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INTRODUCTION

The hooked or curved m u sse l, B rach id on tes recu rvu s (R afin esq u e)  

i s  one o f  th e  im portant fo u l in g  organism s p r e se n t  on o y s te r  bars  

in  Chesapeake Bay. I t  has been r ep o rted  by F rey (19^6) a s  form ing  

much o f  th e  c u ltc h  on o y s te r  bars in  th e  Potomac R iv e r , where m ost 

o f  th e  m arketab le c y s te r s  were c o m p le te ly  covered  w ith  m u ssels*  As 

a r e s u l t ,  th e  o y s te r s  were m isshapen and tw is te d  from  grow ing among 

th e  m u s s e ls . Beaven (19U7) rep o rted  th a t  t h i s  s p e c ie s  i s  m ost 

abundant on th e  bars o f  th e  upper p o r tio n  o f  th e  Bay and i t s  t r i b ­

u t a r i e s ,  where th e  s a l i n i t y  i s  lo w . W hile he i s  o f  th e  o p in io n  

th a t  i t  i s  o f  minor im portance a s a h indrance t o  o y s te r  s e t t i n g ,  

he does pcdnt ou t th a t  in  many c a s e s , a b u sh e l o f  m arketable s i z e  

o y s te r s  w i l l  be found t o  c o n s i s t  o f  one h a lf  b u sh e l o f  o y s te r s  and 

one h a l f  b u sh e l o f  m u ssels*  N eed less  t o  s a y , t h i s  c o n d it io n  w i l l  

g r e a t ly  low er  th e  market va lu e  o f  th e  o y s te r s  produced on a bar* 

B rach id on tes recu rvu s i s  a p e lecyp od  m ollu sk  b e lo n g in g  t o  th e  

fa m ily  J ^ r t ilid a e , w hich i s  r ep re sen ted  in  Chesapeake Bay by th r ee  

s p e c ie s j  M ytilu s e d n l i s  L in n aeu s, th e  e d ib le  m u sse l, occu rr in g  

as fa r  n orth  a s th e  York R iver (G a its  o f f , Chipman, E n g le , and 

Calderwood 19U7); V o ls e l la  dem issus D illw y n , th e  r ib bed  m u sse l, 

grow ing in  marsh areas and th e  i n t e r t i d a l  zone throughout th e  Bay 

(Mackin and M enzel 19US, Frey 19li6, and A lle n  and L i t t le f o r d  in  

p r e s s ) ;  and B rach id ontes recurvus (R a fin e sq u e ), th e  s p e c ie s  under  

d is c u s s io n ,  occu rr in g  on o y s te r  bars i n  th e  upper Bay and i t s  

t r i b u t a r i e s •



2

Under th e  name o f  % t i lu s  recu rvu s ,  t h i s  s p e c ie s  has been  r e ­

p o rted  by N elson  (1928 ) a s occu rr in g  a lo n g  th e  New J e r se y  C o a st. 

C hestnut (19k9) n o ted  th e  occu rren ce o f  th e  curved  m u sse l i n  N orth  

C arolina* E ngle (19i*3>) observed  th a t  th e  hooked m u sse l, % t i lu s  

hamatus S a y , was p r e se n t  on o y s te r  bars i n  Alabama, and l a t e r  (19U8) 

th e  same in v e s t ig a t o r  rep o r ted  th e  p resen ce  o f  t h i s  s p e c ie s  on bars  

in  M is s i s s ip p i  and L o u is ia n a . The above o b se r v a tio n s  may be sum­

m arized  by th e  s ta te m en t th a t  th e  hooked or curved  m u sse l occu rs on 

o y s te r  bars a lon g  t h e  A t la n t ic  C oast from New J ersey  and Chesapeake 

Bay southw ard , and throughout th e  G u lf o f  M exico*

S in ce  t h i s  m u sse l has been  r e fe r r e d  t o  under s e v e r a l  names in

th e  l i t e r a t u r e ,  i t  i s  p e r t in e n t  t h a t  i t s  taxonom ic p o s i t io n  be

c l a r i f i e d .  The s p e c ie s  name recu rvu s was u sed  by R afin esq u e  (1820)

to  d e s ig n a te  th e  hooked m u sse l w hich  he c o l l e c t e d  from th e  v i c i n i t y

o f  New O rlea n s. H is o r ig in a l  d e s c r ip t io n  fo l lo w s :

E spece M y tilu s  recurvus moule rec o u r b e e . T est o b o v a le ,  
cu n e ifo rm s, reco u rb e , a s t r i e s  lo n g itu d in a le s  de t r o i s  
lo n g u eu rs; epiderm e n o ir& tre ; n a c r e - v io le t t e ; b e e s  
o b liq u e s , a un a n g le  d ecu rren t de chaque c o te ;  bord  
in f e r ie u r  e t  in t e r ie u r  s tr ie "  c r e n a te ;  la r g e u r  7 - 1 2 ,  
diam etre 5 -  1 2 , de l a  lo n g u eu r , longueur 1 a 2 p o u ces .
E lle^ s e  trou ve  dans l e  M is s is s ip p i  p res de l a  N o u v e lle -  
O rlean s. Les s t r i e s  so n t  sou ven t b i f i d e s .  B a r tie  
b 'S illa n te  ob lon gu e, l a t e r a l e .

Say (1 8 2 3 ) d e sc r ib e d  th e  same s p e c ie s ,  w h ich  he d e s ig n a te d  as  

tjy b ilu s ham atus. However, th e  name recu rvu s o f  R afin esq u e ta k e s  

p r io r i t y  over  th e  name hamatus o f  Say by th ree  y e a r s ,  and th e r e ­

fo r e  i s  th e  c o r r e c t  d e s ig n a tio n  o f  th e  s p e c ie s .

Sw ainson (18U0) se p a r a ted  c e r ta in  s p e c ie s  from th e  genus N y t i lu s  

and p la c ed  them in  a new gen u s, w hich he d e s ig n a te d  as B r a ch id o n te s . 

He d e sc r ib e d  t h i s  genus as fo l lo w s :  **umbones prom inent, n o t term -
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i n a l ,  v a lv e s  co rru g a ted ; h in g e  m argin c o n s id e r a b ly  a n g u la ted ; t e e t h  

many, s m a ll ,  c r e n a t e ,1* S in ce  th e  s p e c ie s  recu rvu s has th e  g e n e r ic  

c h a r a c t e r i s t i c s  o f  B r a ch id o n te s , th e  c o r r e c t  d e s ig n a t io n  o f  th e  

curved or hooked m u sse l i s  B rach id on tes recu rvu s (R afin esq u e).

D e sp ite  th e  w ide d i s t r ib u t io n  o f  t h i s  s p e c ie s  and i t s  im portance  

a s a f o u l in g  organism  on o y s te r  b a r s , a su rvey  o f  th e  l i t e r a t u r e  r e ­

v e a ls  t h a t  w ith  th e  e x c e p tio n  o f  th e  o b se r v a tio n s  on d i s t r ib u t io n  

p r e v io u s ly  m en tion ed , in fo rm a tio n  i s  n o t a v a i la b le  reg a rd in g  i t s  

b io lo g y  and e c o lo g ic a l  r e la t io n s h ip s .  T h is s i t u a t io n  i s  in  sharp  

c o n tr a s t  t o  t h a t  e x i s t in g  i n  regard  t o  o th er  m u sse ls , such  as s t i l ­

u s e d u l i s ,  tfcrtilus c a l i f o r n ia n u s ,  V o ls e l la  d em issu s ,  and V o ls e l la  

(M odiola) m o d io lu s , where c o n s id e r a b le  in fo rm a tio n  i s  a v a i la b le  on 

numerous a s p e c ts  o f  th e  b io lo g y  and e c o lo g y  o f  th e  in d iv id u a l  sp e c ie s .

The purpose o f  t h i s  s tu d y , t h e r e fo r e ,  has been t o  determ ine  

c e r t a in  a s p e c ts  o f  th e  d i s t r ib u t io n ,  e c o lo g y , developm ent o f  th e  

gon ad s, spawning p e r io d , and growth o f  B rach id on tes recu rvu s (R a fin ­

esq u e) i n  Chesapeake Bay.

T h is in v e s t ig a t io n  has been p a r t o f  a c o o p e r a tiv e  program be­

tw een th e  Departm ent o f  Zoology o f  th e  U n iv e r s ity  o f  Maryland and the 

S h e l l f i s h e r i e s  I n v e s t ig a t io n s  o f  th e  U nited  S t a t e s  F ish  and W ild l i f e  

S e r v ic e ,  lo c a te d  a t  A n n a p o lis , M aryland. A p p r ec ia tio n  i s  ex p r essed  

t o  Dr. R. A . L i t t l e f o r d  fo r  th e  s u g g e s t io n  and d ir e c t io n  o f  th e  

problem ; t o  Mr. James B. Engle and S t a f f ,  o f  th e  F ish  and W ild l i f e  

S e r v ic e ,  fo r  th e  c o l l e c t i o n  o f  m a te r ia ls  and d ata  on tem perature  

and s a l i n i t y ;  and t o  D r. J . P . E. M orrison , A s s o c ia te  C u rator , D iv i­

s io n  o f  M o llu sk s , o f  th e  U. S . N a tio n a l Museum, fo r  th e  i d e n t i f i c a ­

t io n  o f  m o llu sk s and fo r  numerous su g g e s t io n s  in  regard  t o  th e  problem.



MATERIALS AND METHODS

The specim ens o f  B rach id on tes recu rv u s u sed  i n  t h i s  stu d y  were  

c o l l e c t e d  from  H a c k e tt’s  B ar, w h ich  i s  lo c a te d  on th e  w e ste r n  s id e  

o f  th e  Bay, ap p rox im ate ly  2 n a u t ic a l  m ile s  n o rth  o f  th e  mouth o f  

th e  Severn  R iv e r , H a c k e tt 's  Bar i s  one h a l f  t o  th r ee  q u a rte rs  o f  a  

m ile  o ffsh o r e  from  H ack ett P o in t ,  in  w ater  th a t  v a r ie s  from 2 t o  35  

f e e t  i n  d e p th . R egular c o l l e c t i o n s  o f  m u sse ls  were made from t h i s  

bar from  January 1 6 , 1950 t o  A p r il  1 6 , 1951 . An e f f o r t  was made t o  

c o l l e c t  sam ples a t  two-week in t e r v a l s  d u rin g  t h i s  p e r io d , but b e ­

cau se  o f  w eath er  c o n d it io n s  and m ech an ica l d i f f i c u l t i e s  w ith  th e  

b o a t , t h i s  was n o t a lw ays p o s s ib le .  A l l  m u sse ls  were c o l l e c t e d  

w ith  a stan d ard  o y s te r  d red g e , from th e  same area  on th e  b a r , a t  

a depth  o f  16 f e e t .

The m u sse ls  were brought t o  th e  la b o r a to ry  w ith in  21* hours a f t e r  

c o l l e c t i o n .  They were removed from th e  o y s te r  s h e l l s ,  se p a r a te d , th e  

b yssa l th rea d s rem oved, and th en  were scrubbed w ith  a s t e e l  brush to  

remove any f o u l in g  organ ism s, such  a s bryozoans and b a r n a c le s . A fte r  

b e in g  c a r e f u l ly  w ashed, th ey  were w iped dry b e fo r e  w e ig h in g .

W ith th e  s h e l l  c lo s e d  and th e  specim en h e ld  i n  a  l a t e r a l  p o s i t io n  

(Newccmbe 1 9 3 6 ) , s h e l l  d im en sion s w ere measured t o  th e  n e a r e s t  t e n t h ,  

u s in g  a s l i d i n g  v e r n ie r  c a l ip e r  c a l ib r a te d  in  m i l l im e t e r s .  The d e f i ­

n i t io n s  o f  th e  d im ensions u sed  are a s f o l lo w s :  le n g th , th e  g r e a te s t

d is ta n c e  betw een th e  a n te r io r  and p o s te r io r  ends o f  th e  s h e l l j  w id th , 

th e  g r e a t e s t  d is ta n c e  betw een th e  d o r s a l  and v e n tr a l  e d g e sj  and 

t h ic k n e s s ,  th e  g r e a t e s t  d is ta n c e  betw een th e  r ig h t  and l e f t  v a lv e s .
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T o ta l w e ig h t ,  s h e l l  w e ig h t , and th e  w e ig h t o f  th e  s o f t  p a r t s ,  

or w et w e ig h t , were determ ined  in  grams t o  th e  secon d  p la c e .  The 

s o f t  p a r ts  w ere p la c ed  in  c a lib r a te d  v i a l s  and d r ie d  t o  c o n sta n t  

w e ig h t a t  a  tem perature o f  8 0 °  C en tig ra d e , D iy  w e ig h ts  were c a r ­

r ie d  t o  th e  fo u r th  d ec im a l p la c e .  A l l  w e ig h ts  were determ ined  by 

u se  o f  an a n a ly t i c a l  b a la n c e .

From each  c o l l e c t i o n  made betw een March 3 ,  1950 and A p r il  1 6 , 

1 9 5 1 , sp ecim ens o f  th e  e n t i r e  s i z e  range a v a i la b le  were s e l e c t e d  

f o r  m ic r o sc o p ic  s tu d y . These in d iv id u a ls  w ere f ix e d  w ith in  th e  

s h e l l  by c u t t in g  th e  p o s te r io r  m u scles and then  dropping th e  e n t ir e  

anim al in t o  Bouins A lc o h o lic  F ix a t iv e  (G a lig h er  193U ). A fte r  f i x a ­

t io n  fo r  s e v e r a l  d a y s , th e y  were removed from th e  s h e l l ,  washed in  

10% a l c o h o l ,  and s to r e d  in  $0% a lc o h o l .  The m u sse ls  were dehy­

d ra ted  in  a lc o h o l  and x y l o l ,  and imbedded in  t i s s u e  mat having a 

m e lt in g  p o in t  o f  5 ^ -5 6 °  C en tig ra d e . S e c t io n s  were made a t  10 m icra , 

and s ta in e d  w ith  e i t h e r  H arris* h aem atoxylin  and e o s in  or  M allory fs  

T r ip le  s t a i n .  The s t a in in g  procedures o u t lin e d  by G aligh er  (193U) 

were fo llo w e d  th rou gh ou t. A fte r  s t a in in g ,  th e  s l i d e s  were dehy­

d rated  in  a lc o h o l ,  c le a r e d  in  x y l o l ,  and mounted in  n e u tr a l balsam .

P lan k ton  sam ples were c o l l e c t e d  s im u lta n eo u sly  w ith  th e  c o l ­

l e c t io n  o f  m u s se ls , by pumping 100 l i t e r s  o f  w ater  from J u s t  above 

th e  Bar through  a No. 20 s i l k  p lan kton  n e t .  Each sam ple was con­

c e n tr a te d  t o  100 m l. and p reserv ed  w ith  fo r m a lin . E xam ination o f  

th e  p lan k ton  sam ples t o  determ ine th e  p resen ce  or absence o f  m ussel 

la r v a e  was made w ith  a S ed gew ick -R after  C e l l .  The procedure o u t­

l in e d  by L i t t l e f o r d ,  Newcombe, and Shepherd (191*0) was fo l lo w e d .

Temperature o f  th e  w ater was o b ta in ed  by u se  o f  a W eeksler r e -
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v e r s in g  therm om eter and th e  tem p erature was record ed  in  d eg rees  

C en tig ra d e . Water sam ples were c o l l e c t e d  w ith  a F o e r st  Water B o t t le  

and th e  sam ple p la c e d  in  a  c i t r a t e  b o t t l e  and retu rn ed  t o  th e  la b o ra ­

t o r y .  S a l i n i t y  was c a lc u la t e d  from C h lo r in ity  determ ined  by t i t r a ­

t io n  w ith  s i l v e r  n i t r a t e ,  fo l lo w in g  th e  stan d ard  method o f  Mohr (1856)#  

Methods u sed  in  th e  a n a ly s is  o f  th e  p o p u la tio n  and in  con d u ctin g  

a su rv ey  o f  th e  e n t ir e  Bar are  d is c u s s e d  under th e  proper h ead in gs in  

th e  o b s e r v a t io n s .



OBSERVATIONS

The curved m u sse l, B rach id on tes r e c u r v u s , may be d is t in g u is h e d  

from th e  o th er  members o f  th e  fa m ily  N&rtilidae w hich are  found i n  

th e  Bay by th e  r a th e r  d i s t i n c t  shape o f  th e  s h e l l .  The s h e l l  o f  

t h i s  s p e c ie s  i s  e lo n g a te  and e q u iv a lv e , w ith  b oth  v a lv e s  making 

com plete c o n ta c t  w ith  each  o th er  e x ce p t a t  th e  a p er tu re  where th e  

t y s s a l  th r ea d s  are  e x tr u d ed . The umbo i s  narrow and curved toward  

th e  v e n t r a l  s u r fa c e ,  g iv in g  th e  s h e l l  a b e a k - l ik e  appearance ( F ig .  

1 ) .  The v a lv e s  are  jo in e d  a t  th e  a n te r io r  e x tr e m ity  by th e  h in ge  

l ig a m e n t , w h ich  ex ten d s p o s t e r io r ly  app rox im ately  one th ir d  th e  

le n g th  o f  th e  s h e l l ,  in  an a lm ost s t r a ig h t  l i n e .  The d o r sa l edge  

o f  th e  s h e l l  th en  bends c o n v e x ly , s tr a ig h te n in g  out b e fo re  i t  

r ea ch es  th e  p o s te r io r  m argin , where i t  curves around t o  th e  v e n tr a l  

s u r fa c e .  The v e n tr a l  s u r fa c e ,  as a r e s u l t ,  i s  con cave , g iv in g  a  

g r e a te r  prom inence t o  th e  umbo r e g io n . There i s  a sm a ll rounded 

e le v a t io n  on th e  l a t e r a l  a rea s  o f  th e  umbo.

Numerous s t r i a t i o n s  or r id g e s  c o m p le te ly  cover  each  v a lv e .

They o r ig in a te  a t  th e  extrem e a n te r io r  p o r tio n  o f  th e  v a lv e ,  and 

r a d ia te  in  a f a n - l ik e  arrangem ent t o  th e  edge o f  th e  s h e l l .  A 

pronounced r id g e  i s  found on th e  la t e r o - v e n tr a l  su r fa c e  o f  th e  

s h e l l ,  ex ten d in g  from th e  umbo r e g io n  fo r  about two th ir d s  o f  th e  

t o t a l  le n g th  o f  th e  s h e l l*  A heavy periostracu m  co m p le te ly  co v ers  

th e  s h e l l .  Under n a tu r a l c o n d it io n s ,  th e  s h e l l  appears t o  be dark 

g r a y ,  or even  b la c k , in  c o lo r ,  but upon d ry in g  i t  tu rn s a brown or



F ig .  1 .  Frcm l e f t  t o  r ig h t s  V o ls e l la  dem issus (D illw y n ) , 
B rach id on tes recu rvu s (R a fin esq u e) ,  S t i l u s  e d u l i s  L inn. 
A ctu a l le n g th s  are 9h.5  m m ., U7«7 mm., and 8It.3  mm. r e ­
s p e c t iv e ly .
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d u l l  g r a y .

The p er io stracu m  a t  t im es has dark l in e s  marking th e  r in g s  

th a t  f o l lo w  th e  contour o f  th e  s h e l l  from th e  d o r s a l  t o  th e  v e n tr a l  

e d g e . These r in g s  may or may n o t be o f  s ig n i f ic a n c e  a s  regard s  

th e  age o f  th e  in d iv id u a l .  The maximum s iz e d  m u sse ls  encountered  

in  t h i s  in v e s t ig a t io n  had a t ta in e d  a le n g th  o f  6 2 .9  mm. The s h e l l  

w id th  and th ic k n e s s  o f  th e  in d iv id u a ls  was observed t o  vary con­

s id e r a b ly ,  depending upon t h e i r  p o s i t io n  i n  th e  c l u s t e r s .  T h is  

f a c t  a l s o  makes a d i f f e r e n c e  in  th e  d egree  o f  c o n c a v ity  o f  th e  

v e n t r a l  su r fa c e  o f  th e  s h e l l .

The in n er  su r fa c e  o f  th e  s h e l l  v a r ie s  in  c o lo r  from a g r a y ish  

pu rp le  ir id e s c e n c e  t o  a w h ite  margin cm th e  e d g e . O ften th e r e  i s  

a r e d d ish  p u rp le  band a l l  th e  way around th e  s h e l l  e x c e p t in  th e  

r e g io n  o f  th e  h in g e , where th e  c o lo r  fa d e s  t o  a p a le r  h u e, even  t o  

a p in k . In  t h i s  s p e c i e s ,  th e  nacreous la y e r  ex ten d s n e a r ly  t o  th e  

edge o f  th e  s h e l l ,  even  th e  m uscle s c a r s  appearing i r i d e s c e n t .

The p a r t o f  th e  s h e l l  c o n ta in in g  th e  body o f  th e  anim al has a d u l l  

w h ite  d e p o s it  superim posed on th e  nacreous la y e r .  The e n t ir e  i n ­

n er  su r fa c e  o f  th e  s h e l l  i s  d e l i c a t e l y  c o lo r e d .

The s t r i a t i o n s  observed  e x te r n a l ly  are c l e a r ly  v i s i b l e  cm th e  

in n e r  s u r fa c e ,  where th ey  a r e  d i s t i n c t  a t  th e  edge o f  th e  s h e l l ,  

l e s s  pronounced as th e y  approach th e  umbo, and become i n v i s i b l e  

i n  th e  umbo r e g io n . The h in ge  t e e t h  are sm a ll and numerous.

The m uscle s c a r s  or im p ressio n s are  e a s i l y  d i s t in g u is h a b le .

Two s m a l l ,  more or l e s s  s p h e r ic a l  s c a r s  mark th e  attachm ent o f  

th e  a n te r io r  and p o s te r io r  r e tr a c to r  m u sc le s . The a n te r io r  r e ­

t r a c t o r  i s  a tta ch ed  t o  th e  d o r sa l a n te r io r  end o f  th e  s h e l l ,  and



10

th e  p o s t e r io r  r e t r a c to r  i s  a tta c h e d  t o  th e  d o r s a l  p o s te r io r  end 

o f  th e  s h e l l .  Both are  in s e r te d  v ery  c lo s e  t o  th e  m argins o f  th e  

s h e l l ,  w ith  th e  a n te r io r  r e t r a c t o r  r ea c h in g  th e  e x tr e m ity . The 

p o s t e r io r  adductor i s  marked by a n e a r ly  s p h e r ic a l  s c a r  a t  th e  p o s­

t e r i o r  end o f  th e  d o r s a l  r e g io n  o f  th e  s h e l l ,  p o s te r io r  t o  th e  

attach m en t o f  th e  r e t r a c t o r  w hich i t  j o i n s .  An e lo n g a te  sc a r  a t  

th e  a n te r io r  end o f  th e  v e n tr a l  edge marks th e  attachm ent o f  th e  

a n te r io r  adductor m u sc le . A l in e a r  sc a r  w hich fo l lo w s  th e  curva­

tu r e  o f  th e  p o s te r io r  o f  th e  s h e l l  i s  th e  attachm ent o f  th e  m uscles  

o f  th e  a n a l membrane. A lo n g  narrow sc a r  ex ten d in g  v e n t r a l ly  from  

th e  p o s t e r io r  sc a r  and ter m in a tin g  a t  th e  umbo marks th e  a t ta c h ­

ment o f  th e  p a l l i a l  m u sc le s .

Anatomy. S in c e  th e  g r o ss  and m icro sco p ic  anatcany o f  th e  

curved m u sse l i s  i d e n t i c a l  w ith  th a t  o f  M ytilu s e d u l i s  a s d e sc r ib e d  

by F ie ld  (1 9 2 2 ) , no e x te n s iv e  d e s c r ip t io n  o f  the an a tom ica l s t r u c ­

tu r e  appears t o  be d e s ir a b le .  However, th e  more p e r t in e n t  observa­

t io n s  on th e  g r o ss  anatom y, so  o f te n  u sed  ta x o n o m ic a lly , are w orthy  

o f  m en tion .

B rach id on tes recu rvu s i s  e n c lo s e d  in  a m antle w hich i s  h e ld  t o  

th e  s h e l l  on i t s  o u te r  edge by  th e  p a l l i a l  m u sc le s . The p e r io s t r a ­

cum, w hich grows ou t from th e  m iddle fo ld  o f  th e  m an tle , i s  in  

d ir e c t  c o n ta c t  w ith  i t .

The g i l l s  c o n s i s t  o f  two b r a n c h ia l fo ld s  lo c a te d  l a t e r a l l y  on 

each  s id e  o f  th e  v i s c e r a ,  from  w hich th ey  ex ten d  v e n t r a l ly .  Each 

f o ld  c o n s i s t s  o f  an o u ter  and in n e r  la m e lla ,  w hich in  tu rn  are  

composed o f  f i la m e n t s .  S e c t io n s  o f  th e  f i la m e n ts  dem onstrate th e  

p resen ce  o f  l a t e r a l ,  f r o n t a l ,  and la t e r o - f r o n t a l  c i l i a  on each
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f ila m e n t*  The food  grooves are  lo c a te d  on th e  v e n tr a l  edge o f  

th e  o n te r  and in n er  la m e l la e .  These grooves are l in e d  throughout 

t h e i r  e n t ir e  le n g th  w ith  c i l i a .

E xcu rren t and in c u r r e n t s ip h o n s , a s  su c h , a re  n o t p r e se n t in  

th e  m u s s e ls . The e x h a le n t  s ip h o n a l opening l i e s  d o r s a l  t o  th e  

b r a n c h ia l membrane and i s  surrounded by a tou gh  r in g  o f  h e a v ily  

pigm ented t i s s u e ,  w hich  i s  brown i n  c o lo r .  The sp ace  betw een th e  

m antle lo b e s  ly in g  j u s t  below  th e  e x h a le n t  s ip h o n a l opening co r ­

resp ond s t o  th e  in h a le n t  or in c u r r e n t  s ip h on  o f  la m e llib r a n c h s .

Two p a ir  o f  l a b i a l  p a lp s , an in n e r  and o u ter  p a ir ,  are ob­

se r v e d  on th e  a n te r io r  end o f  th e  m u sse l. The r id g e s  o f  th e  

p a lp s  are c i l i a t e d  and le a d  d i r e c t ly  in t o  th e  mouth. A sh o r t  

esophagus co n n ects  th e  mouth w ith  th e  stom ach, w hich has th e  i n ­

ner su r fa c e  l in e d  w ith  c i l i a  and thrown in t o  numerous f o l d s ,  form­

in g  p o c k e ts . The c r y s t a l l in e  s t y l e ,  w hich may be rec o g n ize d  by 

i t s  c h a r a c t e r i s t i c  app earan ce, i s  found in  th e  stom ach. The i n ­

t e s t in e  ex ten d s from th e  stom ach as a lo n g , o v a l-sh a p ed  tube  

w hich runs p o s t e r io r ly  and th en  bends a n t e r io r ly ,  and f i n a l l y  

runs p o s t e r io r ly  a g a in  through  th e  p e r ic a r d ia l  c a v ity  t o  term in ate  

a t  th e  an u s, w hich  i s  lo c a te d  on th e  d o r s a l  p o s te r io r  end o f  th e  

m u sse l. The in n e r  su r fa c e  o f  th e  i n t e s t i n e  i s  c i l i a t e d ,  and o f te n  

shows an in d e n ta t io n , w hich i s  u s u a l ly  l a t e r a l  in  p o s i t io n .

The a lim en ta ry  t r a c t  i s  surrounded by th e  v i s c e r a l  m ass, w hich  

c o n ta in s  th e  o th er  organ system s o f  th e  an im al. Im m ediately su r ­

rounding th e  stom ach and in t e s t i n e  i s  th e  s o - c a l le d  l i v e r ,  or d i ­

g e s t iv e  d i v e r t i c u la .  The l a t t e r  s tr u c tu r e  a l s o  ex ten d s in t o  th e  

mesosoma, w hich i s  an e lo n g a te  v e n tr a l  e x te n s io n  o f  th e  v i s c e r a l
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m ass, e x c e p t  du rin g  th e  p e r io d  o f  gonad al develop m en t, when th e  

mesosama i s  f i l l e d  w ith  th e  gonad t i s s u e  o f  th e  a n im a l.

The f o o t  i s  sm a ll and g r e a t ly  red u ced . The b y s s a l  p i t  i s  

lo c a te d  j u s t  p o s t e r io r  t o  th e  fo o t*  The b y s s a l  th r e a d s , w ith  

t h e i r  end p l a t e s ,  are s e c r e te d  by th e  b y s s a l  g la n d , w hich i s  l o ­

c a te d  a t  th e  b ase  o f  th e  p i t .

D is t r ib u t io n * P rev io u s to  t h i s  in v e s t ig a t io n ,  Frey (19U6) 

r e p o r te d  th e  p resen ce  o f  B rach id on tes recu rvu s on th e  o y s te r  bars  

o f  th e  Potomac R iv e r , and Beaven (19i*7) s ta te d  th a t  th e  curved  

m u sse l was m ost abundant in  s a l i n i t i e s  w hich are  lo w , and was thu s  

found i n  th e  upper p o r t io n  o f  th e  Bay and i t s  t r i b u t a r ie s .  He a l s o  

s t a t e d  (P e r so n a l Communication) th a t  t h i s  s p e c ie s  was found b e­

tw een s a l i n i t i e s  o f  8 t o  12 o /o o ,  and th e r e fo r e  was a b sen t in  th e  

upper a rea s o f  th e  Bay where th e  s a l i n i t y  i s  much low er than  8 .0 0  

o /o o .  On th e  b a s is  o f  o y s te r  su rveys conducted du rin g  th e  p a st  

th r e e  y e a r s ,  J . R. W ebster, o f  th e  S h e l l f i s h e r i e s  L aboratory in  

A n n ap olis (P er so n a l Com m unication), r ep o r ted  th a t  t h i s  m ussel was 

found on th e  W estern Shore from th e  Potomac R iver  t o  th e  Upper 

Bay, and on th e  E a stern  Shore from T angier Sound t o  th e  Upper Bay. 

On both  th e  W estern and E a stern  S h o re s , th e  m u sse ls  were m ost 

p r e v a le n t  i n  th e  t r ib u t a r ie s  o f  th e  Bay p rop er.

Tn th e  cou rse  o f  t h i s  s tu d y , th e  d is t r ib u t io n  o f  th e  curved  

m u sse l was in v e s t ig a t e d  i n  th e  v i c i n i t y  o f  C r i s f i e l d ,  lo c a te d  on 

th e  low er E astern  Shore o f  th e  Bay. In  th a t  a r e a , t h i s  s p e c ie s  

was found o c c a s io n a lly  on th e  o y s te r  bars o f  Pocomoke and T angier  

Sounds. On th e  o th er  hand, i t  was observed t o  be very  abundant 

on th e  beds lo c a te d  in  th e  Manokin, N a n tico k e , and Choptank R iv e r s .
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On th e  W estern S h o re , th e  curved m u sse l was found t o  be 

abundant on a l l  o y s te r  beds in v e s t ig a t e d ,  from  th e  P atuxent  

R iv er  t o  Sandy P o in t .  Because o f  i t s  abundance on H ack ett*s  

B ar, w h ich  i s  lo c a te d  2 n a u t ic a l  m ile s  n o rth  o f  th e  mouth o f  

th e  S evern  R iv er  ( F ig .  2 ) ,  t h i s  p o p u la tio n  was chosen  f o r  d e t a i le d  

s tu d y .

The r e l a t i v e  abundance o f  th e  m u sse l p o p u la tio n  on any in d i ­

v id u a l  bar was observed  t o  vary from  y e a r  t o  y e a r .  In  seme c a s e s ,  

a bar w h ich  was w e l l  p op u la ted  one y e a r  would show a very  sp a rse  

p o p u la tio n  one or two y e a r s  l a t e r .  T h is o b se r v a tio n  i s  s u b s ta n t i ­

a te d  by th o s e  o f  R. F . T r u i t t ,  o f  th e  Chesapeake B io lo g ic a l  Labora­

to r y  a t  Solomons (P er so n a l Com m unication), ex ten d in g  over a p er io d  

o f  many y e a r s  on th e  o y s te r  beds o f  th e  P atuxent R iv e r .

From th e  above in fo r m a tio n , i t  may be concluded th a t  B rach i­

d o n tes  recu rvu s i s  w id e ly  d is t r ib u te d  on o y s te r  beds in  th e  Upper 

Chesapeake Bay and i t s  t r ib u t a r ie s  betw een s a l i n i t i e s  o f  1 2 .0 0  o /o o  

and a t  l e a s t  8 .0 0  o /o o . W hile t h i s  s p e c ie s  has n ot been r ep o rted  

from th e  low er Bay, i t s  occu rren ce i n  t h i s  area  sh ou ld  be e x p e c te d ,  

s in c e  i t  has been r ep o r ted  from so u th e r ly  c o a s ta l  a rea s where th e  

s a l i n i t y  i s  as h ig h  a s 3 0 .0 0  o /o o  (C hestnut 19k9 , E ngle 19h$  and 

19lt8).



ECOLOGY

Chesapeake Bay has been  d e sc r ib e d  t y  Cowles (1930) a s  a r a th e r  

sh a llo w  t i d a l  e s tu a r y , w ith  a s a l i n i t y  ra n g in g  from ap p rox im ately  

3 0 .0 0  o /o o  a t  th e  mouth t o  6 .0 0  o /o o  a t  th e  h ead . The g r e a te r  

p o r t io n  o f  th e  bottom  o f  t h i s  e s tu a r y  i s  mud, a lth o u g h  a few  rocky  

a rea s e x i s t .

H ackett* s  Bar i s  lo c a te d  in  th e  upper r e g io n  o f  th e  Bay on th e  

W estern S h o re , app rox im ately  two n a u t ic a l  m ile s  above th e  mouth o f  

th e  S evern  R iv e r . T h is bar i s  s i t u a t e d  ap p roxim ately  th r ee  

q u a r te r s  o f  a m ile  so u th  o f  H ackett P o in t ,  i n  c lo s e  p r o x im ity  t o  

M ill  and W h iteh a ll C reek s. The Bar c o n s i s t s  o f  hard bottom , and 

h as a d epth  range v a ry in g  from 2 t o  35 f e e t  (P ig . 2 ) .

During th e  p e r io d  from January 1 6 , 1950 through A p r il  1 6 , 1951* 

w h ile  th e  m u sse l p o p u la tio n  o f  th e  bar was under in v e s t ig a t io n ,  th e  

bottom  s a l i n i t y  a t  H ack ett*s showed c o n s id e r a b le  f lu c t u a t io n  

(T able I ) . The h ig h e s t  s a l i n i t y  o f  1 6 .2h  o /o o  was record ed  on 

O ctober 9* 1 9 5 0 , and the lo w e s t  s a l i n i t y  o f  2 ,8 5  o /o o  on February  

1 9 , 1 9 51 . Prom th e  g r a p h ic a l p r e s e n ta t io n  o f  s a l i n i t y  in  F ig , 3 ,  

i t  w i l l  be observed  th a t  th e  low er  s a l i n i t i e s  occurred during th e  

sp r in g  and summer, w hereas th e  h ig h er  s a l i n i t i e s  p r e v a ile d  during  

th e  f a l l  and w in te r . The ex trem ely  low  s a l i n i t y  o f  February 1951  

may be co n sid er ed  u n u su a l. I t  c o n tr a s ts  sh a rp ly  w ith  th e  h ig h er  

v a lu e  o f  1 1 .6 0  0 / 0 0  o f  th e  p rev io u s y e a r .  S i g n i f i c a n t l y ,  t h i s  low  

s a l i n i t y ,  w hich  was a p p a re n tly  th e  r e s u l t ,  in  p a r t a t  l e a s t ,  o f  

u n u su a lly  heavy sp r in g  r a in s ,  was accompanied fcy an e x c e s s iv e  m or-
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C H E S A P E A K E  B A Y

F ig -  2„ O u tlin e  map showing th e  lo c a t io n  o f  H a ck ett’s  
Bar- The g r id  d e s ig n a te s  th e  planned area  covered  in  
th e  p o p u la tio n  su rvey  on October 1 7 9 1951 . S-N ru n s , 
are  1 5 2 ,  3 ,  U; W-E runs are 5 , 6 ,  7 .
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t a l i l y  o f  th e  m u s se ls , w h ich  p r a c t i c a l ly  w iped out th e  e n t ir e  

a d u lt  p o p u la tio n *

The d a ta  on bottom  tem perature f o r  th e  same p e r io d  are  p re­

se n te d  i n  T ab le I .  The range o f  tem perature was betw een 1 .8 °  t o  

2 iw 5° C. As would be e x p e c te d , th e  h ig h er  tem perature p r e v a ile d  

d u rin g  th e  summer p e r io d  and th e  low er tem perature during December, 

January, and e a r ly  February o f  each y e a r . The g r a p h ic a l p r e se n ta ­

t i o n  o f  th e  tem perature d a ta  may be observed  i n  F ig .  U«

Growth H a b its . The curved m u sse l grows in  c lu s t e r s  a tta ch ed  

t o  th e  s h e l l s  o f  l i v i n g  o y s te r s  $ on s in g le  v a lv e s ,  p la n ted  on th e  

bar a s  c u lt c h ;  and on ^ b axes* . The o y s te r s  are o f te n  c o m p le te ly  

covered  w ith  m u s s e ls , one v a lv e  su p p o rtin g  s e v e r a l  hundred. Ejy 

means o f  th e  b y s s a l  th rea d s and t h e ir  end p l a t e s ,  th e  m ussel 

a t ta c h e s  w ith  th e  umbo or a n te r io r  end o f  th e  s h e l l  p o in t in g  down­

ward and th e  p o s te r io r  end o f  th e  s h e l l  r i s in g  v e r t i c a l l y  (F ig . 5 ) .  

The l a r g e s t  m u sse ls  are u s u a l ly  lo c a te d  i n  th e  c e n te r  o f  th e  c lu s t e r ,  

w ith  th e  sm a lle r  m u sse ls  grad u atin g  toward th e  p er ip h ery  o f  th e  sub­

str a tu m . The a d u lt  m u sse ls  are a tta ch ed  toward th e  a n te r io r  end o f  

th e  o y s te r  s h e l l ,  away from th e open v a lv e s .

The sp a t  s e t  in  c r a c k s , p e r fo r a t io n s ,  c r e v ic e s ,  or d e p r e ss io n s  

on th e  o y s te r  s h e l l ,  a s  many a s  1$  t o  20 in d iv id u a l  sp a t having  

been  observed  a d ja c e n t t o  each  o th er  in  c r e v ic e s  l e s s  than one 

h a l f  in c h  in  le n g th . Some o f  th e  s e t  may be noted  a tta ch ed  to  

la r g e r  m u s se ls . U s u a lly , in  such  c a s e s ,  th e  attachm ent i s  near  

th e  c e n te r  o f  th e  c lu s t e r .  Large numbers o f  sp a t a t ta c h  in  th e  

c r e v ic e s  betw een th e  ju n c t io n s  o f  th e  s h e l l s ,  in  th o se  c a se s  where 

s e v e r a l  o y s te r s  are  found fu se d  t o  one a n o th e r . I f  th e  sp a t  s e t s
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TABIE I

BOTTOM TEMPERATURE AMD SALINITT AT HACKETT'S BAR 
JANUART 1 6 , 1950 THROUGH APRIL 1 6 , 1951

D ate Temperature 0 C. S a l i n i t y  o /o o

1950 -  Jan . 16 6 .8 1 0 .1 0
F eb . 16 5 .7 1 1 .6 0
Mar. 1 2 .7 1 3 .6 0

13 3 .6 1 2 .7 0
27 6 .1 9 .3 0

A pr. 10 7 .0 5 .2 0
21* 1 0 .3 7 .5 0

May 8 1 3 .6 7 -9 0
22 1 3 .3 1 0 .1 0

Jon . 5 1 7 .7 8 .0 0
19 1 9 .0 8.61*

J u l .  3 2 2 .5 9.61*
17 2 3 .5 9 .6 3
31 2l*.5 8 .5 1

Aug. i l l 2 3 .5 1 2 .0 5
28 2l*.3 13.1*1*

S e p t .11 2 2 .8 1 0 .7 5
25 20.1* 15.1*1

O ct. 9 1 9 .5 16.21*
25 17.1* 1 5 .8 1

Kov. 13 1 1 .6 1 3 .2 8
27 7 .2 8 .8 6

D ec . 11 6 .8 8 .7 7
1951 -  Jan . 2 3 .1 7.1*8

15 3 .6 9.1*7
29 2 .1 3.81*

F eb . 5 2 .1 3.1*8
1? 1 .8 2 .8 5

Mar. 5 5 .3 6 .9 1
19 5 .2 8 .2 1

A pr. 2 8.1* 5.1*1*
1 6 9 .6 5.81*
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F ig ,  5* & nall group o f m u sse ls a tta ch ed  t o  o y s te r  
s h e l l .
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on u n p r o tec ted  a rea s  o f  th e  s h e l l ,  i t  ta k e s  a l a t e r a l  p o s i t io n  

and appears t o  have a tta c h e d  h o r iz o n t a l ly .

Some o f  th e  in d iv id u a l  m u sse ls  are m isshapen a s a r e s u l t  o f  

crow ding i n  th e  c l u s t e r s ,  and c o n s id e r a b le  v a r ia t io n  in  s h e l l  

w id th  and cu rvatu re  i s  a s s o c ia te d  w ith  t h i s  crowded c o n d it io n .

S iz e  V a r ia t io n  and D e n s ity  o f  th e  P o p u la t io n . Length m easure­

ments o f  2,91*1 m u s se ls , n o t in c lu d in g  th o se  o f  a su rv ey  o f  H a c k e tt 's  

Bar made on O ctober 1 7 , 1951 > showed th a t  th e  maximum s i z e  a t ­

ta in e d  was 6 2 .9  mm. i n  le n g t h .  The le n g th -fr e q u e n c y  d i s t r ib u t io n  

and p ercen ta g e  o f  th e  p o p u la tio n  i s  p r e sen ted  in  Table I I .

An a n a ly s is  o f  th e  d a ta  p resen ted  i n  Table I I  dem onstrates  

th a t  21$ o f  th e  p o p u la tio n  has a s i z e  range betw een 0 .0 0  and 3 0 .0 0  

mm., w h ile  38/6 o f  th e  p o p u la tio n  i s  betw een 30 and 39*99 mm., and 

3 2 $ o f  th e  p o p u la tio n  i s  betw een 1*0.00 and 5 9 .9 9  mm. i n  le n g th .  

A pproxim ately  10$ o f  th e  p o p u la tio n  has a s i z e  range above 50 mm. 

in  le n g th , w ith  on ly  0 .2 $  b e in g  above 60 mm.

In th e  d a ta  on d i s t r ib u t io n  o f  th e  m u sse ls , no s i g n i f i c a n t  

v a r ia t io n  in  s i z e  i s  observed  in  a s s o c ia t io n  w ith  th e  d a te s  o f  c o l ­

l e c t i o n .  The la r g e r  number o f  sm a ll m u ssels observed in  January 

1950 w ould be ex p e c ted  s i n c e ,  a s  i s  r e p o r te d  l a t e r ,  th e  p e r io d  o f  

s e t t in g  ex ten d s  l a t e  in t o  th e  f a l l .  S im ila r ly ,  i t  sh ou ld  be noted  

t h a t  th e  c o l l e c t i o n  from  Ju ly  1950 p reced es by app roxim ately  two 

months th e  tim e o f  attachm ent o f  th e  m a jo r ity  o f  th e  m u ssel s p a t .

On th e  o th er  hand, th e  absen ce o f  sm a ll m u ssels in  th e  A p r il  1951  

c o l l e c t i o n  may be a s s o c ia te d  w ith  th e  w idespread m o r ta l ity  noted  

i n  th e  m u sse l p o p u la tio n  a t  th a t  t im e .
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TABLE I I

IENGTH-FRBQUENCI DISTRIBUTION 
OF THE POPULATION

DATEs- January 16 
1950

Ju ly  17 
1950

A p r il 16  
1951

IENGTH 
INTERVAL 
IN MM.

NUMBER OF INDIVIDUALS
TOTAL
NUMBER
MUSSELS

PERCENT
TOTAL
POPULATM

0 .0 0  -  9 .9 9 1*9 9 0 58 1 .9 7

1 0 .0 0  -  1 9 .9 9 1*2 19 1*5 106 3 . 6 0

2 0 .0 0  -  2 9 . 9 9 H d 156 101 398 1 5 .5 3

3 0 .0 0  -  3 9 .9 9 330 5ol* 292 1 ,1 2 6 3 8 .2 8

1*0.00 -  1*9.99 238 532 192 962 3 2 .7 1

5 0 .0 0  -  5 9 .9 9 57 175 52 281* 9 .6 5

6 0 .0 0  -  6 2 .9 9 0 6 1 7 0 .2 3

TOTAL 85? 1,1*01 683 2,91*1
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On th e  b a s is  o f  th e  d ata  p r e sen ted  in  T able I I ,  i t  i s  s u g g e s t ­

ed t h a t  th e  l i f e  span o f  B rach id on tes recu rvu s ex ten d s over a 

p e r io d  o f  five y e a r s ,  w ith  th e  e x c e p t io n  o f  a sm a ll number o f  

in d iv id u a ls  th a t  su r v iv e  somewhat lo n g e r . The e x is t e n c e  o f  su ch  

a sh o r t  l i f e  span probab ly  a cco u n ts fa r  th e  y e a r ly  v a r ia t io n  in  

r e l a t i v e  abundance o f  th e  m u sse l p o p u la tio n  on o y s te r  b a r s .

One o f  th e  im portant problem s a s s o c ia t e d  w ith  th e  fo u l in g  o f  

o y s te r s  by B rach id on tes recu rvu s i s  the number o f  in d iv id u a ls  t h a t  

a t ta c h  and su r v iv e  on in d iv id u a l  o y s t e r s .  A count o f  th e  number 

o f  m u sse ls  p r e se n t  on a s i n g le  v a lv e  o f  an o y s te r  s h e l l  was made 

on over 300 in d iv id u a l  v a lv e s .  The r e s u l t s  o f  t h i s  o b ser v a tio n  

showed t h a t  betw een 8 and 2f>l in d iv id u a l  m u ssels may be a tta ch ed  

t o  a s in g le  v a lv e .

In  order t o  a s c e r ta in  th e  d e n s ity  o f  th e  m u sse ls on an o y s te r  

v a lv e ,  th e  t o t a l  number o f  m u ssels enum erated was d iv id e d  by th e  

number o f  v a lv e s .  On. t h i s  b a s is  i t  was found th a t  an average o f  

1 0 2 .5  m u sse ls  was a tta c h e d  t o  a s in g le  v a lv e .

In  an e f f o r t  t o  determ ine w hether a r e la t io n s h ip  e x is t e d  b e­

tw een th e  s i z e  o f  th e  o y s te r  s h e l l  v a lv e  and th e  number o f  m u sse ls  

p r e s e n t , 2k  v a lv e s ,  co v er in g  th e  s i^ e  range ob serv ed , were s e ­

l e c t e d  a t  random. The r e l a t iv e  s i z e  o f  th e se  v a lv e s  was ob ta in ed  

by d eterm in in g  th e  g r e a te s t  le n g th  and w id th  o f  th e  v a lv e  in  mm. 

The number o f  m u sse ls on each o f  the v a lv e s  measured was th en  

co u n ted . The r e s u l t s  are p r e sen ted  in  Table I I I .

On th e  b a s is  o f  th e  r e s u l t s  in  Table I I I ,  i t  becomes obvious  

t h a t  a r e la t io n s h ip  betw een th e  s i z e  o f  th e  substratum  and th e  

number o f  m u sse ls  does n o t e x i s t .  C on siderin g  th e  f a c t  th a t  th e
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TABLE I I I

RELATIONSHIP BETWEEN THE SIZE OF THE 
OTSTER SHELL VALVE AMD THE NUMBER OP MUSSBIS

SIZE OF NUMBER OP SIZE OF NUMBER OF
VALVE IN MM. MUSSELS VALVE IN MM. MUSSELS

35 X 35 35 90 X U8 9h

55 X U5 23 92 X 56 62

55 X 50 35 9k X 55 60

60 X U5 82 100 X 60 108

63 X Uo 15 100 X 90 1*0

65 X Uo 128 105 X 65 186

78 X 56 127 112 X 70 125

80 X 53 67 113 X 60 U8

85 X 1*0 9 0 115 X 70 251

85 X 65 183 115 X 75 166

86 X 55 227 120 X 75 155

87 X 62 81 120 X 80 101
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o y s t e r s  grew a t  many d i f f e r e n t  a n g le s  on th e  bar and th u s p r e se n t  

d i f f e r e n t  a rea s  o f  a c tu a l  su r fa c e  a v a i la b le  f o r  a tta ch m en t, such  

a r e s u l t  i s  n o t u n ex p ec ted . C on seq u en tly , a sm a ll o y s te r  w ith  i t s  

e n t ir e  v a lv e  su r fa c e  exposed  has a g r e a te r  a rea  o f  a v a i la b le  su r ­

fa c e  fo r  s e t t in g  th an  does a la r g e r  o y s te r  w h ich , b ecau se  o f  i t s  

p o s i t io n  on th e  b a r , has a l im it e d  su r fa c e  area  a v a i la b le .

The su r fa c e  area  o f  th e  in d iv id u a l  v a lv e s  was determ ined  

t y  u se  o f  th e  p la n im eter  (Gray 1909 , W heatley 1 9 0 3 ) . The number 

o f  m u sse ls  p r e se n t on th e  v a lv e  was th en  d iv id e d  in t o  th e  su r fa c e  

area  s o  o b ta in e d , in  order t o  determ ine th e  d e n s ity  o f  th e  pop­

u la t io n  per u n i t  o f  a r e a . The r e s u l t in g  f ig u r e s  show th a t  th e  

g r e a t e s t  d e n s ity  o f  th e  p o p u la tio n  was 1  m u sse l per 7*6 square mm. 

o f  a r e a , as compared t o  th e  lo w e st  d e n s ity  o f  1 m u sse l per 2 2 5  

square mm. The average d e n s ity  fo r  th e  e n t ir e  2h c lu s t e r s  r e ­

p o rted  in  T able I I I  was 1 m u sse l fo r  ev ery  Ml square mm. o f  su r ­

fa c e  a r e a .

In  order t o  determ ine th e  v a r ia t io n  in  p o p u la tio n  d e n s ity  w ith  

r e s p e c t  t o  depth  on th e  o y s te r  b a r , a su rvey  o f  H a ck e tt!s  Bar was 

c a r r ie d  out on O ctober 1 7 , 1951* T his p a r t ic u la r  d ate  was chosen  

in  order t o  in c lu d e  th e  s e t  o f  m u sse ls  fo r  1951 , and a ls o  t o  d e­

term in e th e  e x te n t  o f  th e  m o r ta l ity  o f  th e  m u ssel p o p u la tio n  w hich  

had been ob served  during th e  s p r in g .

C asual o b se r v a tio n s  had shown th a t  w h ile  th e  e n t ir e  bar was 

covered  w ith  m u sse ls , th e  p o p u la tio n  was more abundant on th e  

so u th ern  end and th e  in sh o r e  p o r t io n s . Because o f  th e  d r a f t  o f  

th e  b o a t u sed  in  th e  su r v e y , th e  in sh o r e  p o r t io n  o f th e  bar was 

e lim in a te d  from c o n s id e r a t io n , and i t  was d ec id ed  t o  c o n fin e  th e
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stucfcr t o  an a rea  ap p rox im ate ly  1,1*1+0,000 square y a rd s lo c a te d  on 

th e  so u th e rn  p o r t io n  o f  th e  b a r .

B efore  th e  su rv ey  was i n i t i a t e d ,  a g r id  1200 x  1200 yards was 

p lo t t e d  on th e  map o f  th e  bar (F ig .  2) and buoys were s e t  out t o  

mark th e  b eg in n in g  and end o f  each  planned tr a n s e c t  o f  th e  a r e a . 

Four t r a n s e c t s  from  West t o  E a st and th r e e  t r a n s e c t s  from South  

t o  North were com p leted . The p o s i t io n s  o f  th e s e  runs are  d e s ig ­

n a ted  by th e  numbers 1 to  7 on F ig .  2 .

In  con d u ctin g  th e  su r v e y , th e  dredge was low ered  a t  th e  edge  

o f  th e  t r a n s e c t ,  hau led  fo r  one and one h a l f  m in u tes , and th en  

r a is e d .  A th r e e  m inute running p e r io d  e la p se d  betw een s u c c e s s iv e  

dredge sa m p lin g s. Depth sou nd ings were made a t  th e  b eg in n in g  and 

end o f  each  h a u l t o  determ ine th e  average depth o f  th e  s t a t i o n .

A t th e  c o n c lu s io n  o f  each  ru n , th e  p o s i t io n  o f  th e  b o a t was d e te r ­

mined and th e  d e v ia t io n  from th e  p lo t t e d  cou rse  was e n ter ed  on 

th e  map. These d e v ia t io n s  are in d ic a te d  on F ig . 2 by X In th e  

c a se  o f  th e  S-N t r a n s e c t s  and 0  in  th e  c a se  o f  th e  TUNS t r a n s e c t s .  

The d is ta n c e  tr a v e le d  in  yard s and th e  running tim e o f  th e  b oat  

was record ed  s o  th a t  th e  approxim ate lo c a t io n  o f  each  dredge sam­

p le  was a v a i la b le .  Samples were secu red  from 3$  s t a t io n s  in  th e  

a r e a .

The d e f i c i e n c i e s  o f  th e  dredge a s a sam pling d e v ic e  are w e l l  

r e c o g n iz e d  and have been p o in ted  out by W inslow (1 8 8 2 ) , S teven son  

(189H ), and F rey (19U 6). In  g e n e r a l ,  th e  dredge g iv e s  a sam ple 

th a t  i s  e n t i r e ly  to o  low  when compared w ith  more accu ra te  but l e s s  

f e a s i b l e  methods (Frey 19U 6). However, as th e  same author p o in ts  

o u t , th e  com parative data  are v a l id ,  and in  r e s p e c t  t o  m ark etab le­
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s iz e d  o y s t e r s ,  th e  sam ple o b ta in ed  i s  r e a so n a b ly  a c c u r a te . S in ce  

l i t t l e  c h o ic e  was p o s s ib le  i n  t h i s  in v e s t ig a t io n ,  and s in c e  mar­

k e ta b le  - s i z e d  o y s te r s  and s h e l l s  were d e s ir e d ,  th e  dredge was 

u t i l i z e d  fo r  th e  sa m p lin g .

From each  dredge h a u l, a h a l f  b u sh e l sam ple o f  o y s te r s  and 

s h e l l s  was c o l l e c t e d ,  p la ced  i n  a b u rlap  b ag , and retu rn ed  t o  th e  

la b o r a to iy  f o r  a n a ly s i s .  The sam ples were se p a r a ted  and a l l  or­

ganism s p r e se n t  were co u n ted , or in  th e  c a se  o f  some fo rm s, such  

as th e  B ryozoan s, th e  r e l a t i v e  abundance was e s t im a te d . The mus­

s e l  p o p u la tio n  was found t o  c o n s i s t  o f  l i v i n g  in d iv id u a ls ,  gen er­

a l l y  o f  sm a ll s i z e ,  and la r g e  numbers o f  empty s h e l l s  w h ich  were  

s t i l l  a tta c h e d  t o  th e  su bstratum  by th e  b y s s a l  th r e a d s . In  order  

t o  g e t  an a n a ly s is  o f  th e  p a s t  a s w e l l  as the p r e se n t  p o p u la t io n ,  

b oth  l i v i n g  m u sse ls  and empty s h e l l s ,  when a t ta c h e d , were cou n ted . 

The d a ta  on th e  d i s t r ib u t io n  o f  m u sse ls i n  r e s p e c t  t o  depth  i s  

p r e sen ted  in  T able IV.

C on sid erin g  th e  d i s t r ib u t io n  o f  th e  m u sse ls  in  r e la t io n  t o  

d e p th , th e  d a ta  show th a t  w ith  in c r e a s in g  depth  th e r e  i s  a de­

c r e a se  in  th e  r e l a t iv e  abundance o f  th e  p o p u la tio n . A t o t a l  o f  

2033 in d iv id u a ls  w ere c o l le c t e d  from  5 s t a t io n s  a t  a  d epth  o f  9 

f e e t  or l e s s .  T his number may be compared w ith  990 in d iv id u a ls  

from 15 s t a t io n s  a t  a depth  range o f  10 t o  lU f e e t ,  661 from 12 

s t a t io n s  i n  15 t o  19 f e e t  o f  w a te r , and 60 m u sse ls  from 3 s t a t io n s  

a t  a depth  o f  20 f e e t  or m ore. The average number o f  m u ssels per  

s t a t io n  a t  th e  r e s p e c t iv e  depth  range i s  as fo l lo w s :  9 f e e t  or

l e s s ,  U0 6 . 6 ; 10 to  U* f e e t ,  66;  15 t o  19 f e e t ,  55*08; and 20

f e e t  and o v e r , 2 0 .
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TABLE IV

DISTRIBUTION AND DENSITY OF THE 
POPULATION OF BRACHIDONTES RECURVUS ON 

HACKETT'S BAR -  OCTOBER 19^1 “

RUN STA* DEPTH IN FEET 

INITIAL END AVERAGE

NUMBER
OF
MUSSELS

NUMBER OF
SHELLS
"BOXES*

3 -  N I  

D ista n c e 1 19 17 18 52 58
1300 y a rd s

2 17 16 1 6 .5 8 0
E lap sed
Time 3 iu 13 1 3 .5 33 79
20 m inu tes

k 11 10 1 0 .5 5h 50

5 9 8 8 .5 601 30

S -  N I I  

D ista n ce 6 19 19 1 9 .0 hS 87
U 2 5  yard s

7 17 1 5 .5 1 6 .2 5 22* 151*
E lap sed
Time 8 15 H i.5 l i i .7 5 23 70
19 m inutes

9 12 11 1 1 .5 21 h9

10 9 .5 9 9 .2 5 69k 338

S -  N I I I  

D ista n c e 11 19 19 19 65 li
1075 yard s

12 19 18 1 8 .5 18 us
E lap sed
Time 13 16 16 16 59 213
2k  m inutes

14 H w5 Hi 1U .25 78 372

15 16 18 17 25 U60

16 17 10 1 3 .5 37 210
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TABLE IV (CONT.)

RUN STA. DEPTH IN FEET NUMBER NUMBER OF
OF SHELIS

INITIAL END AVERAGE MUSSELS *BCKES*

S -  N IV
17 2 0 .5 21 2 0 .7 5 25 2

D is ta n c e
1200 y a rd s 18 1 6 .5 18 1 7 .2 5 3U 21

E lap sed 19 ll* 11*.5 1U .25 108 89
Time
15 m inu tes 20 I k 15 H*.5 121* Ik

>w1£

21 11 10 1 0 . 5 201 k l
D ista n c e
1 1 2 5  yard s 22 9 .5 9 9 .2 5 207 3U5

E lap sed 23 9 .5 10 9 .7 5 531 200
Time
1 8 .5  m in u tes 21* 9 1 3 .5  1 1 .2 5 177 92

25 15 19 17 181 107

W -  E VI
26 13 13 13 37 138

D is ta n c e
1200 yard s 27 13 12 1 2 .5 31 226

E la p sed 28 1 2 .5 15 1 3 .7 5 28 357
Time
19*5 m inutes 29 11* 15 l l* .5 19 70

30 H*.5 16 1 5 .2 5 37 185

w -  e  vn
31 1 6 .5 17 1 6 .7 5 75 1 0

D ista n c e
1325 yard s 32 11*.5 15 ll* .7 5 19 81*

E lap sed 33 1 6 1 6 .5  1 6 .2 5 38 91*
Time
19 m inutes 3k 19 21 20 23 57

35 23 26 2U.5 12 1*
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An exam in ation  o f  th e  number o f  empty s h e l l s  shows r e s u l t s  

s im ila r  t o  th o s e  o b ta in ed  on th e  m u ssels*  In  a  depth  o f  9 f e e t  

or l e s s  we have an average p o p u la tio n  o f  1 8 2 .6  empty s h e l l s ,  as  

compared t o  133*8 fo r  d ep th s betw een 10 and l l i  f e e t .  The pop u la­

t io n  d e n s i ty  c o n tin u e s  t o  d e c r e a s e , a s  in d ic a te d  by an average o f

1 2 0 .8  a t  d epth s betw een 1$  and 19 f e e t ,  and 21 a t  depth s 20 f e e t  

and o v e r .

R eferen ce  t o  Table IV shows th a t  in  th e  c a se  o f  th e  in d iv id u a l  

t r a n s e c t s ,  th e r e  i s  a g e n e r a l ten d en cy  fo r  th e  p o p u la tio n  t o  de­

c r e a se  w ith  in c r e a s in g  depth  a lo n g  th e  t r a n s e c t .  T h is i s  p a r t ic u ­

l a r l y  tr u e  o f  th e  S-N t r a n s e c t s ,  w here, in  g e n e r a l ,  th e  d ep th  o f  

th e  w ater  over th e  bar ten d s t o  d ecrea se  toward s h o r e .

I t  i s  a l s o  e v id e n t  th a t  th e  p o p u la tio n  d e n s ity  i s  g r e a te r  on 

th e  w estern  end o f  the b a r , r e g a r d le s s  o f  d ep th , than  i t  i s  on the  

e a s te r n  en d . In  t h i s  c o n n e c tio n , i t  may be observed  t h a t  th e  e a s t ­

ern  end o f  th e  bar approaches th e  deeper w ater  o f  th e  Bay, and 

th e r e fo r e  probab ly  i s  s u b je c t  t o  g r e a te r  t i d a l  a c t io n  than th e  

w e ste r n  en d . Such an in f lu e n c e  c o n c e iv a b ly  co u ld  determ ine th e  

a rea  o f th e  bar over w hich  th e  g r e a te r  p ro p o rtio n  o f  s e t t in g  o c c u r s .

On th e  b a s is  o f  th e  d a ta , how ever, th e  g e n e r a l c o n c lu s io n  may 

be drawn t h a t  on H ack ett ’ s  Bar th e  p o p u la tio n  d e n s ity  o f  B rach id ontes  

recu rvu s i s  g r e a t e s t  i n  w ater  l e s s  than 10 f e e t  i n  d ep th , w h ile  

below  20 f e e t  th e  d i s t r ib u t io n  o f  th e  s p e c ie s  may be co n sid ered  

s p o r a d ic .

P o p u la tio n  C y c le s . As has been p o in ted  o u t , g e n e ra l ob serva­

t io n s  in  th e  Bay area  by a number o f  in v e s t ig a t o r s ,  a s w e l l  a s th e  

a u th o r , have shown th a t  th e  m u sse l p o p u la tio n  on ary  g iv e n  bar i s
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s u b je c t  t o  p e r io d s  o f  abundance and s c a r c i t y ,  C lem ents and S h e l -  

fo r d  (1939) p o in t  ou t th a t  th e s e  p e r io d s  o f  v a r ia b le  abundance, s o  

common t o  m arine organ ism s, p a r t ic u la r ly  b iv a lv e s  and sedendary  

form s, are o f t e n  c o n sid ered  abnormal and r e fe r r e d  t o  a s e x c e s s iv e  

m o r t a l i t y ,  c h a o t ic  ch an ges, or ^crash®1 p e r io d s , when i n  r e a l i t y  

th ey  r e p r e se n t  norm al f lu c t u a t io n s  i n  abundance brought about by  

ad verse  c o n d it io n s ,  such a s  la c k  o f  fo o d , f a i lu r e  to  rep ro d u ce , 

sh o r t  l i f e  c y c l e s ,  a l t e r a t io n  in  th e  p h y s ic a l  environ m en t, and 

o th er  e c o lo g ic a l  f a c t o r s .  T h er e fo r e , th e  m o r ta l ity  o f  th e  m ussel 

p o p u la tio n  ob served  during March and A p r il  1951 i s  co n sid er ed  as  

r e p r e se n t in g  a phase in  th e  p o p u la tio n  c y c le  o f  th e  curved m u sse l.

From January 1950 through March 1951 , th e  m u sse ls  on H ack ett*s  

Bar grew i n  la r g e  c lu s t e r s  a tta c h e d  t o  o y s te r  s h e l l s ,  Monthly e x ­

am in ation s o f  th e  p o p u la tio n  during t h i s  p er io d  showed l i t t l e  

f lu c t u a t io n  e i t h e r  i n  th e  r e l a t iv e  numbers o f  in d iv id u a ls  or in  

s i z e  v a r ia t io n .  Dead m u sse ls  were n o t  common, and th e  m o r ta lity  

n ever exceed ed  1 or 2 % o f  th e  p o p u la t io n .

During th e  same p e r io d , th e  s a l i n i t y  a t  H a ck ett’s  f lu c tu a te d  

c o n s id e r a b ly  (T able I ,  F ig . 3 ) ,  as would be ex p ected  in  any e s tu a r y .  

I t  reached  i t s  h ig h e s t  p o in t  on October 9 ,  1950 , a t  which tim e i t  

was 16.21; o /o o ,  and i t s  lo w e st  v a lu e  on February 1 9 , 1951 was 2 ,8 5  

o /o o .  At ap p rox im ately  th e  same tim e th e  p reced in g  y e a r ,  February 

1 6 , th e  s a l i n i t y  was 1 1 ,6 ,  and during t h a t  sp r in g , th e  s a l i n i t y  d id  

n ot go below  5*2 o /o o .

F o llo w in g  th e  low  s a l i n i t i e s  o f  January and February, a  n o t ic e ­

a b le  m o r ta l ity  was observed  in  sam ples c o l le c t e d  from March 5 

through  A p r il  1 6 , 1951* A cou n t o f  a b u sh e l o f  o y s te r  s h e l l s  w ith
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a tta c h e d  m u sse ls  shewed a m o r ta l ity  o f  51u9l* %} th a t  i s ,  out o f  

a t o t a l  o f  628 m u s se ls , 283 were a l iv e  and 3h$  were dead* At th e  

tim e o f  th e  su rv ey  in  O ctober 1 9 51 , l e s s  than 1 % o f  th e  p o p u la tio n  

on th e  bar was g r e a te r  than 35 mm* i n  le n g t h ,  th e  m a jo r ity  o f  th e  

m u sse ls  observed  a t  t h i s  tim e r e p r e se n t in g  th e  s e t  o f  1951*

Even though th e  s a l i n i t y  v a lu e  r o se  t o  6 .9 1  o /o o  by March 5 ,  

th e  im portance o f  th e  sudden drop in  s a l i n i t y ,  a s a p o s s ib le  cau sa ­

t i v e  f a c t o r  i n  producing th e  m o r ta l i ty ,  was r e c o g n iz e d . The e f f e c t s  

o f  low ered  s a l i n i t y  on o y s te r  m o r t a l i t ie s  in  th e  upper Bay are  w e l l  

known (Beaven 19U6, E ngle 1 9 ^ 6 ). However, as Beaven (19U6) p o in ts  

o u t , exposu re t o  a b r i e f  p e r io d  o f  low ered  s a l i n i t y  seem s t o  have 

l i t t l e  permanent e f f e c t  on q u a l it y  and s u r v iv a l  o f  o y s t e r s .

In an e f f o r t  t o  determ ine th e  r e l a t iv e  im portance o f  low ered  

s a l i n i t y  on th e  s u r v iv a l  o f  th e  curved m u sse l, a s e r i e s  o f  la b o r a ­

to r y  s tu d ie s  were d e v is e d . Groups o f  m u sse ls  s t i l l  a tta ch ed  t o  

th e  o y s te r  s h e l l s  from th e  c o l l e c t io n  o f  A p r il  1 6 , 1951 were p la ced  

i n  6 g a l lo n ,  a e r a te d , g la s s  a q u a r ia , c o n ta in in g  w ater  from j u s t  

above th e  bar and w ater  from  th e  same area  w hich was d i lu t e d  w ith  

d i s t i l l e d  w ater s o  th a t  th e  s a l i n i t y  ranged from 6 .5  t o  0 .9  o /o o .

The aq u aria  were k ep t a t  room tem p era tu re , which f lu c tu a te d  be­

tw een 18° and 2 1 °  G. The d u ra tio n  o f  th e  experim ent was 36 d a y s .  

S a l i n i t y  was determ ined  d a i ly  by th e  t i t r a t i o n  m ethod.

Each aquarium co n ta in ed  h g a l lo n s  o f  w ater  and betw een hO and 

50 m u sse ls  • No s e l e c t io n  fo r  s i z e  was made, in  th a t  th e  m ussel 

c lu s t e r s  were u sed  a s o b ta in ed . The range o f  s i z e  in v e s t ig a te d  

was betw een 35 and 55 mm. in  le n g th . The c r i t e r io n  f o r  f a i lu r e  t o  

su r v iv e  was th e  i n a b i l i t y  o f  th e  in d iv id u a l  t o  c lo s e  th e  v a lv e s
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when tou ch ed  or removed from th e  w a te r . The aq u aria  were examined  

d a i l y ,  and th e  dead m u sse ls  were removed once each  day .

The r e s u l t s  o f  th e  experim en t showed th a t  a  m o r ta l i ty  occurred  

in  any s a l i n i t y  below  6 .0 0  o /o o ,  w ith  a c o n sta n t  in c r e a se  in  th e  

per c e n t  m o r ta l ity  w ith  d e c r e a s in g  s a l i n i t y .  The summarized 

r e s u l t s  are p r e sen ted  in  Table V.

TABUS V

PER CENT MORTALITY OF B. RECURVUS 
ASSOCIATED WITH LOW SALINITY

SALINITT RANGE 
o /o o

TOTAL NUMBER 
0F SPECIMENS

NUMBER
DIED

PER CENT 
MQRTALITT

6 .0  -  6 .5 135 0 0 .0 0

5 .6  -  5 .9 18U 11 5 .9 7

U .6  -  5 .5 3M 22 1 5 .2 2

3 .6  -  U .5 216 212 9 8 .0 1

0 .9  -  3 .5 165 165 1 0 0 .0 0

The d a ta  in  T able V show th a t  i n  th e  s a l i n i t y  ra n g e , in c lu d in g

2 .8  o /o o ,  observed  over H a ck ettfs  Bar, a 100 % m o r ta lity  o ccu rred . 

L ik e w ise , i t  may be n o ted  th a t  a m o r ta lity  o f  98 % i s  a s s o c ia te d  

w ith  s a l i n i t i e s  below  o /o o .  T h is le a d s  to  th e  c o n c lu s io n  th a t  

th e  c r i t i c a l  low  s a l i n i t y  fo r  th e  s u r v iv a l  o f  B rach id ontes recu rvu s  

i s  o /o o .

The g r e a te r  number o f  d ea th s in  a l l  s a l i n i t i e s  occurred  during  

th e  f i r s t  7 d a y s . T his was fo llo w e d  t y  a d e c r e a s in g  m o r ta l i ty  e x ­
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te n d in g  over th e  n e x t  two weeks . The m u sse ls  su r v iv in g  a t  th e  end 

o f  th e  th r e e  week p e r io d  co n tin u ed  t o  l i v e  u n t i l  th e  ter m in a tio n  

o f  th e  o b s e r v a t io n s . The d a ta  i s  p r e sen ted  in  T able V I.

TABLE VI

NUMERICAL SUMMARY OF THE 
MQRTALITT OF B. RECURVUS 

BT DAYS

SALINITT o /o o 5 .6  -  5 .9 lu 6  -  5 .5 3 .6  -  U .5 0 .9  -  3 .5

DAYS NUMBER OF DEATHS

3 3 5 6U 80

5 5 16 2h

7 7 32 20

10 2 3 h6 8

12 1 2h 12

1h 1 20 12

16 3 12 8

19 1 1

21 2

TOTAL DEATHS 11 22 212 165

Fran an exam in ation  o f  Table V I, c o n s id e r a b le  in d iv id u a l  r e s i s t ­

ance t o  low  s a l i n i t i e s  i s  ap p aren t. In  the s a l i n i t y  range o f  0 .9  -  

3 . 5 ,  th e  g r e a te r  number o f  e a r ly  m o r t a l i t ie s  i s  a s s o c ia te d  w ith  th e  

low er end o f  th e  ra n g e .

I t  sh o u ld  be noted  th a t  a r a th e r  s t r ik in g  c o r r e la t io n  e x i s t s
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betw een  th e  e x p e r im en ta l d a ta  and th e  observed  s a l i n i t y  and m o rta l­

i t y  on H a c k e tt 's  Bar, On February $ th e  s a l i n i t y  (T able  I )  had 

dropped t o  3.U 8 o /o o ,  w hich i s  w e l l  w ith in  th e  range o f  th e  exp er­

im e n ta l d a ta  where 98 % m o r ta l i ty  occu rred . Thus, th e  m u sse ls  on 

th e  bar were exp osed  t o  c r i t i c a l  s a l i n i t y  c o n d it io n s  fo r  a s u f f i ­

c i e n t l y  lo n g  p e r io d  t o  accou n t fo r  th e  observed  m o r ta l i t y .  The 

r i s e  in  s a l i n i t y  t o  6*91 o /o o  by March 5 , c o n tin u in g  upward to  

8.21  o /o o  by March 19, a p p a ren tly  was i n s u f f i c i e n t  t o  p reven t th e  

m o r ta lity  o f  th e  p o p u la tio n  observed  in  March and A p r i l .  I t  i s  

con c lu d ed , t h e r e f o r e ,  th a t  a p a r t o f  th e  observed  m o r ta l ity  in  

th e  m u sse l p o p u la tio n  was th e  r e s u l t  o f  th e  low ered  s a l i n i t y  dur­

in g  January and February 1951. The low er per c en t m o r ta l i ty  o f  

51i.9U n o ted  in  th e  m u sse l p o p u la tio n  may have been  a s s o c ia te d  w ith  

th e  f a c t  th a t  low  tem p eratures p r e v a ile d  s im u lta n e o u s ly  w ith  th e  

low  s a l i n i t i e s  ( F ig s .  3 and U, and Table I ) .

Community R e la t io n s h ip s . The su rvey  o f  H a c k e tt!s  Bar o ffe r e d  

an o p p o rtu n ity  t o  s tu d y  i t s  community r e la t io n s h ip s .  The o y s te r  

bar community has r e c e iv e d  c o n s id e r a b le  a t t e n t io n  in  e c o lo g ic a l  

d is c u s s io n s  becau se  th e  con cep t o f  th e  community a s a n a tu r a l  

assem blage o f  organism s was f i r s t  reco g n ized  by Mobius in  1877, 

as a r e s u l t  o f  h i s  s tu d ie s  on o y s t e r s .  Mobius s ta te d  th a t  ‘'every  

o y s te r  bed i s  . . . .  a community o f  l iv in g  b e in g s , a c o l l e c t io n  o f  

s p e c i e s ,  and a m assing o f  in d iv id u a ls ,  which f in d  e v er y th in g  n e c e s ­

sa r y  f o r  t h e ir  growth and continuance*1 (A lle e  e t  a l .  19h9) *

The community, as i t  e x i s t s  a t  H a ck ett* s , w i l l  be r e fe r r e d  t o  

as th e  B alanu s- B rach id on tes A s s o c ia t io n , on account o f  th e  r e l a t iv e  

abundance and permanency o f  th e s e  two fo rm s. An a d u lt  p o p u la tio n
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o f  m u sse ls  o f  any consequence i s  n o t alw ays p r e s e n t ,  as m entioned  

e a r l i e r  in  c o n n e c tio n  w ith  th e  o b se r v a tio n s  con cern in g  th e  p op u la­

t i o n  c y c l e ,  but th e  p resen ce  o f  a young p o p u la tio n  in d ic a te s  th e  

im portance o f  t h i s  s p e c ie s  a s a dominant member o f  th e  community 

(S h e lfo r d  1 9 3 0 ) .

The m u s se l, B rach id on tes r ec u r v u s , and th e  b a r n a c le , Balanus 

cren a tu s B ru g u iere , were p r e se n t  a t  a l l  s t a t i o n s ,  and i n  a l l  c a se s  

were th e  two most abundant members o f  th e  community. The two sp e ­

c i e s  o f  b iy o z o a n s , Membranipora c r u s tu le n ta  (P a l la s )  and A cantho- 

d e s ia  t e n u is  (D e so r ) , (Osburn 19 UU) are c o n sid er ed  th e  subdom inants 

o f  th e  a s s o c ia t io n .  These two s p e c ie s  were c o l l e c t e d  from 2$ o f  

th e  35  s t a t io n s  in v e s t ig a t e d ,  and in  a l l  c a se s  ranked from common 

t o  abundant i n  r e la t io n  t o  th e  o th er  forms p r e s e n t . G iven id e a l  

c ircu m sta n ces a s regard s s e t t in g  and grow th , e i t h e r  or both  o f  

th e  s p e c ie s  o f  bryozoans p robab ly  cou ld  become th e  dom inants o f  

a conmnmity. They are  v ery  common on o y s te r  bars i n  Chesapeake 

Bay, and o f te n  form a com plete b la n k e t - l ik e  c r u s t  over th e  o y s te r s  

and s h e l l s  on th e  bar (Gsburn 19UU) • I t  i s  p o s s ib le  th a t  in  o th e r  

c ir c u m sta n c e s , or in  deeper w a te r , an a s s o c ia t io n  dom inated by 

th e s e  s p e c ie s  r e p la c e s  th e  Balanus -Brae h id o n tes  A s s o c ia t io n  in  th e  

o y s te r  community.

A number o f  o th er  s p e c ie s  p r e se n t in  th e  community are  con­

s id e r e d  as in f lu e n t s  o f  th e  a s s o c ia t io n *  T heir sm a ll number and 

o c c a s io n a l  d i s t r ib u t io n  m it ig a te  a g a in s t  a s s ig n in g  any h ig h er  rank  

t o  th e s e  form s. F o llo w in g  th e  d e f in i t io n  o f  in f lu e n t  as u sed  by 

D exter  (1 9 ^ 7 ), th e  fo llo w in g  s p e c ie s  are con sid ered  t o  be th e  in ­

f lu e n t s  o f  th e  a s s o c ia t io n :  th e  m u sse l, C ongeria le u c o p h a e ta ;
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th e  s n a i l ,  Odostomia t r i f i d a ; th e  l im p e t ,  C rep idu la  convexa; and 

mud crab s o f  th e  genera R hithropanopeus and B u iypanopeus.

I n c id e n ta l  form s p r e s e n t ,  s p e c ie s  o f  no s ig n i f ic a n c e  in  th e  

economy o f  th e  community (D ex ter  19U 7), in c lu d e  N ereid  worms, 

Anemones, and m isc e lla n e o u s  c r u s ta c e a n s , o f  w hich C a l l in e c te s  

sa p id u s was th e  m ost canmon.

The r e l a t iv e  rank and th e  g e n e r a l d i s t r ib u t io n  o f  th e  s p e c ie s  

observed  in  th e  community are  p resen ted  i n  Table V II .

TABLE VII

RANK AND DISTRIBUTION OF THE SPECIES 
IN THE BALANUS -  BRACHIDONTES ASSOCIATION

RANK IN ABUNDANCE SPECIES
NUMBER OF
STATIONS
PRESENT

1 Balanus cren atu s 35

2 B rach id on tes recu rvu s 35

3 Membranipora c r u s tu le n ta 25

k A can th od esia  te n u is 25

5 N ereid  Worms 26

6 M isce lla n e o u s  C rustaceans 12

7 Anemones 2h

8 R hithropanopeus and Euiypanopeus 26

9 C ongeria leu co p h a eta 20

10 Odostomia t r i f i d a 11

11 C rep idula  convexa 3



DEVELOPMENT OF THE GONADS AND SPAWNING

The gon ad al t i s s u e  o f  B rach id on tes recurvus c o n s i s t s  o f  a s e r ­

i e s  o f  d u c ts  or c a n a ls ,  l in e d  w ith  germ in a l e p ith e liu m , w hich end 

in  p o ck e ts  or f o l l i c l e s *  The mature t i s s u e  o c c u p ie s  a lm ost th e  

e n t ir e  m antle  and mesosoma t o  th e  edge o f  th e  f o o t ,  and p e n e tr a te s  

i n t o  th e  d ig e s t iv e  d i v e r t i c u la ,  where i t  i s  found ad ja cen t t o  th e  

s o - c a l le d  l i v e r  c a n a ls ,  th e  stom ach, and th e  d ir e c t  and r e c u r r e n t  

in t e s t in e *  I t  appears t h a t  th e  e a r ly  developm ent b eg in s  in  th e  

m antle and th e n  sp read s in t o  th e  mesosoma. The v e s ic u la r  t i s s u e  

w hich f i l l s  in  betw een  th e  f o l l i c l e s  i s  r ep la c ed  by th e  gonadal 

t i s s u e  a s  i t  m atu res . Thus, when th e  s e x  c e l l s  are  m ature, n e a r ly  

th e  e n t ir e  s tr u c tu r e  o f  th e  organism  i s  devoted  t o  r e p ro d u c tio n .

As s e x u a l m a tu r ity  ap p roach es, th e  m antle and mesosoma become 

e i t h e r  a b r ig h t  y e llo w  or a s t ip p le d  brown in  c o lo r .

The curved m ussel i s  d io e c io u s ,  and o f  th e  896 specim ens ex ­

am ined, th e r e  was no in d ic a t io n  o f  th e  e x is t e n c e  o f  herm aphroditism  

or a l t e r n a t io n  o f  s e x .  The gonads o f  b o th  male and fem ale show 

p a r a l le l  developm ent in  tim e and in  th e  p o s i t io n  o f  th e  gonads.

From th o s e  s tu d ie d , i t  appears t h a t  th e  s e x  r a t io  I s  e v e n ly  d i s ­

t r ib u t e d ,  w ith  perhaps a s l i g h t  le a n in g  toward a g r e a te r  number 

o f  fe m a le s . The r ep ro d u c tiv e  p o t e n t ia l  o f  th e  m u sse ls  i s  d e te r ­

mined by t h e i r  s i z e  r a th e r  than by t h e i r  a g e . Gonadal s tu d ie s  

were made o f  th o se  forms w hich were a s sm a ll as 20 mm. in  le n g th ,  

and t h e i r  gonad al t i s s u e  had th e  same appearance as th a t  o f th e  

la r g e r  fo rm s. I t  m ight be s a id ,  th e n , th a t  th e y  produce a s many
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r e p r o d u c tiv e  c e l l s  as t h e i r  an atom ica l s tr u c tu r e  w i l l  a l lo w . I t  

a l s o  le a d s  t o  th e  c o n c lu s io n  t h a t  s e x u a l m a tu r ity  occu rs th e  sum­

mer fo l lo w in g  s e t t i n g ,  r e g a r d le s s  o f  s iz e *

S e a so n a l Developm ent in  th e  M ale, The m ale f o l l i c l e s  vary a 

g r e a t  d e a l  i n  s i z e ,  depending on w hether th e  immature or  th e  mature 

c o n d it io n  i s  o b serv ed . From January u n t i l  m id -A p r il, th e  f o l l i c l e s  

are found in  th e  m antle  ( F ig s ,  6 and 7 ) ,  and t o  a l e s s e r  d e g r e e , 

in  th e  mesosoma. They appear a t  t h i s  tim e to  be l o o s e ly  f i l l e d  

w ith  c e l l s ,  b u t by m id -A p r il th e y  become more dense in  appearance  

and th e y  ta k e  a d eep er  and darker s t a in  ( F ig ,  8 ) ,  As th e y  m ature, 

th e  f o l l i c l e s  become f i l l e d  w ith  sperm atozoa, w hich r a d ia te  from  

th e  p er ip h ery  o f  th e  f o l l i c l e  toward th e  c e n te r  (F ig . 9 ) .  These 

c e l l s  appear a s sm a ll o v a l or s p h e r ic a l  b o d ie s  w hich are  packed  

to o  c lo s e l y  to g e th e r  f o r  t h e i r  d e t a i le d  s tr u c tu r e  t o  be c le a r ly  

v i s i b l e .  They mature by June and rem ain mature u n t i l  October 

(F ig s  • 10 and 11) • O bservation  o f  th e  d e n s ity  o f  th e  s e x  products  

i n  th e  f o l l i c l e s  le a d s  one t o  b e l ie v e  th a t  spawning may occur from  

th e  m antle f i r s t ,  th en  proceed  from th e  mesosoma. However, th e  

appearance in d ic a t e s  th a t  th e  anim al cou ld  v ery  w e l l  spawn s im u l­

ta n e o u s ly  from b o th  a r e a s .  The spawning ex ten d s over a c o n s id e r ­

a b le  p e r io d  o f  tim e from each  f o l l i c l e ,  s o  th a t  some do n o t have 

th e  appearance o f  b e in g  s p e n t , w h ile  o th e rs  are m ature. As th e  

f o l l i c l e s  m ature, th e r e  are l i g h t ,  r a d ia t in g  a r e a s , which under 

in c r e a se d  m a g n if ic a t io n  show th a t  th e  c e l l s  ad ja cen t t o  th e se  areas  

are  c o n c en tr a ted  i n  sh o r t  r o d s , ap p aren tly  s im ila r  t o  th e  c o n d it io n  

observed  in  Msrtilus e d u l is  (F ie ld  1 9 2 2 ) .

As th e  f o l l i c l e s  in c r e a s e  in  s i z e  and m a tu r ity , th e  su p p o rtiv e



F ig i  6 .  Cross s e c t io n  through m antle shew ing th e  
p resen ce  o f  th e  m ale r ep ro d u c tiv e  t i s s u e  in  th e  
ed ges o f  th e  m a n tle . Note th e  p resen ce  o f  v e s i c ­
u la r  t i s s u e .  M a U o ry ^  T r ip le  s t a i n .  X100.

F ig .  7 . Same as F ig .  6 .  X200.



F ig .  8 .  Immature f o l l i c l e s  o f  the male gonad in  M id- 
A p r i l .  H. & E . s t a i n .  X200.

F ig .  9 . Male f o l l i c l e s  f i l l e d  w ith  sperm atozoa i n  Jun e. 
Note th e  r a d ia t io n s  from p er ip h ery  o f  f o l l i c l e  to  c e n te r .  
Gross s e c t io n  through mesosoma. M a llo ry ’s  T r ip le  s t a i n .  
X200.
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F ig . 10. Mature m ale f o l l i c l e s  as th ey  appear in  J u ly .  
H. & E . s t a i n .  X200.

F ig .  11. Mature male f o l l i c l e s  as th ey  appear in  A ugust. 
H. & E . s t a i n .  X200.
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v e s ic u la r  t i s s u e  su rroun din g  them g r a d u a lly  d isa p p ea rs  a lm ost  

c o m p le te ly . A fte r  spaw ning, t h i s  su p p o r tiv e  t i s s u e  a g a in  a p p ea rs , 

f i l l i n g  th e  sp a ce s  betw een th e  sp en t f o l l i c l e s .

SeascnaL Developm ent i n  th e  Fem ale. The immature f o l l i c l e s  o f  

th e  fem ale  are  se p a r a ted  by v e s ic u la r  c o n n e c tiv e  t i s s u e  and v a r y  

in  s i z e .  §jr th e  f i r s t  week in  May ( F ig .  1 2 ) ,  th e  f o l l i c l e s  are  

l in e d  w ith  sm a ll c e l l s  c o n ta in in g  n u c le i  w hich s t a in  a dark b lu e  

w ith  H. & E . Ey th e  th ir d  week in  May ( F ig .  1 3 ) ,  th e  c e l l s  have  

in c r e a se d  i n  s i z e  so  th a t  th e  prom inent n u c le o l i  can be s e e n ,  

bu t th e  c e l l s  are  s t i l l  Immature. Ey m id -Ju n e, th e  m antle and 

th e  mesoscma are occu p ied  by f o l l i c l e s  w hich are  f i l l e d  w ith  ma­

tu r e  and immature eggs ( F ig .  ill-) . F igu re  15> shows th a t  some o f  

th e  v e s ic u la r  su p p o r tiv e  t i s s u e  i s  p r e s e n t , but has d ecrea sed  or 

d isap p eared  c o n s id e r a b ly  a s th e  eggs approach m a tu r ity . I t  w i l l  

be n oted  th a t  th e  eggs vary a g r e a t  d e a l  in  s i z e  and th a t  th e  

n u c le o l i  are  la r g e  and prom inent. Wien the eggs m ature, th e y  

break from th e  f o l l i c l e  and are moved a lon g  by th e  c i l i a t e d  d u c ts .  

The eggs are  n o t  co n sid ered  as mature u n t i l  th e y  break f r e e  from  

th e  f o l l i c l e .  As i s  th e  c a se  in  th e  m a le , th e  fem ale gonadal 

t i s s u e  p e n e tr a te s  in t o  th e  d ig e s t iv e  d iv e r t ic u la  and i s  in  c lo s e  

p rox im ity  t o  th e  l i v e r  c a n a ls  (F ig . 1 6 ) .  In  F igu re 1 7 , w hich i s  

th e  s e c t io n  o f  th e  m antle near th e  g i l l s  and shows th e  g e n e r a l  

s t r u c t u r e ,  th e  p resen ce  o f  la r g e  numbers o f  eggs o f  vary in g  s i z e s ,  

and even  sh a p e s , and th e  n u c le i  and n u c le o l i  can be s e e n . The 

ova appear t o  be m issh apen , r a th er  than  o v a l or  s p h e r ic a l .  T his 

c o n d it io n  may be due t o  th e  crowding a s th e  eggs m ature, and a l s o  

t o  th e  f a c t  th a t  th ey  are c lo s e l y  packed a f t e r  b reak in g  lo o s e
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F ig .  12. G eneral v iew  o f  c r o ss  s e c t io n  through m a n tle , 
showing th e  appearance o f  th e  fem ale f o l l i c l e s  during  
th e  f i r s t  week in  May. H. & E . s t a i n .  X100.

F ig .  13- S e c t io n  through m a n tle , showing s m a ll ,  immature 
eggs as th ey  appear in  l a t e  May. H. & E . s t a i n .  X200.



F ig* ll±. G eneral v iew  o f  m antle in  m id-June, showing  
p resen ce  o f  mature and immature e g g s . H* & E . s t a i n .
noo.

F ig . 1 $ . Female f o l l i c l e s  in  m id-June. Note th e  
prom inent n u c le o l i  and th e  d isap p earin g  v e s ic u la r  
t i s s u e .  H* & E* s t a i n .  X200.
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Fig* 16• Mature female f o l l i c l e s  adjacent to  the s o -  
c a lle d  l iv e r  canals in  the d ig e s t iv e  d iv e r t ic u la . Mid- 
June. H. & E. s ta in .  X200.

F ig .  17* G eneral v iew  c r o ss  s e c t io n  through m antle in  
th e  r e g io n  o f  th e  g i l l s .  Note p resen ce  o f  mature and 
immature e g g s .  J u ly . H. & E . s t a i n .  X!?0.
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F ig . 1 8 . Female f o l l i c l e s  in  J u ly . Note mature and im­
mature e g g s ,  shape o f  e g g s ,  and prom inent n u c le o l i .  H.
& E . s t a i n .  X100.

F ig . 19 - Female f o l l i c l e s  as th ey  appear in  O ctober. 
H. & E. s t a i n .  X200.
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w ith in  th e  f o l l i c l e *  The c o n d it io n  o f  th e  gonad from  J u ly  (F ig*

18) t o  O ctober i s  s im ila r  t o  th a t  in  June. A fte r  O ctober, th e  ova  

are  n o t  a s  numerous (F ig .  1 9 ) ,  but some r e t a in  th e  same appearance  

as th o s e  o f  June.

On J u ly  3 ,  th e  sm a ll eggs appeared i n  the m antle  and th e  la r g e r  

ones in  th e  m esoscm a. In  A u gu st, th e  m antle was n o t a s  d e n se ly  

packed a s was th e  mesosoma, w h ich  co n ta in ed  many f o l l i c l e s .  In  

one specim en  from th e  Septem ber group , one s id e  o f  th e  m antle  

c o n ta in e d  o n ly  a few  e g g s ,  w h ile  th e  o th er  s id e  o f  th e  m antle  

and th e  mesos oma were dense w ith  e g g s .  A lthough th e  c o n d it io n  

o f  th e  m a tu r ity  o f  th e  ova i s  such th a t  th e  e n t ir e  gonadal t i s s u e  

i s  s u b je c t  t o  spawning a t  th e  same t im e , th e  i n t e n s i t y  o f  spawn­

in g  and th e  tim e o f  spawning o f  th e s e  d i f f e r e n t  areas depends 

upon th e  in d iv id u a l .

Mature eggs are  p r e se n t in  December (F ig .  2 0 ) ,  b u t show e v i ­

d en ces o f  d e g e n e ra tio n  or d e a th , a s shown by the c o n d it io n  o f  th e  

n u c le u s , th e  ab sen ce o f  n u c l e o l i ,  and th e  g en era l appearance o f  

th e  cy top lasm . W hile th e  d e s tr u c t io n  o f  th e  gonadal t i s s u e  ap­

p ears e v id e n t ,  th e r e  i s  no s im i la r i t y  t o  th e  comparable mechanism  

o f  r e s o r p t io n  n o ted  in  some p elecyp od s by L oosan off and D avis (1951).

The developm ent o f  th e  gonads in d ic a t e s  th a t  th e  s t a t e  o f  s e x ­

u a l  m a tu r ity  e x i s t s  from June through O ctober. R e lea se  o f  th e  s e x  

p rod u cts occu rs over  a r e l a t i v e l y  lon g  p er iod  o f  t im e , from e a r ly  

June through O ctober, and in  some c a se s  through November. I n d iv id ­

u a l  f o l l i c l e s  d ev e lo p  in d ep en d en tly  o f  each oth er  in  both  s e x e s .

In  o th e r  w ords, th e  gonads do n o t reach  a h igh  peak o f  m a tu r ity  

and im m ed iately  spawn o u t .



F ig .  2 0 . N ote p resen ce  o f  mature eg g s in  December, but 
a l s o  t h e i r  d eg en era te  n a tu r e . H. & E . s t a i n .  X200.



50

S e a so n a l d i s t r ib u t io n  o f  th e  la r v a e .  P lan k ton  sam ples c o l ­

l e c t e d  from  January 1 6 , 1950 through A p r il  1 6 , 1951 were examined  

t o  determ in e th e  p r e se n c e , r e l a t iv e  abundance, and s ta g e s  o f  d e ­

velopm ent o f  th e  l a r v a l  form s o f  Brae h id on t e s  re  cur v u s .

S in c e  th e  r a te  o f  developm ent o f  th e  la r v a l  s ta g e s  shows con­

s id e r a b le  v a r ia t io n ,  in  p a r t ,  a t  l e a s t ,  becau se  o f  th e  p r o tra c ted  

spawning p e r io d , i t  was d ec id ed  t o  d iv id e  th e  forms p r e se n t in t o  

th r e e  groups? p r e -h in g e  s t a g e ,  h in ge  s t a g e ,  and p o s t-h in g e  s t a g e .  

The h in g e  s ta g e  was d e f in e d  a s **the s t r a ig h t - h in g e - l in e  embryonic 

s h e l l 41 ( F ie ld  1 9 2 2 ) , in  betw een th e  c ir c u la r  immature la r v a l  s ta g e  

and th e  tr ia n g u la r  ova te  form o f  th e  more mature la r v a . In  th e  

area  o f  H ack ett*s Bar, th e  la r v a l  s ta g e  o f  t h i s  s p e c ie s  cou ld  be 

con fu sed  o n ly  w ith  th e  la r v a l  s ta g e s  o f  C ongeria le u c o p h a e ta ,

G ra sso strea  v i r g i n i c a ,  or p o s s ib ly  w ith  T agelus p le b e iu s  and Mya 

a r e n a r ia . However, as i s  p o in ted  out by S u l l iv a n  (19U 8), c a r e fu l  

exam in ation  w i l l  show numerous d ia g n o s t ic  d if f e r e n c e s  betw een th e  

m u sse l la r v a e  and o th e r  la m e llib r a n c h s . T h ere fo re , th e  la r v a l  

s ta g e s  o f  d i f f e r e n t  groups may be e a s i l y  sep a ra ted  from each  o th e r ,  

a lth o u g h  same c o n fu s io n  m ight p o s s ib ly  a r is e  in  regard  t o  th e  la rv a e  

o f  B rach id on tes recurvus and th a t  o f  C ongeria le u c o p h a e ta . However, 

c o n s id e r in g  th e  rare  occu rren ce o f  th e  l a t t e r  form on H a c k e ttfs  Bar, 

such  c o n fu s io n  sh o u ld  not in v a l id a t e  th e  d a ta .

The r e s u l t s  o f  th e  o b ser v a tio n s  on la r v a l  d is t r ib u t io n  are  pre­

se n te d  in  Table V I I I . The r e l a t iv e  abundance o f  th e  v a r io u s la r v a l  

form s i s  ex p r essed  as p r e s e n t , common, abundant, and very  abundant, 

r a th e r  th an  by u s in g  some nu m erica l s ta te m e n t. I t  was f e l t  th a t  

such  an e x p r e ss io n  o f  r e s u l t s  had more v a l id i t y  than an e x a c t  nuraer-
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TABIE V III

SEASONAL OCCURRENCE OF MUSSEL IARVAE 
IN PLANKTON SAMPLES -  1 9 5 0

D ate T ide P re -h in g e Hinge P o s t-h in g e

June 5 H igh P resen t P resen t A bsent

June 19 Ebb Common Common P resen t

J u ly  3 Ebb Common Common Common

J u ly  17 Medium A bsent P re se n t p r e se n t

J u ly  31 Ebb Abundant P re se n t A bsent

A ugust 111 Low Common Common A bsent

A ugust 28 Low Abundant Abundant Abundant

S e p t .  11 F lood Very Abund. Very Abund. Very Abund.

S e p t . 25 F lood Common P re se n t Common

O ct. 9 Low P resen t A bsent Common

O ct. 25 Low A bsent A bsent P re se n t

Nov. 13 Low P resen t Common Common

Nov. 27 Low A bsent A bsent P re se n t

D ec. 11 High Absent A bsent P resen t
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i c a l  e x p r e s s io n , s in c e  th e  method o f  c o l l e c t i o n  was n o t s u s c e p t ­

i b l e  t o  e x a c t  q u a n t i ta t iv e  a n a ly s is  ( I i t t l e f o r d ,  Newcombe, and 

Shepherd 19U0) .

The la r v a e  appeared in  th e  p lan k ton  fo r  th e  f i r s t  tim e on 

June 5 ,  1 9 5 0 , when p r e -h in g e  and h in ge forms were observed  in  th e  

sam ples* By th e  m iddle o f  June, th e  p r e -h in g e  and h in ge  s ta g e s  

had quadrupled i n  number over  th e  e a r l i e r  p a r t o f  th e  month* The 

p o s t-h in g e  s ta g e  was observed  f o r  th e  f i r s t  tim e on June 1 9 , 1950 . 

D uring J u ly  and August th e re  w as, g e n e r a l ly  sp e a k in g , a con tin u ed  

r i s e  in  abundance o f  th e  la r v a l  s t a g e s .  However, th e  p re -h in g e  

s ta g e  was n o t found on J u ly  1 7 , 1950 and th e  p o s t-h in g e  s ta g e  was 

n o t ob served  in  th e  c o l l e c t i o n s  o f  Ju ly  31  and August l i i .  A l l  

th r e e  s ta g e s  were p r e se n t  i n  la r g e  numbers in  th e  c o l l e c t i o n  o f  

A ugust 2 8 , and th e  peak o f  t h e ir  nu m erica l abundance in  th e  p lan k ­

to n  was ob served  on Septem ber 1 1 , 1950 .

Seme id e a  o f  th e  r e l a t iv e  s e a so n a l abundance o f  th e  la r v a l  

s ta g e s  may be o b ta in ed  from th e  f a c t  th a t  th e  number o f  p re -h in g e  

s t a g e s  i n  June was 2 7 . $0% o f  th e  t o t a l  number observed on September 

1 1 . S im i la r ly ,  th e  number o f  th e  h in ge  s ta g e  in  June was 1 5 .1 5 $  

and th e  number o f  th e  p o s t-h in g e  s ta g e  was Q*5k% o f  th e  numbers 

observed  on Septem ber 1 1 .

By r e fe r e n c e  t o  Table I ,  i t  may be observed  th a t  spawning o c ­

cu rred  a t  a tem perature o f  17*7° C. or low er and con tin u ed  through­

o u t th e  summer and f a l l ,  a t  l e a s t  u n t i l  th e  m iddle o f  November, 

when th e  tem perature had dropped t o  1 1 .6 °  C. The o ld e r  la rv a e  

p r e se n t  du rin g  December were a b le  t o  su r v iv e  a tem perature as low  

as 6 .8 °  C .,  record ed  on December 1 1 .
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The d a ta  p r e sen ted  w ith  r e s p e c t  t o  la r v a l  d i s t r ib u t io n  le a d s  

t o  th e  c o n c lu s io n  t h a t  th e  spawning p er io d  o f  B. recu rvu s ex ten d s  

from e a r ly  June u n t i l  November* The g r e a te r  number o f  la r v a l  

s t a g e s  were ob served  in  l a t e  summer and f a l l ,  w hich le a d s  t o  th e  

c o n c lu s io n  th a t  th e  g r e a te r  p ercen ta g e  o f  s e t t in g  ta k e s  p la c e  

d u rin g  l a t e  August and Septem ber. T his o b ser v a tio n  i s  su pported  

by th e  o b se r v a t io n s  on the developm ent o f  th e  gonads and th e  sm a ll  

s i z e  range o f  th e  m u sse ls  c o l l e c t e d  during th e  su rvey  in  O ctober.

The d a ta  on t i d e s  p r e sen ted  i n  Table T i l l  were c a lc u la te d  by 

u se  o f  th e  T ide T ab les fo r  th e  A t la n t ic  C oast (U. S . C oast and 

G eod etic  S u rvey , 1 9 5 0 ) . I t  w i l l  be noted  t h a t  th e re  i s  no e v i ­

dence th a t  th e  r e l a t i v e  abundance o f  th e  la r v a e  i s  in f lu e n c e d  by 

th e  h e ig h t  or d ir e c t io n  o f  th e  t i d e .

The d i s t r ib u t io n a l  d a ta  on th e  la r v a l  s ta g e s  a l s o  p o in t  t o  th e  

e x is t e n c e  o f  th r e e  r e l a t i v e l y  d i s t i n c t  p e r io d s  o f  spawnings an  

e a r ly  spawning i n  June, a m id -season  spawning i n  l a t e  J u ly  and 

A u gu st, and a l a t e  spawning in  November. I t  w i l l  be noted  (Table  

V I I I ) ,  i n  fo l lo w in g  th e  s e a s o n a l  v a r ia t io n  o f  th e  p r e -h in g e  s t a g e ,  

t h a t  th e  la r v a l  s ta g e s  in c r e a s e  during June and e a r ly  J u ly , but 

are th e n  a b sen t from th e  p la n k to n . They occu r in  abundance during  

August and Septem ber, b u t are a g a in  ab sen t in  l a t e  O ctober. F in ­

a l l y ,  th e y  are  p r e se n t in  mid-November. T h is s e a so n a l p a tte r n  o f  

d is t r ib u t io n  i s  fo llo w e d  a ls o  by the h in ge  and p o s t-h in g e  s t a g e s .  

A cceptance o f  the th r e e  d i s t i n c t  spawning p er io d s would e x p la in  th e  

ab sen ce o f  th e  p o s t-h in g e  s ta g e s  during l a t e  Ju ly  and e a r ly  A u gust.

E x p la n a tio n  o f  th r e e  su ch  p er io d s on th e  b a s is  o f  environ m en ta l 

f a c t o r s  i s  n o t  p o s s ib l e .  Tflhedon (1936) and Young (191*2, 191*6) r e ­
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p o rted  s im i la r  o b se r v a tio n s  on B ffytilis c a li fo r n ia n u s  * Numerous 

o th e r  in v e s t ig a t o r s  have made s im ila r  o b se r v a tio n s  on o th e r  s p e c ie s  

o f  p e le c y p o d s , and i t  has been  shown th a t  e i t h e r  a r i s e  or  a drop  

i n  tem perature may in d u ce  spawning in  th e s e  forms (Berner 1935) •

In  la m e llib r a n c h s ,  spawning i s  u s u a l ly  a s s o c ia te d  w ith  r i s in g  temp­

e r a tu r e .  The c o n c lu s io n  o f  P e lse n e e r  (1935) and N elson  (1928a) i s  

t h a t  when a c r i t i c a l  tem perature i s  rea ch ed , spawning occu rs above 

th a t  p o in t ,  but below  th a t  tem perature i t  does n o t occur* G aits o f f  

(1938 and 19U 0), how ever, p o in ts  out th a t  . . . .

There e x i s t  s e v e r a l  “c r i t i c a l *  tem peratures fo r  spawning  
o f  m ales and fe m a le s , a p p a ren tly  determ ined t y  t h e ir  
p h y s io lo g ic a l  c o n d it io n s .  • • • • The id e a  ( th e r e fo r e )  o f  
a s i n g le  c r i t i c a l  tem perature e f f e c t i v e  in  in d u cin g  
spawning i n  a l l  o y s te r s  o f  a g iv e n  p o p u la tio n  . . . .  
sh o u ld  be abandoned.

I t  i s  p o s s ib l e ,  c o n s id e r in g  th e  lon g  p e r io d  o f  se x u a l m a tu r ity  

o f  th e  gonads i n  B. r e c u r v u s ,  th a t  p h y s io lo g ic a l  c o n d it io n s  r e s u l t  

i n  d i f f e r e n t  spawning p e r io d s  fo r  in d iv id u a l  m u s se ls .



AGE AND GROTTH

The d e ter m in a tio n  o f  age in  la m e llib ra n ch s  has been approached  

e i t h e r  by co u n tin g  th e  annual r in g s  w hich f o l lo w  th e  con tou r o f  

th e  s h e l l ,  or  by r e a r in g  marked specim ens under n a tu r a l c o n d itio n s*  

In t h i s  in v e s t ig a t io n  i t  was n o t p o s s ib le  t o  rea r  th e  curved mus­

s e l  under n a tu r a l c o n d it io n s ,  s in c e  H ack ett*s Bar i s  a p u b lic  

o y s te r  b a r , s u b je c t  t o  to n g in g  o p era tio n s du rin g  th e  e n t ir e  o y s te r  

s e a s o n . T h e r e fo r e , i t  was n e c e ssa r y  t o  r e s o r t  t o  th e  u se  o f  

“annual** r in g s  in  th e  e s t im a t io n  o f  age*

In  a p r e v io u s  p o r t io n  o f  th e  o b s e r v a t io n s , I t  has been p o in ted  

ou t th a t  on th e  b a s is  o f  le n g th -fr e q u e n c y , we have what appears 

t o  be f i v e  r a th e r  d i s t i n c t  y e a rs  o f  grow th. E xam ination o f  th e  

s im u la t io n s  o f  5 ,027  in d iv id u a ls  shows th a t  i n  th e  ca se  o f  3 ,1 2 9 ,  

or 6 2 .6 1 $  o f  th e  p o p u la t io n , th e  a n n u la tio n s appear w e l l  d e f in e d  

and are a p p a ren tly  r in g s  a s s o c ia te d  w ith  a g e . In th e  rem ainder o f  

th e  p o p u la t io n , th e  d e term in a tio n  o f  th e  a n n u la tio n s  i s  more d i f ­

f i c u l t  b ecau se  a number o f  marks or “r in g s 1* appear in  betw een th e  

prim ary ones th a t  in d ic a te  a g e .

F o llo w in g  th e  o b se r v a tio n s  o f  Mossop (1922) on M y t i l is  e d u l is  

and Wiborg (19U6) on M odiola ( a c t u a l ly  V o ls e l la )  m o d io lu s , i t  was 

d ec id ed  t o  c o n s id e r  on ly  th o se  a n n u la tio n s th a t  con tin u ed  around 

th e  s h e l l  in  th e  r e g io n  o f  th e  h in g e , as annual r in g s .  The r e ­

m ainder o f  th e  m arkings may be c o n sid ered  a s l in e s  o f  “a r r e s te d  

grow th1* (M ossop, 1 9 2 2 ) , fo r  w hich no d e f i n i t e  reason  i s  a s s ig n e d .  

Mossop p r e fe r s  t h i s  ter m in o lo g y , s in c e  i t  does n o t p o s tu la te  any
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p a r t ic u la r  cau se  fo r  th e  s lo w in g  down o f  grow th . C on sid erin g  th e  

grow th h a b it s  o f  th e  curved m u sse l; i t  would be d i f f i c u l t ,  i n  many 

c a s e s ,  t o  o f f e r  any one s p e c i f i c  reason  fo r  growth in te r r u p t io n .

The r e s u l t s  o f  th e  exam in ation  o f  th e  p o p u la tio n  t o  determ ine  

age d i s t r ib u t io n  are  p r e sen ted  in  T able IX.

TABIE IX

ACS DISTRIBUTION ACCORDING TO 
LENGTH FREQUENCY

Length  
I n te r v a l  
in  MM

Number
Of
M ussels

P er Cent D is tr ib u t io n  o f  th e  

Year o f  Growth
1 2  3 k  5

P o p u la tio n s  

6 Misc<

0 .0 0  -  9.99 96 100

10.00  -  19.99 212 82 17 1

20.00  -  29.99 880 72 25 3

30 .00  -  39.99 2016 92 1* 1*

1*0.00 -  1*9.99 U*58 1*6 52 1 1

50.00 -  59.99 356 96 1 3

60.00  -  62.99 9 100

The d a ta  on p o p u la tio n  d i s t r ib u t io n  show th a t  th e  m u ssel may 

reach  a le n g th  o f  1 9 .9 9  mm. b e fo re  th e  end o f  th e  f i r s t  growing s e a ­

s o n . Many o f  them do n o t grow t h i s  r a p id ly ,  as i s  shown by th e  f a c t  

th a t  17$ o f  th e  in d iv id u a ls  between 10 and 1 9 .9 9  mm. in  le n g th  have  

a lre a d y  p a ssed  through  t h e i r  f i r s t  p er io d  o f  growth c e s s a t io n .  Like'
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w is e ,  i t  may be n oted  t h a t  each  wy ear  c l a s s '1 ob served  in c lu d e s  a 

w ide range o f  le n g th  d i s t r ib u t io n .  The f a c t  th a t  th e  m u sse l  

sp a m s  over  a p e r io d  e x ten d in g  from June through November e x p la in s  

th e  w ide range i n  le n g th  d i s t r ib u t io n  fo r  a g iv e n  year; o f  grow th . 

S im ila r  o b se r v a tio n s  have been rep o rted  on M odiola m odiolus by  

Wiborg (19U 6).

I t  i s  p robab le  t h a t  th e  annual r in g s  are l a id  down during th e  

p e r io d  from  December t o  March, when th e  tem perature o f  th e  w ater  

i s  below  7 °  C. (T able I ) .  W hile th e  lo w e st  tem perature a t  w hich  

th e  curved  m u sse l w i l l  fe e d  has n o t been d eterm in ed , i t  has been  

shown by Coe and Fox (19U1±) t h a t  M y t i l is  c a lifo r n ia n u s  w i l l  n ot  

f e e d  below  7 t o  8° C ., and Wiborg (191+6) observed t h a t  growth a l ­

m ost c e a se s  and th e  w in te r  r in g s  are  formed i n  M odiola m odiolus 

betw een December and A p r i l ,  during w hich p e r io d  th e  w ater tem pera­

tu r e s  are lo w .

A number o f  in d iv id u a ls  were found t o  show a very  s lo w  r a te  o f  

grow th as compared t o  th e  g e n e r a l p o p u la tio n . For exam ple, one 

m u sse l w ith  a le n g th  o f  II4 .6  mm. had 5 c le a r  a n n u la t io n s . E ig h t  

a n n u la t io n s , found on two sp ec im en s, was th e  la r g e s t  number ob­

se r v e d . I t  seem s app arent th a t  th e  average le n g th  o f  l i f e  o f  

B rach id on tes recu rvu s ex ten d s over a p er io d  o f  f i v e  y e a r s , w ith  a 

sm a ll  p ercen tage  o f  th e  p o p u la tio n  l iv i n g  beyond th a t  t im e .

A d d it io n a l in fo r m a tio n  in  regard  t o  growth o f  th e  curved m ussel 

was o b ta in ed  by an in v e s t ig a t io n  o f  th e  l in e a r  measurements o f  

l e n g th ,  w id th , and t h ic k n e s s ,  and th e  w e ig h ts  o f  th e  s h e l l ,  s o f t  

p a r t s ,  and dry w e ig h t . Because o f  th e  over lap p in g  age d i s t r ib u t io n  

o f  th e  p o p u la t io n , no attem pt was made t o  compare th e se  d a ta  w ith
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age o f  th e  m u s se l. In  order t o  compensate fo r  th e  f a c t  t h a t  con­

s id e r a b le  in d iv id u a l  v a r ia t io n  was observed  i n  a l l  s i z e  in t e r v a ls  

w ith  r e s p e c t  t o  th e  above m easurem ents, th e  r e s u l t s  are g iv e n  in  

5> r a th e r  than 10 mm. i n t e r v a l s .

F o llo w in g  th e  s u g g e s t io n s  o f  Simpson and Roe (1 9 3 9 ) , th e  

m u sse ls  u sed  f o r  th e  d e ter m in a tio n  o f  grow th in d ic e s  were c o l l e c t ­

ed  o ver  as s h o r t  a p e r io d  a s p o s s ib le  during th e  e a r ly  summer o f  

1 9 5 0 . T h is p e r io d  was ch osen  i n  order t o  l im i t  th e  d a ta  t o  a 

s in g le  grow ing se a so n  and t o  a vo id  th e  p er io d  o f  maximum spawning*

In  order t o  c la r i f y  th e  com parison o f  th e  sm a lle r  v a r ia t e s ,  le n g th  

and w e ig h t  i n d ic e s ,  w ith  le n g th  i n t e r v a l s ,  th e  g r a p h ic a l p r e se n ta ­

t io n s  are  made on se m ilo g a r ith m ic  paper (Sim pson and Roe 1939) •

The d a ta  on w id th  and th ic k n e s s  i n  r e s p e c t  t o  le n g th  in  th e  

cu rved  m u sse l are  p r e sen ted  in  Table X. These data  show th a t  th e r e  

i s  c o n s id e r a b le  v a r ia t io n  in  th e  w id th  range i n  a l l  le n g th  i n t e r ­

v a ls  betw een 2$ and mm., as would be ex p ected  on th e  b a s is  o f  

th e  v a r i a b i l i t y  in  age o f  th e  sam ples and th e  growth h a b its  o f  th e  

m u sse l. I t  has a lr e a d y  been p o in ted  o u t , th a t  th e  p o s i t io n  o f  th e  

in d iv id u a l  i n  th e  c lu s t e r  determ in es th e  a v a i la b le  room fo r  normal 

grow th , and t h a t  th e r e fo r e  many o f  th e  m u sse ls  are m isshapen or  

have a p e c u lia r  growth form  because o f  t h e i r  im m ediate environ m en t. 

S i g n i f i c a n t l y ,  t h i s  v a r ia t io n  i s  s l i g h t  in  th e  sm a ller  in d iv id u a ls ,  

where growth co n tin u es  u n in h ib ite d  by crow ding, and in  th e  la r g e r  

forms where age v a r ia t io n  i s  not s o  g r e a t as in  th e  g e n e r a l popu­

l a t i o n .

D e sp ite  th e  w ide d if f e r e n c e s  in  w id th  range i n  th e  l in e a r  

grou p s, th e  mean w id th s o f  th e  m ussel show a comparable and ex p ected
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TABLE X

VARIATION IN WIDTH AND THICKNESS, WITH 
RESPECT TO LENGTH INTERVALS, EXPRESSED 

IN MILLIMETERS

LENGTH NUMBER MEAN WIDTH MEAN THICKNESS MEAN
RAN® SPECIMENS LENGTH RAN® WIDTH RAN® THICKNESS

10.0-1U .99 29 11.888 6 . 0-  9 .0 7.550 3 .0 -  5 .0 U.555

1 5 .0 -1 9 .9 9 30 18.600 1 0 .0 -1 6 .0 12.1U0 U.0 -1 3 .0 9.120

20.0-2U .99 U8 22.185 10. 0- 19.0 IU.098 7 .0 -1 8 .0 11.020

2 5 .0 -2 9 .9 9 108 27.095 10. 0- 30 .0 17.079 7 .0 -1 8 .0 12.9UU

30.0-3U .99 220 32.122 1 3 .0 -2 9 .0 19.2U0 9 .0 -2 1 .0 1U.U96

3 5 .0 -3 9 .9 9 28U 37.115 1 2 .0 -3 5 .0 21.183 9 .0- 25 .0 16.008

U0.0-UU.99 311 U l.769 15. 0- 30 .0 22.268 11. 0- 25 .0 17.611

U5.0-U9-99 221 U6.725 1 7 .0 -3 5 .0 2U.127 13 .0 -30 .3 19.610

50.0-5U .99 1U1 51.565 1 8 .0 -3 3 .0 25.613 lU .O -27.6 20.565

5 5 .0 -5 9 .9 9 3U 56.211 2 7 .0 -3 5 .0 27.905 1 7 .0 -2 5 .0 21.679

6 0 .0 -6 2 .9 9 6 60.766 25.1-3U .0 28.U83 2 0 . 0- 27.0 23.350
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in c r e a s e  w ith  added len g th *  T h is w id th  in c r e a s e  i s ,  in  g e n e r a l ,  

p r o g r e s s iv e ly  l e s s  as th e  p o p u la tio n  grows in  le n g th , show ing th a t  

th e  grow th increm en t becomes sm a lle r  as th e  in d iv id u a l  becomes 

o ld e r .

The v a r ia t io n  i n  th ic k n e s s  occu rr in g  in  any le n g th  in t e r v a l  

a l s o  shows a r e l a t i v e l y  w ide ra n g e . However, in  t h i s  c a s e ,  a 

c o n sta n t  in c r e a s e  in  t h i s  v a r ia b i l i t y  may be observed  u n t i l  th e  

m u sse ls  are over  $5 mm. lo n g . In  th e se  l a t t e r  grou p s, th e  range  

o f  w id th  i s  c o n s id e r a b ly  reduced and i s  comparable t o  th e  range  

t h a t  may be observed  in  th e  sm a lle r  members o f  th e  p o p u la t io n .

The g r a p h ic a l p r e s e n ta t io n  o f  t h i s  data  shows th a t  th e r e  i s  a 

c o r r e la t io n  betw een le n g th  and w id th , le n g th  and th ic k n e s s ,  and 

w id th  and t h ic k n e s s .  The a l t e r a t io n  in  th e  d ir e c t io n  o f  th e  curve  

betw een 2 2 .1 8  mm. and 2 7 .0 9  mm. in  le n g th  i s  a s s o c ia te d  w ith  th e  

developm ent o f  th e  curved or hooked appearance o f  th e  m u sse l. The 

sm a lle r  in d iv id u a ls  have f i r s t  an e lo n g a te  app earance, w hich i s  

fo llo w e d  by a somewhat t r ia n g u la r  shape th a t  im m ediately  p reced es  

th e  developm ent o f  th e  c h a r a c t e r is t ic  hooked form o f  th e  la r g e r  

sp ec im en s.

The r e l a t i v e  p o s i t io n s  o f  th e  two l i n e s  r e p r e se n tin g  w id th  and 

t h ic k n e s s ,  w ith  r e s p e c t  t o  th e  in t e r v a l  se p a r a tin g  them, may a ls o  

be a s s o c ia te d  w ith  m o rp h o lo g ica l changes in  th e  m ussel (F ig . 2 1 ) .  

A s so c ia te d  w ith  th e  w ide in t e r v a l  observed betw een 27.09mm. and 

U6.73 mm., th e r e  i s  a corresp on d in g  v a r ia b i l i t y  in  shape and r e ­

la t io n s h ip  betw een th ic k n e s s  and w id th  in  th e  in d iv id u a ls  com p ris­

in g  th e  p o p u la t io n .

On th e  b a s is  o f  th e  d ata  in  Table X and F igure 2 1 , i t  may be
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Fig* 2 1 . The r e la t io n s h ip  betw een w id th  and th ic k n e ss  w ith  
r e s p e c t  t o  le n g th  in  B rach id on tes recurvus *
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observed  th a t  th e  g r e a te s t  increm ent i n  l in e a r  growth ta k e s  p la c e  

in  th e  s i ze range below  25 mm. A fte r  th a t  s i z e  has been rea ch ed , 

grow th s la c k e n s .  These o b se r v a tio n s  are com parable t o  th o se  o f  

Wiborg (19U6) on M odiola m o d io lu s , a ranch la r g e r  s p e c i e s ,  in  

w hich  th e  most r a p id  growth i s  shown by in d iv id u a ls  l e s s  th an  

55 mm. i n  le n g th .

I n v e s t ig a t io n  o f  th e  t o t a l  w e ig h t , s h e l l  w e ig h t , and w et w e ig h t  

o f  th e  m u sse l shews th a t  th e r e  i s  w ide v a r ia t io n  in  th e se  in d ic e s  

among in d iv id u a ls  o f  a g iv e n  le n g th  i n t e r v a l .  Tabular p r e s e n ta t io n  

o f  t h i s  d a ta  may be n oted  i n  Table X I, w h ile  th e  cu rves o f  w e ig h t  

in d ic e s  are  p r e sen ted  in  F ig .  2 2 . Efcr r e fe r e n c e  t o  th e  d a ta , i t  

w i l l  be ob served  th a t  th e  w e ig h ts  under d is c u s s io n  are propor­

t i o n a l  t o  each  o th er  through out th e  e n t ir e  le n g th  v a r ia t io n  o f  the  

m u sse l.

The most r a p id  in c r e a s e  in  w e ig h t o f  each ca teg o ry  under con­

s id e r a t io n  occu rred  in  th e  sm a lle r  m u s se ls . S im ila r  t o  th e  r e s u l t s  

observed  i n  the c a se  o f  th e  l in e a r  in d ic e s ,  the in c r e a s e  in  growth  

s le w s  p e r c e p t ib ly  betw een th e  mean le n g th s  o f  2 2 .1 8  and 2 7 . 0 9 ,  i n ­

d ic a t in g  th a t  th e  g r e a t e s t  increm ent o f  growth ta k e s  p la c e  below  

25 mm. On th e  b a s is  o f  th e  d a ta  p r e se n te d , i t  may be noted  th a t  

th e  w e ig h t in d ic e s  show a l in e a r  p r o g r e s s io n .

The d a ta  on dry w e ig h ts  may be observed  i n  Table XI and F ig . 2 3 . 

I t  w i l l  be n oted  th a t  th e  increm ent o f  growth was g r e a te r  in  th e  

dry w e ig h t s ,  in  p r o p o r tio n , fo r  s u c c e s s iv e  le n g th  in t e r v a ls  than  

in  any o th er  group o f  w e ig h ts . From F i g .  23 i t  may a l s o  be ob­

se rv e d  th a t  th e  s lo p e  o f  th e  curve co n tin u es  upward fo r  a lo n g e r  

p er io d  than  th a t  o f  th e  curves o f  th e  o th er  w e ig h t in d ic e s .
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T A B L E  X I

SU M M A R Y  O F  T O T A L  W E I G H T ,  W E T  W E I G H T ,  S H E L L I 
W E I G H T ,  A N D  D R Y  W E I G H T ,  I N  G R A M S , W IT H  
R E S P E C T  T O  L E N G T H  I N T E R V A I S

N U M B E R  M E A N
L E N G T H

I N D I V I D U A L S

T O T A L
W E IG H T
R A N G E

M EA N
T O T A L
W E IG H T

W E T
W E IG H T
R A N ®

M EA N
W E T
W E IG H T

S H E L L
W E IG H T
R A N ®

M EA N
S H E L L
W E IG H T

D R Y
W E IG H T
R A N ®

M EAN
D R Y
H E IG H T

29 11.888 0 .0 9 -  0 .28 0.160 0 .0 5 -0 .2 1 0.138 0.03-0.15 0.120 0.012-0 .015 0.0131*

30 18.600 0 .5 0 -  0 .7 5 0.721 0 . 27-0 .1*1 0.370 0.23-0.39 0.350 0 .019-0 .051 0.0229

1*8 22.185 0.7 0 -  1 .50 1.025 0 .3 5 -1 .1 0 0.530 0.30-0.90 0.1*89 0.027-0 .073 0.0390

108 27.095 0 .9 0 -  3 .20 1.630 0.1*0-2.00 0.867 0.1*0-1.20 0.756 0.026-0.107 0.051*0

220 32.122 0 .9 0 -  3 .70 2.31*5 0.1*0-2.20 1.236 0.50-1.60 1.207 0.013-0.209 0.0902
281* 37 .115 1 . 60-  5.1*0 3.262 0 . 70-3 . 1*0 1 .765 0.65-2 .35 1.1*90 0.035-0 .551 0.1310

311 1*1.769 2.9 0 -  6 .90 I*.839 1.60-1* .60 2.651 1.18-5 .30 2.177 0.017-0.573 0.1931*

221 1*6.725 3.90-10.1*0 6.582 2.20-6.1*0 3.712 l . io - l* .1*5 2.850 0.032-0.651* 0.231*3

11*1 51.565 5.10 -12 .20 8.007 2 .8 0 -7 .7 0 U.576 2.30-1*.70 3.1*01 0.129-0 .636 0.2892

31* 56.211 7 .7 0 -1 3 .0 0 9.835 1*.20-7.70 5.529 2 .20-5.30 It.265 0.019-0.1*85 0.3152

6 60.766 11.60 -15 .68 11*.1*00 6 .10 -9 .78 8.675 5.1*0-5.90 5-650 0.337-0.1*21* 0.3807
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The d a ta  on growth summarized in  the p reced in g  t a b le s  and 

graphs show th a t  th e  p ro cess  o f  growth in  B rach id ontes recurvus  

i s  l in e a r ,  as has been  r ep o rted  fo r  numerous o th er  la m e llib r a n c h s . 

The w id th  and th ic k n e s s  and th e  w e ig h ts  o f  th e  in d iv id u a ls  in ­

c r e a se  p r o p o r t io n a lly  w ith  an in c r e a se  in  le n g th  w hich has been  

u sed  a s  th e  b a s ic  in d ex  o f  grow th• The g r e a te s t  increm en t o f  

growth ta k e s  p la c e  below  25 ram., a f t e r  w hich tim e i t  ten d s t o  

d e c re a se  w ith  in c r e a s in g  le n g th . The g r e a te r  p ercen tage  o f  the  

t o t a l  w e ig h t o f  th e  m u ssel i s  w et w e ig h t , or w e ig h t o f  th e  s o f t  

p a r t s .

B asing th e  d e ter m in a tio n  o f  age on th e  u se  o f  annual r in g s ,  

i t  may be s a id  th a t  th e  w e ig h t in c r e a se s  w ith  in c r e a s in g  a g e . 

However, s in c e  th e  age com p osition  o f  any g iv en  le n g th  in t e r v a l  

c o n s i s t s  o f  in d iv id u a ls  o f  d i f f e r e n t  *Year c la s s e s 1*, th e  e x a c t  

r e la t io n s h ip  betw een  age and growth i s  d i f f i c u l t  t o  d e term in e .

I t  i s  probab le t h a t  much o f  th e  in d iv id u a l  v a r ia t io n  w ith in  th e  

range o f  w id th  and t h ic k n e s s ,  as w e l l  as w e ig h t , observed  in  each  

le n g th  i n t e r v a l ,  i s  th e  r e s u l t  o f  th e  d if f e r e n c e  i n  a g e .  T his  

v a r ia t io n  i s  undoubted ly  th e  r e s u l t  o f  th e  p r o tra c ted  spawning 

p er io d  o f  th e  m u sse l, w hich r e s u l t s  in  c o n sid era b le  v a r ia t io n  in  

le n g th  a t  th e  end o f  th e  f i r s t  growing se a so n .



DISCUSSION

The fa m ily  Ii^ rtilidae in c lu d e s  th e  se a  m u s se ls , a group o f  b i ­

v a lv e s  t h a t  i s  w orld -w id e in  d i s t r ib u t io n .  A l l  o f  them , w ith o u t  

e x c e p t io n , are  in h a b ita n ts  o f  e i t h e r  th e  i n t e r t i d a l  or th e  su b -  

t i d a l  z o n e . U su a lly  th e y  are found in  g r e a t  numbers and form beds 

o f  c o n s id e r a b le  e x t e n t .  Needing some firm  su bstratu m  fo r  a t ta c h ­

m ent, th e y  are found abundantly on rocky sh o r e s ;  th e y  a l s o  l i v e  

a tta c h e d  t o  th e  r o o ts  o f  a q u a tic  p la n t s ,  or s u b t id a l ly  on b o u ld e r s ,  

g r a v e l ly  b o tto m s, or  f ir m ly  a tta ch ed  t o  some o th er  s h e l l  b ea r in g  

form , su ch  as th e  o y s t e r .

In  North America t h i s  fa m ily  i s  r ep re sen ted  by fo u r  w id e ly  

d is t r ib u t e d  s p e c ie s :  Iforbilus e d u l i s , w hich i s  e i t h e r  i n t e r t i d a l

or s u b t id a l  i n  d i s t r ib u t io n ;  Bfortilus c a l i f o r n ia n u s , w hich i s  found  

on rocky sh o re s  in  th e  i n t e r t i d a l  zone o f  th e  West C oast; V o ls e l la  

d e m issu s , w hich i s  a s s o c ia te d  w ith  S p a r t in a , and i s  found i n t e r -  

t i d a l l y  a lo n g  th e  e n t ir e  A t la n t ic  C oast; and B rach id ontes recu rvu s, 

w hich  i s  s t r i c t l y  s u b t id a l  and i s  a tta ch ed  t o  o y s te r  s h e l l s  on sub­

merged b a r s .

In  European w a te r s , iftfcrtilus e d u l i s  and M odiola m odiolus are th e  

two m ost w id e ly  d is tr ib u te d  form s. The h orse  m u sse l, M odiola modi­

o lu s ,  l i v e s  under c o n d it io n s  v ery  s im ila r  t o  th o se  o f  th e  curved  

m u sse l, B rach id on tes recurvus (Wiborg 191*6).

ECOLOGY

D e sp ite  th e  g e n e r a l s im i la r i t y  o f  th e s e  d i f f e r e n t  s p e c ie s  as f a r
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a s d i s t r ib u t io n  and b a s ic  e c o lo g y  are con cern ed , each  o f  them d i f ­

f e r s  w id e ly  in  in d iv id u a l  h a b it s  o f  growth and r e la t io n s h ip  t o  

s a l i n i t y  and t id e  l e v e l s .  M y tilu s e d u l i s , th e  e d ib le  m u sse l, d w e lls  

i n  th e  i n t e r t i d a l  zone and ex ten d s s u b t id a l ly  (F ie ld  1 9 2 2 , Newcombe 

1935) * The d is ta n c e  below  th e  mean low  t i d e  l e v e l  t o  w hich Ufyti l u s  

e d u l i s  e x te n d s  v a r ie s  w ith  th e  l o c a l i t y .  The m u sse l beds o f  New 

B runsw ick, M aine, and New Hampshire are s i t u a t e d  near th e  low  t id e  

mark. Huntsman (1 9 1 8 ) , Mossop (1 9 2 2 ) , Newcombe (1 9 3 5 ) , and Warren 

( 1 9 3 6 ) b e l ie v e d  th a t  th e  p resen ce  o f  p red a tors su ch  as s t a r f i s h e s ,  

s e a  u r c h in s , w e lk s , and d r i l l s  l im ite d  th e  downward e x te n s io n  o f  

th e  m u sse l beds in  t h i s  a r e a . S c a t te r  good and T aylor  (1950) ob­

se rv e d  th a t  th e  m u sse l beds i n  Buzzard*s Bay and o th er  sou th ern  

New England l o c a l i t i e s  are  lo c a te d  in  over kO f e e t  o f  w a te r . They 

a l s o  n o ted  th e  p resen ce  o f  th e  same p red a to rs as e x is t e d  fa r th e r  

n o r th , and th e r e fo r e  su g g e s te d  t h a t  th e s e  p red a to rs  were in  such  

sm a ll numbers th a t  th ey  d id  n o t p rev en t th e  e s ta b lish m e n t o f  b e d s ,  

or t h a t  perhaps wf a c to r s  o th er  than  p red a to rs in f lu e n c e  th e  depth  

a t  w hich m u sse ls  grow**.

The h o rse  m u sse l, M odiola m o d io lu s,  accord in g  t o  Wiborg (19U 6), 

i s  common in  n orth ern  w a ters and a lon g  th e  w estern  and n orth ern  

c o a s t s  o f  Norway, where i t  ex ten d s from j u s t  below  th e  l i t t o r a l  

r e g io n  t o  about 80 m eters i n  d ep th . In  g e n e r a l, th e  m ussel beds 

are  more e x te n s iv e  and b e t t e r  d evelop ed  in  narrow w aters w ith  

s tr o n g  t id e  c u r re n ts  than  in  more q u ie t  a r e a s .

The o th er  two s p e c ie s ,  % ~bilus c a l i fo r a ia n u s  and V o ls e l la  

d e m is s u s , are  i n t e r t i d a l  in  t h e ir  d i s t r ib u t io n .  M ytilu s c a l i f o m -  

ia n u s i s  found on rocky sh o res  where th e  m u sse ls are exposed a t  low
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t id e s  (C lem ents and S h e lfo r d  1939 ,  Fox e t  a l .  1936 , and Hewatt 

1935) • V o ls e l la  d e m issu s , th e  r ib b ed  m u sse l, i s  u s u a l ly  found  

i n  th e  i n t e r t i d a l  zone a tta ch ed  t o  th e  r o o ts  o f  S p a r t in a , where 

i t  form s la r g e  clum ps, tum ps, or mats (A lle n  and L i t t le f o r d  in  

p r e s s ,  D exter  1.9h79 Frey 19^6, Mackin and M enzel 19U5, and 

Newcombe 19U7)* O c c a s io n a lly  t h i s  s p e c ie s  may occur s u b t id a l ly ,  

where i t  i s  a tta c h e d  t o  p i l in g s  (A lle n  and L i t t l e f o r d  in  p r e s s ) ,  

or on th e  ou ter  ed ges o f  m arshes (Mackin and M enzel 19k$ ) , and 

i t  has been r ep o rted  on o y s te r  beds in  th e  York R iver  by G a lt s o f f ,

Chipman, E n g le , and Calderwood (19U 7), a lth o u g h  i t  i s  p o s s ib le

th a t  th e s e  au th ors have con fu sed  V. dem issus w ith  B. r e c u r v u s .

B rach id on tes r e c u r v u s , by c o n tr a s t ,  i s  s t r i c t l y  s u b t id a l  in  

i t s  d i s t r ib u t io n ,  a lth o u g h  l im ite d  to  r e l a t i v e l y  sh a llo w  w a te r . 

E ngle (19i*5, 19^8) observed  t h a t  t h i s  s p e c ie s  was p r e se n t on o y s te r  

beds i n  M obile Bay and M is s is s ip p i  Sound, in  w ater from 2 t o  18 

f e e t  d eep . L ik e w ise , C hestnut (19U9) and Frey (19U6) noted  th e  

p resen ce  o f  th e  curved m ussel on o y s te r  bars in  sh a llo w  w a te r .

In  t h i s  in v e s t ig a t io n ,  i t  was observed  th a t  th e  m u ssel was in

r e l a t i v e l y  sh a llo w  w a te r , w ith  th e  g r e a te s t  abundance o f  th e  popu­

l a t io n  a t  depth s o f  9 f e e t  or l e s s .  I t  i s  a l s o  o f  i n t e r e s t  th a t  

th e  curved  m u sse l appears t o  be co n fin ed  to  o y s te r  b a r s , th ere  

b e in g  no r e p o r ts  o f  beds o f  th e  curved m u sse l, such a s e x i s t  in  

th e  ca se  o f  Msrtilus e d u l is  and M odiola m o d io lu s.

The growth h a b its  o f  B rach idontes recurvus were found t o  be 

s im ila r  to  th o se  rep o rted  fo r  o th er  s p e c ie s ,  r e g a r d le s s  o f  t h e ir  

d is t r ib u t io n  in  th e  i n t e r t i d a l  zone or s u b t id a l ly .  In  a l l  c a s e s ,  

th e  s p e c ie s  a t ta c h  t o  each  o th er  i f  a s u i ta b le  substratum  i s  n o t
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a v a i la b le .  T h erefore  sm a ll in d iv id u a ls  are found a tta ch ed  on , 

b etw een , and i n  some c a s e s ,  in s id e  o f  la r g e r  m u s se ls . The curved  

m u sse l, how ever, i s  th e  on ly  s p e c ie s  in  which c h a r a c t e r is t ic  

c lu s t e r s  are produced. These c lu s t e r s  are b u i l t  up from th e sub­

stra tu m  in  such  a fa s h io n  th a t  many more in d iv id u a ls  are a b le  t o  

u t i l i z e  th e  a v a i la b le  sp ace  than  i s  tr u e  o f  o th er  s p e c ie s .

A number o f  environ m en ta l f a c to r s  have been rep o rted  a s i n ­

f lu e n c in g  th e  d i s t r ib u t io n ,  p o p u la tio n  c y c l e s ,  and p h y s io lo g ic a l  

p r o p e r t ie s  o f  v a r io u s  s p e c ie s  o f  m u s s e ls . In a ttem p tin g  t o  d e te r ­

mine which one o f  many f a c t o r s  may be im p o rta n t, i t  i s  w e l l  t o  

c o n s id e r  th e  p o in t  o f  v iew  o f  S h e lfo r d  (1 9 3 1 ) , who has p o in ted  

out t h a t  th e  same f a c t o r  i s  not alw ays o f  major im p ortan ce3 th a t  

a t  t im es th e  b i o t i c  f a c to r s  o f  th e  environm ent e x e r t  th e  g r e a te r  

in f lu e n c e ,  and a t  o th er  tim es th e  p h y s ic a l  f a c to r s  c o n t r o l .

In  t h i s  i n v e s t ig a t io n ,  a t t e n t io n  was g iv e n  t o  s a l i n i t y ,  s in c e  

th e  m u sse l was found abu nd antly  i n  areas o f  r e l a t i v e l y  low  s a l i n i t y .  

M y tilu s e d u l i s  e x i s t s  q u ite  s a t i s f a c t o r i l y  a lo n g  the ocean c o a s t  

and i n  e s t u a r ie s  where th e  s a l i n i t y  i s  r e l a t i v e l y  h ig h  and w hich  

are  n o t to o  d is ta n t  from th e  in f lu x  o f  w ater  o f  h ig h  s a l i n i t y  

during th e  t id e  changes (D exter 19U7) • T his f a c t  probably e x ­

p la in s  why t h i s  s p e c ie s  i s  n o t found in  Chesapeake Bay above th e  

mouth o f  th e  York R iver  ( G a it s o f f ,  Chipman, E n g le , and Calderwood 

19U 7). S im i la r ly ,  M ytilu s c a l i f o m ia n u s  i s  co n fin ed  t o  s a l i n i t i e s  

from 1 7 .0 0  0 / 0 0  and above. 'While t h i s  s p e c ie s  can t o le r a t e  a 

s a l i n i t y  o f  li5 . 0 0  0 / 0 0 , v a lu es  from 1 2 . 0 0  0 / 0 0  t o  0 . 0 0  0 / 0 0  were 

f a t a l  w ith in  7 days (Fox e t  a l .  1 9 3 6 ) .

S in c e  B ra c h id o n te s  re c u rv u s  has been r e p o r te d  f ro m  s a l i n i t i e s
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a s h ig h  as 3 0 .0 0  o /o o  (C hestnut 19h9,  Engle 19U 8), i t  does n o t  

appear l i k e l y  th a t  h igh  s a l i n i t y  i s  a fa c to r  i n  l im it in g  th e  d i s ­

t r ib u t io n  o f  t h i s  s p e c ie s  in  th e  Bay. I t  i s  more l i k e l y  th a t  

depth o f  th e  w a te r , which may be a s s o c ia te d  w ith  fe e d in g  h a b it s ,  

t i d a l  a c t io n ,  en em ies , or ary  number o f  b i o t i c  or p h y s ic a l  fa c to r s  

are  d eterm in in g  f a c t o r s  in  regard s t o  th e  p resen ce  o f  t h i s  s p e c ie s  

on o y s te r  b a r s . On th e  o th er  hand, th e  in f lu e n c e  o f  low  s a l i n i t i e s  

i s  w e l l  marked. E xp erim enta l data  show t h a t  m o r ta lity  o f  th e  

curved m u ssel i s  common below  6.00 o /oo  and th a t  U.50 o /o o  appar­

e n t ly  r e p r e se n ts  a c r i t i c a l  p o in t  o f  s a l i n i t y .  T his f a c t  w ould  

l i m i t  th e  upstream  d is t r ib u t io n  o f  th e  curved m u sse l, and probably  

e x p la in s  why i t  i s  n o t found a t  th e  head o f  th e  Bay. Frey (191*6) 

observed  th a t  t h i s  s p e c ie s  was n ot common on o y s te r  bars i n  th e  

Potomac R iver above Swan P o in t and below  P in ey  P o in t .  H is ob­

s e r v a t io n s  c o r r e la te  w ith  th e  o b ser v a tio n s  made above as t o  the  

in f lu e n c e  o f  s a l i n i t y  and depth  on th e  d is t r ib u t io n  o f  th e  m u sse l.

One o f  th e  im p ortan t o b se r v a tio n s  in  t h i s  stu d y  was th e  d i s ­

appearance o f  th e  m u sse l community during th e  sp r in g  o f  1951. I t

i s  p o in ted  ou t th a t  t h i s  c o n d it io n  was accom panied by a drop in  

s a l i n i t y  d u rin g  th e  e a r ly  p art o f  th e  same y e a r . The le n g th  o f  

l i f e  o f  m u sse l beds i s  an im portant f a c t  when th e  s p e c ie s  i s  o f  

econom ic im p ortan ce, a s  i s  s t i l u s  e d u l i s , or an im portant fo u l in g  

organism , as B rach id on tes rec u r v u s . F ie ld  (1922) observed  th a t  

th e  le n g th  o f  l i f e  o f  th e  average m u ssel bed o f  M ytilu s e d u l is  

was th r e e  or fou r  y e a r s .  He c i t e s  s e v e r a l  in s ta n c e s  in  w hich th e

e n t ir e  m u sse l p o p u la tio n  was co m p le te ly  wiped out in  a m atter  o f

10 days or l e s s .  In  one ca se  r e p o r te d , th e  d e s tr u c t io n  was caused
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by h e a ^  sto r m s, during which th e  t i d a l  cu rren ts  and wave a c t io n  

s tr ip p e d  th e  s h e l l f i s h  from th e  bottom  and c a r r ie d  them to  d is ta n t  

p o in ts  . A ccording t o  F ie ld ,  o th er  fa c to r s  w hich w i l l  accou n t fo r  

th e  d e s tr u c t io n  o f  m ussel beds are " fr e s h e t s ,  s h i f t i n g  sand and 

i c e ,  f r e e z in g  o f  m u sse ls  exposed  a t  low  t i d e ,  d ep red a tio n s o f  

e n e m ie s , and s u f f o c a t io n  from th e  m u sse l's  own excrem entrt.

V ia l la n e s  (1892) noted  s im ila r  c o n d it io n s  in  I^rbilus e d u lis  

and p o in ted  out th a t  th e  t o t a l  amount o f  excrem ent produced by a 

m u sse l i s  3 tim es as much as th a t  produced by a P ortuguese o y ste r  

and 18 tim es as much as by a French o y s t e r .  This excrem ent i s  

p r im a r ily  diatom  s h e l l s  and d e t r i t u s ,  and r e s u l t s  in  a th ic k  la y e r  

o f  mud on th e  b ed , w hich u lt im a te ly  s u f fo c a te s  th e  m u sse ls .

O b servation s o f  m u ssels on o y s te r  beds in  th e  Bay show th a t  

th e  m u sse l community has a d e f in i t e  l i f e  sp an . The commonly h e ld  

o p in io n  i s  th a t  t h i s  l i f e  span i s  s h o r t ,  probably no lo n g er  than  

th r e e  or fo u r  y e a r s  a t m ost. C on siderin g  th e  data  on the e f f e c t s  

o f  low  s a l i n i t y  p resen ted  i n  t h i s  p ap er, and c o r r e la t in g  th e s e  

f a c t s  w ith  th e  o b se r v a tio n s  o f  Beaven (19U6) and Engle (191*6) on 

th e  f lu c t u a t io n s  o f  s a l i n i t y  in  the upper Bay, i t  i s  apparent th a t  

low s a l i n i t y  p la y s  an im portant r o le  in  determ in ing  th e  le n g th  o f  

l i f e  o f  th e  m u sse l community, and th e r e fo r e  th e  p o p u la tio n  c y c le  

o f  th e  m u sse l. On th e  o th er  hand, i t  shou ld  be remembered th a t  

B rach id on tes recu rvu s has a r e l a t i v e l y  sh o r t  l i f e  c y c l e , and t h i s  

f a c t ,  cou p led  w ith  f a i lu r e  o f  spawning or th e  s e t t in g  o f  sp a t  

d u rin g  any one y e a r , would a l s o  c o n tr ib u te  m a te r ia l ly  t o  th e  de­

s t r u c t io n  o f  th e  mature community.

W hile th e r e  was no e v id e n c e , during th e  p er iod  o f t h i s  s tu d y ,
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p o s s i b i l i t y  o f  su c h  a c o n d i t io n  p ro d u c in g  d e le te r io u s  e f f e c t s  

c a n n o t be ig n o r e d .  H ow e ve r, c o n s id e r in g  th e  lo c a t io n  o f  th e  beds 

o f  th e  c u rv e d  m u s s e l as com pared t o  th e  l o c a t io n  o f  th e  beds o f  

th e  e d ib le  m u s s e l,  i t  i s  n o t  l i k e l y  t h a t  su ch  a f a c t o r  w o u ld  be 

o f  m a jo r  s ig n i f i c a n c e  i n  th e  case o f  B ra c h id o n te s  r e c u rv u s .  The 

f a c t  t h a t  s t i l u s  e d u l is  l i v e s  a t  th e  edge o f  t i d a l  f l a t s  w o u ld  

a l lo w  f o r  th e  d e p o s i t io n  o f  t h i s  m a t e r ia l  m ore r e a d i l y  d u r in g  

p e r io d s  o f  lo w  t i d e .  The t i d a l  a c t io n  o v e r  th e  o y s te r  beds i n  

d e e p e r w a te r  w o u ld  te n d  t o  be m ore u n ifo r m  and s c o u r in g  i n  

c h a r a c te r .

The more r e c e n t  s tu d ie s  on th e  a g g re g a t io n s  o f  m a r in e  l i f e  

have  te n d e d  t o  em phas ize  th e  s t r u c t u r e  o f  th e  com m un ity  and th e  

p a r t i c u l a r  r o le  t h a t  o rg a n ism s  may have i n  t h i s  o r g a n iz a t io n .

The m odern  a p p ro a c h  t o  e c o lo g y  was w e l l  s ta te d  by S h e lfo r d  (1929) 

t h a t  ^m odern  e c o lo g y  may be s ta te d  t o  be th e  s c ie n c e  o f  co m m u n itie s  

S i m i l a r l y ,  A l le e  (193W has p o in te d  o u t t h a t  wth e  d i s t i n c t i v e  c o n ­

t r i b u t i o n  o f  e c o lo g y  t o  b i o l o g i c a l  co m p lex  has been th e  em phasis  

on th e  f a c t  t h a t  o rg a n ism s  l i v e  i n  c o m m u n itie s 1* .

W ith  t h i s  p o in t  o f  v ie w  i n  m in d , an a p p ro a ch  was made d u r in g  

t h i s  s tu d y  t o  fo rm  some d e f i n i t e  c o n c e p t o f  th e  com m un ity  on th e  

o y s te r  b a r  o f  w h ic h  B ra c h id o n te s  re c u rv u s  i s  a p a r t .  F o l lo w in g  

th e  s y s te m  o f  nam ing  c o m m u n itie s  a f t e r  th e  do m inan t o r  c h a r a c te r ­

i s t i c  s p e c ie s  (P e te rs o n  1 9 1 8 ) , i t  was d e c id e d  t o  c a l l  th e  commun­

i t y  th e  B a la n u s -B ra c h id o n te s  A s s o c ia t io n . The o y s te r  was n o t  

c o n s id e re d  a p a r t  o f  t h i s  co m m u n ity , as i t  fo rm s  th e  s u b s tra tu m  t o  

w h ic h  th e  m u sse ls  and b a rn a c le s  a t t a c h .  T h is  a p p ro a ch  fo l lo w s  th e
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g e n e r a l rea so n in g  o f  Clements and S h e lfo r d  (1 9 3 9 ) , Newccmbe (193?), 

and S h e lfo r d  and Towler (1 9 2 ? ) , th a t  the v a r io u s m ussel com m unities 

or b a r n a c le —m u sse l com m unities are formed on some r e l a t i v e l y  firm  

su b stra tu m .

The m u sse l, B rach id on tes r e c u r v u s , q u a l i f i e s  fo r  th e  p o s i t io n  

o f  dominant in  th a t  i t  f u l f i l l s  the g en era l d e f in i t io n  o f  su ch  a 

form . I t  i s  th e  s p e c ie s  which c o n tr o ls  and c h a r a c te r iz e s  th e  com­

m unity d i r e c t ly  and through i t s  e f f o r t s  on th e  h a b ita t  (D exter  

1 9 h 7 ) , and i t  o ccu p ies  th e  a v a ila b le  su r fa c e  (S h e lfo r d , W eese,

R ic e ,  Rasm ussen, M aclean, W ismer, and Swanson 1 9 3 ? ) . Balanus 

c ren a tu s was p r e sen t in  la r g e  numbers a t  a l l  s t a t i o n s ,  where i t  

was ob served  to  be a tta ch ed  t o  th e  s h e l l s  o f  th e  m u ssel and on 

w h atever a v a i la b le  sp ace was l e f t  by the m ussel on th e  o y s te r  s h e l l s .  

In  many c a se s  i t  showed a g r e a te r  nu m erica l abundance than Brach­

id o n te s  r e c u r v u s . C on sid erin g*th e f a c t  th a t  th e  p resen ce  o f  t h i s  

s p e c ie s  p reven ted  th e  growth o f  th e  bryozoan s, and th a t  i t  com­

p e ted  w ith  th e  m u sse l fo r  sp ace  fo r  a ttach m en t, i t  was decid ed  t o  

c o n s id e r  i t  as a co-dom inant o f  th e  community.

The b ryozoan s, Membranipora c r u s tu le n ta  and A canthodesia  t e n u i s , 

are co n sid ered  th e  subdom inants o f th e  coraiminity because th e y  la c k  

th e  un iform  d is t r ib u t io n  o f  th e  dominants and y e t  may r e p la c e  th e  

dominant s p e c ie s  under c e r ta in  c ircu m stan ces or in  c e r ta in  a r e a s . 

S in c e  A p r il  1 9 ?1 , an in c r e a se  in  th e  e x te n t  and d is t r ib u t io n  o f  

th e s e  two forms has been o b served . The absence o f  m u sse ls  during  

t h i s  p e r io d  has enab led  th e se  two s p e c ie s  t o  cover  th e  o y s te r  s h e l l s  

more co m p le te ly  than  du rin g  the p er io d  o f the s tu d y .

Because o f  th e  sm a ll numbers o f th e  o th er  s p e c ie s  p r e sen t and



75

th e  r e l a t i v e l y  sh o r t  d u ra tio n  o f  th e  o b s e r v a t io n s , no d e f i n i t e  p o s i ­

t i o n  c o u ld  be a ss ig n e d  t o  them in  the community. I t  was a r b i t r a r i ly  

d e c id ed  t o  c o n s id e r  th e  form s th a t  were im portant to  th e  a c t i v i t i e s  

o f  th e  community as i n f l u e n t s . As a m atter o f  f a c t , th e y  may a c tu ­

a l l y  d e se rv e  th e  rank o f  su b in f lu e n ts  or even seco n d a iy  form s.

The e x a c t  r e la t io n s h ip  o f  t h i s  a s s o c ia t io n  t o  th e  comxmmities 

d e sc r ib e d  fo r  th e  marine environm ent i s  d i f f i c u l t  to  d e term in e . 

D ex ter  (19U7) p o in ted  out th a t  any d e s ig n a tio n  o f  marine com m unities 

i n  th e  p r e se n t  s t a t e  o f  our knowledge must be regarded as p r o v is io n ­

a l .  A c tu a l ly ,  we know l i t t l e  o f  th e  s u b t id a l  m arine com m unities, 

and even  th e  g e n e r a l e x te n t  o f  th e  m ajor i n t e r t i d a l  com m unities on 

th e  A t la n t ic  C oast has n o t been d eterm ined . T h erefo re , the d e s ig ­

n a t io n  o f  t h i s  community as th e  B alanu s-B rach id ontes A s so c ia t io n  

i s  p r o v is io n a l .

The r e l a t io n  o f  t h i s  a s s o c ia t io n  t o  th e  o y s te r  community o f  

w hich i t  i s  a p a r t may be a su b je c t  fo r  some d e b a te . I t  i s  r e c o g ­

n iz e d  th a t  o y s te r s  are tr u e  dom inants, which b u ild  up th e  commun­

i t i e s  and th e  h a b ita ts  w hich th ey  c o n tr o l (Clem ents and She I f  ord 

1939)  * P e te r se n  (1908) p o in ted  out th a t  o y s te r s  can reproduce in  

c o n d it io n s  r e s u l t in g  from t h e ir  own p r e se n c e . L ik e w ise , th e y  can  

w iden t h e ir  own area  by l a t e r a l  e x te n s io n  due t o  the growth o f  

s h e l l s  a t  th e  p e r ip h e r y . In  a very  r e a l  s e n s e , th e  o y s te r  commun­

i t y  may be co n sid er ed  a c lim ax  community •

The e x a c t  e c o lo g ic a l  p o s i t io n  o f  t h i s  community, how ever, i s  in  

no se n se  c le a r .  Clements and S h e lfo r d  (1939) c o n sid er  i t  as a 

fragm ented f a c i a t i o n .  I f  t h i s  d e f in i t io n  i s  t o  be a c c e p te d , th en  

o f  c o u r se , th e  Balanus -B ra ch id o n tes community would have to  be
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c o n s id e r e d  p a r t o f  t h i s  f a c i a t i o n .  P e te r se n  (1908) n o ted  th a t  

w ith  r e d u c tio n  in  numbers o f  o y s te r s  by f i s h i n g ,  th e  beds in  th e  

Lim F jord  become covered  by c o c k le s  and m u s se ls .

The o y s te r  beds on th e  A t la n t ic  Coast are s im ila r  in  many r e ­

s p e c t s  t o  th o s e  o f  Europe, a lth ou gh  th e  o y s te r  in  q u e s t io n  i s  

an oth er  s p e c i e s ,  C r a sso stre a  v i r g i n i c a . T r u i t t ,  quoted by Clements 

and S h e l f  ord (1 9 3 9 ) , s ta te d  nth a t  in  th e  b r a ck ish  w aters o f  th e  

Chesapeake B a y , th e  o y s te r  b u ild s  up a community w hich in c lu d e s  a 

number o f  s p e c ie s  t h a t  are o f  uncommon occu rren ce o u ts id e  th e  o y s te r -  

dom inated a r ea 1*.

S in c e  th e  m u sse l does n ot occu r on a l l  o y s te r  beds i n  th e  Ches­

apeake Bay, i t  does n o t appear d e s ir a b le  t o  c o n s id er  i t  as a co­

dominant w ith  th e  q y s te r  in  a community. T h ere fo re , fo r  th e  p r e se n t, 

th e  community i s  d e s ig n a te d  as th e  Balanus -B ra ch id o n tes A s s o c ia t io n  

o f  th e  O yster Community.

GONAD DEVELOPMENT AND SPAWING

Coe (19U3) observed  t h a t  th e  m a jo r ity  o f  th e  p e lecyp od s have 

se p a r a te  s e x e s ,  w ith  an o c c a s io n a l  herm aphrodite making i t s  appear­

a n c e . He found t h a t  a stu d y  o f  th e  ju v e n i le s  o f  Venus and Q strea  

was n e c e ssa r y  in  order to  a s c e r ta in  th e  se x u a l c o n d it io n  o f  th e  

s p e c ie s  • In  a d d it io n  t o  th e se  fo rm s, exam in ation  was made o f  sp e c ­

im ens o f  V o ls e l la  d e m issu s , M ytilu s e d u l i s , and ftfcrtilus c a l i f o r a i -  

a n u s. In  none o f  th e s e  s p e c ie s  d id  he f in d  any ev id en ce  o f  ambi- 

s e x u a l i t y  e x c e p t  in  u n d if f e r e n t ia te d  gonads and an o c c a s io n a l  

h erm aphrodite. None o f  th e se  s p e c ie s  has a d i s t i n c t l y  ju v e n i le  

phase o f  s e x u a l i t y ,  and th e  occu rren ce o f m ales and fem ales was
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abou t e q u a l. Wiborg (19H6) found th a t  th e  se x e s  o f  M odiola m odiolus  

are  s e p a r a te , w ith  herm aphrodites occu rrin g  in  2 t o  8 % o f  th e  i n d i ­

v id u a ls .  The p ro p o rtio n  o f  m ales t o  fem ales in  t h i s  s p e c ie s  i s  

u s u a l ly  1  t o  1 , but on some o cca s io n s  more m ales th an  fem ales may 

be found among th e  sm a lle r  in d iv id u a ls ,  and more fem ales among th e  

la r g e r  o n e s .

In  B rach id on tes recurvus resem blance t o  th e  above forms was 

e v id e n t  i n  th a t  th e  se x e s  were approxim ately  e v e n ly  d iv id e d  and no 

a m b ise x u a lity  was n o te d . Hermaphroditism was n o t observed i n  th e  

form s exam ined.

The p r o tr a c te d  spawning p er io d  o f  B rach idontes recurvus i s  

s im i la r  t o  c o n d it io n s  r ep o rted  in  % ~tilus c a l i f  o m ia n u s Young (19h6)  ,  

even  though d i f f e r e n t  se a so n s  o f  th e  y ea r  are in v o lv e d . The q u e s t io n  

o f  c r i t i c a l  tem p eratu res and spawning o f th e  curved m ussel has a l ­

ready been c o n s id e r e d . The o b ser v a tio n s  rep o rted  in  t h i s  stu d y  

su p p ort th e  f in d in g s  o f  Young and o th ers on Efcrtilus c a l i f o r n ia n u s . 

They are in  d ir e c t  c o n tr a s t  t o  th o se  o f  N elson  (1 9 2 8 a ), who r e ­

p o r ted  t h a t  la m e llib r a n c h s  f a l l  w ith in  th e  group w hich  breed  a t  a 

d e f i n i t e  tem p era tu re . The same author*s o b ser v a tio n  th a t  th e  

curved  m u sse l spawns a t  a tem perature o f  25° C. i s  o b v io u sly  in co n ­

s i s t e n t  w ith  th e  f a c t s .

AGE AND GROWTH

In  t h i s  in v e s t ig a t io n  th e  d e term in a tio n  o f age was based on 

th e  p resen ce  o f  th e  annual r in g s ,  o r ! '•growth r in g s " . The v a l id i t y  

o f  th e s e  r in g s  as a c tu a l  in d ic a to r s  o f  age i s  by no means accep ted  

fo r  a l l  la m e llib r a n c h s  under a l l  c o n d it io n s  o f  growth and s u r v iv a l .
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M assey (191U) o b s e rv e d  t h a t  r in g s  on th e  E u ro pe an  o y s te r  had some 

v a lu e  as in d ic a t o r s  o f  a g e . Mead and B arnes (190U) q u e s t io n e d  th e  

v a l i d i t y  o f  s i m i l a r  r in g s  i n  th e  d e te r m in a t io n  o f  Mya a r e n a r ia . 

Newcomb© (1 9 3 5 b ), on th e  o th e r  h a n d , n o te d  t h a t  some r in g s  on Mya 

a r e n a r ia  i n  th e  Bay o f  Fundy r e g io n  w e re  a n n u a l i n  c h a r a c te r  and 

th u s  i n d i c a t i v e  o f  a g e . H ow eve r, he a ls o  p o in te d  o u t t h a t  th e y  w e re  

n o t  o f  e q u a l v a l i d i t y  th ro u g h o u t  th e  l i f e  o f  th e  a n im a l.  The same 

a u th o r  (1 9 3 6 ) n o te d  th e  absence  o f  a n n u a l r in g s  on th e  same s p e c ie s  

i n  C hesapeake Bay and  l a t e r  (1936a) s u g g e s te d  t h a t  r e g io n a l  d i f f e r ­

ences  i n  th e  s h e l l  o f  p e le c y p o d  ra o llu s k s  m ig h t  d e te rm in e  w h e th e r  

11 a n n u a l g ro w th  r i n g s “  w e re  p ro d u c e d  o r  n o t .

I n  m u s s e ls , l i t t l e  a t t e n t i o n  has been g iv e n  t o  th e  q u e s t io n  o f  

s im u la t io n s ,  s in c e  m ost o f  th e  g ro w th  s tu d ie s  c a r r ie d  o u t d id  n o t  

c o n s id e r  age o r  u s e d  a p o p u la t io n  o f  known a g e . W ib o rg  (1 9 U 6 ), 

h o w e v e r, d e m o n s tra te d  th e  e x is te n c e  o f  g ro w th  r in g s  t h a t  w e re  a n n u a l 

i n  c h a r a c te r  i n  M o d io la  m o d io lu s . The r in g s  o b s e rv e d  i n  B ra c h id o n te s  

re c u rv u s  c o u ld  e a s i l y  be d iv id e d  i n t o  tw o  ty p e s ,  th o s e  t h a t  w ere  

o b v io u s ly  wl in e s  o f  a r r e s te d  g ro w th *1 (M ossop 1 9 2 2 ) , and th o s e  f o r  

w h ic h  no  v a l i d  e x p la n a t io n  e x c e p t t h a t  o f  a n n u a l r in g s  was p o s s ib le .

On th e  b a s is  o f  th e  e s t im a t io n s  o f  g ro w th ,  i t  i s  n o te d  t h a t  

B ra c h id o n te s  re c u rv u s  has a r a t h e r  s h o r t  l i f e  s p a n , p a r t i c u l a r l y  

w hen c o n t r a s te d  w i t h  M o d io la  m o d io lu s , w h ic h  has a l i f e  span  o f  18 

y e a rs  o r  lo n g e r .  In fo r m a t io n  on th e  p ro b a b le  l i f e  span  o f  th e  o th e r  

s p e c ie s  o f  m u sse ls  i s  u n a v a i la b le .  Newcombe (19U7) s u g g e s te d  t h a t  

i n  th e  ca se  o f  M y t i lu s  e d u l is  and V o ls e l la  d e m is s u s , th e  l i f e  span  

c e r t a i n l y  w o u ld  exce ed  t h a t  o f  th e  c u rv e d  m u s s e l. P e rs o n a l o b s e rv a -
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ti-an s on F o ls e l l a  d e m is t5 in  Chesapeake Bay in d ic a te  th a t  th e  

l^ f e  span i s  betw een 1 0  ar*d 2 0  years.



SUMMARY AND CONCLUSIONS

B rach id on tes recu rvu s (R a fin e sq u e ) , th e  curved m u sse l, i s  an 

im portant f o u l in g  organism  on o y s te r  bars o f  Chesapeake Bay th a t  

are  lo c a te d  in  sh a llo w  w ater  o f  low  s a l i n i t y  and i n  th e  a d ja cen t  

t r i b u t a r i e s • In  an e f f o r t  t o  e lu c id a te  some o f  th e  more im portant  

a s p e c ts  o f  th e  b io lo g y ,  e c o lo g ic a l  r e la t io n s h ip s ,  and growth o f  

t h i s  im portant b iv a lv e ,  th e  p r e se n t in v e s t ig a t io n  was conducted  

from  January 1950 through A p r il  1951 .

The m u sse l p o p u la tio n  on H a c k e tt 's  Bar, w hich i s  lo c a te d  on 

th e  W estern Shore o f  th e  Bay ap p roxim ately  2 m ile s  above th e  mouth 

o f  th e  Severn  R iv e r , was chosen  fo r  s tu d y . C o lle c t io n s  o f  m u sse ls  

were made ev ery  two weeks fo r  th e  d u ra tio n  o f  th e  stucfy.

A group o f  m u sse ls  r e p r e se n t in g  th e  s i z e  range observed  a t  

each c o l l e c t i o n  from March 1950 through  A p r il  1951 was f ix e d  in  

Bouins and s ta in e d  w ith  H aem atoxylin and E osin  and M a llo ry 's  

T r ip le  S ta in  b e fo re  exam in ation  o f  th e  gonads and th e  in t e r n a l  

anatom y.

P lan kton  sam ples were c o l l e c t e d  s im u lta n e o u s ly  w ith  th e  c o l ­

l e c t io n  o f  m u s se ls , i n  order t o  determ ine th e  s e a so n a l d i s t r ib u t io n  

and r e l a t iv e  abundance o f  th e  la r v a l  s t a g e s . At th e  same t im e , 

d e ter m in a tio n s  o f  tem perature and s a l i n i t y  o f  th e  w ater  j u s t  above 

th e  o y s te r  bar were made.

M ussels brought to  th e  la b o r a to ry  w ith in  2h  hours a f t e r  c o l l e c ­

t io n  were scru b b ed , washed, and d r ie d . These specim ens were used  

fo r  th e  d e ter m in a tio n  o f  l in e a r  and w eig h t in d ic e s  o f  grow th.
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On th e  b a s is  o f  t h i s  s tu d y , th e  fo llo w in g  c o n c lu s io n s  may be 

made:

1 .  W hile th e  s h e l l  o f  B rach id ontes recu rvu s shows a c h a r a c te r ­

i s t i c  appearance and sh a p e , th e  anatony i s  id e n t i c a l  w ith  th a t  o f  

s t i l u s  e d u l i s , as d e sc r ib e d  t y  F ie ld  (1922) .

2 .  The curved m u sse l i s  w id e ly  d is tr ib u te d  on o y s te r  bars in  

th e  upper Bay and i t s  t r ib u t a r ie s  betw een s a l i n i t i e s  o f  1 2 .0 0  o /o o  

and 8 . 0 0  o /o o .

3 .  The growth h a b its  o f  th e  m ussel r e s u l t  in  c o n s id e r a b le

v a r ia t io n  i n  s h e l l  w id th  and c u r v a tu re , a s  w e l l  as m isshapen

i n d iv id u a l s .

it. The s i z e  range o f  th e  p o p u la tio n  ex ten d s from l e s s  than  

0 . 5 0  mm. t o  a maximum s i z e  o f  6 2 .9  mm., th e  major p o r t io n  o f  th e  

p o p u la t io n  b e in g  betw een  3 0 . 0 0  and 5 9 * 9 9  mm. i n  le n g th .

5* W hile th e r e  i s  no r e la t io n s h ip  betw een th e  number o f  

m u sse ls and th e  s i z e  o f  th e  s h e l l  o f  th e  o y s te r  se r v in g  fo r  a t ta c h ­

m ent, th e  average d e n s ity  o f  th e  m ussel p o p u la tio n  was found t o  be

1 m ussel fo r  e v e iy  square mm. o f  su r fa c e  a r e a .

6 . There i s  an in v e r s e  r e la t io n s h ip  betw een d e n s ity  o f  th e  

p o p u la tio n  and depth  o f  th e  w a te r . The g r e a te s t  abundance o f  th e  

p o p u la tio n  occu rs in  l e s s  th an  10  f e e t  o f  w a te r , and in  o ver  2 0  

f e e t  o f  w ater  th e  d i s t r ib u t io n  was o c c a s io n a l and sp o r a d ic .

7 .  The p resen ce  o f  c y c le s  in  th e  l i f e  h is to r y  o f  th e  popula­

t io n  has been e s t a b l i s h e d .  T his probably e x p la in s  th e  f lu c t u a t io n  

i n  abundance o f  th e  p o p u la tio n  on o y s te r  b a r s .

8 . The im portance o f  low  s a l i n i t i e s  as a cau se  o f  m o r ta lity  

and p o p u la tio n  c y c le s  has been e s t a b l i s h e d .
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9* The c r i t i c a l  lew  s a l i n i t y  fo r  s u r v iv a l  o f  th e  m u ssel i s  

1±*5>0 o /o o ,  a t  a tem perature o f  betw een 1 8 .0  and 2 1 .0 °  C.

10* The m u sse l community e s ta b l is h e d  on th e  o y s te r  substratum  

i s  d e s ig n a te d  as th e  Balanus -B ra ch id o n tes A s s o c ia t io n . The co­

dom inants o f  t h i s  community are  Balanus cren a tu s and B rach id on tes  

r e c u r v u s . The subdom inants are  Membranipora c r u s tu le n ta  and 

A canth odesja  t e n u i s .

1 1 . I t  i s  conclu ded  th a t  th e  Balanus -B ra ch id o n tes A s s o c ia t io n  

i s  a m ajor e n t i t y  o f  th e  Q yster Climax Community.

1 2 . The gonadal t i s s u e  o f  b o th  s e x e s  o f  th e  m u sse l, when ma­

t u r e ,  o c cu p ie s  th e  e n t ir e  m antle and mesosoma, and p e n e tr a te s  in to  

th e  d ig e s t iv e  d i v e r t i c u la ,  where i t  i s  found a d ja cen t to  th e  l i v e r  

c a n a ls .

13- The curved m u sse l i s  d io e c io u s  and does n ot show a lt e r n a ­

t io n  o f  s e x  or herm aphroditism .

l i t .  S ex u a l m a tu r ity  e x i s t s  from June through O ctober, and 

perhaps lo n g e r  in  some c a s e s .

1 $ . I t  i s  con clu d ed  t h a t  spawning ta k e s  p la c e  from June u n t i l  

November, w ith  th e  g r e a te r  p ro p o rtio n  o f  spawning o ccu rr in g  in  l a t e  

summer and e a r ly  f a l l .

1 6 . Spawning i s  independent o f  th e  h e ig h t  or th e  d ir e c t io n  o f  

th e  t i d e ,  and no s in g le  c r i t i c a l  tem perature in f lu e n c e s  i t .

1 7 . Cta the b a s is  o f  annual r in g s  in te r p r e te d  as b e in g  in d ic a ­

t i v e  o f  a g e , i t  i s  concluded  th a t  th e  maximum age fo r  th e  m a jo r ity  

o f  th e  m u sse ls  i s  5  y e a r s ,  w ith  a sm a ll p rop ortion  o f  th e  popula­

t io n  l i v i n g  beyond t h a t  t im e .

1 8 . The s i z e  v a r ia t io n  w ith  age ex ten d s over a w ide range b e -
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cau se  o f  th e  vary in g  r a te s  o f  growth and th e  p r o tr a c te d  p er io d  o f  

s e t t i n g ,  "which ex ten d s from June through November.

1 9 . I n v e s t ig a t io n  o f  th e  in d ic e s  o f  grow th , w id th , th ic k n e s s ,  

and w e ig h t , as compared t o  le n g th , show th a t  growth i s  a l in e a r  

p r o c e s s .

2 0 . The d ata  show th a t  th e  g r e a te s t  p ercen tage  o f  growth ta k es  

p la c e  under 2 $ mm. in  le n g th .



lit e r a t u r e  c it e d

A l l e e ,  W. C• 1931*. Concerning the o r g a n iz a tio n  o f  marine c o a s t a l  
com m u nities♦ E c o l.  Monogr. k:  51*1-551*.

A l l e e ,  W. C ., A* E . Emerson, 0 . Park, T. P ark , & K. P . Schm idt. 
191*9. P r in c ip le s  o f  Animal E co lo g y , W. B. Sau n d ers, P h i la ­
d e lp h ia  538 pp.

A l le n ,  J . F . & R. A . l i t t l e f o r d .  O bservation s on th e  e c o lo g y  o f  
th e  r ib b ed  m u sse l, V o ls e l la  dem issus (D illw y n ) in  Chesapeake 
Bay, in  P r e s s .

B eaven, G. F . 191*6* E f f e c t  o f  th e  Susquehanna R iv er  stream  f lo w  
on Chesapeake Bay s a l i n i t i e s  and h is to r y  o f  p a s t  o y s te r  
m o r t a l i t ie s  on upper Bay bars • Ann R ep t. Md. B d . Nat • R e s .
1 -  11 •

B eaven, G. F . 19l*7• O b servation s on fo u l in g  o f  s h e l l s  i n  th e
Chesapeake Bay a r e a . A ddress N a tio n . S h e l l f i s h .  A sso c . 1 1 -1 5  *

B ern er, L . 1935* La R eproduction  d es Moules c o m e s t ib le s  (M y tilu s  
e d u l is  L. e t  Sfcrtilus g a l lo - p r o v in c ia l i s  L in k .)  e t  le u r  
r e p a r t i t io n  geograp h iq u e . B u ll .  I n s t .  O ceanogr. 680: 1 -8  •

C h estn u t, A. F . 191*9. The o y s te r  in d u s tr y  o f  N orth C aro lin a  and 
some o f  i t s  prob lem s. A ddress N a t. S h e l l f i s h .  A sso c . 39-1*2.

C lem ents, F . E . & V. E . S h e lf  o rd . 1939 • B io -e c o lo g y  John W iley  
& S o n s, New York 1*25 pp .

Coe, W. R. 191*3 • S e x u a l d i f f e r e n t i a t io n  in  m o llu sk s . I .  P e le c y -  
p od s. Quart R ev. B io l .  18 : 151*-161* •

Coe, W. R. & D . L. F o x . 191*1*. B io lo g y  o f  th e  C a l i f o r n ia  s e a -
m u s s e l ( ly fcrb ilus c a l i f o r n ia n u s ) . I I I .  E n v iro n m e n ta l c o n d i t io n s  
and r a t e  o f  g ro w th .  B i o l .  B u l l .  87: 5 9 -7 2 .

C ow les, R. P . 1930 . A b i o l o g i c a l  stu d y  o f  th e  o ffsh o r e  w a ters  o f  
Chesapeake Bay. B u ll .  U. S . Bur. o f  F is h . 1*6: 2 7 7 -3 8 1 .
B u r o f  F is h .  D o c . 1091.

D e x te r ,  R. W. 19l*7« The m a rin e  c o m m u n itie s  o f  a t i d a l  i n l e t  a t
Cape A n n , M a s s a c h u s e tts : a s tu d y  i n  b io - e c o lo g y .  E c o l .  M onog r. 
1 7 : 262-291*.

E n g le , J .  B. 191*5. The c o n d it io n  o f  th e  n a tu r a l r e e f s  and o th er  
p u b lic  o y s te r  bottom s o f  Alabama in  19k3 w ith  su g g e s t io n s  fo r  
t h e ir  im provem ent. S p ec . S c i .  R ept. No. 29 F ish  & W ild lif e  
S e r v . ,  U. S . D ep t. I n t .  1*2 pp .



85

E n g le , J* B . 19U6. Commercial a sp e c ts  o f  th e  upper Chesapeake
Bay p y s te r  bars in  l i g h t  o f  r e c e n t  o y s te r  m o r t a l i t i e s .
Third Ann. R ept. Md. Bd. N at. R e s .:  13U -ll;0 .

E n g le , J .  B. 19U8. I n v e s t ig a t io n  o f  the o y s te r  r e e f s  o f
M is s is s ip p i  j L o u is ia n a , and Alabama fo llo w in g  th e  h u rrican e  
o f  Septem ber 1 9 , 19^7. S p ec . S c i .  R ep t. No. 59 F ish  & 
W ild l i f e  S e r v . ,  U. S . D ep t. I n t .  71 pp .

F ie ld ,  I .  A . 1922 . B io lo g y  and econom ic v a lu e  o f  th e  se a  m u sse l
M srtilus e d u l i s  B u ll .  U. S . Bur. F is h . 38s 127 -259 - Bur o f  
F is h . DocT 9 ^2 .

Fox, D. L. e t  a l .  1936 . The h a b ita t  and fo o d  o f  th e  C a lifo r n ia  
se a  m u sse l. B u l l .  S c r ip p s . I n s t .  Ocean. Tech. S e r . Ij.: 1-61*.

F re y , D. G. 191*6. C aster bars o f  th e  Potomac R iv e r . S p ec . R ept. 
No. 3 2 . F ish  and W ild l i f e  S e r v . ,  U. S . D ep t. I n t .  93 PP*

G a lig h e r , A . E . 1931*. The E s s e n t ia ls  o f  P r a c t ic a l  M icro tech n iq u e .
A lb e r t  E . G a lig h e r , I n c . ,  B erk ley , C a l i f .  288 pp .

G a lt s o f f ,  P . S . 1 9 3 8 . P h y sio lo g y  o f  r ep ro d u ctio n  o f  O strea
v ir g i n i c a .  I I .  S t im u la t io n  o f  spawning in  th e  fem ale o y s t e r .
B io l .  B u l l .  75: 28 6 -3 0 7 -

G a lt s o f f ,  P . S . 19l*0. P h y s io lo g y  o f  rep ro d u ctio n  o f  O strea
v ir g i n i c a .  I I I .  S t im u la t io n  in  th e  m ale o y s t e r .  B io l .  B u ll .  
7 8 : 117-135-

G a lt s o f f ,  P . S . ,  W. A. Chipman, J .  B. E n g le , & H. N. Calderwood, 
19k7• E c o lo g ic a l  and p h y s io lo g ic a l  s t u d ie s  o f  th e  e f f e c t  o f  
s u l f a t e  p u lp  m i l l  w a ste s  on o y s te r s  i n  th e  York R iver  V ir g in ia .  
F is h . B u ll .  No. 1*3, F ish  & W ild l if e  S e r v . ,  U. S .  D ep t. I n t .
51: 5 9 -1 8 6 .

Gray, F . J . 1 9 0 9 . The P o la r  P la n im e te r . S t .  B ride P r e s s ,  London
57 pp.

H ew att, W. G. 1935- E c o lo g ic a l  s u c c e s s io n  in  th e  Sfcrtilus c a l i -  
fo rn ia n u s h a b ita t  as observed  in  Monterey Bay, C a l i fo r n ia .
E c o l.  16; 21*1*-250.

Huntsman, A . G. 1 9 1 8 . The v e r t i c a l  d is t r ib u t io n  o f  c e r ta in
i n t e r t i d a l  a n im a ls . P ro c . & T rans. Roy. S o c . Canada. S e r . I l l  
S e c t .  1*, 12; 5 3 -6 0 .

L i t t l e f o r d ,  R. A. /  C. L. Newcombe, & B. B. Shepherd. 19l*0. An 
ex p er im en ta l stu d y  o f  c e r ta in  q u a n t ita t iv e  p lankton m ethods. 
E c o l.  21: 3 0 9 -3 2 2 .

L o o sa n o ff, V. L. & H. C. D a v is . 1951. D elay in g  spawning o f  lam el­
lib r a n c h s  by low tem p eratu re. Jour. Mar. R es. 10: 197-202.



86

M ackin, J* G. & R. W. M enzel. 19145* R esearch seek s t o  expand 
new f is h e r y *  The Commonwealth 12 (2 ) 3 -1 0 .

M assey, A. L. 1911i. N otes on th e  ev id en ce  o f  age a ffo rd ed  by th e  
growth r in g s  o f  q y ster  s h e l l s .  F is h e r ie s  Ire la n d  S c i .  I n v e s t .
1 9 1 3 , I I .  D u b lin .

Mead, A. D. & E* W. B arnes. I 9 0 I4 . O bservations on the s o f t  s h e l l
clam . 3Uth R ep t. Comm. In la n d . F i s h . ,  Rhode I s la n d .

Mohr, C. F . 1 856 . Neue M assan a ly tisch e  Bestiramung des Chlors In  
V erbindungen. Justun L ie b ig 's  Annalen der Chim ie. 9 7 i 3 3 5 -3 3 8 .

M ossop, B. K. E . 1922 . The r a te  o f  growth o f  th e  sea  m u sse l,
M ytilu s e d u l is  L . ,  a t  S t .  Andrews, New Brunswick: Digby C o .,
N. S . j  and in  Hudson Bay. Trans. Roy. Canad. I n s t .  lH: 3 -3 2 .

N e lso n , T. C. 1928 . P e la g ic  d isso co n ch s o f  the common m u sse l,
s t i l u s  e d u l i s ,  w ith  o b serv a tio n s on the b eh av ior  o f  th e  la rv a e  
o f  a l l i e d  g e n e ra . B io l .  B u ll .  55: 18 0 -1 9 2 .

N e lso n , T . C. 1928a . On th e  d is t r ib u t io n  o f  c r i t i c a l  tem peratures 
f o r  spawning and fo r  c i l i a r y  a c t i v i t y  in  b iv a lv e  m o llu sk s.
S c i .  67 : 2 2 0 -2 2 1 .

Newcombe, C. L. 1935* A stu d y  o f th e  community r e la t io n s h ip s  o f  
th e  s e a  m u sse l, M ytilu s e d u lis  L . . E c o l. 16: 23U-2U3.

Newcombe, C. L. 1935a . Growth o f  Mya a r en a r ia  in  th e  Bay o f  Fundy 
R eg ion . Canad. Jour • R es . D • ,  13 : 97-137 •

Newcombe, C. L. 1 9 3 6 . A com parative stu d y  o f th e  abundance and 
th e  r a te  o f  growth o f  My a a ren a ria  in  th e  G ulf o f  S t .  Lawrence 
and th e  Bay o f  Fundy R eg io n s. E c o l. 17: U18-U28.

Newcombe, C. L. 1936a . V a l id i ty  o f  c o n c e n tr ic  r in g s  o f  Mya 
a r en a r ia  L. fo r  d eterm in in g  a g e . Nature 137: 191-192•

Newcombe, C. L . 1914-7. M u sse ls , T urtox News. 25: 1 - 5 .

O sbum , R. C. 19liU. A su rv ey  o f  th e  Bryozoa o f  Chesapeake Bay. 
Pub. No. 6 3 . C hes. B io l .  Lab. 59 pp .

P e ls e n e e r , P . 1 9 3 5 . E s s a i  d 'E th o lo g ie  Z oologique d 'a p res Lf£tude  
d es M o llu sq u es. Acad. Roy. de B e lg iq u e , C la sse  des S c ie n c e s .  
F ond ation  Agathon de P o t te r .  No. 1 .  662 pp.

P e te r s e n , C. G. J . 1 9 0 8 . F ir s t  r e p o r t  on th e  o y s te r  and o y s te r  
f i s h e r i e s  o f  th e  Lim F jo rd . Rep. Dan. B io l .  S t a .  15 , 17: 1-U l#

P e te r s e n , C. G. J .  1 9 18 . The se a  bottom  and i t s  p rod u ction  o f  
f i s h  fo o d . A su rvey  o f  th e  work done in  Danish w a ters 1 8 83 -  
1 9 1 7 . R ep t. Dan. B io l .  S ta . 25: 1 -6 2 .



87

R a fin e sq u e , C. S . 1820 , A nnales G enerales des S c ie n c e s  P h ysiq u es, 
B u x e l le s .  S e p t . 5 (13 ) p . 287 . (From -  B inney, W. G. &
G. W. ly r o n , Jr • 1861*. The Complete W ritin gs o f  C on stan tin e  
Sm oltz Raf in esq u e  on r e c e n t  and f o s s i l  con ch o logy . New York. 
63- 61*.)

Say , T. 1823 . A new s p e c ie s  o f m u sse l, li^ ytillu s ham atus. Jour. 
Acad. N at. S c i .  F h i la .  2 ; 265 . (Aug." 1 8 2 2 ) .------------

S c a tte r g o o d , I*. W. & C. C. T ay lor . 1950 . The m ussel r eso u rc es  o f  
th e  North A t la n t ic  R egion . F is h . L e a f le t  361*. F ish  and 
W ild l i f e  S e r v . ,  U. S . D ep t. I n t .  32 pp.

S h e lf  o rd , V. E . & E . D. T ow ler. 1925* Animal com m unities o f  the  
San Juan Channel and a d ja cen t a r e a s . Pub. Puget Sd . B io l .  S ta .  
5s 2 9 -3 1 .

S h e l f  ord , V. E . 1929 • Laboratory and F ie ld  E co lo g y . W illiam s and 
W ilk in s . B a ltim o re . 658 PP*

S h e lfo r d , V. E . 1930 . Geographic e x te n t  and su c c e s s io n  in  P a c if ic  
North American i n t e r t i d a l  (B alanus) com m unities. Pub. Puget 
Sd . B io l .  S ta .  7 : 2 1 7 -2 2 3 .

S h e lf  o rd , V. E . 1931 . Same con cep ts o f  b io -e c o lo g y . E c o l. 12:
1*55-2*67.

S h e l f  o rd , V. E . ,  A . 0 . Weese, L. A . R ic e ,  D . I .  Rasm ussen, A .
M aclean , N. H. Wismer, J . S .  Swanson. 1935 . Seme marine b io t ­
i c  com m unities o f  the P a c i f ic  Coast o f  North Am erica. E c o l.  
Monogr. 5: 21*9-3 52*.

S im pson, G. G# & A. Roe. 1939 . Q u a n tita tiv e  Z oology. McGraw- 
H i l l ,  New York. 1*12* pp.

S te v e n s o n , C . H . 189U. The o y s te r  in d u s t r y  o f  M a ry la n d . B u l l .
U. S .  F is h .  Comm. (1 8 9 2 ) . 12: 2 0 3 -2 9 7 .

S u l l iv a n ,  C. M. 192*8. B iv a lv e  la r v a e  o f Malpeque Bay, P . E . I .  
B u ll .  F is h .  R e s . Bd. Can. 77: 1 -3 6 .

Swains on , W. 182*0. A T r e a t is e  on M alacology or th e  N atu ra l C la ss ­
i f i c a t i o n  o f  S h e l l s  and S h e l l f i s h . Longman, Grme, Brown, Green, 
and Longman, London. 1*19 PP*

V ia l la n e s ,  H. 1 8 9 2 . R eserch esv su r  la  f i l t r a t i o n  deJLf eau jpour l e s  
M ollusques e t  a p p lic a t io n s  a 1 * o s t r e ic u l t u r e  e t  a l* o c e a n o -^  
g r a p h ie . Comptes rendus hebom adaries des Seances de l^ c a d e m ie  
des S c ie n c e s .  T. Ill* : 1386 -1388 .

Warren, A. E . 1936 . An e c o lo g ic a l  stu d y  o f th e  se a  m ussel (M y til-  
us e d u l is  L . ) .  Jour. B io l .  Bd. Can. 2 : 89-92*.



88

W heatley , J . Y . 1903 . The P o la r  P lan im eter  and i t s  u se  in
E n g in eer in g  c a lc u la t io n s . K e u ffe l and E sser  Co. 126 pp.

Whedon, W. F . 1936 . Spawning h a b its  o f  th e  m ussel (Jfortilus 
c a li fo r n ia n u s  C onrad). U n iv . C a l i f .  P u b l. Z o o l. 4 l :  3 ^ U k .

W iborg, K. F . 1 9 46 . U n d ersok elser  over o b s k j e l l e t  (M odiola  
m o d io lu s) F is k .  D ir e c t .  S k r i f . 8 : 1 -8 $ .

W in slow ,F . 1 8 8 2 . Report on th e  o y s te r  beds o f  th e  James R iv er , 
V a . ,  and o f  T an gier and Pocomoke Sounds, Maryland and 
V ir g in ia .  U. S . C oast and Geod. Su rv . Appendix No. 1 1 ,
R ep t. 1881 . 87 pp .

Young, R. T . 1942 . Spawning se a so n  o f  th e  C a lifo r n ia  m u sse l,  
M y tilu s c a l i f  o r n ia n u s . E c o l.  23 s 4 9 0 -4 9 2 .

Young, R. T . 19^6. Spawning and s e t t in g  se a so n  o f  th e  m u sse l, 
Bfcrtilus c a l i f  o r n ia n u s . E c o l.  27: 3 $ 4 -3 6 3 .

T ide T ab les c o n su lte d :

A t la n t ic  Ocean 1 9 $ 0 . E a st C oast North and South Am erica in ­
c lu d in g  G reen land. G oast and Geod. S u r v .,  U. S . D ep t, o f  Comm.



VITA

Name in  P u l l  -  J F rances A lle n

Permanent Address -  1*206 53rd A v e . ,  B ladensburg, Maryland 

D egree t o  be c o n fer re d : Ph.D.  June 7 , 1952

Date o f  b ir t h  -  A p r il  11*, 1916

P la c e  o f  b ir t h  —  A r k v i l le , Delaware County, New York 

Secondary E d ucation  —  Owego Free Academy 1930-1933

Roxbury C en tra l S ch oo l 1933-1931* 

C o lle g ia te  I n s t i t u t io n s  a tten d ed  -  D ates -  Degree -  Date

S ta te  T eachers C o lle g e , R adford, Va. 193U-1938 B .S . 1938

U n iv e r s ity  o f V ir g in ia ,  Mt. Lake, Va. Summer 1938

U n iv e r s ity  o f  Maryland 1938-1939

191*7-191*8 M. S .  191*8

P u b lic a t io n s

The Morphology o f  th e  radu la  o f  L it to r in a  ir r o r a ta  Say . 
T ra n sa ctio n s o f  th e  American M icro sco p ica l S o c ie ty ,  A p r il  1952

O b servation s on th e  e co lo g y  o f  the rib bed  m u sse l, (V o ls e l la  
dem issus (D il lw y n ) , in  Chesapeake Bay. in  p r e ss  
(w ith  R. A, L i t t le f o r d )

O b servation s on th e  growth and d is t r ib u t io n  o f  the s o f t  clam , 
Mya a r e n a r ia , in  th e  v i c i n i t y  o f  C r is f ie ld .  in  p ress  
Twith R* A. L i t t le f o r d  and R. 0 . Z e lle r )

P o s it io n s  h e ld

High S ch o o l T eacher, P u la sk i High S ch o o l, P u la s k i, Va, 1939-  
191*1

High S ch o o l T eacher, Gary High S c h o o l, Gary, W. Va. ,  191*2-191*5

High S ch o o l T eacher, Bethlem C en tra l S c h o o l, Delmar, N. Y* 
191*5-191*7

A s s is ta n t  P r o fe s s o r , B io lo g y , Radford S ta te  Teachers C o llege  
Summers 19 U2, 19k5 ,  and 19U6



Biology" Exam iner, S ta te  E ducation  Departm ent, A lbany,
New York, 19h7

F ello w  in  Z oo logy , U n iv e r s ity  o f  M aryland, December 1938 -  
June 1939

Graduate A s s is ta n t  in  Z oology , U n iv e r s ity  o f Maryland, 19h7 
19W

In s tr u c to r  o f  Z oo logy , U n iv e r s ity  o f  M aryland, 19U8 -  1952


