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ABSTRACT

Rowell, T.W. and D.R. Chaisson. 1983. Distribution and abundance
of the ocean guahaug (Arctica islandica) and Stimpson's surf
clam (Spisula polynyma) resource on the Scotian Shelf. Can.
Ind. Rep. Fish. Agquat. Sci. 142: v + 75 bp.

N

During 1980 to 1982, an assessment of underutilized clam
resources using hydraulic dredges was conducted along the south
shore of Nova Scotia between St. Mary's Bay and St. Margaret's
Bay and on the offshore banks of the Scotian Shelf. Distribution
and minimum biomass were determined for the principal target

species, the ocean quahaug (Arctica islandica) and the

Stimpson's surf clam (Spisula polynyma). Maximum sustainable

yield (MSY) for populations of the ocean quahaug in the inshore
area is estimated at 322 t to 1,767 t.l No significant
concentrations of Stimpson's surf clam were found in the inshore
areas. The offshore areas of Sable Island and Western Banks
were found to have the highest concentrations of ocean gquahaugs
and Banguereau Bank the greatest concentrations of the surf clam.
Those areas with greatest clam densities on Western and Sable
Island Banks are estimated to have a MSY for the ocean gquahaug
of 2,803 t to 12,601 tl while those on Banquereau Bank are
estimated to have a MSY for the surf clam of 23,960 t to

87,892 t.l

Key words: Distribution, abundance, ocean quahaug, Stimpson's
surf clam, and Scotian Shelf.

lrange of MSY value based on 90% confidence limits of the
minimum biomass estimates.




RESUME

Rowell, T.W. and D.R. Chaisson. 1983. Distribution and abundance
of the ocean guahaug (Arctica islandica) and Stimpson's surf
clam (Spisula polynyma) resource on the Scotian Shelf. Can.
Ind. Rep. Fish. Agquat. Sci. 142: v + 75 p.

"y

Durant les années 1980 & 1982, on a fait, au moyen de
drague hydraulique, 1'évaluation des ressources de palourdes
sous-utilisées de la cdte sud de la Nouvelle-Ecosse entre
St. Mary's Bay et St. Margaret's Bay. On a aussi étudié les
pancs du large sur le plateau continental. La distribution et
la biomasse minimale furent déterminées pour les deux especes
qui faisaient le but de 1'étude, soit la palourde de mer
(Arctica islandica) et la palourde de Stimpson (Spisula
polynyma). Le rendement maximal soutenu (RMS) pour les
populations de palourdes de mer dans les régions cOtiéres est
estimé entre 322 et 1,767 t.l Aucune concentration
significative depalourde de Stimpson ne fut trouvée dans les
régions cdtiéres. Les régions de 1'Ile de Sable et du banc
Western contiennent les plus grandes concentrations de palourdes
de mer, et le banc Bangquereau contient les plus grandes
concentrations de palourdes de Stimpson. On a estimé que les
régions du banc Western et de 1'Ile de Sable contenant les plus
hautes densités de palourdes de mer ont un RMS de 2,803 t et
12,601 t.1 0On a estimé gque les régions & haute densités du
banc Banquereau ont un RMS de palourdes de Stimpson de 23,960 t

k.

et 87,892 t.1

1Val§ugs limites des RMS & un niveau de confiance de 90% des
estimés minimaux de la biomasse.







INTRODUCTION

This report summarizes recent surveys of ocean guahaug
(Arctica islandica) and Stimpson's surf clam (Spisula polynyma)
on the Scotian Shelf. The surveys, conducted by the Molluscan
Section of the Fisheries Research Branch, were supported by the
Fisheries Development Branch.

The ocean guahaug A. islandica (Fig. la) is known to occur
along the east coast of North America from the Arctic Ocean to
Cape Hatteras (Bousfield 1960). Catches have been recorded from
as shallow as 4 m in the present survey to as deep as 256 m on
the continental shelf (Merrill and Ropes 1969). The distribution
of the ocean guahaug is best known for U.S. waters (Parker 1965;
1966; Parker and McRae 1970; Merrill and Ropes 19%69; Loesch and
Ropes 1977; Fogarty 1981). In Canadian waters, its distribution
has been less well understood despite a number of limited
surveys. Medcof (1957) established the presence of guahaugs in
Medway and Shag Harbours, N.S.; McPhail and Medcof (1959)
conducted explorations in the Northumberland Strait; and
Chandler (1983, in press) conducted a survey in several are
off southwestern Nova Scotia.

B
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In 1943, in response to the U.S. Wartime Food Productio
Program, a small ocean guahaug fishery was established off Rhode
Island which peaked in 1946 at 682 t of meat (Merrill and Ropes
1969). Competition from the surf clam fishery for a limited
clam meat market following the war led to a decline in the
guahaug fishery. In the past several years, however, the
guahaug fishery has been revitalized. This is due mainly to
decreased landings of surf clams following an anoxic event in
1976 which greatly reduced the harvestable stocks off the New
York and New Jersey coasts. Increased consumer acceptance and
development of new guahaug products were also factors. U.S.
catches of ocean guahaugs rose to 16,329 t of shucked meat in
1981 from Jjust 771 t in 1970 (Mid-Atlantic Fishery Management

Council? 1982, unpub. report).

PO
g

The principal fishery in the U.S. is located off the mid-
Atlantic states, with most of the approximately 100 vessels
operating between New York and Virginia. These vessels range in
size from 25 GT to more than 100 GT (Fig. 2) with approximately
41% of the fleet over 75 GT {(Ropes 1982). Fishing is by
hydraulic dredge (details of the operation are explained under
“Materials - Inshore Surveys"). The average cutting width or
bottom area covered by dredges in the U.S. fishery is 152.4 cm,
although there are dredges as wide as 508.0 cm in operation
(Mid-Atlantic Fishery Council 1982, unpub. report).

2Mid-Atlantic Fishery Management Council, Room 2115, Federal
Building, 300 South New Street, Dover, Del. 19901-6790
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S. solidissima for 1981 were 21,000 t of meat. In 1980, an
estimated 90 t of S. solidissima meat were landed in the
Maritime Provinces (Statistics Division, unpub. data). Most of
these landings were harvested from intertidal or shallow near-
shore areas for domestic consumption. Because of the limited
depth range of §. solidissima in Maritime waters, it is
considered unlikely that stocks are as abundant as in more
southern waters.

S. polynyma, commonly known as the Stimpson's surf clam oxr
pink neck clam (Fig. 1b), inhabits both the Atlantic and Pacific
continental shelves. Bousfield (1960) states the general
Atlantic distribution to be on sandy bottom from low water to
110 m with a range extending from Baffin Island to Rhode Island.
However, Chamberlin and Sterns (1963) found no substantiated
records of the species north of the Strait of Belle Isle. A
U.S8. fisheries survey on Middle Bank, Massachusetts Bay,
produced catches zf up to four bushels per standard four-minute
tow (Delaware II,” Cruise Report 71-1). However, S. polynyma
is not found in commercial quantities on the U.S. east coast and
there have been no reported landings or commercial concentrations
reported for Canadian waters. Hughes et al. {(1977) reported
commercial quantities of S. polynyma off the Alaska Peninsula
and, as part of their survey of product quality, found the
flavour and texture of the meat to be excellent.

With North American consumption of clams increasing, aided
by the development of new products, and with declines in the
availability of traditional species, there appears the possibility
of developing an ocean guahaug or Stimpson's surf clam fishery
in the Maritimes.

Consequently, a major survey was initiated to determine the
distribution and abundance of ocean guahaugs, surf clams, and
octher underutilized shellfish resources off N.5. Between
1980~1982, areas between St. Mary's Bay and St. Margaret's Bay
on the south shore of N.S. (Fig. 3) and 12 major banks on the
Scotian Shelf (Fig. 4) were surveyed.

MATERIALS AND METHODS

MATERIALS
Inshore Surveys

Inshore surveys were conducted in 1980 from the 11.6 m
vessel Gary and Renee II. This chartered vessel was eguipped
with a double-drum hydraulic winch of 2 t lifting capacity and
had a 7.6 cm tubular steel A-frame from which the dredge was

4United States Department of Commerce, National Marine
Fisheries Service, Woods Hole, Ma. 02543
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operated (Appendix 1). A single-cage hydraulic dredge, similar
to that shown in Figure 5, with overall dimensions measuring

202 x 114 x 41 cm and a cutting blade width of 89 cm was used.
The dredge was fitted with a 2.5 cm sguare steel mesh liner.
Water was supplied to the dredge from an end suction centrifugal
pump delivering 2,700 liters per minute at 45 psi through a

10.2 cm diameter hose. The pump was powered by a six-cylinder,
165 hp Chevrolet marine engine.

During 1981-1982, the 14.6 m vessel MV Sigma T from the
Bedford Institute of Oceanography was used. The dredge operated
during these surveys (Fig. 5) was slightly smaller than the one
used in 1980, with overall dimensions of 198 x 101 x 38 cm and a
cutting blade of 71.1 om. Again, a 2.5 om liner was used. An
end suction centrifugal pump powered by a four-cylinder,

154 cubic inch, 30 hp Wisconsin engine provided water to the
dredge. The dredge was operated from a 7.6 cm diameter steel
boom and connected to a 2 t capacity double-drum hydraulic
winch.

The major difference between the hydraulic dredge used for
this survey and non-hydraulic or dry dredges, such as the
conventional scallop dredge, is that in the hydraulic dredge,
water is pumped at high pressure from the boat to the dredge.
The water is forced through several small nozzles creating a Jet
spray. It is the high-pressure water jets which do the digging,
with the dredge blade acting as a scoop collecting the exposed
clams. During the inshore survey in which ocean guahaugs were
virtually the only clam caught, a blade depth setting of 12.7 cm
below the dredge cage worked well. Few gquahaugs were damaged DY
the blade (indicating that it was set deep enough to cut under
the quahaugs) and few guahaugs remained in the dredge track when
examined by divers. Previous studies (Medcof and Caddy 1971)
have shown this type of dredge system to be 95% efficient on
sand bottom.

‘Offshore Surveys
The offshore surveys on the Scotian Shelf in 1980, 1981,

and 1982 were conducted using the U.S. National Marine Fisheries
Service research vessel Delaware II.>

The vessel was fitted with a hydraulic dredge similar in
pasic configuration to the type used in the commercial surf clam
fishery in the U.S. The dredge differs from commercial gear in
that a submersible pump is dredge mounted and powered
electrically from the vessel {Crossen and Smolowitz 1980). The
dredge measured 5.2 m in length with a 152.4 cm wide cutting
blade and used 7,571 liters of water per minute. Cutting depth
of the blade was set at 20.3 cm, and the dredge was fitted with
a 5.1 om sguare mesh steel liner.

SThe use of this vessel and its specialized research dredge
was made possible under a cooperative research agreement
between Canada and the U.S5. to investigate the biology and
distribution of ocean quahaugs in northwest Atlantic waters.
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METHODS

Inshore sampling areas were first identified on charts as
to their suitability for dredging based on the smoothness of the
bottom topography. Once areas were identified, transects were
established along Loran C lines with stations spaced, where
possible, at intervals of 1.1 km (the intersection of the x and y
Loran lines)}. The distance between transects was 0.9 km.

Due to the shape of the embayments and the actual bottom type
encountered, this spacing was not always possible but served
rather as a guide to provide a uniform distribution of sampling
effort. Tows were made from 4 m to 41 m, the approximate
maximum operating depth of the eguipment.

Areas to be surveyed offshore were first identified
according to the availability of suitable clam bottom sediment
types as determined from surficial geology charts of the Scotian
Shelf (Drapeau and King 1972; King 1970; MacLean and King 1971;
MacLean et al. 1977;.

To avoid undue stress on the dredge and eguipment, 85 m was
set as the approximate maximum working depth. Where areas were
large enough for a systematic grid survey, sampling stations
were established along Loran C lines (approx. 5 nm or 9.3 km
apart) at intervals of 5 nm to 10 nm (9.3 km to 18.5 km).

Tows were made as deep as 92 m, although 99% were less than
85 m and 80% were less than 70 m. No tow was shallower than
2% m.

In both inshore and offshore surveys, the catch was sorted
and the major clam species were geparated and the volume of each
was measured in bushels. For each clam species, up to one
bushel was measured for length-frequency and the remaining
clams counted. Length was taken as the maximum shell measurement
in the anterior-posterior plane. Total weight per bushel was
also obtained at selected stations on each bank, and samples
were preserved for studies on reproduction and growth. The
remaining catch was sorted with all other animals being
identified and counted. The type of trash material (shell
fragments, substrate)} was noted and the volume recorded.

In order to determine guahaug densities in terms of numbers
per sguare meter {no,/mz} and kilograms per sguare meter
(kg/m#), it was necessary to measure the tow distance. For
the inshore surveys, a weighted line marked in 5 m intervals was
payed out during the tow. By knowing the water depth and the
rope length the distance covered by the dredge could be
calculated using the following formula:

c =/b2 - a2

i

tow length
water depth
= rope length

c
a
b

Divers were used on a limited number of tows to measure the
dredge track and confirm that the computed tow lengths
approximated the actual distance towed.
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This method proved unreliable in areas with strong
currents (areas between St. Mary's Bay and Cape Sable Is

T
T ey o 3
LATIG

idal

In the offshore surveys, the highly precise navigational
gear (doppler) found on the R/V Delaware II allowed tow
distances to be easily measured by differences in the ship's
doppler reading at the start and end of each tow.

In order to convert densities in no./m2 to kg/m2, the mean
guahaug or surf clam length at each station was first determined
and fitted to a length-weight regression. The resulting mean
weight was then multiplied by the total number of animals in the
catch to give an estimate of the total catch weight. The total
catch weight was then divided by the number of sguare meters
covered in each tow to give density in kg/m2. Biomass
estimates for individual areas and banks were calculated from
the mean densities for each area multiplied by the total area.
Biomass estimates for inshore locations are only for those areas
outlined in Figures 7 to 17 and are not estimates of the entire
bay or inlet shown. These outlined areas represent known
towable bottom and were drawn based on information from actual
tows, van Veen sediment analysis, and the vessel's echo sounder.
For the offshore banks, total area represents only those depths
less than 91.4 m. The boundaries for areas outlined in
Figures 18, 19, and 23 as having the most significant
concentrations were drawn so as to include only those stations
with densities greater than 0.1 kg/m2.

All areas were calculated using a Hewlett Parkard 9825
digitizer with a planometer program package.

Estimates for Maximum Sustainable Yield (MSY) were
calculated using the formula Cpzyx = X M B, (Gulland 1971)
where M = instantaneous rate of natural mortality; B, is the
virgin stock size; and X, the proportion of B, which may be
harvested annually, is 0.5.

RESULTS

INSHORE AREAS

During the inshore survey, sampling was conducted at
321 stations. From this total, 30 were omitted from further
analysis due to gear failure and another 52 comprised only van
Veen sediment grab samples. Of the remaining 239 stations,
172 (72%) contained A. islandica. This was the only subtidal
bivalve species of commercial importance encountered in
significant numbers (Fig. 6). Densities varied greatly from
area to area (Fig. 7 to 17), primarily in relation to
differences in bottom sediment type. The greatest densities
were usually found in sediment composed mainly of medium to very
fine grain sand in the 0.25 mm to 0.149 mm size range. The
maximum density recorded was 108 animals/m2 (6.5 kg/mZ2) close
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Key to Symbols in Figures 7-17

Trial stations (Liverpool Bay only)
Gear failure

van Veen sediment sample only

‘Outline of area of towable bottom

Rocky bottom; identified by sounding,
van Veen sampling, and/or dredging.

Mud bottom; stations where the dredge was rendered
ineffective by filling completely with mud.

Indicates Arctica present but no density value available.







spodoTondp uoeq 9ARY SOIRWTISO SSPWOT x10 A3TSUSp OU ‘UOTRRUTLI S
ooueasTp pue uorieaado sbpoip uo LdUSNTIUT TePTI huorrs 03 oOng TMOJ CUTW ¢
/sbhneyenb Jo Joqunu pue SUOTIEDOT UOTIELS putmoys eoxe AKeaans Aeg s,Laey "3s "L BT g

08 58 1 00.99 G0 QO §=13 [R414 Ge
) 3 ) ] ] 3 ] A L] [ ] L] | i il ] 3 % ] ] [} % 2, ] 1, % % ] 3 3 ] 3 5, ] [
AVvE S AHVIA LS »
LGt e Gl
e
- . -
OZeb P - ot e OZo bt
. 5
14 .G
- -
-} -
(08 el
11 . SC
L

19






25

spodoToadp udaq 9ARY SOJLRWI]SD
fOTHRWTISO 9OURISTP Pue uotiexado obpeip uo LouUSBNTIUT
-m07 cutw ¢/sbneyenb yo requnu pue ‘SUOTIEDOT UOTIEIS

ssewoTq X0 A3TSUSp Ou
Tepty buoials 03 ond

fyoeaq 9STINIO [OSsOA PUTMOYS PUuRTITEW 3I0d pue ueybHorol USOM]D( POADAINS SEBIV

'8
58
007 ¥
-0
-0t
St

50 I5:18 02009 1A 0
56 ) ] ) ] 1 i 1 i [] ] ] 3 ] % (1 i (1 1, (] [} [y ) (] 3 2
Y
Y
az<.;.52 ._.zO& 5
00t ¥ E : @ 5
] N, Q -
50 9
N
49 N
= x 4
¥ \
z =3
e
9
01 4 .z
NYHOILIN 4 ese -
f AA
= ZH oot -
S
06 RN
t , At
o oL g . ? -
GNYTST UYTHE o Frwl™
15l ¥ ¥ ¥ ¥ U ¥ 1 T ¥ U ¥ T 1 1 ¥ T ¥ 1 1 ¥ ¥ T ¥ T ¥
&0 f1e13 5 0Ze89 B:x4 HE

BT






29

.Awa\aczv

sor3Tsuap bneyenb pue

fSUOTIRDOT

uoT3els ‘3orA} OSINID [OSSOA buTmoys puelsI oTqes ade) JJo pelsaans sealy 07 *brd
08 GG
sE ] i H .o—v i 1 i 1 § L 11 1 ST
.52 rl
2 [
- -
\\\\ N I// -
HOAOGHVYH \ 9 mmm.hﬁr G _.QMII.\\
S MHYID 1 0z
i e £0T
NEWE LT >>,m, =t
T e Y
- ANVTISE Y um‘o
318VYS 3dVD -
H
HNOBHYH ODVHS N
“... ? ...«......,. .....J. -3 \K
* i Y SR
¥ 3 // © AR
X i d ﬂumv
B -
HNOAUYH An
SA0oM AA
35 9 -
L AA
K.
3 d
..u
7 4 An
- :
. R
&)
1y 15T
SE 0%
0
2
T T ¥ ¥ ! '
\SE . _ _ ' .ov _ ' ' T opese 189







31

.Awa\.ogv sotyTsuop Hneyenb pue sSUOTIEO0T UOTIRLS
puTtmoys anoqieq oxban pue Tanog BT 3x0d ‘Aeg uojzburireg uT peloaans seoay T "BTA

AVE NOLONIHYvYY

by o It‘!.( OE.EY

3
0849 - §¢






{1/ ou) S9TITSUDP

prneyenb pue suoT3EOOT UOTIRIS DUTMOUS (A) BIIR ADFN0 USSIH ueprop puw ‘ (AT)
anoqaey usoxsn ! (rrr) Aeg uepior ‘(II pue I) INOYIEH DUINTOYS UT polkaslins seaday

ol G059 02

*zT "bTa

(§E -

OPeEP -

34

L ERR-E Y

en A

;ST N

/ N

I .. S
N [ 8! S ey

B , ") v...lvl

\ z'o / LG @.Orm‘w—l:.!/ A
L0 Lo o Y .
wiiF\\ M &l

o 4 g ! 8
1 ! oo
i

- GE

~ OPatd

- G







" (pW/"0u) SOTITSULD pneyenb pur SuOTIEDOOT
UoT3Ie3}s HUTMOUS UOINOW 3I0d pue ‘TTOL 3x04 ‘QI9geH X104 Ut pokoains seoxy
el

'eT bTd
G OGeV 9 EG
] ] & i L] ) [ ) I ] ) 1 & y 2, %, [ ]
PRl 2 .-.,. ®
L gen e -
v A
v
TN £
> ,op A
et T\
i A - "3 / / ..u -
Pl . RS
. oAy “
N 10 / o . wd R
{ vol ‘e =) e s
N L0 ol N L -
R H & 3 :
a0 . . 2.
; R o \ NP . ¢ o8
Sy rol @ - "
’" W —, A .
0508 : o & < e 0508
Le N AN A Ry )
R & e
v ..“ ..,.. ® ) x\@ .
N - e : K > 2
‘N . S --c & nu -
: ’ ’ o il 5 .
; p P . ) :
Wy £ . A e DA 4\«@
¥, ) >
o " > d . a\O N bt ,
e BT L L4 . A X
.
Nows
&,
59 i oo
\mm/ A\
! % g0
e 4 ....._. L o
! A, g R
~N.@ 4 P %o
H 60 3
Sl ST b
/ / TSI - S A ¢
S L i
o’ Pt - i A
i A
| ¥ ¥ ¥ ¥ - [ ] L ¥ L ¥ ) LI LI i 1 & g ¥ ¥
ov 2% 0Go?9

56






37

.ANE\,OQV SHTITBUDD

pnegenb pue SUOTILOOT UOTIRIS DUTMOUS INOQIRH Kempoly UT polkoaans seady
A€ (GEeVY
] ) [} | ] ] [} L] 1 [ [} |} 1]
OO0 ¥ = o+ 00V
L ¢
Avd
100443AIN L

(G0

= . S0

O

A






39

* U/ ou) soTaTsuop bneyenb pue SUOTIEDOL uo TRl s
putmoys ALeg bianquaunT pure 1opvpe ‘oaegeT osted ‘Aed uesip UL pokoarns seaav " G6T bta
Ol (S 0ZoV 9 14 0%
] 4 i i 1 [] ] L] ] ] A i i, L]
& 4
O = Q1

AvVE NIFHD

S o7

o oo
= D o 0

~ o

L -
i 4

(Sloby = e (Globtr
.t.:
- & i
. ...-... 3 ot »
AVE mex%
o
\ f‘l"alll osss
I!i.‘l-lklclot',
oy L0 g
nn WV S Gty P
re o=
\\\ . D e
) ou
- .02

02
AVE OHNANINNMT

(QZov9 6T 0g






41

Reoli

OB IG

SETNIXD ,,ﬂmwmmmx,w @Qu@ SUOTIEDOT CO%M,@MW muﬁ:m?w@@m“ \ﬂmm @QO,@@H@ M\HH ﬂum«ukﬂm‘u\/wmwdmm SwHAY g7 MUxﬁrm
10k ) \ G0
. g8
& AR
: [ —
s - M
- k/c. Tt \K
N Y B
i ¢ \
H .

2a61

NOLLYDOT NOLLYLS

T anvasi
HOOONYL

al3:

009

50

[e138 2 4






43

SIORIY BSTNID
TOSEDA pUR SUOTIEO0T uoTiels butmoys Aevg s,3eiebiel 39 uT poisaxuns seoiy T “brd

{08

AVH S LHUVOHYN

HEap i

zusl  nouvoor wouvis [

HYBO0 DLNVTY

Ov
HOLMENOHE  MIN

U
0% a5 00.24 50






45

to Cape Sable; however, the maximum density for other areas was
in the range of 15-25 animals/m2 (1.0-1.5 kg/m2). The range

and mean densities and minimum biomass for the beds ocutlined in
each area are summarized in Table 1. Estimates of MSY {(Table 3)
based on the total inshore biomass of 56,833 t and assuming
natural mortality rates of 0.015 to 0.05, are 426 t to 1,421 t
(322 £ to 1,767 t when 90% confidence limits are applied to the
biomass estimates).

OFFSHORE BANKS

A total of 250 dredge stations were completed during the
offshore survey from 1980 to 1982 (Fig. 4). No dredge stations
were completed on Misaine, Baccaro, or LaHave Banks because of
rough bottom topography.

Two bivalve species of potential commercial importance were
found on the Scotian Shelf - the ocean guahaug and the
Stimpson's surf clam. Quahaugs were the more ubiquitous, being
found on all major banks sampled and throughout all depths
surveyed (Fig. 6). This species was found at 46% of all
stations and was most abundant on Sable Island Bank where it was
present in 90% of stations sampled (Fig. 18). It was also
present in large numbers on Western Bank (Fig. 19). The maximum
quahaug density at a sampling station was 8.3 animals/m2
(0.408 kg/m2) on Sable Island Bank.

Minimum biomass estimates for each offshore bank are presented
in Table 2 and MSY estimates for A. islandica and S. polynyma are
given in Tables 3 and 4 respectively.

The largest concentrations of A. islandica were found on
Western and Sable Island Banks, and six areas of high density
identified. For these six areas, having a total mean biomass of
438,908 t, a MSY of 3,292 t to 10,973 t was calculated for a
range of natural mortality between 0.015 to 0.050. When 90%
confidence intervals® are applied to the biomass estimates,

a MSY of 2,803 t to 12,601 t is derived for these six areas.
Biomass for the remaining area of Western-Sable Island Banks was
307,580 t; however, a mean density of only 0.026 kg/m? likely
precludes any commercial potential for this area. Therefore,
although MSY's have been calculated for this remaining area,
they are of little significance in consideration of potential
commercial harvest.

®For A. islandica, the range of MSY (Cpax) within the 90%
confidence limits may be calculated for any of the areas by
adding the confidence interval to the mean biomass estimates to
obtain maximum and minimum biomass values and then applying the
model Cpax 0.5 M B, using the minimum natural mortality
value {(0.015) with the minimum biomass estimate and the nmaximum
natural mortalities (0.05) with the maximum biomass estimate.
For §. polynyma, the respective values are 0.15 and 0.30.







Table 1. A. islandica densities and the estimated minimum biomass for inshore areas

(rig. 7 to 17) surveyed.

Mean Range Mean Range Area Biomass

Area no. /m? no./m?2 kg/m? kg/m? km? t +90% C.1I.
St. Mary's Bay® - - - - - - - - -
Lobster Bay 0.16 0 0.96 0.015 0 0.0906 48 720 816
Pubnico Hbr.P - - - - - - - - -
Clark's Hbr. 29.42 0.22 107.77 1.803 0.02 6.57 7 12,621 949
Barrington Bay 3.89 0.06 15.21 0.388 0.005 1.41 13 5,044 2,451
Port LaTour 5.49 0 25.07 0.341 0 1.04 11 3,751 1,657
Negro Hbr. 4.45 0 13.80 0.592 0 1.80 4 2,368 2,260
Shelburne I 7.96 0.40 15.06 0.811 0.04 1.54 6 4,866 1,289
Shelburne II 5.75 1.54 9.96 0.220 0.10 0.34 2 440 1,515
Jordan Bay 3.65 0.03 7.21 0.396 0.003 0.96 11 4,356 1,295
Green Hbr. 0.08 0.03 0,20 0.007 0.001 0.02 4 28 31
Jordan/Green 0.94 0.06 2.51 0.037 0.001 0.13 9 333 262
Port Hebert 0.94 0 2.82 0.067 0 0.20 1 67 195
Port Joli 0.20 0 1.41 0.023 0 0.16 3 69 97
Port Mouton I 5.36 0.10 15.57 0.307 0.004 0.67 12 3,684 1,165
Port Mouton II 1.57 1.47 1.66 0.095 0.08 0.11 1 95 95
Port Mouton IIX 2.17 0 6.20 0.050 0 0.11 3 150 116
Medway Hbr. 2.17 o 4.68 0.178 0 0.05 2 356 253
Green Bay 0.97 0.11 2.70 0.114 0.01 0.29 13 1,482 641
FPalse LaHave 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 1 585 726
Rose/Lunenburg 2.62 0.05 4.88 0.122 0.001 0.30 9 1,098 676
Mahone Bay
St. Margaret's soundings made, but due to rough bottom

Bay no tows were made
Total 4.33 0 107.77 0.353 0 1.80 161 56,833 42,980-70,686°

ANo density or bioma
distance estimation.

ss estimates developed due to strong tidal influence on dredge operation and

See Figure 7 and 8 for no./tow.

bouahangs present in densities too low to warrant biomass estimates.

Crange of biomass estimate within 20% confidence limits.

Ly
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Table 2. Mean densities and minimum biomass with 90% confidence limits for
A. islandica and S. polynyma surf clams in offshore areas.

Bank Area Species Density Biomass
km?2 kg/m2 t +90% C.I.
Emerald 457 Arctica 0.006 2,742 6,041
Middle 2,304 Arctica G.017 39,168 33,812
2,304 Spisula 0.011 25,344 20,810

Western and
Sable Island

Area 1 109 Arctica 0.208 22,8672 31,314
Area 2 654 Arctica 0.162 105,948 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 Arctica 0.171 165,528 23,217
Area © 149 Arctica 0.200 29,800 36,245
Total (1-6) 2,452 Arctica 0.179 438,908 65,123
Remaining Area 11,830 Arctica 0.026 307,580 67,846
Total 14,282 Arctica 0.062 885,484a 172,207
14,282 Spisula 0.003 42,846 13,644

Banguereau 9,182 Arctica 0.003 27,546 28,070
Area 1 1,589 Sgisula 0.201 319,38¢% 106,011
Area 2 709 Spisula 0.186 131,874 136,889
Total {1 & 2) 2,298 Spisula 0.197 452,706 133,241
Remaining Area 6,884 Spisula 0.021 144,564 37,500
Total 9,182 Spisula 0.068 624,376% 200,170
Browns? 680 Arctica 0.001 680 1,772
680 Spisula 0.027 18,360 34,426

Roseway® 100 Arctica 0.004 400 646
Spisula 0.041 4,100 7,144

a8Total biomass estimates for Western/Sable Areas 1 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
samples/area.

bpartial area only, see Fig. (4) for actual area survevyed.







51

VAN (AR AN 566 0TL 894 a9y ££€8796G 191 2a0Usul
0T 6 L g 1% 3 00¥ 001 Aemosoy
LT ST [ 6 L ) 089 089 sumoayg
689 A3 8v PPe GLe L07¢ 9vG ' LT 2816 nesisnbueqg
LET 22 BC0'6T 96%7°G1 690°TT 568’8 I¥9°9 oy 688 z8T'vT Te300
069°L £19°9 £8€°G GP8’e 9,0°¢€ LOE’'Z 086 L0E 0€8’'TT woxy butrutrewsy
€.6°0T LEV'6 189°'L 98%v’¢g 68tV 26T '€ 806 '8EY (AR AR (9-T) T®30Q
G L %9 84 €LE 86¢ e 008 ‘62 671 9
8ET ¥ 6SG°E L68°C 690’2 GG9°' T 192’1 826 'G9T 896 q
AN 160°T agg 119 e8P LOE 968 8% TeT1 4
186 vv8 .89 T6% 26¢ el Evz’6¢ 8¢ £
6¥79°C 8L2°C pee°1 yZe’1 660°T 96l 8¥%6 'G0T 7s9 <
L9§ LBV L6t £8¢ LZ¢ OLT gL9’'ce 60T 1 esavy
pueisy
oTqeS-UIDISoaM
616 [Ags] 4§89 Oo¥ 26¢ T6c 89T ‘6¢ yoe’'e PTPPTIN
69 66 8t Ve Le 1¢ L'z LG pleadsuy
0G60°0 €p0°0 G£0°0 GC0°0 0¢0°0 STO°0O 3 Zuns{’ Auey
ssewoTyd vOIY
A3 TTIRIION
(2) ASH
*(G°0 = X) T®@a®] Teurbric syl Jo
20§ O3 paonpsx ST 3003s UTDBITA oyl usyMm sinooo uorionpoad snidins wnwTxew 73eY73 SounNsse Topou
oul  *°d W X = *PUh Tepow (TL6T) S,PURTIND WO POATIOP se (W) A3 TTelI0w [RINIRU JO So3RX
SNOTARA 3B BOTIPUBRTST °Y JI0F (3) SUO} OTIAIdW UT (ASW) DPIOTA 9[RUTLISNS WNWIXBW FO $93RWTISH °*§ OTJRL






53

JURDTITUDLTIS Asow dyl HuTaARY sSeoIL JO S$OTIRPUNOCG pPUR BOTPURTST v Jo ANE\mxv
soT3TsSuUsp DBUTMOUS 78ET~TRET UT ueg PURTSI oTgRS UO SUOT3IR1S JO UOTIeDOT

*SUCTIRIJUD20UOD

8T

“bta

yv

O@m OO@ 0—,0
T { 1
o @
MNVE ® \.i/
aNvisl 318vs ¢ A J .
&
%
-]
Nadm @
o
LBy 002 < . °
L /By 002" = 00L " @
/By ge0o > e
LBy pre
i i i
09 L9






55

*SUOTIRIJUBOUOD
JUROTITUDTS Jsow oyl HuTarYy SeSIR JO SOTIRPUNOYG PUR EOIPUBTST

v FO ANE\.@MV
s@T3Tsusp DBUTMOUS T84T UT polkoalns jueg uiolsSop UO SUOTIRLS JO UOT3ROOT

"61T "bta
SO €9
|
191 EP
-~
_\ It// @ ¢
i e
| s
o,
“ ®
® e
i / MNVE
MO
__ J/ NYILSIM
] 7/
i 7 ®
i 7
,f..\\o
rd
/
//
- - b
R ¢ 201/6% 002'< gy °
2By 002" - 00V ""®
W/B% 660> e
Ju By g oo
1

29






The Stimpson's surf clam was found on all banks but Emerald
(Fig. 20). It occurred at 42% of all stations and was most
abundant on Banguereau Bank where it was found at 92% of the
stations. Generally, surf clams outranked ocean guahaugs as the
major bivalve species in areas north of Sable Island Bank:
however, the largest single catch in terms of numbers (4.7/m2)
was recorded on Roseway Bank. The largest single catch in terms
of weight (0.564 kg/mz} was on Banguereau Bank. Biomass estimates
for surf clams on each bank are given in Table 2. The bank
having the greatest apparent potential for this species is
Banquereau, particularly in Areas 1 and 2 as outlined in
Figure 21. MSY estimates (Table 4) for the total biomass of
452,706 t in Areas 1 and 2, using mortality rates of 0.15-0.30,
range from 33,953 t to 67,906 t (23,960 t to 87,892 t when 90%
confidence limits are applied to the biomass estimates). The
estimated biomass for the remaining area of Banguereau Bank was
144,564 t. However, the mean density of 0.021 kg/m2 for
this area would, as in the case of Western and Sable Island
Ranks, likely preclude any commercial potential.

DISCUSSIOCHN

Fogarty (1979) estimated the lower catch limit for a
commercially exploited guahaug bed in Rhode Island Sound to be
100 kg per standard tow./ For comparison with our results
this lower limit was converted to kg/m2 using the following
formulas

Lower Catch Limit = 100 kg
X tow length x dredge width

where, X tow length = 190 m and dredge width = 1.52 m. This
gives an estimated lower limit for commercial exploitation of
approximately 0.34 kg/m2. Using this as a rough measure of
commercial viability, seven of the areas listed in Table 1

had mean densities egual to or greater than 0.34 kg/m2 while

an additional four areas contained some stations with densities
in excess of 0.34 kg/m2.

Merrill and Ropes (1969) stated that most significant ocean
guahaug beds in the U.S. are located between 25 m and 61 m. In
our survey, only 19% (33 tows) of all inshore stations were at
depths greater than 25 m. On areas of good bottom, densities
for these stations were as high as 25 animals/m2 (1.8 kg/m2).
Stations 25 m or deeper were seldom sampled during the survey
due to a generally rougher bottom topography. Once outside the
relatively shallow depths and fine sediments associated with
most embayments of southwestern W.S5., guahaug habitat is less

Tstandard tows were of four minutes duration, with the
distance covered measured by differences in Loran C coordinates
recorded at the start and end of each tow.







-sXoaans snotasid pue zgeT-086T 2Ul AQ pOUTWIDIDOP Se BTI0DS BAON JO SeOIR 910USUT
pue JTeys ueT3oos oyl uo (ewluifod °g) wed Fians s,uosduTls JO UOTINQIIISTA °07 °"HbTda

59

AROJUOD YIdBQ Wy 00! =«
INOIUOD UIdS Wi OF s

AJAHNS LNISIHd @ Lot
(£9°1040 'NITHIBNYHO) GATAHNS SNOIATHd ¢ T e -







61

ST9 €19 cov otV 80¢ o0tT’'v 00T Aemasoy
vaL'e G62’'C £0¢C‘¢ 9¢8°T LLE'T 09¢ ‘81 089 sumoIg
969'¢6 L¥0‘8L GZ6'VL BEV'Z9 828 9% 9LE'VTY Z81'6 T30l
GB89' 12 TLO'8T 8YELT 96V Pl Zv8 01 IR A A 788°9 eoay burtuTeRWwsy
906°L9 886796 TRA N 4 CTLT'sy €66 €E 90L'2SY B6C ¢ (2 3 1) Te3oL
8L 6T v8v ‘o1 §z8’'sT LBT €T 168'6 bL8 TET 60L 4
806'LY vZ6°'6¢€ LzE '8¢ 6€£6°'TE vs6€e 68€‘6T¢E 68T 1 ea2ay
nesienbueg
LTV '9 96€'G Zr1’'s §8C 'Y €1C'e o9v8 Y 28T ' vl oTqes~uI93lsaepm
z08'¢ 89T '¢ vo‘¢€ veES'C T06°T 4AE LA vo€’e STPPTW
0€°0 S5¢°0 vC°0 0¢°0 S1°0 3 7 W3 Hued
ssewoTd vOIY
A3 TTRIION
(3) ASK

‘(G0 = X) Tead] TeuTbrIo 22Ul JO 30¢ O3 poonpal ST MDOIs
oYl usym sinodo uotrionpoid snydans wnuwTxew 3vY} SLBUNSSE Topow syl

urbita

__“Tepout Aaﬁmav 8, pURTIND WOIF POATIOP se (W) A3T[elIow [eaN3eU JO S$93BI SNOTIRA
I MENmNﬂO& ‘g AOF (3) SUOY OTIZISW UT (ASH) proTh STORUTRISNS WNWTIXRW JO SOIRWIILISH *p eTgel






63

* SUOTIRIJUDOUOD
jueoTITubTs 3sow oyl buTaey sesre JO sS8TIRpPUNO] pue ewAuAtod S 3JO mma\mxw
soTyTSuop BUTMOYS 786T O3 T86T UT polsains ued neoxonbueg uo SUOTIELIS JO UOTIEDOT

86
dw

o

‘Tz °bra
]

09

)
I

0000001t FTVOS

MNVE Nv3UInONvE

s @ , ® @
4 \ ® &
o @ M
° m. @ @ . @ @ ® @ @
e e 2
\\. e | o i e ° ®
™ £ ' 3 \\\\ o » @
& 7 % e .
&\ ¢ /I:\.\ ® °
@ 4 ] <
4 /
mh ’° ® *
M @ /
/) o &
% i© @
Vol .
@ | ¢
St &
® ®
@
by Q02 < "y
u . “15v
y ausBy 00T —00L @
Wby 660" >0
LBy g o
i i i
<88 5







than ideal, with sediments composed primarily of gravel and
rock. The areas (Fig. 7 to 17} for which biomass estimates are
given represent a total of only 161 kmZ2. Although small in
area, the inshore location of these beds offers several
advantages. They are, for the most part, within a few
kilometers of a fishing port (thus reducing vessel steaming
time); and, being located in relatively shallow and sheltered
harbours, they should be fishable even in moderately inclement
weather.

Growth studies on quahaugs from the survey area and from
studies in the U.S. indicate that the ocean guahaug is an
extremely long-lived (100 years plus) and slow-growing animal
(Thompson et al. 1980; Murawski et al. 1980). Serchuk and
Murawski (1980) suggest that 6.7% to 13.5% (mortality rates of
0.027 to 0.02 respectively) of the quahaug population off the
U.S. Mid-Atlantic Bight live to 100 years. From age analysis of
450 quahaugs and length frequency information from the inshore
survey, we estimate the percentage of the population living to
100 years at 1.3% (M = 0.043). These estimates of natural
mortality are within the range used in developing our estimates
of M8Y. Although densities of ocean guahaug on the ofifshore
shelf areas were considerably less than densities found inshore,
the species was present over large areas. The development of an
of fshore fishery will be dependent on the overall economics of
harvesting quahaugs at the densities found.

Growth and age studies of Stimpson's surf clams from this
survey are not yet complete. However, information on the growth
of this species is available from studies of populations on the
Alaskan coast (Feder et al. 1976; Hughes and Bourne 1981). 1In
both studies, growth rates were determined by counting shell
annuli. TFeder et al. (1976) indicate that Alaskan clams attained
a maximum length of 151 mm at the age of 16. Hughes and Bourne
{(1981) determined maximum length between 129 mm and 148 mm and a
maximum observed age of 25. Using the growth curve developed by
Feder et al. (1976) for Alaskan clams and the length frequency
data for clams from Bangquereau Bank, a natural mortality rate of
0.245 was calculated. This compares favourably with the natural
mortality rate of 0.19 for §. polynyma in Alaskan waters (Hughes
and Bourne 1981) and those for S. solidissima of 0.200 (Caddy
and Billard 1976) and 0.300 (Bernier and Poirier 1979) in
Canadian waters and 0.260 in the Mid-Atlantic Bight area of the
U.S. (Chang et al. 1976).

The dramatic increase in ocean quahaug landings in the U.S.
resulted in part from a need to maintain clam meat production
following the previously mentioned decline in surf clam stocks
in 1976. If surf clams regain their former abundance, the
demand for ocean guahaugs may again decrease unless the overall
market for clam products increases. A possible substitute for
the U.S. surf clam, S. solidissima, may be the Stimpson’s surf
clam, S. polynyma.
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Stimpson's surf clams have several advantages over ocean
guahaugs in terms of potential for commercial development. They
have a much faster growth rate, resulting in a considerably
higher MSY for a particular level of biomass. In addition, they
should demand a higher price per pound, similar to that paid for
S. solidissima in the U.S. market. Current (1982) U.S. prices
Ffor quahaugs and the surf clam, S. solidissima, are
approximately $0.61/kg and $1.127/kg of meat respectively.

Again, the development of a fishery for S. polynyma will depend
on the economics of harvesting these clams at the densities
available.
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