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( 2 0  ha; 50 a c r e s ) .  508 randomly distributed L rn2 -quadrats, 
dug 20 cm deep provided t h e  numerical  information t o  estimate 
t h e  biomass produc t ion ,  D i f f e r e n t  l o c a t i o n s  were sampled each 
t i d e  t o  g e t  a  c ros s - sec t ion  04 t h e  sand b a r s  f r o m  shore to ex- 
t r e m e  low water  mark, A l l  clams longe r  than 40 m were cog- 
l e e t e d  e f f e c t i v e l y  whi le  sma l l e r  ones were more difficult to 
observe ans a r e  l i k e l y  underes t imated ,  T h e  sampling schedule 
d i d  n o t  a l low i n v e s t i g a t i o n  of t h e  1980 set, 

C l a m  measurements 

The Length of clams,  t h e  maximum d i s t e n c e  between the 
a n t e r i o r  and p o s t e r i o r  end of the  s h e l l ,  was measured with a 
v e r n i e r  c a l i p e r  t o  t h e  n e a r e s t  rfi, C l a m s  were grsxped i n  10 -  
m s i z e  c l a s s e s ,  Clams 5 0  am long are m i n i m u r n  harvestable 
( l e g a l )  s i z e  according t o  t h e  P r i n c e  Edward Island F i s h i n g  
Regula t ions ,  However, a larger s i z e  ( 7 5  51) is  considered as 
r e c r u i t i n g  s i z e  by t h e  local clam-diggers, The shell and 
m e a t  w e r e  weighted s e p a r a t e l y ,  T h e  she l l  was a i r - d r i e d  
b e f o r e  weighing. The meat was removed from t h e  s h e l l  and 
dra ined  be fo re  weighing t o  O , L  g ,  The cond i t i on  index r a t i o  
w a s  e s t a b l i s h e d  as % h i v e  meat weight / live meat weight + 
s h e l l  weight for a  s e t  of Legal s i z e  clams,  

Growth a n a l y s i s  

G r o w t h  r a t e  of b a r  clams was measured by shGll growth 
r i n g s  fo l lowing  Ker swi l l  (1944) , caddy and B i lka rd  (19761 , and 
Bern ie r  and P o i r i e r  (1979) .  A mixed s i z e  sample of 100 shells 
w e r e  aged and a  growth curve  f i t t e d  t o  t h e  Von Bertalanffy 
model u s ing  t h e  unweighted e s t i m a t e s  of mean l e n g t h  a t  age 
(A l l en ,  1966) . 
M o r t a l i t y  e s t i m a t e  

M o r t a l i t y  r a t e  ( Z j  was i n v e s t i g a t e d  by an lys ing  t h e  
age cornposition of samples ( 3 0  clams) from t h e  h a r v e s t  of 4 
d i g g e r s  a t  one t i d e  (Robson and Chapman, l 8 6 1 ) ,  W e  recognize  
t h e  l i m i t a t i o n s  of u s ing  h a r v e s t  d a t a  from a s i n g l e  season  
and t h e  s imp l i fy ing  assumption of s t eady  state popula t ion  
over  t he  range of r e c r u i t s 8  age groups,  A Chi-square statis- 
t i c  t e s t s  t h e  s i g n i f i c a n c e  of this s imple  model, 

Product ion node l ing  

Long-term s u s t a i n a b l e  y i e l d s  a r e  d i f f i c u l t  t o  assess 
w i t h  one y e a r ' s  d a t a .  Short- term production estimates are 
a r r i v e d  a t  by models l i k e  t h e  y i e l d  p e r  r e c r u i t .  Three d i f f e -  
r e n t  models, t h e  Beverton-Holt,  t h e  Thompson and B e l l ,  and t h e  
Ricker  piece-wise i n t e g r a t i o n  method w e r e  examined (Bicker ,  
1975) . 



mSULTS P.ND DISCUSSION 

Density and distribution sf the stocks 

The survey indicated 3 zones of bar c l a ~  abundance,  
A near shore zone about 100 m wide had important concentrations 
of bar clams, especially pre-recruits (Table 1) w i t h  one rncda% 
size-class (40 -50  m ~ )  , It i s  estimated t h a t  this zone contains 
over 3 times as many pre-recruits  than r ec ru i t s ,  

Table 1, Eensity of bar clams far t h e  near shore zone (LO ha), 

- bionass estrmate 
size-class N s e e ,  I- A M  N x 1 ~ ~ -  

p- 

(mm) 100 r n L  1 0 ~  n" ~ n r n  of snore 

6 3 0  14 42 pre-recruits 
30-40 2 2 62 40 6 Length6 75 74 74 
40-50 3 3 145 
5 0 - 6 0  2 3 5 7 
60-70 12 l a  
70-80 kl 10 recruits 
80-90 10 9 l e n g t h  3 775 2 1 2 1 
90-100 4 8 - - 
b105 2 3 95 95 

A frontal zone located at the extzeme l o w  water  mask 
and 50 to 7 5  m w i d e  had a d e n s i t y  o f  125 clams per 100 m2 
{Table 2). T h i s  popu la t i on  was made up almost exel.usively of 
recruits, Over 80 % of t-le d igg ing  was sbservsd  to take 
place in this zone,  The fishing season was  well under w a y  
by the time the frontal zone was surveyed; one could rhere- 
fore estimate a higher standing crop for r ec ru i t s ,  

An intermediate zone had low abundance sf bar clams, 
less than 1 bar clam per 10 rn2 b u t  s u s t a i n e d  an estimated 
10 razor clams ( E n s i s  direct~s) per m2, 

S u m i n g  up clam densities for all zones, nearly 
160,000 bar elams over 40 mi long were present per km of 
shore; 50 % were recruits, Medcof and MaePhail ($955) Eoun.6, 
in the southwestern ~ u L f  of St-Lawrence, bar clams most 
abundant at the edge of the tidal zone and. scarce in s u b t i d a l  
waters. Similarly Uounker and Stidson (L9"i"B) reported *'fewn' 
elams while working in subtidal wate rs  in the vicinity of 
the s tudy  s i te ,  



Table 2 ,  Crens i ty  of b a r  clams for t h e  f rental zone (5 ha) , 

s i z e - c l a s s  N s e e .  

24 pre-recruits 9 4 - 5  
3 0  

3 recruits I1 6 5 8 
18 - -- 

2 4 125 62.5 
3 2 
I6 

3 

Growth r a t e  

From the a g e i n g  of shells t h e  Von Bertalanffy equatlon 
i s  : 

L, fm) = 172-25 [P - e -O,l52 it - 8.365) 
L 

i 

Table 3. S t a t i s t i c s  of growth parameters, 

s e e *  95 % confidence interval 
- 

T h i s  e q u a t i o n  i s  s i m i l a r  t o  t h e  one o b t a i n e d  f r o m  a 
Buctouche b a r  c lam p o p u l a t i o n  on the N e w  Brunswick side of 
t h e  S t r a i t  (Caddy and B i l l a r d ,  9976) except t h a t  growth ap- 
p e a r s  f a s t e r  d u r i n g  t h e  first 5 growing seasons at Mont- 
Carrnel. This growth pattern a l so  matches KerswiflDs (19441 
f i n d i n g s  f o r  Malpeque Bay. T h e  legal  s i z e  is reached d u r i n g  
t h e  t h i r d  growing season and r e c r u i t  s i z e  after 4 years, 



Reproduction 

S i z e  a t  ma tu r i t y  was  determined a t  50  TI f o r  bar clams 
from Massachusetts  (Yancey and Welsh, 3 9 6 8 1 ,  Such in format ion  
i s  n o t  a v a i l a b l e  f o r  Gulf of St-Lawrence populations which 
a r e  a t  t h e  nor thern  end of t h e  species distributional range, 
A s  i s  t h e  ca se  i n  a n u d e r  of i-nclluscan species (Segai, 1961) 
b a r  clams may mature l a t e r  i n  life a t  the northern limit of 
t h e i r  d i s t r i b u t i o n ,  

KerswilL (19443 ment ions  that spawning takes place in 
July-August i n  t h e  G u l f ,  The cond i t i on  index da ta  collected 
a t  the end of Zuly  and the first visual observations of 1988 
set  a t  t h i s  tine concur w i t h  a summer s ~ a w n i n g ,  As i n  o ther  
c l a m  s p e c i e s  r i p e  gonads contribute significantly to t h e  
m a t  weight  and a cond i t i on  index say also be used as a 
spawning index.  T h e  Mont-CarsneP data (Table 4) suggests a 
h ighe r  eondi t i o n  index (C  , I .  = 3 7 % , July) than Cadkiy an2 
Billard (1976) 32  % (March) or B e r n i e r  and P o x r i e r  (1979) 
35 % ( J u l y ) ,  Seasona l i t y  05 sampling may cause this v a r i a t i o n ,  
Older  clams have a  h igher  meat r a t i o  and may be t h e  first to  
spawn as shown by a wider range s f  C , I ,  in clams aged 5+, 
physiologicak he t e rogene i ty  being a s s o c i a t e d  with t h e  diffe- 
r e n t  s t a g e s  of gonad matura t ion  (Lubet,  19591, 

Table  4. Mean c o n d i t i o n  index ( C . 1 . )  for Mont-Carmel bar clams 

age n C . 1 ,  ( % )  s , d .  range 

The end of J u l y  s p r i n g  t i d e  exposed b a r  clams 3 t o  5 
nun long c reep ing  on t h e  bottom and l e av ing  t r a c t s  i n  a hook- 
l i k e  p a t t e r n ,  They were no t i ced  i n  smal l  s c a l e  patches (1 m2], 

Mor ta l i t y  e s t i m a t e  

Conversat ions  wi th  clam-diggers and samsies from their  
h a r v e s t  r evea l ed  that even though 75 m r e c r u i t s  e n t e r  t h e  
f i s h e r y ,  they  a r e  n o t  always r e t a i n e d  by the digger, However, 
100 mm clams (age 6 )  are always r e t a i n e d ,  Therefore  w e  used  
t h i s  f i g u r e  a s  age a t  f u l l  r ec ru i tmen t  i n  t h e  harvest a n a l y s i s  
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y i e l d  i s  a p p r o x i m a t e l y  35 % sf total w e i g h t ,  

i n  a l l  models y i e l d s  have been calculated for fishing 
i n t e n s i t i e s  0 . 2  < F .$ 1,2, and f o r  a minin~m age a t  e n t r y  i n  
t h e  f i s h e r y  ( t  ) c o r r e s p o n d i n g  to t h e  l e g a l  s i z e  (50 ran), 

Z 

The Bever ton-Hol t  model (Table 7 )  suggests that. y i e l d  
p e r  100 r e c r u i t s  may almost double b y  de lay ing  tr fo r  3 years 
( f rom 3 t o  5 ;  U from E ,6 to 2,6 kg)  fo r  F & C -4, Optimal 
y i e l d  would be reached by fishing 7-year old recru i t s  at P - 
0 . 8 ,  However, at optimal r e c r u i t i n g  age, yield differences 
are  s m a l l  f o r  the f i s h i n g  rates considered ( F i g ,  21,  A 
y i e l d  of 2 .5  kg / 100 r e c r u i t s  corresponds t o  recruits a t  l e a s t  
6 y e a r s  o l d  (100 r m  l o n g )  with F 3 8.4. 

According t o  t h e  Thompson and Bell model,  i nc reas ing  
+- t o  7 l e a d s  t o  i n c r e a s e d  yields, Lowest yields are obtained 
-3f by h a r v e s t i n g  minimum legal size clams (50 TUX), Twice as much 
may be h a r v e s t e d  by d igg ing  100-mrn clams, West y i e l d s  are 
o b t a i n e d  w i t h  tr 3 7 2nd F 3 0.8, 

Y i e l d  r e s u l t s  f rom t h e  R i c k e r  model also show that 
t he  Legal  s i z e  does  n o t  optimize y i e l d ,  Digging clams age 6 
i n c r e a s e s  t h e  y i e l d  by 25 %. For age a t  e n t r y  o f  5 o r  l e s s  a 
low f i s h i n g  r a t e  (F G 0 - 6 1  b r i n g s  the best yields, Maximum 
y i e l d  c o r r e s p o n d s  t o  delaying d i g g i n g  until recruits are 7 
y e a r s  o l d  and h a r v e s t i n g  almost all of t hem a t  once (F >/ 0.8). 

T a b l e  7 .  Y i e l d  p e r  108 recruits (kg) c a l c u l a t e d  according to :  

a )  the Bever ton-Hol t  model (t - age at e n t r y  in the fishery, r - F: a n n u a l  i n s t a n t a n e o u s  f i s h i n q  m r t a l i  ty r a t e )  , 



b )  the Thompson and Bell m ~ d e l  (assuming that only 30 % o f  the 
3-year 016 were f u l l y  available to the fishery). 

c) the Ricker model (annual increment under arf t h m e t i e  model . 

The values ca1eulated by gickergs model are s u s k a n t i a l -  
l y  higher than the ones from the two other models because It 
uses a nominal weight while the latter two use a nominal num- 
ber of recruits and weight variability is much greater, More 
important +&an the absolute values is the fact that the three 



methods a r e  i n  rough agreement ,  Ira p r a c t i c e ,  any one  of them 
would l e a d  to  t h e  same management recommendations g iven  t h e  
same c o n d i t i o n s .  I t  a p p e a r s  that, given  the  L i z l t a t i c n s  of 
assuming a  s t e a d y  s t a t e  p o p u l a t i o n  f o r  t h e  age groups  eansi- 
d e r e d ,  age  a t  e n t r y  = 6 and fishing r a t e  = 0 . 4  i s  the corn- 
b i n a t i o n  of younges t  r e c r u i t s  and lowest f i s h i n g  rate to 
b r i n g  optinurn c a t c h e s .  Maximm c a t c h e s  would come from much 
h i g h e r  f i s h i n g  r a t e s  (F 3 0 . 8 )  d i r e c t e d  a t  a l a r g e r  size 
r e c r u i t ,  110 m o r  g r e a t e r  ( age  7-k) ( F i g .  2 ) .  

A low growth  rate and a lung life span c o y - t r i b u t e  to 
t h e  f a c t  t h a t  the c r i t i c a Z  age (age 3t which the bnornass i s  
a t  a  maximum i n  t h e  absence  of f i s h i n g )  for this species i s  
La te  i n  l i f e ;  i t  i s  about 7 ,  The nnaxim~m biomass i s  a l m s t  
t w i c e  t h e  biomass of  l e g a l  size clams (age 3 ) .  It i s  obvious 
t h a t  t h e  maximum y i e l d  p e r  r ec ra i t  i s  reached by harvesting 
a91 r e c r u i t s  a t  t h e  c r i t i c a l  age, 

Table  8 p r e s e n t s  t h e  s t a n d i n g  s t o c k s  of bar clerns 
3 75 m f o r  t h e  s t u d y  s i t e  based on the size-specific distri- 
bution and t h e  length-weight relation derived e a r l i e r ,  T h e  
g r e a t e s t  s i ~ e ~ s p e c i f i c  biomass c o r r e s p o n d s  t o  the numerical. 
mode ( 1 0 0 - l l 0  m) arid r e f e r s  to iige 7 recruits, The biomass 
of r e c r u i t s  p r e s e n t l y  a v a i l a b l e  i s  roughly  equal t o  3 - 8  >IT 
(meat  we igh t )  o r  10 .9  MT of bar clams in t h e  s h e l l  p e r  km of 
s h o r e .  

Tab le  8 .  S t a n d i n g  s t o c k s  of r e c r u i t s  f a r  the study site, 
Meat w e i g h t  c o r r e s p o n d s  t o  a r e c r u i t  of median s i z e  in each 
s i z e - c l a s s .  

s ize-clzss  (ma) N x t weight (g) - s izespec i f i c  b l m s s  (g) 

80,000 bar clams > 75 mn 
3.8 k g  / 80 recruits x 80,000 = 3 - 8  -xT t weight / ?hn? shore 
3.8 KP m a t  -+ 35 % total weight 
10.86 MT -+ total weight 
4.8 kg / 100 recruits actual meat yield 



Inadequacy of t h e  minimum l e g a l  s i z e  

Based on t h e  d a t a  c o l l e c t e d  and y i e l d  p e r  r e c r u i t  mo- 
d e l s  t h e  o p t l m a l  h a r v e s t i n g  s t r a t e g y  would b e  t o  d i g  b a r  
clams age  7 (110 mm) a t  f i s h i n g  r a k e s  equal t o  or  g r e a t e r  
t h a n  0 - 8 .  Such r e s u l t s  show t h e  inadequacy of t h e  minimum 
l e g a l  s i z e  (50  m ) ,  Assuming c o n s t a n t  r e c r u i t m e n t ,  yields 
c a n  b e  o p t i m i s e d ,  doubled  i n  some instances along t h e  Nor th-  
usnberiand Strait shores by raising the Legal s i z e  a t  which 
bar clams a r e  dug, I n  ad6. i t ion increasing t h e  size a t  entry 
i n  t h e  f i s h e r y  would l i k e l y  insure rhat a f e w  year-classes 
s e r v e  a s  brood s t o c k ,  T h e  stability of braod stock i s  se- 
r i o u s l y  j e o p a r d i s e d  by h a r v e s t i n g  clams as t hey  reach s i z e  
a t  m a t u r i t y .  Scarcity of brood s t o c k  c o u l d  lead t o  Pocalised 
r e c r u i t m e n t  f a i l u r e .  

The h a r v e s t i n g  s t r a t e g y  cf Local clam-diggers is near- 
o p t i m a l  a s  t h e y  r e t a i n  clams l o n g e r  t h a n  103 m. T h e i r  d i g y i n g  
e f f o r t  c o u l d  be d e s c r i b e d  as  modera te ,  F i s h e r i e s  records 
s u g g e s t  t h a t  it i s  somewhat s t a b l e ,  For t h e  p a s t  2 5  years, 
l a n d i n g  v a r i a t i o n s  have Seen s m a l l  i n  t h i s  d i s f r l c t ,  Older  
c lam-diggers  r e p o r t  t h a t  t h e i r  c a t c h e s  are quite even f r o m  
y e a r  t o  y e a r .  Moreover t h e y  can  p r e s e n t l y  take advantage  
of  t h e  h i g h  d e n s i t i e s  of 4 and 6 y e a r s  ~ l d  c lams ,  These 
l e v e l s  may b e  s u p p o r t e d  f o r  a s h o r t  p e r i o d ,  Good yields 
could  s t i l l  b e  ach ieved  by higher rates (F = 0-8) but  directed 
a t  a  l a r g e r  s i z e  a t  e n t r y  i n  the f i s h e r y ,  

High f i s h i n g  r a t e s  of Legal s i z e  clans may on ly  
a c h i e v e  o v e r f i s h i n g  and Z e p l e t i o n  of t h e  stocks, The availa- 
b l e  s t o c k s  c o u l d  n o t  s u p p o r t  a f i s h e r y  as carried o u t  by 
n o s - r e s i d e n t  s e a s o n a l  participants i n v o l v e d  i n  "digging clam 
b e d s  o u t " ,  an5  r e t a i n i n g  any c l a n  o v e r  t h e  legal size, These 
- ; t i n e ; a n t  c lam-diggers  operated on t h e  e a s t e r n  shore of New 
Brunswick i n  prevxous years, According t o  a n e c d o t a l  i n f a r -  
mation i t  a p p e a r s  t h a t  clam beds  are slow t o  recover a f t e r  
t h e i r  passage .  

CONCLUSIONS 

Bar cLarct s t u d i e s  i n  d i f f e r e n t  l o c a t i o n s  of the G u l f  
of S t .  Lawrence c h a r a c t e r i z e  t h e  n o r t h e r n  p o p u l a t i a n s  of this 
s p e c i e s  by t h e  f o l l o w i n g :  

1. Bar clams o c c u r  n e a r  t h e  s u r f a c e  of c l e a n  sand s h o a l s  a t  
o r  below t h e  ext reme l o w  w a t e r  mark on exposed shores, 

2 ,  They a r e  most abundant  a t  t h e  edge  of t h e  t i d a l  zone and 
become s c a r c e  i n  s u b t i d a l  w a t e r s .  

3 .  S t o c k s  of b a r  clams have a  low growth rate (k = 0,1521 and 
a  l i f e  expectancy of  a b o u t  30 years with an a s y m p t o t i c  s i z e  



o v e r  l 5  e m  l o n g ,  

4 .  Spawning t a k e s  p l a c e  d u r i n g  m i d - s u m e r ,  

5 .  Meat y i e l d  c o r r e s p o n d s  t o  a b o u t  35 % of  total weight. 

6 .  N a t u r a l  m o r t a l i t y  r a t e s  v a r y  from 0 - 2  t o  0 . 3 ,  

7 .  Because oE a bow q r s w t h  rate and a lonq life t h e  c r i t s c a i  - ", 
a g e ,  when biomass i s  maximum, i s  late i n  L i f e ,  Maximum y l e ~ a  
is  reached o n l y  when a i l  l a r g e  recru i t s  are fished, 

S t u d i e s  of a b a r  c l a m  p o p u l a t i o n  located can "ie 3crt"a 
s h o r e  of Northumi3erLand Strait showed t h e  fallowing: 

I .  Near ly  1 6 0 , 0 0 0  b a r  clans over 4 0  wan long  w e r e  p r e s e n t  per 
km of s h o r e  w i t h  50 % recruiting t o  t h e  f i s h e r y ,  

2 ,  According t o  a Von B e r t a P a n f f y  growth curve ,  l ega l  szze 
i s  reached  d u r i n g  t h e  t h i r d  growing s e a s o n  aqd recruit s i z e  
( s i z e  of clams which t h e  d i g g e r  may w i s h  t o  retain) after 4 
y e a r s ,  Optimal  age a t  e n t r y  i n  t h e  f i s h e r y  is however 
g r e a t e r  ( a g e  7 ) .  

3 .  Y i e l d  per  r e c r u i t  models show that t h e  b e s t  yields are  ab- 
t a i n e d  by h a r v e s t i n g  c lams a t  l e a s t  110 mx long a t  rates 
e q u a l  t o  0 .8  o r  g r e a t e r ,  Such y i e l d s  a r e  a k 1 ~ 3 ~ $ I  twice  the  
ones  o b t a i n e d  by d i g g i n g  f o r  minimum l e g a l  s i a e  c l a m s ,  

4 .  The biomass of r e c r u i t s  p r e s e n t l y  available i s  rough ly  
e q u a l  t o  II MT p e r  krn of  s h o r e .  The g r e a t e s t  s i z e - s p e c i f i c  
biomass of tlnese s t o c k s  c o r r e s p o n d s  t o  the c r i t i c a l  age i~ 
a p o p u l a t i o n  under  e q u i i i b r i u r n  c o n d i t i o f i s ,  

Given t h e  p r e s e n t  c o n d i t i o n s  f o r  assessment  s f  these 
s t o c k s  i t  a p p e a r s  t h a t  t h e  minimum l e g a l  size is n o t  adequate. 
I t  remcves brood s t o c k  and c o u l d  Lead t o  L o c a l i s e d  recruitment 
f a i l u r e ;  i t  i s  a l s o  well below r e c r u i t i n g  s i a e  f o r  optimal 
y i e l d s .  A s  a first s t e p  it s h o u l d  be raised t o  75 mm, S i n c e  
t h e r e  is no r e a s o n  t o  b e l i e v e  t h a t  b i o l o g i c a l  p a r a m e t e r s  of 
b a r  c l a m  s t o c k s  from t h e  n o r t h  s h o r e  of Northuanb?erbanG Strait 
would d i f f e r  from t h e  ones  of the  s o u t h  s h o r e ,  this increased 
l e g a l  s i z e  would b e  a p p r o p r i a t e  t h r o u g h o u t  the s o u t h w e s t e r n  
Gul f  of S t -Lawrence .  
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N o r t h u m b e r  Band S t ra i t  
t 

Figure 1. Prince Edw&rd Island, The Mcnt-Carme1 study site is ~ n d i c a t e c  
with a solid star and the Tryon shoals are located at the hollow star, 
The boundaries of "the statistical district are marked with broken lines, 

Figure 2 .  Effect of changes in optimal age at entry 
(t ) with respect to the annual fishing rate (F) m 
an& changes in optimal F with respect to r A A on 
the yield per 100 recruits, r 




