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(20 ha; 50 acres). 100 randomly distributed 1 m? -qguadrats,
dug 20 cm deep provided the numerical information to estimate
the biomass production. Different locations were sampled each
tide to get a cross-section of the sand bars from shore o ex-
treme low water mark. All clams longer than 40 mm were col-
lected effectively while smaller ones were more difficult to
observe ans are likely underestimated. The sampling schedule
did not allow investigation of the 1980 set.

Clam messurements

The length of clams, the maximum distance between the
anterior and posterior end of the shell, was measured with a
vernier caliper to the nearest mm. Clams were grouped in 10-
mm size classes. Clams 50 mm long are minimum harvestable
(legal) size according to the Prince Edward Island Fishing
Regulations. However, a larger size (75 mm} is considered as
recruiting size by the local clam~diggers. The shell and
meat were weighted separately. The shell was alr-dried
before weighing. The meat was removed from the shell and
drained before weighing to 0.1 g. The condition index ratio
was established as % live meat weight / live meat weight +
shell-weight for a set of legal size clams.

Growth analysis

Growth rate of bar clams was measured by shell growth
rings following Kerswill (1944), Caddy and Billaxrd (1976), and
Bernier and Poirier (1979). A nixed size sample of 100 shells
were aged and a growth curve fitted to the Von Bertalanffy
model using the unweighted estimates of mean length at age
(Allen, 1966).

Mortality estimate

Mortality rate (Z) was investigated by anlysing the
age composition of samples (30 clams) from the harvest of 4
diggers at one tide (Robson and Chapman, 1961). We recognize
the limitations of using harvest data from a single season
and the simplifying assumption of steady state population
over the range of recruits' age groups. A Chi-sguare statis-
tic tests the significance of this simple model.

Production modeling

Long~term sustainable yields are difficult to assess
with one year's data. Short-term production estimates are
arrived at by models like the yield per recruit. Three diffe-
rent models, the Beverton-Holt, the Thompson and Bell, and the
Ricker piece-wise 1ntegratlon method were examined {Rlcker,
1875) .



RESULTS AND DISCUSSION
Density and distribution of the stocks

The survey indicated 3 zones of bar clam ﬁ%andancea.

A near shore zone about 100 m wide had important concentration
of bar clams, especially pre-recruits (Table 1) with one mocdal
size-class (40-50 mm). It is estimated that this zone contains
over 3 times as many pre-recruits than recruits.

4]

Table 1. Density of bar clams for the near shore zone (10 ha).

biomass estimate
size-class N S.e. N N ox 107

{mm} 100 m? 100 m? km of shore
€30 14 42 pre~recruits

30~40 22 62 40 &€ lengthg 75 74 74
40-50 33 116

50-60 23 57

60-70 12 18

70~-80 11 10 recruits

80~380 10 g length 2 75 21 21
90~-100 4 8 o ———
2100 2 3 g5 95

131

A frontal zone located at the extreme low water mark
and 50 to 75 m wide had a density of 125 clams per 100 m?
(Table 2} . This population was made up almost exclusively of
recruits. Over 80 % of the digging was observed to take
place in this zone. The fishing season was well under way
by the time the frontal zone was surveyed; one could there-
fore estimate a higher standing crop for recruits.

An intermediate zone had low abundance of bar clams,
less than 1 bar clam per 10 m? but sustained an estimated
10 razor clams (Ensis directus) per m?.

Summing up clam densities for all zones, nearly
160,000 bar clams over 40 mm long were present per km of
shore; 50 % were recruits. Medcof and MacPhail (1955) found,
in the southwestern Gulf of St.Lawrence, bar clams most
abundant at the edge of the tidal zone and scarce in subtidal
waters. Similarly Younker and Judson (1971) reported "few"
clams while working in subtidal waters in the vicinity of
the study site.




Table 2. Density of bar clams for the frontal zone {5 ha).

biomass estimate
size-class N s.e. N N ox 1077

2

{mm) 100 m? 100 m km of shore

€70 7 24 pre-recrulits 9 4.5
70-80 26 30

80-90 7 g recruits 116 58
S50~-100 21 18 —
100-110 28 24 125 62.5
110-120 24 32
120-130 10 16

2130 2 3

125

Growth rate

From the ageing of shells the Von Bertalanffy eguation
is:

_ o-0.152 (t - 0.365)

L, (mm) = 172.25 (1 )

Table 3. Statistics of growth parameters.

s.e. 95 % confidence interval
L, 1.162 169.98 174.53
K 0.0017 0.149 06.156
to 0.007% 0.349 0.380

This equation is similar to the one cobtained from a
Buctouche bar clam population on the New Brunswick side of
the Strait (Caddy and Billard, 1976) except that growth ap-
pears faster during the first 5 growing seasons at Mont-
Carmel. This growth pattern also matches Kerswill's (1944}
findings for Malpeque Bay. The legal size is reached during
the third growing season and recruit size after 4 years.




Reproduction

Size at maturity was determined at 50 mm for bar clams
from Massachusetts (Yancey and Welsh, 1968). Such information
is not available for Gulf of St.Lawrence populations which
~are at the northern end of the species distributional range.
As is the case in a number of molluscan species (Segal, 1961)
bar clams may mature later in life at the northern limit of
their distribution.

Kerswill (1944) mentions that spawning takes place in
July=-August in the Gulf. The condition index data collected
at the end of July and the first visual observations of 1980
set at this time concur with a summer spawning. As in other
clam species ripe gonads contribute significantly to the
meat weight and a condition index may also be used as a
spawning index. The Mont-Carmel data (Table 4) suggests a

higher condition index (C.I. = 37 %, July) than Caddy and
Billard (1976) 32 % (March) or Bernier and Poirier (1979)
35 % (July). Seasonality of sampling may cause this variation.

Older clams have a higher meat ratio and may be the first to
spawn as shown by a wider range of C.I. in clams aged 5+,
physioclogical heterogeneity being associated with the diffe-
rent stages of gonad maturation (Lubet, 1959).

Table 4. Mean condition index (C.I.) for Mont-Carmel bar clams

age n C.I. (%) s.d. range
2 1 35 2.3 32 - 40
3 22 38 2.4 32 - 41
4 12 39 ' 1.5 36 ~ 42
5 10 36 4.8 26 - 43
6 6 38 3.4 33 - 41
7 1 39 - -
8 1 37 - -

The end of July spring tide exposed bar clams 3 to §
mm long creeping on the bottom and leaving tracts in a hook-
like pattern. They were noticed in small scale patches (1 m?).

Mortality estimate

Conversations with clam-diggers and samples from their
harvest revealed that even though 75 mm recruits enter the
fishery, they are not always retained by the digger. However,
100 mm clams (age 6) are always retained. Therefore we used
this figure as age at full recruitment in the harvest analysis
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yield is approximately 35 % of total weight.

In all models yields have been calculated for fishing
intensities 0.2 ¢ F ¢ 1.2, and for a minimum age at entry in
the fishery (tr) corresponding to the legal size (50 mm)

The Beverton-Holt model (Table 7} suggests that yield
per 100 recruits may almost double by delaying t_ for 3 years
(from 3 to 6; Y from 1.6 to 2.6 kg) for F 2> C.4. 7 Optimal
yield would be reached by £fishing 7-year old recruits at F =
0.8. However, at optimal recruiting age, yield differences
are small for the fishing rates considered (Fig. 2). A
yvield of 2.5 kg / 100 recruits corresponds to recruits at least
6 years old (100 mm long)} with F > 0.4.

According to the Thompson and Bell model, increasing
t_ to 7 leads to increased yields. Lowest yields are obtained
by harvesting minimum legal size clams (50 mm}. Twice as much
may be harvested by digging 100-mm clams. Best yields are
obtained with L.z 7 and F 2 0.8,

Yield results from the Ricker model also show that
the legal size does not optimize yield. Digging clams age 6
increases the yield by 25 %. For age at entry of 5 or less a
low fishing rate (F ¢ 0.6} brings the best yields. Maximum
vield corresponds to delaying digging until recruits are 7
years old and harvesting almost all of them at once (F > 0.8).

Table 7. Yield per 100 recruits (kg} calculated according to:

a} the Beverton-Holt model (t_: age at entry in the fishery,
F: annual instantaneous fishinhg mortality rate).

tr F 0.2 0.4 0.6 0.8 1.0 1.2
3 1.9 1.8 1.6 1.5 1.4 1.3
4 2.1 2.2 2.1 2.0 1.9 1.9
5 2.2 2.4 2.4 2.4 2.3 2.3
6 2.2 2.5 2.6 2.6 2.6 2.6
7 2.1 2.5 2.6 2.7 2.7 2.7
8 2.0 2.4 2.6 2.6 2.7 2.7
9 1.8 2.3 2.4 2.5 2.6 2.6
10 1.6 2.1 2.2 2.3 2.4 2.4




b) the Thompson and Bell model (assuming that only 30 % of the
3-year old were fully available to the fishery).

3 1.4 1.4 1.3 1.1 1.1 1.0
4 1.6 1.7 1.7 1.6 1.5 1.5
5 1.6 1.8 1.9 1.8 1.9 1.8
6 1.6 2.0 2.1 2.1 Z.1 2.1
7 1.5 2.0 2.1 2.2 2.2 2.2
g 1.3 1.8 2.1 2.2 2.2 2.2
9 1.1 1.6 1.9 2.0 2.1 2.2
10 0.9 1.4 1.7 1.8 1.9 2.0

¢} the Ricker model (annual increment under arithmetic mode) .

tr F 6.2 0.4 Q.6 0.8 1.0 1.2
3 2.6 2.8 2.5 2.3 2.2 2.1
4 2.8 3.3 3.3 3.1 3.0 3.0
5 2.9 3.6 3.9 3.9 3.9 3.9
6 2.8 4.0 4.4 4.6 4.7 4.8
7 2.5 3.8 4.6 5.0 5.3 5.5
8 1.9 3.3 4.2 4.8 5.4 5.6
S 1.1 2.0 2.8 375 4.2 4.7

The values calculated by Ricker's model are sustantial-
ly 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 than the absoclute values is the fact that the three




methods are in rough agreement. In practice, any one of them
would lead to the same managenment recommendations given the
same conditions. It appears that, given the limitations of
assuming a steady state population for the age groups consi-
dered, age at entry = 6 and fishing rate = (0.4 is the com~
bination of youngest recruits and lowest fishing rate to
bring optimum catches. Maximum catches would come from much
higher fishing rates (F » 0.8} directed at a larger size
recruit, 110 mm or greater {age 7+) (Fig. 2).

A low growth rate and a long life span contribute to
the fact that the critical age {(age at which the biomass is
at a maximum in the absence of fishing) for this species is
late in life; it is about 7. The maximum biomass is almost
twice the biomass of legal size clams {(age 3). It is obvious
that the maximum vield per recruit is reached by harvesting
all recruits at the critical age.

Table 8 presents the standing stocks of bar clams

> 75 mm for the study site based on the size-specific distri-
bution and the length-weight relation derived earlier. The
greatest size-specific biomass corresponds to the numerical
mode (100-110 mm) and refers to age 7 recruits. The biomass
of recruits presently available is roughly egual to 3.8 MT
(meat weight) or 10.9 MT of bar clams in the shell per km of
shore.

Table 8. Standing stocks of recruits for the study site.
Meat welght corresponds to a recruit of median size in each
size-class.

size-class (mm) N x meat weight (g} = size-specific biamass (g)

> 75 19 22,17 421

80-90 13 31.52 410

90-1006 14 43.09 603
100-110 16 57.09 913
110-120 12 73.74 885
120-130 5 93.22 466

< 130 1 115.74 116

80 3,814 g

80,000 bar clams » 75 mm

3.8 kg / 80 recruits x 80,000 = 3.8 MI' meat weight / km shore
3.8 MT meat -~ 35 % total weight

10.86 MT ~ total weight

4.8 kg / 100 recruits actual meat vield




Inadeguacy of the minimum legal size

Based on the data collected and yield per recruit mo-~
dels the optimal harvesting strategy would be to dig bar
clams age 7 (110 mm)} at fishing rates egual to or greater
than 0.8. Such results show the inadequacy of the minimum
legal size (50 mm). Assuming constant recruitment, yields
can be optimised, doubled in some instances along the Northe
umberland Strait shores by raising the legal size at which
bar clams are dug. In addition increasing the size at entry
in the fishery would likely insure that a few year-classes
serve as brood stock. The stability of brood stock is se-
riously jeopardised by harvesting clams as they reach size
at maturity. Scarcity of brood stock could lead to localised
recruitment failure.

The harvesting strategy of local clam-diggers 1s near-
optimal as they retain clams longer than 100 mm. Their digging
effort could be described as moderate. Fisheries records
suggest that it is somewhat stable. For the past 25 years,
landing variations have been small in this disgtrict. Older
clam~-diggers report that their catches are quite even from
year to year. Moreover they can presently take advantage
of the high densities of 4 and 6 years 4ld clams. These
levels may be supported for a short period. Good yields
could still be achieved by higher rates (F = 0.8) but directed
at a larger size at entry in the fishery.

High fishing rates of legal size clams may only
achieve overfishing and depletion of the stocks. The availa-
ble stocks could not support a fishery as carried out by
non~-resident seasonal participants involved in "digging clam
beds out", and retaining any clam over the legal size. These
itinerant clam-diggers operated on the eastern shore of New
Brunswick in previcus years. According to anecdotal infor-
mation it appears that clam beds are slow to recover after
their passage.

CONCLUSIONS

Bar clam studies in different locations of the Gulf
of St.Lawrence characterize the northern populaticons of this
species by the following:

1. Baxr clams occur near the surface of clean sand shoals at
or below the extreme low water mark on exposed shores.

2. They are most abundant at the edge of the tidal zone and
become scarce in subtidal waters.

3. Stocks of bar clams have a low growth rate (k = 0.152) and
a life expectancy of about 30 years with an asymptotic size




over 15 cm long.
4. Spawning takes place during mid-summer.

5. Meat yield corresponds to about 35 % of total weight.

6. Natural mortality rates vary from 0.2 to 0.3.

7. Because of a low growth rate and a long life the critical
age, when biomass is maximum, is late in life. Maximum vield
is reached only when all large recruits are fished.

Studies of a bar clam population located on the north
shore of Northumberland Strait showed the following:

1. ©Nearly 160,000 bar clams over 40 mm long were present per
km of shore with 50 % recruiting to the fishery.

2. According to a Von Bertalanffy growth curve, legal size

is reached during the third growing season and recruit size

(size of clams which the digger may wish to retain) after 4

years. Optimal age at entry in the fishery is however '
greater (age 7).

3. VYield per recruit models show that the best yields are ob-
tained by harvesting clams at least 110 mm long at rates

equal to 0.8 or greater. Such yields are almost twice the
ones obtained by digging for minimum legal size clams.

4. The biomass of recruits presently available is roughly
egual to 11 MT per km of shore. The greatest size-specific
biomass of these stocks corresponds to the critical age in
a population under equilibrium conditions.

RECOMMENDATION

Given the present conditions for assessment of these
stocks it appears that the minimum legal size is not adeguate.
It removes brood stock and could lead to localised recruitment
failure; it is also well below recruiting size for optimal
yields. As a first step it should be raised to 75 mm. Since
there is no reason to believe that bioclogical parameters of
bar clam stocks from the north shore of Northumberland Strait
would differ from the cones of the south shore, this increased
legal size would be appropriate throughout the southwestern
Gulf of St.Lawrence.
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Figure 1. Prince Edward Island. The Mont-Carmel study site is indicated.
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.
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Figure 2. Effect of changes in optimal age at entry
(t,.) with respect to the annual fishing rate (Flas
and changes in optimal F with respect to t_aa on
the yield per 100 recruits. 4






