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ABSTRACT 

R o w e l l ,  T.W. and D.R .  C h a i s s o n ,  1983. D i s t r i b u t i o n  and abundance  
o f  t h e  ocean  quahaug ( A r c t i c a  i s l a n d i c a f  and S t i m p s o n k  s u r f  
e l a m  ( S p i s u l a  polynyma rce on t h e  S c o t i a n  S h e l f ,  Can. 
Znd, Rep, F i s h ,  Aquat .  S c i ,  142: v + 7 5  p, 

During 1980 t o  1982, a n  a s s e s s m e n t  of  u n d e r u t i l i z e d  c l a m  

r e s o u r c e s  u s i n g  h y d r a u l i c  d r e d g e s  was conducted  a long  t h e  s o u t h  

s h o r e  of Nova S c o t i a  be tween S t .  Mary ' s  Bay and S t .  M a r g a r e t ' s  

Bay and on  t h e  o f f s h o r e  banks  o f  t h e  S c o t i a n  S h e l f ,  D i s t r i b u t i o n  

and  minimum biomass  w e r e  d e t e m i n e d  f o r  t h e  p r i n c i p a l  t a r g e t  

s p e c i e s ,  t h e  ocean  quahaug ( A r c t i c a  i s l a n d i e a )  and t h e  

S t i m p s o n k  s u r f  clam ( S p i s u l a  polynyma) .  Maximum s u s t a i n a b l e  

y i e l d  (blSY) f o r  p p u l a t i o n s  of  the  ocean  quallaug i n  t h e  i n s h o r e  

a r e a  i s  e s t i m a t e d  a t  3 2 2  t t o  1 ,767  t e l  N o  s i g n i f i c a n t  

c o n c e n t r a t i o n s  of  St impson" s u r f  clam w e r e  found i n  t h e  i n s h o r e  

a r e a s .  The o f f s h o r e  a r e a s  of  S a b l e  I s l a n d  and Wes te rn  Banks 

w e r e  found to  have  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  ocean  quahaugs 

and Banquereau Bank t h e  g r e a t e s t  c o n c e n t r a t i o n s  of  t h e  s u r f  c l a m .  

Those a r e a s  w i t h  g r e a t e s t  clam d e n s i t i e s  on Western  and S a b l e  

I s l a n d  Banks are e s t i m a t e d  t o  have  a MSY f o r  t h e  ocean  quahaug 

of 2 ,803 t t o  1 2 , 6 0 1  t1 w h i l e  t h o s e  on  Banquereau Bank are  

e s t i m a t e d  to  have  a  P-ISY f o r  t h e  s u r f  c l a m  of  23,960 t t o  

87 ,892 t .l 

Key words : D i s t r i b u t i o n ,  abundance ,  ocean  quahaug,  S t impson s 
s u r f  c lam, and S e o t i a n  S h e l f .  

l12ange o f  t45Y v a l u e  based  on 90% c o n f i d e n c e  l i m i t s  o f  t h e  
minimum biomass  estimates. 



Rowel l ,  T.W. and D. R. Cha i s son .  1983. D i s t r i b u t i o n  and abundance  
of t h e  ocean  quahaug ( A r c t i c a  i s l a n d i c a )  and St impson"  s u r f  
c l a m  ( S p i s u l a  polynyma rce on t h e  S c o t i a n  S h e l f .  Can. 
Ind ,  R e p .  Fish.  Aguat .  S c i .  1 4 2 :  v + 75 p, 

Duran t  Les ann6es  1980 1882 ,  on  a  f a i t ,  au moyen d e  

d r a g u e  h y d r a u l i q u e ,  L-vaLuation d e s  r e s s o u r c e s  de  p a l o u r d e s  

s o u s - u t i l i s g e s  d e  la  e&te sud de La ~ o u v e ~ l e - k c o s s e  e n t r e  

St. Mary" B a y  e t  St. Margare t"  Bayy. 'On a  aussi & t u d i &  les  

banes du l a r g e  s u r  le p l a t e a u  c o n t i n e n t a l .  La d i s t r i b u t i o n  e t  

l a  biomasse minimale f u r e n t  d & t e m i n & e s  p u r  les deux e s p & c e s  

q u i  f a i s a i e n t  l e  b u t  de L % t u d e ,  so i t  l a  p a l o u r d e  de  rner 

( A r c t i c a  i s l a n d i e a )  e t  l a  p a l o u r d e  d e  S t impson  ( S p i s u l a  

p o l y n p a ) ,  Le rendement  maximal sou tenu  (RMS) p o u r  les 

p o p u l a t i o n s  de p a l o u r d e s  de  mer dans  les  r & g i o n s  c&ti&res e s t  

e s t i m &  e n t r e  322 e t  1 , 7 6 7  t .l Aueune c o n c e n t r a t i o n  

s i g n i f i c a t i v e  d e p a l o u r d e  de  St impson ne f u t  t r o u v 6 e  dans  les  

r 6 g i o n s  c6tiGres. Les r & g i o n s  de IYLe de S a b l e  e t  du bane  

Wes te rn  c o n t i e n n e n t  les  p l u s  g r a n d e s  c o n c e n t r a t i o n s  de  p a l o u r d e s  

de mes, e t  le  bane  Banquereau c o n t i e n t  les  p l u s  g r a n d e s  

c o n c e n t r a t i o n s  de  p a l o u r d e s  d e  S t impson*  "On a e s t i m &  que les  

r 6 g i o n s  du b a n c  Western  e t  de  L "IPe d e  S a b l e  c o n t e n a n t  les p l u s  

h a u t e s  d e n s i t & s  de  p a l o u r d e s  de  rner o n t  un RMS d e  2 ,803  t e t  

1 2 , 6 0 1  t.1 On a estime que les  r k g i o n s  & h a u t e  d e n s i t k s  du 

b a n c  Banquereau o n t  un M S  de p a l o u r d e s  d e  Stimpson de 23,960 r 

e t  $7,892 t , l  
$3 

I ~ a h r s  Zi rn i tes  d e s  %PIS 2 un n iveau  tie c o n f i a n c e  de  90% d e s  
e s t i m g s  minimaux de  1a b iomasse ,  





I h T R O D U G T  I O N  

T h i s  report s u m a r i z e s  r e c e n t  s u r v e y s  of ocean  quahauq 
& a - - 

(Arctics i s i a n d i c a )  and S t i m p s o n ' s  s u r f  clam (Spisula polynyrna) 
o n  t h e  Scotian S h e l f ,  The sdrveys, conducted by the MolPuscan 
S e c t i o n  of t h e  F i s h e r i e s  ~ e s e a r c c  Branch,  were s u p p o r t e d  3y the 
F i s h e r i e s  Development i3ranch. 

The ocean quahaug A. i s l a n d i c a  ( F i g ,  la) i s  known to occur 
a l o n g  the  east  coast of'-~orth America from t h e  Arctic *Ocean to 
Cape Pi 'a t teras  (BousfieLd 1960 ) ,  C a t c h e s  have  been recorded  fro^ 
a s  s h a l l o w  as 4 m in t h e  p r e s e n t  s u r v e y  t o  a s  deep  a s  256 K on 
the c o n t i n e n t a l  s h e l f  {Merrill and Ropes 2969). The d i s t r i l i u r i o n  
of t h e  ocean quahaug i s  best known f o r  U , S ,  w a t e r s  (Parker 1965; 
1966; P a r k e r  am3 McRae 1970; M e r r i l l  and Ropes 1969; Eoesch an6 
Ropes 1977;  P o g a r r y  1981 ) . I n  Canadian w a t e r s  i t s  d i s t r i S u t l o n  
has j e e n  less we14 ~ n d e r s t o o d  despite a number s f  l i m i t e d  
s u r v e y s .  Medcof (1957) established t h e  p r e s e n c e  of quahauys  in 
Yedway and Shag Harbours ,  N . S * ;  McPhail  and Medcof (1959) 
conduc ted  explorations ~r: the Ksr thurnber land  S t r a i t ;  an6 
C h a n d l e r  (1983, i n  press) conducted  a s u r v e y  i n  several areas 
o f f  s o u t h w e s t e r n  Nova S c o Q i a  , 

I n  1943, i n  r e s p o n s e  t o  the U , S .  Wartime Food P r o d u c t i o n  
Program, a s m a l l  ocean  quahaug f i s h e r y  was e s t a b l i s h e d  off 2hc;de 
I s l a n d  which peaked <n 1946 a t  682 t o f  meat  {Merrili and Ropes 
1 9 6 9 ) .  C o m p e t i t i o n  from t h e  s u r f  clam f i s h e r y  fo r  a limited 
clam meat market  f o l l o w i n g  the w a r  l e d  t o  a d e c l i n e  i n  the 
quahaug f i s h e r y .  I n  the p a s t  s e v e r a l  y e a r s ,  however ,  the  
quahaug fishery has been  r e v i t a l i z e d ,  T h i s  i s  due mainly to 
d e c r e a s e d  Pandings  of surf c l a m s  following a n  a n o x i c  e v e n t  i n  
1976 which g r e a t l y  reduced t h e  h a r v e s t a b l e  s t o c k s  of f  t he  New 
York and Mew Jersey coasts. I n c r e a s e d  consumer a c c e p t a n c e  and 
development  of new quahaug products w e r e  also f a c t o r s .  U . S .  
c a t c h e s  of ocean quahaugs  rose t o  16,329 t of shucked m e a t  i n  
2981 from j u s t  771 t in 1970 (P-l id-Atlant ic  Fishery Management 
c o u n c i l 2  1982,  unpub,  r e p o r t )  

The p r i n c i p a l  f i s h e r y  i n  the U , S .  i s  l o c a t e d  o f f  the m i d -  
A t l a n t i c  s t a t e s ,  w i e h  most of t h e  a p p r o x i m a t e l y  100  v e s s e l s  
o p e r a t i n g  between 8ew York and  V i r g i n i a ,  Tnese  v e s s e l s  range i n  
s i z e  from 25  GT to m o r e  than 100 GT (Fig. 2) with a p p r o x i m a t e l y  
41% of t h e  f l e e t  o v e r  7 5  GT (Ropes 1982). F i s h i n g  i s  by 
h y d r a u l i c  dredge (details of t h e  o p e r a t i o n  a r e  e x p l a i n e d  u n d e r  
" M a t e r i a l s  - Inshore Surveys"") The a v e r a g e  c u t t i n g  wP:lth o r  
bo t tom a r e a  covered by d r e d g e s  i n  the  U , S ,  f i s h e r y  i s  L52,4 cm, 
a l t h o u g h  t h e r e  a r e  d r e d g e s  a s  wide a s  508.0 e m  i n  o p e r a t i o n  
( M i d - ~ t l a n t i c  F i s h e r y  Counc i l  1982, unpub. reporxi. 

2 ~ i d - k t l a n t i c  F i s h e r y  Mznagernent Counc i l  , R o m  2 115, Federal 
~ u i l d i n g ,  300 S o u t h  New Streec, Dover,  D e E ,  3.990%-6790 





Pig, La, Tbe ocean quahruq A r e t i c a  islandi~a. 
--/- - 

F i g .  1S. The Stimpson's s u r f  clam S p i s u l a  polynyrna. 



S.  s o P i d i s s i m a  f o r  1981 w e r e  21,008 -t of ineat,  I n  1980, an  - 
e s t i m a t e d  90 t o f  S.  s o l i d i s s i m a  meat were l a n d e d  i n  t h e  - 
M a r i t i m e  P r o v i n c e s   tatis is tics D i v i s i o n ,  unpub, d a t a ) .  M o s t  o f  
t h e s e  l a n d i n g s  were  h a r v e s t e d  from i n t e r t i d a l  or s h a l l o w  near -  
s h o r e  a r e a s  f o r  d o m e s t i c  c o n s u q t i o n .  Because o f  t h e  l i m i t e d  
d e p t h  r ange  o f  S.  s o l i d i s s i m a  i n  Mar i t ime  w a t e r s ,  it is  
c o n s i d e r e d  u n l i x e l y  t h a t  s t o c k s  a r e  a s  abundan t  a s  i n  more 
s o u t h e r n  w a t e r s .  

S. palynyma, commonly known as  t h e  St impson" s u r f  elam o r  
p i n k  n e  F i g .  Pb), i n h a b i t s  b o t h  tile A t l a n t i c  and P a c i f i c  
c o n t i n e n t a l  s h e l v e s ,  R o u s f i e l d  ( f9SO)  s t a t e s  t h e  g e n e r a l  
A t l a n t i c  d i s t r i b u t i o n  to be on sandy  bot tom from Low w a t e r  t o  
110 m w i t h  a r a n g e  e x t e n d i n g  from B a f f i n  I s l a n d  t o  Rhode I s l a n d ,  
However, m a m b e r l i n  an8 S t e r n s  ( 1 9 6 3 )  found  no  s u b s t a n t i a t e d  
r e c o r d s  o f  t h e  s p e c i e s  n o r t h  o f  t h e  S t r a i t  of B e l l e  I s le .  A 
U. S. f i s h e r i e s  s u r v e y  on  Middle Bank, M a s s a c h u s e t t s  Bay, 
produced  c a t c h e s  f f  up t o  f o u r  b u s h e l s  p e r  s t a n d a r d  four-minute  
t o w   elaw aware 11, G r a i s e  R e p o r t  71-1) .  However, - S. polynyma 
i s  no t  found i n  commercial  q u a n t i t i e s  on  t h e  'ci,S, e a s t  c o a s t  and 
t h e r e  h a v e  been no reported landings o r  commercial c o n c e n t r a t i o n s  
r e p o r t e d  f o r  Canad ian  w a t e r s .  Hughes e t  a l .  (1977) r e p o r t e d  
commerc ia l  q u a n t i t i e s  o f  S .  o f f  t h e  Alaska  P e n i n s u l a  
a n d ,  a s  p a r t  o f  t h e i r  s u r v e y  o f  p r o d u c t  q u a l i t y ,  found t h e  
f l a v o u r  and t e x t u r e  of  the m e a t  t o  be e x c e l l e n t .  

Wi th  N o r t h  tBmeriean consumption o f  clams i n c r e a s i n g ,  a i d e d  
by the development  o f  new p r o d u c t s ,  and w i t h  d e c l i n e s  i n  t h e  
a v a i l a b i l i t y  of t r a d i t i o n a l  s p e c i e s ,  t h e r e  a p p e a r s  t h e  p o s s i b i l i t y  
o f  d e v e l o p i n g  a n  ocean  cquallaug or St impson"  s u r f  clam f i s h e r y  
i n  t h e  Mar i t i rnes ,  

Consequen t ly ,  a  major s u r v e y  w a s  i n i t i a t e d  t o  d e t e r m i n e  t i le  
d i s t r i b u t i o n  and abundance  of  o c e a n  quahaugs ,  s u r f  c l a m s ,  and 
o t h e r  u n d e r u t i l i z e d  s h e l l f i s h  r e s o u r c e s  o f f  N . S .  Between 
1980-1982, a r e a s  be tween S t .  Mary" Bay and S t .  M a r g a r e t ' s  Bay 
o n  t h e  s o u t h  s h o r e  o f  M . S .  ( F i g .  3 )  and 1 2  m a j o r  banks  on t h e  
S c o t i a n  S h e l f  ( F i g .  4 )  were  su rveyed .  

MATERIALS MJD METHODS 

MATERIALS 

I n s h o r e  S u r v e y s  

I n s h o r e  s u r v e y s  w e r e  conduc ted  i n  1980 from t h e  l 2 - 6  m 
v e s s e l  Gary and ~ e h e e  X I .  T h i s  c h a r t e r e d  v e s s e l  w a s  equipped 
w i t h  a double-drum h y d r a u l i c  winch of 2 t L i f t i n g  c a p a c i t y  and 
had  a 7 .6  e m  t u b u l a r  s teel  A-frame from which t h e  d r e d g e  w a s  

* u n i t e d  S t a t e s  D e p a r t n e n t  o f  Commerce, N a t i o n a l  Mar ine  
F i s h e r i e s  S e r v i c e ,  Woods Hole ,  Ma. 02543 











o p e r a t e d  (Appendix I ) .  A s i n g l e - c a g e  h y d r a u l i c  d r e d g e ,  s i m i l a r  
t o  t h a t  shown i n  F i g u r e  5 ,  w i t h  o v e r a l l  d imens ions  measur ing  
202  x 1x4 x 41 cm and a c u t t i n g  b l a d e  w i d t h  o f  89 c ~  w a s  u sed .  
The d redge  was f i t t e d  with a 2 .5  c m  s q u a r e  s teel  mesh Liner. 
Water  was s u p p l i e d  to  t h e  d redge  from an  end s u c t i o n  c e n t r i f u g a l  
pump d e l i v e r i n g  2 , 7 0 0  l i t e r s  p e r  minu te  a t  45 p s i  t h rough  a 
10.2 e m  d i a m e t e r  "nose, The pump was powered by  a s i x - c y l i n d e r ,  
1 6 5  hp C k e v r o l e t  mar ine  e n g i n e ,  

During 1981-1982, t h e  I4.6 rn v e s s e l  MV Sigma T from t h e  
Bedford  I.rlstit~rte o f  Oceanography was csed. The dTedge o p e r a t e d  
d u r i n g  t h e s e  s u r v e y s  (Fig, 5 )  was s l i g h t l y  s m a l l e r  t h a n  t he  o n e  
used i n  1983, w i t h  o v e r a l l  d imens ions  of 198 x 1 0 1  x 38  cm and a 
c u t t i n g  b l a d e  of 71.1 m, Again ,  a 2 . 5  cm L i n e r  w a s  u sed .  A n  
end  s u c t i o n  c e n t r i f u g a l  punp  ~ w e r e d  by a f o u r - c y l i n d e r ,  
1 5 4  c u b i c  i n c h ,  30 hp Wiscons in  e n g i n e  p r o v i d e d  w a t e r  t o  t h e  
d r e d g e .  The d r e d g e  w a s  o p e r a t e d  from a '7-6 e m  d i a m e t e r  s teel  
boom and connec ted  to  a 2 t c a p a c i t y  double-drum h y d r a u l i c  
w i n c h ,  

The ma jo r  d i f f e r e n c e  between t h e  h y d r a u l i c  d r e d g e  used f o r  
t h i s  s u r v e y  and non-hydrau l i c  o r  d r y  d r e d g e s ,  such  as t h e  
c o n v e n t i o n a l  s c a l l o p  d r e d g e ,  i s  t h a t  i n  t h e  h y d r a u l i c  e r e d g e ,  
w a t e r  is  pumped a t  high p r e s s u r e  from the b o a t  t o  t h e  d r e d g e .  
The w a t e r  i s  f o r c e d  t h r o u g h  s e v e r a l  s m a l l  n o z z l e s  c r e a t i n g  a  j e t  
s p r a y .  It is t h e  h i g h - p r e s s w e  w a t e r  jets whicb d o  t h e  d i g g i n g ,  
w i t h  t h e  dredge b l a d e  a c t i n g  a s  a scoop c o l l e c t i n g  t h e  exposed 
clams. During t h e  i n s h o r e  s u r v e y  i n  which ocean  quahaugs  w e r e  
v i r t u a l l y  t h e  o n l y  clam c a u g h t ,  a b l a d e  d e p t h  s e t t i n g  o f  1 2 . 7  c m  
be low the d r e d g e  c a g e  worked w e l l ,  Few quahaugs  w e r e  damaged by 
t h e  b l a d e  ( i n d i c a t i n g  t h a t  it was se t  deep  enough t o  c u t  under  
t h e  quahaugs )  and few quahaugs  remained i n  t he  d r e d g e  track when 
examined by  d i v e r s .  P r e v i o u s  s t u d i e s  ( ~ e d e o f  and Caddy 1971) 
h a v e  shown t h i s  t y p e  o f  d redge  sys tem t o  be 95% e f f i c i e n t  on 
sand  bot tom,  

'Of f shore  S u r v e y s  

The o f f s h o r e  s u r v e y s  on  t h e  S c o t i a n  S h e l f  i n  1980,  1981, 
and 1 9 8 2  were  conducted  u s i n q  t h e  U , S -  N a t i o n a l  Mar ine  F i s h e r i e s  
S e r v i c e  r e s e a r c h  v e s s e l  ~ e i a w a r e  11.5 

The v e s s e l  was f i t t e d  w i t h  a h y d r a u l i c  d redge  s i n i l a r  in 
b a s i c  c o n f i g u r a t i o n  t o  t h e  type used i n  the commercial  s u r f  c l a m  
f i s h e r y  i n  t h e  U , S .  The d redge  d i f f e r s  from commercial  g e a r  i n  
t h a t  a s u b m e r s i b l e  pump i s  dredge  mounted and powered 
e l e c t r i c a l l y  from t h e  v e s s e l  ( C r o s s e n  and Smolowitz  k 9 b G ) -  The 
d r e d g e  measured 5 . 2  rn i n  l e n g t h  with a B52.4 cm wide c u t t i n g  
b l a d e  aad used 7 , 5 7 1  l i te rs  of  w a t e r  per minu te .  C u t t i n g  dep-ch 
o f  t h e  b l a d e  was set a t  20.3  em, and t h e  d r e d g e  was  f i t t e d  w i t h  
a 5 .  P cm s q u a r e  mesh s teel  l i n e r ,  

5 ~ h e  u s e  of t h i s  v e s s e l  and i t s  special izet ' i .  r e s e a r c h  CirecIge 
was rnade p o s s i b l e  under  a c o o p e r a t i v e  r e s e a r c h  ag reemen t  
be tween Canada and the 1J.S- t o  i n v e s t i g a t e  t h e  bioiocjy and 
d i s t r i b u t i o n  of  ocean quahaugs  i n  n o r t h w e s t  A t l a n t i c  w a t e r s .  
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METHODS 

Inshore sampling areas were f i r s t  ident i f ied on charts  as  
t o  the i r  suitability for dredging based on the smoothness of the 
bottom topography. 'Once areas were ident i f ied,  t ransects  were 
established along Loran C lines with s ta t ions  spaced, where 
possible, a t  in tervals  of 1. I km ( the  intersect ion of the x and y 
Loran Pines). The distance between t ransects  was 0.9 km. 
Due to  the shape of the mbayments and the actual bottom type 
encountered, t h i s  spacing was n o t  always possiible b u t  served 
rather as  a guide t o  provide a uniform distribution of s a p l i n g  
effort. T o w s  were made from 4 rn to 41 rn, the approximate 
m a x i m u m  operating depth of the quipment. 

Areas t o  be surveyed offshore were f i r s t  identif ied 
according t o  the ava i lab i l i ty  of sui table  clam bottom sediment 
types a s  determined from s u r f i c i a l  geology charts  of the Scotian 
Shelf C~rapeau and King 1 9 7 2 ;  King 1970; MacLean and King 1971; 
MacLean et al. 1977). 

T o  avoid undue s t r e s s  on the dredge and equipment, 85 rn was 
s e t  as  the z2proximate maximum working depth. Wnere areas were 
large enough for a systematic grid survey, sampling s ta t ions  
were established along Loran C Pines (approx, 5 nm or 9 - 3  km 
apart) at intervals of 5 nrn to 10 m ( 9 . 3  krn t o  18.5 km). 

Tows were made as deep as 92 rn, although 99% were l e s s  than 
85 rn and 80% were l ess  than 7 8  m e  No tow was shallower than 
2 9  rn. 

I n  both inshore and offshore surveys, the catch was sorted 
and the n a j c r  c l a m  species were separated and the volume of each 
w a s  measured in bushels, For each elam species, u p  t o  one 
S u s h e l  was rneasored for length-frequency and the remaining 
c l a m s  counted .  Length was taken as the m a x i m u m  shell measurement 
in the anterior-posterior plane. Total weight per bushel was 
also obtained a t  selected s ta t ions  on each bank, and samples 
were preserved for studies on reproduction and growth- The 
r e m a i n i n g  catch w a s  sorted with all. other animals be ing  
ident i f ied arnd eocnted. The type of t rash  marerial ( she l l  
fragments, substra te)  w a s  n o t e d  and the volume recorded. 

In order to determine quahaug densi t ies  i n  terns  of numbers 
per s uare m e t e r  jno,/rn2) and kilograms per square meter 4 " (kg/rn ) ,  ~t w a s  necessary t o  measure the tow distance. For 
the inshore surveys, a weighted l i n e  marked i n  5 m intervals was 
payed out during the  tow, By knowing the water depth and the 
rope length the distance covered by the dredge c o u l d  be 
calculated using the following formula: 

c =Jb2 --- .2 c = t o w  length 
a = water depth 
b = rope length 

Divers  w e r e  used on a lirnPted number of tows t o  measure the  
dredge track and confirm that the computed tow Lengths 
approxirna-r_ed the a c t u a l  distance towed, 



T h i s  method proved unreliable in areas with strrGng t ida l  
currents (areas between St, Mary" Bay and Cape Sable I s l a n d ) ,  

In the offs3ore surveys, the h ighly  precise navigational 
gear (doppler) foand on  the R/V Delaware I1 allowed tow 
distances t o  be easi ly  rneasliredi by differences in the ships s 
doppier reading a t  the s t a r t  and end of each tow. 

In order t o  convert  densit ies in no./ma t o  k g / m a ,  t h e  mean 
qaahaug or surf clam length a t  each station was f i r s t  dete,m%ned 
arid f i t t e d  to  a length-weight regression, T h e  result ing mean 
weight was then muleiplied by the t o t a l  number of anrmals i n  the  
catch t o  give an estima-ce of the total catch weighr. The t o t a l  
catch weight was then divided by the number of square meters 
covered In each t o w  to give density i n  kgfma, Biomass 
estima-ces for individual areas and banks were calculated from 
the mean densi t ies  for  each area muhtiplied by the  t o t a l  area,  
Biomass estimates for inshore locations are  on ly  for those areas 
outlined i n  Figures 9 to  17 and are  not estimates of the  en t i r e  
bay or  i n l e t  shown. These outlined areas represent known 
towable bottom and were drawn based on infomation  fro^ actual 
tows, van  Veen sediment analysis,  and  the vessel" echo sounder, 
For the offshore banks, t o t a l  area represents only those depths 
l e s s  than 91.4 m e  The boundaries for areas outlined i n  
Figures 18, 19 ,  and 2 3  as having  she most s i g n i f i c a n t  
concentrations were drawn so as to  i n c l u d e  only those stations 
with densi t ies  greater  t h a n  0.1 kg/rn2, 

A T 1  areas were calculated using a Hewlett Parkard  9825 
d i g i t i z e r  with a planometer program package, 

Estimates for Maximum Sustainable Y i e l d  (MSY)  were 
calculated u s i n g  the formula C,,, = X M B, (Gulland 1971) 
where M = instantaneous ra te  of natural mortality; E, i s  the 
C ~ l r g i n  , stock s i z e ;  and X ,  the proportion of R,  which may be 
harvested annually, i s  0 .5 .  

RESULTS 

IrJSI-IORE AREAS 

During the inshore survey, sampling was conducted a t  
321  s ta t ions .  From t h i s  total, 36 w e r e  omitted from further 
analysis due t a  gear f a i lu re  and another 5 2  comprised only van 
Veen sediment grab samples, - O f  the remaining 239 s ta t ions ,  
1 7 2  ( 7 2 % )  contained A, is landiea.  T h i s  was the only subtidal 
bivalve species of c&nmercial importance encountered i n  
significant n u r ~ b e r s  (Fig, 6 ) .  Densities varied greatly f r o m  
area t o  area (F ig .  7 to L7), primarily i n  re la t ion to 
differences i n  Sottorn sedlment type. The greatest  densi t ies  
were u s u a l l y  found i n  sediment composed mainly of medium to very 
f i n e  grain sand in the 6-25 mrn t o  0.149 mrn s ize  range. The 
rnaxliraum density recorded was L O 8  anirnals,/m2 (6.5 k g / m 2 )  close 







T r i a l  s t a t i o n s  (Liver;pool Bay o n l y )  

Gear f a i l u r e  

van Veen sediment  sample on ly  

'Out l ine  of a r e a  of towable bottom 

Rocky bottom; i d e n t i f i e d  by sounding,  
van Veen sampling,  and/or  dredging.  

Mud bottom; s t a t i o n s  where t h e  dredge was rendered 
i n e f  f e e t i v e  by f i l l i n g  comple te ly  w i t h  mud. 

I n d i c a t e s  A r c t i c a  p r e s e n t  b u t  no d e n s i t y  v a l u e  a v a i l a b l e .  
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t o  Cape S a b l e ;  however ,  the maximum d e n s i t y  f o r  o t h e r  a r e a s  was 
i n  the range  o f  15-25 animals/m2 (1.0-1.5 kg/m2).  The r ange  
and mean d e n s i t i e s  and minimum biomass f o r  t h e  beds  o u t l i n e d  i n  
e a c h  a r e a  are  s u m a r i z e d  i n  T a b l e  1. E s t i m a t e s  o f  MSU ( T a b l e  3 )  
b a s e d  on  t h e  t o t a l  i n s h o r e  b iomass  o f  56 ,833  t and assuming 
n a t u r a l  m o r t a l i t y  ra tes  of  0.015 t o  0.05,  are 426 t t o  1,421 t 
(322  t t o  1 , 7 6 7  t when 90% c o n f i d e n c e  l i m i t s  a r e  a p p l i e d  t o  t h e  
b iomass  estirnates) . 

OFFSHORE B m X S  

A t o t a l  o f  250 d r e d g e  s t a t i o n s  were c m p l e t e d  during the 
o f f s h o r e  s u r v e y  from 1980 t o  1982 ( F i g .  4 ) .  N o  d r e d g e  s t a t i o n s  
w e r e  comple ted  on Misa ine ,  Baccaro, o r  LaKave Banks b e c a u s e  o f  
rough bot tom topography.  

Two b i v a l v e  s p e c i e s  o f  &rro tent ia l  commercial  impor tance  were  
found on the S c o t i a n  S h e l f  - t h e  ocean  quahaug and the 
S t i m p s o n ' s  s u r f  c l a m .  Quahaugs w e r e  t h e  m o r e  u b i q u i t o u s ,  b e i n g  
found on a i l  major banks  sampled and t h r o u g h o u t  a l l  d e p t h s  
s u r v e y e d  ( F i g .  6 ) .  T h i s  s p e c i e s  w a s  found a t  46% o f  a l l  
s t a t i o n s  and w a s  m o s t  abundan t  on S a b l e  I s l a n d  Bank where it w a s  
p r e s e n t  i n  90% o f  s t a t i o n s  sai ipled ( F i g ,  18 ) .  I t  w a s  also 
p r e s e n t  i n  l a r g e  numbers on  Mes te rn  Bank ( ~ i g .  1 9 ) .  The maximum 
quahaug d e n s i t y  a t  a s a p l i n g  s t a t i o n  was 9.3 animals/ma 
( 0 . 4 0 8  kg/m2) on  S a b l e  I s l a n d  Bank, 

Minimum biomass e s t i m a t e s  f o r  each  o f f s h o r e  bank are p r e s e n t e d  
i n  T a b l e  2 and MSY estimates f o r  A.  i s l a n d i c a  and - S .  polynyma a r e  
g i v e n  i n  T a b l e s  3 and 4 r e s p e c t i v % l y -  

The l a r g e s t  c o n c e n t r a t i o n s  o f  A. i s l a n d i c a  were  found on  
Wes te rn  and S a b l e  I s l a n d  Banks, and-six a r e a s  o f  h i g h  d e n s i t y  
i d e n t i f i e d .  F o r  these s i x  areas, h a v i n g  a t o t a l  mean b iomass  o f  
438,908 t, a MSY o f  3 ,292  t t o  10 ,973  t w a s  c a l c u l a t e d  f o r  a 
r a n g e  of n a t u r a l  mor ta l i - ty  be tween 0.015 t o  0.050.  When 908 
c o n f i d e n c e  i n t e r v a l s 5  are  a p p l i e d  t o  t h e  b iomass  estimates, 
a PlSU o f  2 ,803  t t o  l 2 , Q O l  t i s  d e r i v e d  f o r  ' these s i x  a r e a s .  
Biomass f o r  t h e  r ema in ing  area of  Western-Sable I s l a n d  a a n k s  w a s  
307,580 t ;  however ,  a mean d e n s i t y  o f  o n l y  0.026 kg/m2 l i k e l y  
p r e c l u d e s  any commercial  p o t e n t i a l  f o r  t h i s  a r e a ,  T h e r e f o r e ,  
a l t h o u g h  MSY's h a v e  been  c a l c u l a t e d  f o r  t h i s  r ema in ing  area, 
t h e y  a r e  o f  l i t t l e  s i g n i f i c a n c e  i n  c o n s i d e r a t i o n  o f  p o t e n t i a l  
commercial  h a r v e s t .  

G ~ o r  A ,  i s l a n d i c a ,  t h e  r ange  o f  MSY (Cmax)  w i t h i n  t h e  90% 
c o n f i d e n e e  l i m i t s  may b e  c a l c u l a t e d  f o r  any o f  the areas by 
a d d i n s  t h e  c o n f i d e n c e  i n t e r v a l  t o  t h e  mean b iomass  estimates t o  - 
o b t a i n  maximum and minimum biomass v a l u e s  and t h e n  a p p l y i n g  t h e  
model C,,, 0 .5  M B, u s i n g  t h e  minimum n a t u r a l  morta%i"cy 
v a l u e  40 ,015)  w i t h  t h e  minimum biomass  est imate and the maximum 
n a t u r a l  m o r t a l i t i e s  ( 0 . 0 5 )  w i t h  t h e  maximum biomass  est imate.  
F o r  - S I  p l y n y m a ,  t h e  r e s p e c t i v e  v a l u e s  a r e  0 .15  and 0.38.  





Table  I .  A. i s l a n d i c a  d e n s i t i e s  and t h e  e s t i m a t e d  minimum biomass  f o r  i n s h o r e  areas 
T ~ i g .  7  t o  1 7 )  s u r v e y e d .  

Area 
Mean Range Mean Range A r e a  Biomass 
no ,  /m2 no ,  / m 2  kg/m2 kg/m2 km2 t "10% C.I. 

S t .  Mary ' s  Baya 
L o b s t e r  Bay 
Pubn ico  Mbr .b 
C l a r k ' s  Wbr. 
B a r r i n g t o n  Bay 
P o r t  LaTour 
Negro R b r .  
S h e l b u r n e  I 
S h e l b u r n e  I1 

J o r d a n  Bay 
Green  H b r .  
~ o r d a n / ~ r e e n  
P o r t  Mebert  
P o r t  Jali 
P o r t  Mouton I 
P o r t  Mouton 13 
P o r t  Mouton I13 

Medway Wbr . 2.17 0 4 , 6 8  0.178 0 0.05 2 356 253 
Green  Bay 0.97 QI l l  2r70 0.114 0 .01  0.29 13  1 ,482 641 
F a l s e  ZaHave 2.93 0 .11  4.23 0.243 0.001 0 .35  2 486 382 
LaHave 5.95 5.05 6.85 0.585 0.47 0.70 1 585 72 26, 
~ o s e / ~ u n e n b u s g  2.62 0.05 4.88 0.122 0.001 0.30 9 1,098 676 
Mahone Bay 
S t .  M a r g a r e t ' s  s o u n d i n g s  made, b u t  due t o  rough bottonl 

Bay no  t o w s  w e r e  m a d e  

"No d e i l a i t y  or  biomass e s t i i ~ ~ a t e s  develoyecl due  t o  s t ror lg  t i d a l  i n f l u e n c e  on dredge operat ion and 
d l  s t a n c e  estimation. Sec F i g u r e  7 and 8 fo r  no. / tow.  

b ~ u a h ; . r u g s  present i n  d e n s i  t i e s  too low to h r a r r a n t  biornass estimates. 





Table 2. Mean densities and minimum biomass with 90% confidence limits for 
A. islandiea and S. - - surf clams in of fshsre areas. 

Bank Area Species Density Biomass 
1 3 ~ 2  k g / m 2  t *go% e,s. 

Emerald 

Middle 

Arctica 

2,304 Arctica 0*017 39,168 33,812 
2,304 G.011 25,344 20,810 

Western and 
Sable Island 

Area 1 109 Arctica 0,208 22,672 31,314 
Area 2 654 Asctica 0,162 10 5,948 58,340 
Area 3 381 Arctica 0,103 39,243 54,926 
Area 4 191 Arctica 0,256 48,896 26,902 
Area 5 968 Aretiea 0.171 165,528 23,217 
Area 6 149 Aretica 0,200 29,806 36,245 
Total. (1-6) 2,452 Aretica 0.179 438,9013" 65,123 

Remaining Area 11,830 Aretiea 0.026 307,580 67,846 

Total 

Banquereau 

14,282 Arctica 0.062 885,4&4a 172,207 
14,282 Spisula 0.003 42, $46 13,644 

Aretica 

Area 1 1,589 0-201 319,389 LO6,OLL 
Area 2 709 0,186 131,874 136,889 
Total ( B  & 2) 2,298 0.197 452,706~ 133,241 

Remaining Area 

Total 

Arctica 
SpisuPa 

"Total biomass estimates for ~esternl~able Areas L to 6 combined and 
Banquereau Areas 1 to 2 combined do not equate with total from individual 
area biomass calculations due to weighing of estimates based on no, of 
smples/area. 

b~artial area only, see Fig. (4) for actual area surveyed. 
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The Stirnpson8 s s u r f  @Lam was found  a n  a l l  banks 2 u t  Emerald 
( F i g .  20). I t  occurred at 42% of all. stations and was most 
abundant on Banquereaa Bank where it was found a t  9 2 %  of the 
s ta t ions .  Generally, surf clams outranked ocean quahaugs as the 
major bivalve species i n  areas north of Sable Island Bank; 
however, the largest  single catch i n  terms of numbers (4 ,7 / rn2)  
was recorded on Roseway Bank, The largest single catch i n  terns  
of weight (0 ,564  k g / m 2 )  was  on Banquereau 8ank, Biomass estimates 
for surf clams o?a each bank are g i v e n  in Table 2 .  The Bank 
having the greates t  apparent p t e n t i a l  for t h i s  species 2s 
Ranqasereata, particular4y i n  Areas Z and 2 as out l ined  in 
Figure 2 1 .  MSY estimates  a able 4 )  fo r  the t o t a l  biomass of 
452 ,706  t i n  Areas 1 and 2 ,  using mortality rates of 0.15-0.38, 
range from 33,953 t to 67,906 t (23 ,960  t t o  87 ,892  t. when 90% 
confidence l imi ts  a re  applied t o  the biomass est imates],  The 
estimated biomass for the remaining area of Banquereau Bank was 
144,564 t, However, the  mean density of 0.021 kg/rna fo r  
t h i s  area would,as i n  the case of Western and Sable Island 
Banks, l i ke ly  preclude any commercial p e e n t i a l .  

DISCUSSION 

Fogarty (1979) estimated the l o w e r  catch l i m i t  for  a 
cornmereiaXly exploited quahaug bed i n  Rhode Island Sound to  be 
100 kg per standard towe7 For comparison with our results 
t h i s  lower L i m i t  was converted to  k g / m a  using the following 
formula: 

Lower Catch L i m i t  = 108 kg 

- 
where, X taw length = 190 rn and dredge width = 1 . 5 2  rn. This 
gives an estimated lower L i m i t  for commercial exploitation of 
approximately 0,34 kgfm2. Using t h i s  as a rough measure of 
commercial v i ab i l i ty ,  seven o f  the areas listed i n  Table l 
had mean densi t ies  equal to  or greater  than 0 , 3 4  k g f m 2  while 
an additional four areas contained some s ta t ions  with densi t ies  
i n  excess of 0.34 kg/m2. 

xcant ocean MerrilL and Ropes (1969) s ta ted that most s i g n i f "  
quahaug beds i n  the U , S .  a re  Located between 2 5  rn and 61 m. I n  
our survey, only 198 ( 3 3  tows) of a l l  inshore stations were a t  
depths greater  than 2 5  n. On areas of good bottom, densi t ies  
f o r  these s ta t ions  were as high as 25 ankalslm2 (1.8 k g / m 2 ) .  
Stat ions 25  rn or deeper were seldom sampled during the survey 
due to  a generally rougher bottom topography. Once outside the 
r e l a t ive ly  shallow depths and f ine sediments associated with 
most embayments of southwestern N . S . ,  quahaug habitat i s  less  

? ~ t a n d a r d  tows were of four minutes duration, w i t h  t h e  
distance covered measured by differences i n  Loran C coordinates 
recorded a t  the s t a r t  and end of each tow, 
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t h a n  i d e a l ,  w i t h  s e d i m e n t s  composed p r i m a r i l y  o f  g r a v e l  and 
rock. The a r e a s  ( F i g .  7 t o  17) f o r  which b iomass  e s t i m a t e s  a r e  
given r e p r e s e n t  a  t o t a l  o f  o n l y  lQi k m 2 .  Al though s m a l l  i n  
a r e a ,  t h e  i n s h o r e  l o c a t i o n  of  t h e s e  beds  o f f e r s  s e v e r a l  
a d v a n t a g e s ,  They a r e ,  f o r  t h e  m o s t  p a r t ,  w i t h i n  a few 
k i l o m e t e r s  of  a  f i s h i n g  port { t h u s  r e d u c i n g  v e s s e l  s teaming 
t i m e ) ;  a n d ,  being l o c a t e d  i n  r e l a t i v e l y  s h a l l o w  and s h e l t e r e d  
h a r b o u r s ,  t h e y  s h o u l d  b e  f i s h a b l e  even i n  m o d e r a t e l y  i n c l e m e n t  
w e a t h e r ,  

Growkh s t u d i e s  on qcahaugs  from t h e  s u r v e y  a r e a  and from 
s t u d x e s  i n  the U . S .  i n d i c a t e  tha t  the o c e a n  quahaug i s  a n  
ext rerne l  y l o n g - l i v e d  ( kOO y e a r s  p l u s )  and slow-growing an ima l  
(Thcmpson et a l ,  l.980; Murawski e t  a l .  1 9 8 0 ) ,  Serchuk and 
Murawski ( 1 9 8 0 )  s u g g e s t  t h a t  6 + 7 &  t o  13.5% ( m o r t a l i - t y  rates o f  
0.823 t o  0 .02  r e s p e c t i v e l y )  of  t h e  quahaug p o p u l a t i o n  o f f  t h e  
U.S. Mid-At lan t i c  R i g h t  l i v e  t o  100 y e a r s .  Fron  a g e  a n a l y s i s  o f  
450 quahaugs  and Length f r e q u e n c y  i n f o m a t i o n  from t h e  i n s h o r e  
s u r v e y ,  w e  e s t i m a t e  the p e r c e n t a g e  o f  t h e  p p u l a t i o n  l i v i n g  t o  
bOO years at 1 . 3 %  ( M  = 0.043).  These  estimates of n a t u r a l  
m o r t a l i t y  a r e  w i t h i n  t h e  range used  i n  d e v e l o p i n g  cur estimates 
o f  K S Y .  Although d e n s i t i e s  of ocean  quahaug on t h e  o f f s h o r e  
s h e l f  areas w e r e  c o n s i d e r a b l y  less  t h a n  d e n s i t i e s  found i n s h o r e ,  
t h e  s p e c i e s  was p r e s e n t  o v e r  Large a r e a s .  The development  o f  a n  
o f f s h o r e  f i s h e r y  w i l l  be dependen t  on t h e  o v e r a l l  economics o f  
h a r v e s t i n g  qua'liaucys a t  t h e  d e n s i t i e s  found.  

Growth and age  s t u d i e s  of  S t impson"  s u r f  c lams from t h i s  
s u r v e y  a r e  n o t  y e t  comple te .  However, i n f o m a t i o n  on t h e  growth  
of t h i s  s p e c i e s  is  a v a i l a b l e  from s t u d i e s  o f  p o p u l a t i o n s  on t h e  
Alaskan  c o a s t  ( F e d e r  et a i .  1976;  Hughes and Bourne 1 9 8 1 ) .  Zn 
both s t u d i e s ,  growth  r a t e s  were de te rmined  by c o u n t i n g  s h e l l  
a n n u l i .  F e d e r  e t  a l ,  (1976) i n d i c a t e  t h a t  A laskan  c l a m s  a t t a i n e d  
a maximum l e n g t h  of l 5 1  rnm a t  t h e  a g e  o f  16. Hughes and 3 o u r n e  
(1981) d e t e r m i n e d  maximum l e n g t h  between 129 mm and 148 rnm and a 
maximum obse rved  a g e  o f  25. Using t h e  growth  c u r v e  developed by 
F e d e r  et al, ( 1 9 7 6 )  f o r  Alaskan  c l a m s  and t h e  l e n g t h  f r e q u e n c y  
d a t a  f o r  c lams from Banquereau Bank, a n a t u r a l  m o r t a l i t y  r a t e  of  
0.245 w a s  c a l c u l a t e d .  T h i s  compares f a v o u r a b l y  w i t h  t h e  n a t u r a l  
m o r t a l i t y  ra te  o f  0.19 f o r  S .  polynyma i n  Alaskan  w a t e r s  (i-iughes 
and Bourne 1981) and t h o s e  ?or 55. s o l i d i s s i r n a  o f  0.200 (Caddy 
and B i l l a r d  1 9 7 6 )  and 0 .300  ( ~ e r n i e r  an6 P o i r i e r  1979) i n  
Canadian  w a t e r s  and 0.260 i n  t h e  Mid-At lan t i c  B i g h t  a r e a  of the 
U-S. (Chang e t  a1 .  1 9 7 6 ) .  

The d r a m a t i c  i n c r e a s e  i n  ocean  quahaug l a n d i n g s  i n  the U . S .  
r e s u l t e d  i n  p a r t  from a need t o  m a i n t a i n  clam meat p r o d u c t i o c  
f o l l o w i n g  t h e  p r e v i o u s l y  ment ioned  d e c l i n e  i n  s u r f  clam s t o c k s  
i n  1976. If s u r f  c l a m s  r e g a i n  t h e i r  fo rmer  abundance ,  t h e  
demand for ocean  quahaugs  may a g a i n  d e c r e a s e  u n l e s s  t h e  ove ra l l  
marke t  f o r  clam p r o d u c t s  i n c r e a s e s .  A p o s s i b l e  s u b s t i t u t e  f o r  - - 
t he  U.S. s u r f  c l a m ,  - S. s o l i d i s s i m a ,  may b e  t h e  St impson" s a r f  
c l a m ,  - S, polynyrna, 



Sti.npsorzi s surf  clams have severa l  advantages over oceai1 
quahaugs i n  terms of po ten t i a l  f o r  commercial development. They 
have a much :aster groiv.th r a t e ,  resulti-nq i n  a  considerably 
h igher  MSY f o r  a pak t i cu la r  l eve l  of b io i a s s .  In a d d i t i o n :  they 
should r?emand a  higher p r i ce  per ,pound, s im i l a r  t o  t h a t  paid f o r  
S .  solidissirna i n  t h e  P!,S. market. Gurrerrt (1982) U , S .  prices - 
f o r  quahaugs  and the  s u r f  clam, S e  sol id iss ima,  a r e  
approximately $0.61/kg and $1. ~27kg of ]neat r e spec t ive ly ,  
Again, the  development of a f i shery  f o r  S .  polynyrna will depend 
o n  the economics of harvest ing these clans a t  the dens i t i e s  
ava i l ab l e .  

The aathors  wish to thank M r .  T. Amaratunga of the  
Inver tebra tes  and Plarine P lan t s  Division f o r  h i s  input  t o  "ce 
planning znd e a r l y  development of the  p ro j ec t ,  M r .  T ,  Azarovitz 
of  the  U . S .  Xational Marine Fisher ies  Service f o r  Tiis c cope r a~ ion  
and ass i s t ance  in carrying o u t  t he  offsilore surveys, and the  
s t a f f  of Bio-Atiantech who pa r t i c i pa t ed  i n  the  f i e l d  sampling 
and da ta  arialysis.  
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