i n  p l a c e ,  none o f  th e  empty cag es  i n  1973 o r  1974 had s i g n i f i c a n t l y  

g r e a t e r  d e n s i t i e s  of P h o ro n is  th a n  o u t s id e  th e  cages  (T able  7 , F ig s .

5M, 6L, 7 1 ) .  There was a  n o n - s i g n i f i c a n t  t r e n d ,  however, of g r e a t e r  

d e n s i t i e s  i n  empty cag es  and d e c r e a s in g  d e n s i t y  w i th  i n c r e a s in g  crab  

and f i s h  p r e d a t io n .  Crabs and f i s h  may e l im in a t e  some o f  th e  s m a l le r  

i n d i v i d u a l s ,  b u t  P h o ro n is  abundance a p p a r e n t ly  i s  n o t  s i g n i f i c a n t l y  

r e g u la te d  by p r e d a t io n .

M u lin ia  l a t e r a l i s  (Say)

Of a l l  th e  s p e c ie s  c o l l e c t e d ,  t h e  m a c t r id  b iv a lv e  M u lin ia  

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

P e r io d ic  e r u p t io n s  o f  v e ry  d en se  p o p u la t io n s  o f  M u lin ia  o ccu r  in  

Chesapeake Bay, p a r t i c u l a r l y  i n  d eep e r  muddy se d im e n ts ,  i n  w i n t e r  o r  

e a r l y  s p r in g  (Boesch 1973, H uggett e t  a l .  1975, Boesch 1974, Boesch,

Wass, V i r n s t e i n ,  i n  p r e s s ) ,  b u t  th e n  e x p e r ie n c e  v e r y  h ig h  m o r t a l i t i e s  

i n  e a r ly  summer, m a in ta in in g  lo w - d e n s i ty  r e s e r v o i r  p o p u la t io n s  i n  

sh a llow  sandy a re a s  (Wass e t  a l .  1972). Summer d e n s i t i e s  were  20/m^ 

i n  t h i s  s tu d y  a r e a  and 37/m^ a t  th r e e  3 m-deep s t a t i o n s  i n  th e  low er 

York R iv e r  from 1972 to  1974 ( V i r n s t e i n  1975).

J u v e n i l e s  were found i n  F e b ru a ry ,  May, J u n e ,  J u l y ,  A ugust, 

Sep tem ber, and November. A d d i t io n a l  sam pling  would l i k e l y  show t h a t
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M u lin ia  j u v e n i l e s  a re  p r e s e n t  y e a r - ro u n d ;  Chanley and Andrews (1971) 

found M u lin ia  l a r v a e  i n  t h e  p lan k to n  fro m  May to  November.

Young M u lin ia  can grow v e ry  r a p i d l y .  At te m p e ra tu re s  above 

20 C, th ey  grow to  s e x u a l  m a tu r i ty  in  6 weeks (C a la b re s e  1969, 1970) 

a t  an a p p ro x im a te ly  lo g a r i th m ic  r a t e  t h a t  d e c re a se s  w i th  age ( F ig .  9A) .

Every empty c ag e ,  no m a t te r  when s e t  ou t o r  sam pled, had  a  

g r e a t e r  d e n s i t y  of M u lin ia  than o u t s i d e  c a g e s ;  most o f  th e s e  d i f f e r e n c e s  

were s i g n i f i c a n t  ( F ig s .  6 -9 ,  Table 7 ) .  M u l in ia  d e n s i t i e s  i n  empty cages 

were h ig h ly  s i g n i f i c a n t l y  g r e a t e r  ( a  < 0 .0 1 )  th an  i n  any o th e r  t r e a tm e n t  

on th e  fo l lo w in g  d a t e s :  November 1973 t o  May 1974, May to  September

1974, May to  November 1974, and May 1974 to  F ebruary  1975.

I n  th o s e  empty cages which rem ained  d e n se ly  p o p u la ted  w i th

M u l in ia , i t  was p ro b a b ly  th e  in c r e a s e  i n  s i z e  o f  i n d i v i d u a l  M u l in ia

(F ig .  9A) w hich  caused overcrowding and a  subsequen t d e c l i n e  i n  d e n s i t y  

(F ig .  9B). The d e n s i t y  o f  th e  clams was so  g r e a t  t h a t  to  bury  i t s e l f ,  

a  clam would have to  d ig  through a  l a y e r  o f  clams ( F ig s .  10, 1 1 ) .  By

ly in g  on t h e i r  s id e s  and th r u s t i n g  t h e i r  f e e t  out r a p i d l y ,  c lam s were

observed  to  "hop" a lo n g  th e  sedim ent s u r f a c e  and th u s  move l a t e r a l l y .  

Presum ably i n  r e s p o n se  to  overcrow ding , some clams moved o u t o f  th e  

cage in  t h i s  way. I f  th e y  moved o u t  d u r in g  th e  s e a so n s  when c r a b s  

were p r e s e n t ,  th e s e  c lam s were e a te n  w i t h i n  a  few d a y s ,  as  ev idenced  

by th e  b ro k en  M u lin ia  s h e l l s  o u ts id e  th e  cag es .

From th e  exp er im en ts  of 1973 (F ig .  5K), i t  can be seen  

t h a t  M u lin ia  d e n s i t y  i s  n o t  a f f e c t e d  by hogchokers ,  b u t  i s  e f f e c t i v e l y  

c o n t r o l l e d  by crab  p r e d a t io n .  In  1974, c ra b s  and s p o t  were a l s o  

e f f e c t i v e  i n  red u c in g  M u lin ia  d e n s i t y  ( F ig s .  6M, 7 J ) .  As had happened 

w i th  many o t h e r  s p e c i e s ,  th e  g r e a t e r  t h e  d e n s i ty  o f c r a b s ,  th e  l e s s  the



Figure 9 M u lin ia  l a t e r a l i s  s i z e  v e r s u s  age (A ) , d e n s i t y  v e r s u s  

age (B ) , and d e n s i t y  v e r s u s  b lu e  c ra b  d e n s i t y  (C) .

A l l  a re  p l o t t e d  on log  s c a l e .
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F ig u re  10. Pho tograph  o f  u n d is tu rb e d  co re  ta k e n  from e x c lo s u re  

i n  Septem ber 1974, showing M u lin ia  l a t e r a l i s  and 

P e c t i n a r i a  g o u l d i i  on th e  s u r f a c e ,  and th e  numerous 

s ip h o n s  o f  M u l in ia . I n s id e  d ia m e te r  o f  th e  c o re  

i s  10 cm. The an im a ls  from t h i s  c o re  a re  p i c tu r e d  

i n  F ig .  11.
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F ig u re  11. Photograph o f  th e  an im a ls  removed from t h e  core

p i c t u r e d  in  F ig .  10 , c o n s i s t i n g  of m o s t ly  M u lin ia  

l a t e r a l i s , and some P e c t l n a r i a  g o u ld i i  and  L yonsia  

h y a l i n a . D iam eter  o f  th e  c o re  i s  10 cm; thus  th e  

an im a ls  a r e  p i c tu r e d  i n  th e  a c tu a l  d e n s i t y  from th e  

f i e l d .





d e n s i t y  o f  M u lin ia  (F ig .  9 C). The a c tu a l  mechanism by which M u lin ia  

p o p u la t io n s  were k e p t  low may have v a r ie d  from t r e a tm e n t  to  t r e a tm e n t .  

The hand t r e a tm e n ts  had s i g n i f i c a n t l y  few er  M u lin ia  th a n  th e  empty 

c ag e s ,  b u t  s i g n i f i c a n t l y  more in d iv id u a l s  th a n  o u t s id e  th e  cages 

(F ig .  6 M). T h is  m anual d i s tu r b a n c e  of th e  sed im en ts  may e l im in a te  

many M u lin ia  by c r u s h in g ,  b u ry in g ,  or d i s lo d g in g  th e  newly s e t t l e d  

clams from th e  sed im en t so t h a t  th ey  may be  c a r r i e d  away by t i d a l  

c u r r e n t s .  T h is  hand t r e a tm e n t  was l e s s  e f f e c t i v e  th a n  th e  c ra b s  o r  

sp o t  i n  e l i m in a t in g  M u lin ia .  Spot feed  m a in ly  i n  th e  to p  few m i l l i ­

m e te rs  o f  sed im ent (S t ic k n e y  e t  a l .  1975) and may have e l im in a te d  many 

M u lin ia  b o th  by a c t u a l l y  e a t in g  them, and by p h y s ic a l  d i s r u p t i o n  o f  

s ed im en ts .  By t h e i r  d ig g in g  and burrow ing , th e  b lu e  c ra b s  may a l s o  

have e l im in a te d  many M u l in ia ; i n  a d d i t i o n ,  th e y  a l s o  w ere observed  to  

have e l im in a te d  a  c ag e  f u l l  o f  l a r g e  M u lin ia  by e a t i n g  them.

To v e r i f y  t h a t  b lu e  c ra b s  could  a c t u a l l y  d ig  up and e a t  

M u l in ia , s e v e r a l  l a r g e  (ap p ro x im a te ly  18 mm) M u lin ia  were p u t  i n t o  an 

aquarium  c o n ta in in g  sedim ent from th e  s tu d y  a re a  and allow ed  to  burrow 

i n t o  th e  sed im en t.  A b lu e  c ra b  was then p u t  i n t o  th e  aquarium and 

o b se rv ed . Two d i f f e r e n t  c ra b s  were used on two d i f f e r e n t  o c c a s io n s .

In  b o th  c a s e s ,  th e  c r a b s  were observed  t o  f i n d  th e  M u lin ia  ( a p p a r e n t ly  

by c h a n c e ) ,  d ig  them u p ,  and e a t  them. U s u a l ly  th e  c rab  c rushed  th e  

clams w i th  i t s  c h e la e ,  o f te n  n e a r  th e  c la m 's  s ip h o n ,  th e n  proceeded  

to  u se  i t s  m o u th p a r ts  to  s c ra p e  th e  t i s s u e  o u t  o f  th e  v a lv e s .  With 

two c lam s , however, th e  crab was ab le  to  g e t  th e  p o in t  o f  a d a c t y l  o f  

one o f  i t s  c h e la  betw een th e  v a lv e s  of t h e  c lam , d id  th e  same w i th  the  

d a c t y l  o f  th e  o th e r  c h e la ,  and p r i e d  open th e  v a l v e s ,  a l l  i n  ab o u t  15 

seconds . The c rab  th e n  a t e  th e  whole clam , even s c r a p in g  th e  a b d u c to r



m uscles o f f  b o th  v a lv e s ,  w i th o u t  b reak in g  e i t h e r  v a lv e  o f  th e  c lam .

T here  i s  o th e r  e v id en ce  t h a t  b l u e  c ra b s  e l im in a te d  th e  

M ulin ia  by a c t u a l l y  e a t i n g  them , n o t  j u s t  by p h y s i c a l l y  d i s tu r b in g  

th e  sed im en t.  The unplanned b u t  f o r t u i t o u s  empty+crab t re a tm e n t  was 

a cage t h a t  had been  empty f o r  2 months (May to  J u ly  1974). Then two

sm all c ra b s  (6 -8  cm) somehow g o t  in to  th e  cage; one was allowed to

rem ain f o r  th e  n e x t  two months ( J u ly  to  S ep tem ber) . I n  m id -Ju ly  I  

observed  t h a t  t h i s  cage c o n ta in e d  a dense p o p u la t io n  o f  l a r g e  M u l in ia  

(14 ,700  in d iv id u a l s /m  w ith  a mean le n g th  o f  13 .4  mm i n  an o th e r  empty 

cage s e t  o u t  i n  May and sampled i n  J u l y ) .  Four days l a t e r ,  I  o b se rv ed  

th e  two c ra b s  and hundreds o f  empty and b roken  M u lin ia  s h e l l s  i n  th e  

cage. The c rab  t h a t  was a llow ed  to  rem ain  grew c o n s id e r a b ly  i n  th e

n e x t  2 months ( to  13 cm c a ra p a c e  w i d t h ) . No M ulin ia  w ere  found i n

samples from t h i s  cage i n  Septem ber 1974 (Fig* 7J) . I n  c o n t r a s t ,  th e  

empty cage sampled a t  t h i s  tim e  was so d e n s e ly  packed w i th  M u lin ia  

(7950/m , 1 8 .2  mm mean l e n g th )  t h a t  some o f  th e  clams were s i t t i n g  on 

top o f  each  o t h e r  ( F ig s .  10 , 1 1 ) .  In  f a c t ,  4 days a f t e r  t h i s  cage had 

been removed, exposing  ap p ro x im a te ly  2 ,000  clams to  c ra b  p r e d a t io n ,  

th e  sed im en t s u r f a c e  was l i t t e r e d  w ith  empty and b ro k e n  s h e l l s ,  and 

n o t one l i v e  M u lin ia  could be found.

In  November 1974 and February  1975, empty cag es  a l s o  f u l l  

o f  M u lin ia  were sam pled. A f t e r  th e  cage was removed and th e  sam ples 

t a k e n ,  th e  cage was p u t  back  so  t h a t  ap p ro x im a te ly  h a l f  o f  th e  M u lin ia  

were w i th in  th e  cage and h a l f  were o u t s id e  th e  cage . At both o f  th e s e  

t im es ,  c rab s  were n o t  fe e d in g  in  sha llow  p a r t s  o f  t h e  e s tu a ry  and 

n e a r ly  a l l  clams s u rv iv e d  b o th  in s id e  and o u ts id e  t h e  cages . In  l a t e  

A p r i l  1975, when c rab s  f i r s t  s t a r t e d  t o  a p p e a r ,  a few broken  M u lin ia



s h e l l s  were found o u t s i d e  th ese  cag es  and one c r a b  was observed  ca r ry in g  

o f f  a  l a r g e  M u l in ia . By the  m id d le  o f  May, no l i v e  M ulin ia  c o u ld  be 

found  o u t s id e  th e  c a g e s ,  w hile  m ost o f  th e  M u l in ia  in s id e  th e  c a g e s  

s u rv iv e d  u n t i l  August and some u n t i l  September 1 9 7 5 , when th e  mesh of 

t h e  cages  co rroded , h o le s  appea red , and crabs w e re  seen  i n s i d e  th e  cages. 

At t h i s  tim e the  M u l in ia  were 16 m onths o ld .  M ost were 22-23 mm; the 

l a r g e s t  was 26.3 mm, much l a r g e r  t h a n  i s  ever fo u n d  in  n a t u r a l  h a b i t a t s .  

J .  K ra e u te r  (p e r s o n a l  communication) has  grown M u l in ia  in  th e  la b o r a to r y  

to  o v e r  30 mm i n  l e s s  than  a  y e a r .  T hus, i t  a p p e a r s  th a t  M u l in ia  i s  

a  fa v o re d  food o f  b l u e  c ra b s  and t h a t  c rab  p r e d a t i o n  i s  p ro b a b ly  th e  

m a jo r  f a c t o r  c o n t r o l l i n g  th e  a d u l t  p o p u la t io n  s i z e  during  warmer months.

My a a r e n a r i a  (L innaeus)

The s o f t  clam Mya a r e n a r i a  spawns in  s p r i n g  and f a l l .  The 

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

(Wass e t  a l .  1972). In  t h i s  s t u d y ,  j u v e n i l e  Mya ( 0 .5 - 5  mm) w e re  found 

o n ly  i n  May, November, December, and  F ebruary . The sp r ing  s e t  was 

much l a r g e r  than t h e  f a l l  s e t ,  b u t  no Mya were fo u n d  o u ts id e  t h e  

cag es  from June th ro u g h  O ctober 1974 (F ig .  4R). D uring t h i s  same 

p e r i o d ,  however, Mya su rv iv ed  w e l l  i n  th e  empty c a g e s  and grew r a p id ly  

t h e r e .  Every empty cage  in  p la c e  d u r in g  one o f  t h e  spawning p e r io d s  

o f  Mya had more i n d i v i d u a l s  than  o u t s i d e  the  c a g e s  (Table 7; F i g s .  5K, 

6N, 7K) . The empty c ag e  in  p la c e  from November 1973 to  May 1 9 7 4 , 

d u r in g  th e  l a r g e r  s p r in g  spawning p e r io d ,  had an  u n u su a l ly  d e n s e  s e t  

(o v e r  65,000/m^) o f  sm a l l  Mya ( 1 . 2  mm mean l e n g th )  (Table 7 ) .  An empty 

cag e  s e t  o u t  a t  th e  same time (November 1973) an d  sampled i n  November 

1974 a l s o  had a  d e n se  s e t  o f  Mya ( o v e r  3000/m^) , b u t  th e se  w e re  a l l
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s m a l l  j u v e n i l e s  ( 2 .0  mm mean l e n g th )  and w ere a l l  from th e  f a l l  1974

s e t .  I t  i s  n o t  known w he ther t h i s  cage had c o n ta in e d  any o f  t h e  Mya

from the  s p r in g  s e t ,  o r  w he ther t h e r e  had been  a l a r g e  s p r in g  s e t  as

i n  th e  o t h e r  cage w i th  th e  Mya a l l  dy ing  d u r in g  th e  summer. Two sm all

c ra b s  (6-7  cm) removed from t h i s  c ag e ,  one in  June  and one i n  Septem ber,

p o s s ib ly  a t e  th e  Mya.

A l l  o f  th e  empty cag es  s e t  o u t  i n  May 1974 had more Mya than

o u ts id e  t h e  cages  (T ab le  7 ) .  The empty->-crab t r e a tm e n t  sampled i n

Septem ber had no Mya, b u t  t h e r e  were many broken  Mya s h e l l s  on th e

s u r f a c e  a f t e r  th e  c r a b s  got i n .  Empty cages  s e t  o u t  a t  th e  same time
2

as  th e  emptjr+crab t r e a tm e n t  had Mya d e n s i t i e s  o f  388/m in  J u l y  (when
2

th e  c ra b s  g o t  in )  and 232/m i n  September.

The s p o t ,  hand, and c rab  t r e a tm e n ts  were a l l  e f f e c t i v e  in  

e l im in a t in g  Mya ( F ig s .  6N, 7K); t h e  hogchoker was n o t  a s  e f f e c t i v e  

(F ig .  5K). Samples from any cage c o n ta in in g  a c rab  n ev e r  c o n ta in ed  

more than  one Mya. L ike  M u l in ia , Mya i s  a fav o red  food o f b lu e  c r a b s , 

and crab  p r e d a t io n  i s  a  m ajor f a c t o r  c o n t r o l l i n g  Mya abundance.

L yonsia  h y a l i n a  Conrad

Only one i n d i v i d u a l  o f  th e  l y o n s i ld  b iv a lv e  L yonsia  h y a l in a  

was found i n  sam ples from o u t s id e  th e  c ag es .  Empty cages  s e t  o u t  in  

May 1974 had h ig h ly  s i g n i f i c a n t l y  (a<0 .01) more L y o n s ia  th a n  o u ts id e  

cages i n  J u l y  and s i g n i f i c a n t l y  more in  September 1974 ( F ig s .  6 0 ,

7 L ) . T here  were no L yonsia  i n  samples from th e  empty^-crab t r e a tm e n t  

i n  Septem ber. Average l e n g th s  o f L yonsia  i n  empty cages  were 0 .5  mm 

in  May, 15 mm i n  J u l y ,  22 mm in  Septem ber, and 24 mm in  November.

L yonsia  l i v e  c lo s e  to  th e  sedim ent s u r f a c e ,  o f t e n  w ith  th e  

v a lv e s  s t i c k i n g  p a r t i a l l y  above th e  sed im en t.  Thus, l i k e  M u l in ia ,



they  a re  e a s i l y  p reyed  upon by c ra b s .  L ik e  M ulin ia  and  Mya, L yonsia  

abundance i s  c o n t r o l l e d  by b lu e  c rab  p r e d a t io n .



DISCUSSION

The e f f e c t  o f  p r e d a t io n  on a  community depends on th e  s e v e r i t y  

and s e l e c t i v i t y  o f  t h e  p r e d a t io n .  L ow -leve l p r e d a t i o n  p r e s s u r e  may 

in c r e a s e  s p e c i e s  d i v e r s i t y  by ( i )  re d u c in g  the  d e n s i t y  o f  th e  dominant 

s p e c i e s , th u s  a l lo w in g  f o r  an in c r e a s e  i n  d e n s i t y  o f  c o m p e t i t iv e ly  

i n f e r i o r  s p e c i e s  (P a in e  1966, 1969, Brooks and Dodson 1965); ( i i )  

randomly re d u c in g  most sp e c ie s  d e n s i t i e s  to  a l e v e l  below t h a t  r e g u la te d  

by c o m p e t i t iv e  e x c lu s io n  of s p e c ie s  (Dayton and H e s s l e r  1972,

Roughgarden and Feldman 1975); o r  ( i i i )  c r e a t in g  p a tc h e s  w i th  lowered 

d e n s i t i e s  a t  d i f f e r e n t  s ta g e s  o f  s u c c e s s io n  to  a  h y p o t h e t i c a l  "c lim ax  

community," th u s  c r e a t i n g  "contem poraneous d i s e q u i l i b r iu m "  (H utch inson  

1961, L ev in  and P a in e  1974, May and MacArthur 1972, Horn and 

MacArthur 197 2 ) .

S u f f i c i e n t l y  sev e re  p r e d a t io n  p r e s s u r e  w i l l  d e c r e a s e  s p e c ie s  

d i v e r s i t y  by re d u c in g  p o p u la t io n  d e n s i t i e s  o f  a l l  s p e c ie s  (Sammarco 

e t  a l .  1974) , r a r e r  sp e c ie s  th u s  b e in g  e l im in a te d  o r  reduced  to  d e n s i t i e s  

too  low to  be sam pled. E f f e c t s  o f  p r e d a t io n  may be  m ost d r a s t i c  i n  

p h y s i c a l l y  c o n t r o l l e d  env ironm ents ,  s i n c e  th e  p re y  organ ism s must g ive  

a d a p t iv e  p r i o r i t y  t o  th e  p h y s ic a l  re g im e ,  r a t h e r  th a n  to  re f in e m e n t  

of b i o l o g i c a l  I n t e r a c t i o n s  (S lo b o d k in  and Sanders  1969, Sanders 1969).

In  th e  community s t u d i e d ,  I n c re a s in g  p r e d a t i o n  p r e s s u r e  caused 

a s l i g h t  d e c r e a s e  i n  sp e c ie s  d i v e r s i t y ,  and d e c r e a s in g  p re d a t io n  

p r e s s u r e  below n a t u r a l  l e v e l s  a llow ed  a  l a r g e  i n c r e a s e  i n  d i v e r s i t y ,  

i n d i c a t i n g  t h a t  n a t u r a l  p re d a t io n  p r e s s u r e s  a r e  s e v e r e .

66
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D e n s i ty -d ep e n d e n t  I n t e r a c t i o n s  

The th eo ry  o f  c o m p e t i t iv e  e x c lu s io n  (Gause 1934) p r e d i c t s  

t h a t  i f  two s p e c ie s  compete f o r  th e  same l im i te d  r e s o u r c e ,  one s p e c i e s  

w i l l  e l im in a te  the  o t h e r .  However, p r e d a t io n  can a l t e r  the  outcome o f  

c o m p e t i t io n  between two s p e c ie s  i n  such  a  way t h a t  two sp ec ie s  can  

c o n t in u e  to  c o e x is t  i n  a  space  i n  which o n ly  one c o u ld  e x i s t  w i th o u t  

p r e d a t io n  (S lobodk in  1961, Brooks and Dodson 1965, P a in e  1966,

Cramer and May 1972, L ev in  and P a in e  1974, Roughgarden and Feldman 

1975). Sm ith e t  a l .  (1975) concluded  t h a t  th e  c o m p e t i t iv e  e x c lu s io n  

p r i n c i p l e  h a s  on ly  l i m i t e d  v a l i d i t y  and t h a t ,  g iv e n  c e r t a i n  c o n d i t i o n s ,  

any number o f  consumer s p e c ie s  may c o e x i s t  and com pete f o r  th e  same 

food . C om petit ion  f o r  sp a c e ,  fo o d ,  and l i g h t  ahs b e e n  d em onstra ted  

i n  m arine b e n th i c  env ironm ents  betw een i n t e r t i d a l  b a r n a c l e s  (C o n n e l l  

1961a, b) , betw een a lg a e  (Dayton 1971, 1975a, b) , be tw een  d e p o s i t -  

fe e d in g  mud s n a i l s  (F e n c h e l  1975) , and between t u b e - b u i ld in g  and 

burrow ing p o ly c h a e te s  (Woodin 1971, 1 9 7 4 ) .

H e rb iv o re s  a r e  f r e q u e n t  e x c e p t io n s  to  t h e  in f lu e n c e  o f  

d e n s i ty -d e p e n d e n t  c o m p e t i t io n ,  b u t  r a t h e r  a re  o f t e n  p r e d a t o r - l i m i t e d  

(H a i r s to n  e t  a l .  1960) ■ In  an a n a la g o u s  manner, e n e rg y  fo r  d e p o s i t  

f e e d e r s  may be a v a i l a b l e  as  d e t r i t a l  o r g a n ic  m a t t e r  i n  a la rg e  " s in k "  

(L ev in to n  1972, 1974) o f t e n  t h r e e  to  f o u r  o rd e rs  o f  magnitude g r e a t e r  

th a n  r e q u i r e d  (Smith 1973). However, much o f t h i s  o rg a n ic  m a t t e r  i s  

r e f r a c t o r y  (Young 1968) , and b a c t e r i a  may be the  r a t e - c o n t r o l l i n g  

s t e p  in  u t i l i z a t i o n  o f  th e  o rg a n ic  m a t t e r  (Fenchel 1975), c a u s in g  

d e p o s i t - f e e d e r s  to be f o o d - l im i t e d  (L ev in to n  1972).

I n  th e  community s t u d i e d  h e r e ,  d e n s i t i e s  o f  most s p e c ie s  

in c re a s e d  when p r o t e c t e d  from p r e d a to r s  and no s p e c i e s  d ecreased  i n  

d e n s i t y .  T h is  l a c k  o f  p r e f e r e n t i a l  i n c r e a s e  of any s p e c ie s ,  i n c lu d in g
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t u b e - b u i ld e r s  v s .  b u rro w e rs ,  s u g g e s ts  t h a t  c o m p e t i t iv e  p r e s s u r e s  a re  

n o t  Im portan t I n  t h e  r e g u l a t i o n  o f  p o p u la t io n  d e n s i t i e s  i n  th e  n a t u r a l  

community. R eso u rces  a re  th u s  n o t  l i m i t i n g  i n  t h e s e  sh a llow  sand 

communities i n  Chesapeake Bay. Most s p e c i e s  d e n s i t i e s  i n  t h i s  com­

m unity  a re  c o n t r o l l e d  by d e n s i ty - in d e p e n d e n t  f a c t o r s :  p r e d a to r s ,

sed im en t i n s t a b i l i t y ,  and o t h e r  p h y s ic a l  f a c t o r s .

At t h e  ex trem ely  h ig h  p o p u la t io n  d e n s i t i e s  found i n  some 

e x c lo s u r e s ,  c o m p e t i t io n  p ro b a b ly  o c c u r re d .  F o r  example, a t  a  d e n s i t y  

o f  140,000/m^ i n  one e x c lo s u r e ,  i n d i v id u a l s  o f  S t r e b lo s p io  b e n e d i c t i  

w ere an averag e  of only 3 mm a p a r t  and had a lm os t t o t a l l y  o v e r la p p in g  

feed in g  r a d i i  ( t h e  t e n t a c u l a r  p a lp s  ex ten d  10-20  mm a long  th e  sed im ent 

s u r f a c e ) .  I n  some e x c lo s u r e s ,  M u lin ia  l a t e r a l i s  were so dense t h a t  

th e y  could n o t  a l l  f i t  i n  a  s i n g l e  l a y e r  (F ig s .  10 ,  1 1 ) ,  and a p p a r e n t ly  

competed w i th  e ac h  o th e r  f o r  space-tas th e y  grew (F ig .  9A,B).

In  su ch  g r e a t  d e n s i t y ,  M u lin ia  a p p a r e n t ly  a l s o  competed w i th  

o t h e r  s p e c ie s ;  e . g . ,  H eterom astus  f i l j f o r m i s  d e n s i t i e s  were much low er 

i n  e x c lo s u re s  w i t h  dense M u lin ia  than in  e x c lo s u r e s  w i th  few er M u l in ia .

T h is  e x c lu s io n  o f  o th e r  s p e c i e s  by M ulin ia  may have been  due t o  ( i )  

f i l t e r i n g  o u t  s e t t l i n g  l a r v a e  w h ile  f i l t e r  fe e d in g  ( p r e d a t i o n ) , o r  

( i i )  sed im ent i n s t a b i l i t y  caused  by M u l in ia ' s  a c t i v e  movements 

( am ensa lism ), o r  ( i i i )  occupy ing  most a v a i l a b l e  h a b i t a t  space  (com­

p e t i t i o n .

Some Problem s o f  I n t e r p r e t a t i o n  

E f f e c t  o f  an empty cage

I t  I s  d i f f i c u l t  to  d i s t i n g u i s h  t h e  e x te n t  to  which th e  in c re a s e  

o f  in f a u n a l  d e n s i t y  and d i v e r s i t y  in  e x c lo s u r e s  i s  caused  by ( i )  ex­

c lu s i o n  o f  p r e d a t o r s ,  ( i i )  changes in  c u r r e n t s  and sedim ent s t a b i l i t y ,



or ( i i i )  " t r a p p in g "  of l a r v a e .  The e x c lu s io n  o f  p r e d a to r s  has  been 

s t r e s s e d  above, b u t  o the r f a c t o r s  may a l s o  b e  im p o r tan t .

The cages  did a f f e c t  sediment s t a b i l i t y  as shown by the  

in c r e a s e  o f  s i l t - c l a y  c o n te n t  and d ec rea se  o f  movement o f  o ra n g e -  

p a in te d  sed im en t in  the  e x c l o s u r e s .  However, some of t h i s  enhanced 

sed im ent s t a b i l i t y  may have b e e n  due to  in c r e a s e d  b in d in g  and s t a ­

b i l i z a t i o n  o f  sedim ents  by t h e  dense p o p u la t io n s  o f  i n f a u n a l  tu b e -  

b u i ld in g  s p e c ie s  ( e .g .  by S t r e b l o s p i o  b e n e d i c t i )  form ing a " t u r f "  

(Buchanan 1963 , Young and Rhoads 1971).

O rth  ( i n  p ress)  h a s  shown th a t  e e l g r a s s ,  Z o s te ra  m a r in a , 

in c r e a s e s  sed im en t s t a b i l i t y ,  which causes an in c r e a s e  i n  i n f a u n a l  

d e n s i t y  and d i v e r s i t y .  P a r t  o f  t h i s  i n c r e a s e  i n  th e  in f a u n a  may be 

due to  th e  p a r t i a l  e x c lu s io n  o f  p re d a to rs  by  t h e  rhizome mat 1 -2  cm 

below th e  sed im en t su rface  w h ic h  p rev en ts  d ig g in g  by m ost p r e d a to r s .  

I n f a u n a l  d e n s i t y  and d i v e r s i t y  in c re a se d  i n  e e l g r a s s  when p r e d a to r s  

were ex c lu d ed ;  however, t h i s  i n c r e a s e  was l e s s  than  when p r e d a to r s  

were  exc luded  from  bare  s a n d .  Both e e l g r a s s  and e x c lo s u re s  i n  b a re  

sand  produced  s i m i l a r  h i g h - d e n s i t y ,  d iv e r s e  in f a u n a l  communities 

(T ab le  8 ) ;  b o th  s t a b i l i z e  s e d im e n ts  and o f f e r  p r o t e c t i o n  from p r e d a to r s .

P la n k to n ic  l a rv a e  may have p r e f e r e n t i a l l y  s e t  i n  cages in  

re sp o n se  e i t h e r  to  decreased  c u r r e n t  v e l o c i t y  o r  to  c o n ta c t  w i th  the  

w ire  mesh. However, w hile  c ag es  may i n c r e a s e  s e t t i n g  o f  l a r v a e ,  t h e i r  

s u r v i v a l  i s  n o t  ensured— a p r e d a t o r  would n e g a te  t h i s  e f f e c t .

E f f e c t  of a  p r e d a to r

I t  i s  l ik e w is e  d i f f i c u l t  to d i s t i n g u i s h  th e  e x a c t  n a tu r e  of 

th e  causes  o f  th e  decrease  o f  in fau n a  due t o  a  p r e d a to r :  ( i )  p re d a t io n



TABLE 8

A comparison, o f  in f a u n a l  d e n s i t i e s  i n  e e l g r a s s ,  Z o s te ra  m a r in a , beds 

w i t h  caged a r e a s  in  th e  e e l g r a s s ,  and caged a r e a s  i n  b a r e  sand . 

Numbers from e e lg r a s s  a r e  r a r e f i e d  s o  th a t  a l l  numbers a r e  r e p o r te d  

as  mean number p e r  0 .005 m^.

Mean d e n s i t y  p e r  0 .005 m^
Caged Uncaged Caged b a re  sand 

e e l g r a s s  e e l g r a s s  Ju ly -S ep t-N o v  mean

T o t a l  I n d iv i d u a l s 264.8 201.6 213.4

Number o f S p e c ie s 20 .1 19 .0 17.7

P e lo s c o le x  g a b r i e l l a e 41 .4 41.1 53 .0

H eterom astu s  f i l i f o r m i s 27.9 21.6 37 .3

S t r e b l o s p i o  b e n e d ic t i 26.7 12.5 18.7

S p io c h a e to p te r u s  o c u la tu s 52.3 28.3 2 .4

N e re is  s u c c in e a 7 .8 7 .9 4 .7

P o ly d o ra  l i g n i 130.7 5 .1 6 .8

G lycinde s o l i t a r i a 1 .9 1 .0 3 .7
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on a d u l t s  ( I m p l i c i t l y  s t r e s s e d  a b o v e) ,  ( i i )  p r e d a t io n  on n e w ly - s e t  

l a r v a e ,  ( i i i )  d e c re a se d  sed im en t s t a b i l i t y  caused by the  fo r a g in g  

a c t i v i t i e s  o f  th e  p r e d a t o r s ,  o r  ( iv )  p h y s ic a l  d i s r u p t i o n  o f tu b e s  and 

b u rro w s .

The in c o m p le te ly  answered q u e s t io n  i s  w h e th er  th e  cage causes  

sed im en t s t a b i l i t y  which i n  t u r n  a l lo w s  an in c r e a s e  o f  in f a u n a ,  o r  

w h e th e r  th e  cage e x c lu d e s  p r e d a to r s  w hich  a l lo w s  an in c r e a s e  of in fa u n a  

w hich s t a b i l i z e s  s ed im en t .  To b e t t e r  d i f f e r e n t i a t e  t h e  b i o l o g i c a l  

and p h y s ic a l  a s p e c t s ,  more c a r e f u l  a n a ly s e s  o f  p r e d a t o r s ’ f e e d in g  

a c t i v i t i e s  and s ed im en ta ry  p a ra m e te rs  a r e  n e c e s s a ry .  A q u aria  cou ld  

be used f o r  o b s e r v a t io n  o f  fe e d in g  modes and p r e f e r e n c e s ,  and f o r  

v e r i f i c a t i o n  o f  r e s u l t s  o f  c ag in g  ex p e r im en ts .

E f f e c t  o f  cage s i z e

The s i z e  o f  cages  was v a r i e d  i n  o r d e r  to  v a ry  c rab  d e n s i t i e s ,  

r a t h e r  th an  d i r e c t l y  v a ry in g  th e  number of c ra b s  in  th e  s ta n d a rd  s i z e  

cage ; o th e rw is e  c a n n ib a l is m  would have been  a problem . Thus b o th  th e  

s i z e  o f  th e  cage and th e  a r e a  o v e r  w hich a crab cou ld  roam was d i f ­

f e r e n t  f o r  each  c rab  d e n s i t y .  T h e re fo re  p a r t  o f  th e  e f f e c t  o f  th e  

d i f f e r e n t  c rab  d e n s i t i e s  may have been  due to  cage s i z e .  However, 

empty cages  of two d i f f e r e n t  s i z e s  were n o t  d i f f e r e n t  from each  o th e r  

f o r  number of s p e c i e s ,  number o f  i n d i v i d u a l s ,  o r  i n d i v i d u a l s  o f  most 

s p e c ie s  (F ig .  5 ) .  T h e r e f o r e ,  d i f f e r e n c e s  i n  t h e  In fa u n a  i n  d i f f e r e n t ­

s i z e d  cages  w i th  c ra b s  w ere p ro b a b ly  due to  th e  d i f f e r e n t  c rab  d e n s i t i e s  

r a t h e r  th a n  to  d i f f e r e n t  s i z e s  of c ag es .

E f f e c t  o f  cage mesh s i z e

A lthough cag es  d id  keep o u t  most l a r g e  p r e d a t o r s ,  many 

s m a l l e r  i n d i v i d u a l s  o f  many p r e d a to r y  s p e c ie s  u ndoub ted ly  had f r e e
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p assag e  th ro u g h  th e  12 mm mesh o f  t h e  cages . N aqvl (1968) concluded  

t h a t  6 mm mesh cages o f f e r e d  more p r o t e c t i o n  from p r e d a to r s  i n  A l l i g a t o r  

H arbo r , F l o r i d a ,  than  12 mm o r  24 mm mesh c a g e s .  However, th e  l a r g e r  

in d iv id u a l s  o f  th e  s p e c i e s  I  s tu d ie d  (b lu e  c r a b ,  sp o t  and hogchoker) 

were e f f e c t i v e l y  caged i n  o r  o u t ,  and th e s e  l a r g e r  i n d i v i d u a l s  of 

b lu e  c ra b s  and sp o t  a r e  a p p a r e n t ly  th e  major p r e d a to r s  in  t h e  a re a  

s tu d ie d .

S u s c e p t i b i l i t y  to  P r e d a t io n  

W hile  th e re  was a l a r g e  v a r i a t i o n  among s p e c ie s  i n  the  d e g re e  

of re sp o n se  to  a l t e r e d  p r e d a t io n  p r e s s u r e ,  s p e c i e s  w i th  s i m i l a r  l i f e  

h a b i t s  responded  s i m i l a r l y .

L e a s t  a f f e c t e d  by in c re a s e d  crab and f i s h  p r e d a t io n  p r e s s u r e  

were th o s e  s p e c ie s  w hich l i v e  deep i n  th e  sed im en ts  a n d /o r  can r e t r a c t  

q u ic k ly  i n t o  th e  s e d im e n ts .  S p e c ie s  s u rv iv in g  i n  g r e a t e s t  numbers i n  

cages  c o n ta in in g  c r a b s  w ere  P e lo s c o le x  g a b r i e l l a e , S p io c h a e to p te ru s  

o c u l a t u s , P h o ro n is  psam m ophila , l a r g e  Mya a r e n a r i a , H e terom astus  

f l l i f o r m i s , and S t r e b l o s p io  b e n e d i c t i . In c lu d e d  h e re  a r e  t h e  f iv e  

to p -ran k ed  s p e c ie s  i n  t h e  n a t u r a l  community (T a b le  1 ) ,  s u g g e s t in g  t h a t  

avo idance  o f  p r e d a t io n  a l lo w s  t h e i r  s u c c e s s .  Such p r o t e c t i v e  h a b i t s  

have a l s o  evo lved  in  o t h e r  s h a l lo w -w a te r  i n v e r t e b r a t e s  i n  re sp o n se  to  

p r e d a t io n  by f i s h e s  (Bakus 1964, L ev in ton  197 1 ) .

S p e c ie s  whose d e n s i t i e s  were  most s e v e r e ly  red u ced  by p re d ­

a t o r s  were  l a r g e r  an im a ls  l i v i n g  c lo s e  to  th e  sedim ent s u r f a c e ,  e . g .  

th e  p o ly c h a e te  P e c t l n a r i a  g o u l d i i  and th e  b iv a l v e s  M u lin ia  l a t e r a l i s , 

L yonsia  h y a l i n a , and s m a l l  Mya a r e n a r i a . B lue c ra b s  co u ld  a l s o  d ig  

up d e e p - l i v in g  Mya (D unnington 1956, O r th ,  i n  p r e s s ) .  F o r  example, 

in  th e  empty-+crab t r e a tm e n t  th e  in v ad in g  b lu e  c ra b s  presum ably
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e l i —minated a l l  the M u l in ia  and th e  Mya, which were f a i r l y  l a r g e  (25 mm 

mea-tn s h e l l  l e n g th )  and p ro b ab ly  l i v e d  50-60 mm deep In  th e  sed im ent.

Some species o f  b iv a lv e s  a r e  abundant presum ably because  

t h e e y  can a v o i d  crab p r e d a t i o n  by e i t h e r  of two m ethods: ( i )  l i v i n g

t o c o  deep f o r  c rab s  to  d ig  (e .g .  l a r g e  Mya a r e n a r i a , and perhaps  Macoma 

spF=>.), o r  ( i i )  having a s h e l l  too t h i c k  (a s  a d u l t s )  f o r  c rabs  to  b reak  

( e - - g .  M e rc e n a r ia  m e rc e n a r ia , Rangia c u n e a ta , and C ra s s o s t re a  v i r g i n i c a )  .

However, none o f  th e se  mechanisms o f f e r s  s a f e  re fu g e  from 

covov-nosed r a y s ,  R h in o p te ra  bonasus , which a r e  s i g n i f i c a n t  p r e d a to r s  o f  

l a r r g e  deep-burrow ing and h e a v y - s h e l le d  b iv a lv e s  ov e r  e x te n s iv e  a re a s  

o f  Chesapeake Bay (O rth  1975). Crab and r a y  p r e d a t io n  may be re sp o n ­

s i b l e  f o r  t h e  r e l a t i v e  l a c k  o f  b iv a lv e  dominance in  i n f a u n a l  communities 

i n  Chesapeake Bay. Muus (1973) concluded t h a t  p r e d a t io n  was th e  

dotminant c a u s e  of j u v e n i l e  b iv a lv e  m o r t a l i t y  in  th e  0 re su n d , Denmark.

L a r g e  in d iv id u a l s  of many sp e c ie s  a r e  cropped by p re d a to r s  

a n * d  never grow  to t h e i r  maximum a t t a i n a b l e  s i z e .  M u lin ia  l a t e r a l i s ,

L y «. onsia h y a l i n a , and F e e t  i n a r i a  g o u l d l i  grew to  a much l a r g e r  s i z e  

i n  - exc losu res  in  only a  few months than i s  found in  n a t u r a l  sed im en ts  

o u  tside c a g e s .  The v e r y  rap id  grow th r a t e s  and absence o f  l a r g e  

i n - d i v id u a l s  im plies  t h a t  fo r  many s p e c ie s  t h e r e  i s  more than  one 

g e - n e r a t io n  p e r  year.

T ro p h ic  group amensalism (Rhoads and Young 1970) may be 

r e s p o n s i b l e  f o r  some f i l t e r - f e e d i n g  b iv a lv e  m o r t a l i t i e s  in  summer. 

Tum rbid ity  becomes h ig h e r  in  summer (P a t te n  e t  a l .  1966) , presumably 

d ta ie  to g r e a t e r  re su sp en s io n  o f  bo ttom  m a t e r i a l s  (O v ia t t  and Nixon 

1 ^ 7 5 )  re w o rk e d  by d e p o s i t  fe ed e rs  (Young 1971, Rhoads and Young 

1 ^ 7 1 ,  A l l e r  and Dodge 1974). T h is  b io lo g ic a l ly - in d u c e d  h ig h e r
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t u r b i d i t y  a d v e r s e ly  a f f e c t s  f i l t e r - f e e d i n g  o rgan ism s by c lo g g in g  

f i l t e r i n g  and r e s p i r a t o r y  s u r f a c e s ,  and may cau se  th e  dem ise o f  dense  

p o p u la t io n s  i n  muddy sed im en ts  (L ev in to n  and Bambach 1970, Rhoads 

1974, B oesch , Wass, V i r n s t e i n ,  i n  p r e s s ,  P e d d ic o rd ,  i n  p r e s s  a ,  b ) .

In  sandy a r e a s ,  however, s in c e  M u lin ia  su rv iv e d  i n  e x c lo s u re s  th ro u g h  

two c o n se c u t iv e  summers, i t  was obv ious  t h a t  b lu e  crab  p r e d a t io n  

l i m i t e d  s u r v i v a l  i n  t h e  n a t u r a l  community.

S p e c ie s  e x h i b i t i n g  th e  l a r g e s t  p o p u la t io n  i n c r e a s e s  in  

re sp o n se  to  d e c re a se d  p r e d a t io n  p r e s s u r e  were th e  o p p o r t u n i s t i c  s p e c ie s  

S t r e b l o s p io  b e n e d i c t i , H eterom astus  f i l i f o r m i s , P o ly d o ra  l i g n i , and 

M u lin ia  l a t e r a l i s . Young and Young (1975) a l s o  found t h a t  t h e  s p e c ie s  

which showed th e  l a r g e s t  in c r e a s e s  in  d e n s i t y  i n s i d e  mesh e x c lo s u re s  

in  a  c o a s t a l  la g o o n ,  th e  I n d ia n  R iv e r ,  F l o r i d a ,  w ere  th e  o p p o r t u n i s t i c  

p o ly c h a e te s  C a p i t e l l a  c a p i t a t a  and P o ly d o ra  l i g n i .

D i v e r s i t y ,  S t a b i l i t y ,  and O p p o r tu n i s t i c  S p e c ie s

I t  has  g e n e r a l ly  been a c c e p ted  t h a t  d i v e r s e  com m unities w i th  

complex food webs and a l t e r n a t e  t r o p h i c  pathways a r e  i n h e r e n t l y  more 

s t a b l e  (MacArthur 1955, Emlen 1973, Malay 1975, Smith 1975). R a th e r ,  

i t  i s  e n v iro n m en ta l  co n s tan cy  t h a t  a l lo w s  a  d i v e r s e  community to  develop  

(S an d ers  1 9 6 8 ) . W hile d iv e r s e  com m unities may be  more c o n s ta n t  o v e r  

tim e ( " p e r s i s t e n t " ) , th ey  a re  n o t  n e c e s s a r i l y  more s t a b l e  i n  terms of 

r e s i s t i n g  change due to  p e r t u r b a t i o n s  ( " r e s i s t a n t " )  o r  of r e c o v e r in g  

from such changes ( " r e s i l i e n c y " )  (Boesch 1974).

Recent ev id en c e  s u g g e s t s ,  however, t h a t  t r o p h i c  com plex ity  

and d i v e r s i t y  o f  community i n t e r a c t i o n s  does n o t  le a d  to  g r e a t e r  s t a ­

b i l i t y  (May 1973, Boesch 1974, Malay 1975, P e te r s o n  1975, S t e e l e  

1974). O lder  more d i v e r s e  f i e l d s  w ere  e x p e r im e n ta l ly  found to  be l e s s
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s t a b l e  when p e r tu rb e d  by f e r t i l i z a t i o n  (Hurd and Wolf 1974). E s tu a r in e  

ecosys tem s a re  c h a r a c t e r i z e d  by en v iro n m en ta l  s t r e s s  and in c o n s ta n c y ,  

and a l th o u g h  th e y  may l a c k  p e r s i s t e n c e ,  they  have h ig h  r e s i s t a n c e  and 

r e s i l i e n c e  (Boesch 1 9 7 4 ) ,  as shown by t h e  r e s i s t a n c e  and q u ic k  r e c o v e ry  

of th e  b e n th o s  o f Chesapeake Bay when s u b je c te d  to  s e v e re  f lo o d in g  

(B oesch , D ia z ,  V i r n s t e i n ,  in  p r e s s ) .  E s tu a r in e  system s a r e  a l r e a d y  

s u b je c te d  t o  e n e r g y - r e q u i r in g  s t r e s s e s  and a re  more l i k e l y  to  r e s i s t  

changes th a n  th o s e  ad ap ted  to  r e l a t i v e l y  c o n s ta n t  env ironm ents  ( e .g .  

t r o p i c a l  ecosys tem s) (Copeland 1970).

O p p o r tu n is t i c  e u r y to p lc  s p e c ie s  p la y  a l a r g e  r o l e  i n  re sp o n se  

to  d i s t u r b a n c e s ,  and a re  abundant i n  most Chesapeake Bay h a b i t a t s  

(Boesch 1973, in  p r e s s ) ,  i n d i c a t i n g  s t r e s s e d  o r  d i s tu r b e d  en v iro n m e n ts ,  

c h a r a c t e r i s t i c  o f  most e s t u a r i e s .  These r - s t r a t e g i s t s  a r e  a b le  to  

r e a c t  r a p i d l y  to  chang ing  e n v iro n m en ts ,  te m p o ra r i ly  open s p a c e ,  and 

r e la x e d  p r e d a t io n  p r e s s u r e s  (B oesch , in  p r e s s ,  B oesch, D iaz , V i r n s t e i n ,  

in  p r e s s ,  G ra s s le  and G ra s s le  1974, L ev in to n  1970). P o l l u t i o n  may 

a l s o  ex c lu d e  p r e d a to r s  i n  a manner s i m i l a r  to  e x p e r im e n ta l  e x c lo s u r e s ,  

a l lo w in g  d e n s i t i e s  o f  th e s e  e u r y t o l e r a n t  o p p o r t u n i s t i c  s p e c ie s  to  

i n c r e a s e  (Young and Young 1975).

O p p o r tu n is t i c  s p e c ie s  p lay ed  a  l a r g e  r o l e  i n  t h e  community 

s t u d i e d .  Two o f t h e  to p - r a n k e d  s p e c i e s ,  H e te rom as tus  f i l i f o r m i s  and 

S t r e b l o s p io  b e n e d i c t i , acknowledged o p p o r tu n i s t s  (G ra s s le  and G ra s s le  

1974), were among th e  most abundan t s p e c i e s  i n  n a t u r a l  sed im en ts  and 

in  cages  w i th  c r a b s .  T o g e th e r  w ith  t h e  o p p o r t u n i s t i c  M u lin ia  l a t e r a l i s , 

th e s e  s p e c ie s  were dom inant i n  most e x c lo s u r e s ,  w i th  d e n s i t i e s  one to  

two o r d e r s  o f  m agnitude  g r e a t e r  th a n  o u t s id e  e x c lo s u r e s .
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S p e c ie s  p o p u la t io n s  i n  th e  community s tu d ie d  a r e  n o t  r e s o u r c e -  

l im i t e d  as h a s  been  found i n  o t h e r  m arine  com m unities , b o th  on h a rd  

s u b s t r a t e s  (Dayton 1971, C onnell 1972) and i n  s o f t  sed im en ts  

(Woodin 1974). P r e d a t io n  p r e s s u r e s  and p h y s i c a l  d i s tu r b a n c e s  a re  

s e v e re  i n  t h i s  community and keep p o p u la t io n  l e v e l s  f a r  below th e  

c a r r y in g  c a p a c i ty  o f  th e  en v ironm en t.  At t h e s e  low ered  d e n s i t i e s ,  

c o m p e t i t iv e  i n t e r a c t i o n s ,  b o th  i n t e r -  and i n t r a - s p e c i f i c ,  a r e  

r e l a t i v e l y  u n im p o r ta n t .  P h y s ic a l  f a c t o r s ,  such  as  sed im en t i n s t a b i l i t y  

(O r th ,  i n  p r e s s ,  A l l e r  and Dodge 1974), changes i n  s a l i n i t y  and 

te m p e ra tu re  (B oesch , Wass, V i r n s t e i n ,  in  p r e s s ) ,  and h ig h  t u r b i d i t y ,  

to g e th e r  w i th  s e v e re  p r e d a t io n  p r e s s u r e s  s t r e s s  th e  community. The 

community s t r u c t u r e  i s  n o t  c o n t r o l l e d  by p ro c e s s e s  o p e r a t in g  e x c lu ­

s i v e l y  w i t h i n  th e  b e n th o s ;  r a t h e r ,  t h i s  in f a u n a l  community i s  con­

t r o l l e d  by f a c t o r s  e x t e r n a l  to  th e  in f a u n a .  In  t h i s  community, t h e  

p a t t e r n s  o f  s p e c ie s  o c cu r ren c e  and d e n s i t y  a r e  d i s p r o p o r t i o n a t e l y  

a f f e c t e d  by th e  a c t i v i t i e s  o f  a  s i n g l e  s p e c ie s  of h ig h  t r o p h i c  s t a t u s — 

P a in e ’ s (1969) d e f i n i t i o n  o f  a  "k ey s to n e  s p e c i e s " .  The b lu e  crab 

C a l l i n e c t e s  s a p id u s  f i t s  t h i s  d e f i n i t i o n .

A c o r o l l a r y  o f  th e  c o n c lu s io n  t h a t  p r e d a to r s  a r e  im p o r ta n t

to  th e  b e n t h i c  community s tu d ie d  i s  t h a t  t h i s  community i s  im p o r ta n t

to  th e  p r e d a t o r s .  Secondary p r o d u c t i v i t y  i s  p ro b a b ly  v e ry  h ig h  w i th

two o r  t h r e e  g e n e r a t io n s  p e r  y e a r  f o r  many s p e c ie s  and a biomass o f
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7 g/m (wet w e igh t)  ( V i r n s t e i n  1975). The an n u a l  tu rn o v e r  r a t e  o f  

th e  m acrobenthos o f  K ie l  B ig h t  i n  th e  B a l t i c  Sea  i s  one to  s e v e r a l  

tim es th e  mean b iom ass , most o f  which i s  consumed by commercial f i s h  

(A rn tz  and Brunswig 1975). A s i m i l a r  r e l a t i o n s h i p  p ro b ab ly  e x i s t s  

in  Chesapeake Bay, ex cep t  th a t  grow th and p ro d u c t io n  r a t e s  i n  Chesapeake 

Bay a r e  g r e a t e r  th a n  in  th e  B a l t i c  and o t h e r  n o r th e r n  a r e a s .  Growth 

r a t e s  f o r  b i v a lv e s  i n  th e  B a l t i c  (Muus 1973) a r e  much s lo w e r  th a n  

found in  t h i s  s tu d y .  F or exam ple, two y e a r  o ld  Mya a r e n a r i a  a r e  on ly  

28 mm lo n g  i n  th e  s o u th e r n  B a l t i c  (M unch-Petersen  1 9 7 3 ) ,  20 mm in  

th e  Bay o f Fundy (Newcombe 1935), and 80 mm i n  Chesapeake Bay ( J .

Lucy, unpub1 . d a t a ) . M ature  M u lin ia  l a t e r a l i s  (10-15 mm) a r e  1-2 

y e a r s  o ld  i n  Long I s l a n d  Sound (C a la b re s e  1969); t h i s  s i z e  i s  a t t a i n e d  

in  on ly  2 months i n  Chesapeake Bay (F ig .  9A) . C epha lic  p l a t e  w id th  

( a  s ta n d a rd  measure o f  o v e r a l l  s i z e )  o f  P e c t i n a r i a  h y p e rb o rea  i n  S t .  

M a rg a re t ’ s  Bay, Nova S c o t i a  1 y e a r  a f t e r  s e t t i n g  was 4 mm (P ee r  1970),

3 mm f o r  I?, c a l i f o r n i e n s i s  in  Puget Sound (N ic h o ls  1975) , and 7 mm 

f o r  P_. g o u l d i i  a f t e r  on ly  4 months i n  Chesapeake Bay ( t h i s  s tu d y ) .

A lthough growth r a t e s  o f  th e s e  t h r e e  s p e c ie s  a r e  n o t  n e c e s s a r i l y  

com parab le , a l l  a t t a i n  a  s i m i l a r  maximum s i z e .  Both N ic h o ls  and P ee r  

r e p o r te d  an  an n u a l  p ro d u c t io n  to  mean biom ass r a t i o  o f  4 .3  f o r  P e c t i n a r i a . 

Turnover r a t i o s  would be g r e a t e r  i n  Chesapeake Bay due to  f a s t e r  growth 

and low p o p u la t io n  d e n s i t i e s ,  th u s  p ro v id in g  a  p o t e n t i a l l y  l a r g e r  food 

supp ly  f o r  b o t to m -fe e d in g  f i s h e s  and c r a b s .

Hayne and B a l l  (1956) found th a t  a l th o u g h  th e  s ta n d in g  crop 

o f  bo ttom  fauna  i n  ponds was d e c rea se d  i n  th e  p re se n c e  o f  b o tto m - 

fe e d in g  f i s h e s ,  t h e  r a t e  o f  p r o d u c t io n  o f  th e  bottom  fau n a  in c r e a s e d .
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They re p o r te d  t h e  averag e  p ro d u c t io n  o f  bo tto m  fau n a  d u r in g  a  growing 

sea so n  to  be  a p p ro x im a te ly  17 tim es  th e  s ta n d in g  c ro p ,  when f i s h  were 

p r e s e n t .  T hus, th e  h e a v i l y  p reyed-upon  in f a u n a  o f s h a l lo w ,  sandy 

a re a s  s t u d i e d  h e re  may b e  more im p o r tan t  i n  term s of crab  and f i s h  

food  p r o d u c t io n  than  th e  h ig h e r  d e n s i t y ,  b u t  l e s s  p rey ed -u p o n , in fa u n a  

o f  g ra s s  b e d s .  In  g r a s s  b e d s ,  p r e d a to r s  a p p a r e n t ly  p rey  more h e a v i ly  

on e p i f a u n a  th an  in f a u n a  (O r th ,  in  p r e s s ,  Young and Young, i n  p r e s s ) .

S in c e  food and sp ace  a r e  n o t  l i m i t i n g ,  r e s o u r c e s  a r e  u n d e r­

u t i l i z e d  and a much g r e a t e r  biom ass could  b e  m a in ta in e d  ( p r o p e r t i e s  

c h a r a c t e r i s t i c  o f  l o w - d i v e r s i t y  ecosystem s) (Odum 1971). I f  p ro ­

t e c t e d  from p r e d a t o r s ,  much l a r g e r  s ta n d in g  c ro p s  of in f a u n a l  b iv a lv e s  

cou ld  b e  r a i s e d  as food f o r  man, as  i s  done f o r  e p i f a u n a l  o y s t e r s .

I n  summary, such  sh a llo w  w a te r  i n f a u n a l  communities a r e  

h ig h ly  s t r e s s e d ;  s p e c ie s  p o p u la t io n s  a re  n o t  r e s o u r c e - l i m i t e d ,  b u t  

r a t h e r  a r e  p r e d a t o r - c o n t r o l l e d ,  and th e s e  communities a r e  an im p o r tan t  

food so u rc e  f o r  p r e d a to r y  s p e c ie s  im p o r ta n t  to  man.

The d eg re e  o f  im portance  a t t r i b u t e d  to  p r e d a to r s  as  d e t e r ­

mined by t h i s  s tu d y  could  p ro b ab ly  n o t  have  been  d e te rm in ed  by o th e r

than  e x p e r im e n ta l  m ethods. Any m ere ly  c o r r e l a t i v e  n o n -m a n ip u la t iv e  

s t u d i e s  cou ld  n o t  have  d e te rm in ed  th e  e f f e c t s  o f  i n c r e a s i n g  o r  

d e c r e a s in g  p r e d a t io n  p r e s s u r e — p ro p e r  c o n t r o l s  a r e  s im ply  n o t  a v a i l ­

a b le .  J u s t  as th e  e x p er im en ts  o f  C o n n e l l ,  D ayton , P a in e ,  and o th e r s  

i n  th e  rocky  i n t e r t i d a l  zone have d e m o n s tra ted  th e  im p o r tan ce  o f  

b o th  p h y s i c a l  and b i o l o g i c a l  i n t e r a c t i o n s ,  more e x p e r im e n ta l  works 

such  as Woodin (1 9 7 4 ) ,  O rth  ( i n  p r e s s ) ,  and t h i s  s tu d y  i n  s o f t - s e d im e n t  

com m unities , though i n h e r e n t l y  more d i f f i c u l t ,  a r e  n e c e s s a ry .
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