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THE MUSSEL RESOURCES OF THE NORTH ATLANTIC REGION

PART 1--THE SURVEY TO DISCOVER THE LOCATIONS AND AREAS
OF THE NORTH ATLANTIC MUSSEL-PRODUCING BEDS

By Leslie W. Scattergood* and Clyde C. Taylor * %

This is the first of three papers discussing the World War II pro=
motion of the North Atlantic mussel fishery, The present article 1is
primarily concerned with the quantitative results of a survey of the
productivity of mussel areas,

INTRODUCTION

During the recent war, the fishing industry had the problem of increasing its
production despite relative shortages of manpower, equipment, and materials. One
of the ways of efficiently augmenting the catch of fish and shellfish was to uti-
lize species ordinarily disregarded. One of the probable sources of sea food was
the edible mussel . , .

(Mytilus edulis),
whichis so common
along . the North
Atlantic Coast of
the United States.
This species can
be harvested dur-
ing that time of
the year when the
small-boat fishery
is least active.
In the latewinter
and the spring
months, the mussels
are in good con- A o
dition for marketing, as it is then that they reach their fattest condition, and
in this period other fishing activities are at a low level,

The mussel, although relatively unknown to the American public, has attained
great popularity in Europe. Large quantities have been consumed in European coun-
tries for hundreds of years.

The annual English, Welsh, and Scotch production of this shellfish, as re-
corded in the statistical reports of the British Ministry of Agriculture and Fish-
eries, averaged about 19 million pounds ("in the shell" weight) for the 15-year
period between 1924 and 1938. In addition, large quantities of the shellfish are
imported or landed by foreign boats. For example, 104 million pounds in 1930 and
12 million pounds in 1932 were brought into Great Britain. Considering the im-
ports and local production, nearly 30 million pounds were used annually in Great
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Britain during these years. Most of the mussels are consumed as food; some are
used as bait in the long-line fisheries,

France consumes much greater juantities of mussels, and so important is this
shellfish that extensive artificial cultivation has been practiced for several
centuries in that country. Lambert (1935) states that generally France consumes
about 143.3 million pounds, of which about one-~third comes from natura' beds, one-
third from mussel "farms", and the balance imported from Holland.

The mussel production for 1933 in Holland, which consumes only small quantities
of this shellfish, was about 144.5 million pounds, of which 44.]1 million pounds
were used for duck food, 4.4 million pounds for fertilizer, and 90,4 million pounds
were exported to Great Britain, Germany, Belgium, and France, according to Lambert,
The latter two countries absorbed about 95 percent of the Dutch exports. During
1917 and 1918, Holland shipped over 2,204,600,000 pounds of mussels to Germany, ac-
cording to estimates of some Dutch mussel culturists interviewed by Lambert.

In the United States, mussels have been utilized only slightly. The records
of the United States Bureau of Fisheries and the Fish and Wildlife Service show that
during the 10-year period (1929 to 1940), the annual production of the mussel fish-
ery averaged 200,000 pounds of meats, or to make the figure comparable to those
given for Great Britain, less than 1,000,000 pounds ("in the shell" weight). About
75 percent of the Atlantic Coast mussels were landed in New York City. As a re-
sult of the recent war, a fishery for the ribbed mussel (Modiolus demissus) has
been prosecuted in the middle Atlantic and Chesapeake Bay areas, but these mussels
have been used in the preparation of vitamins for poultry, rather than for human
consumptiorno,

Efforts have been made in the past to popularize the sea mussel in this coun-
try. Field (1910a, 1910b, 1911, 1913, and 1922) noted the potentialities of an
Atlantic Coast mussel fishery. Field in 1917 made an investigation of the mussel
peds at Plymouth Harbor, Narragansett Bay, and around Long Island, New York. An
examination of 19 localities in the three sections revealed that an estimated
2,726,000 bushels of marketable mussels were available in these areas during the
winter and spring of 1917-18., In 1918, the coast of Maine was surveyed from Port-—
land to Eastport and a total of 127,000 bushels of marketable mussels were esti-
mated to be available in the 32 localities surveyed. According to Field, a mar-
ketable mussel was one which was two inches or more in length. Some attempts to
promote the use of mussels as food were initiated by the United States Bureau of
Fisheries during the years 1917 to 1919, but an important fishery never material-
ized. Mussels remained generally unknown to the American public.

When renewed efforts to develop a mussel fishery were under consideration in
1942, it was thought that the consumer's reaction to the product should first be
evaluated. Fresh, frozen, and canned mussels, prepared in a variety of ways were
served to a considerable number of people by members of the Fish and Wildlife Ser-
vice. The mussels, with the exception of several frozen lots, were judged to be
excellent when served in chowder, fried, or eaten raw as a cocktail. The first
general test of the public's reaction to mussels was sponsored by the Massachu-
setts Division of Marine Fisheries. At the 1942 annual fair in Brockton, Massa-
chusetts, steamed mussels on the half shell were served at the marine fisheries
booth. The consumption of over two tons of mussels at the fair indicated that
the public found the shellfish acceptable. In addition, representatives of the
Massachusetts Division of Marine Fisheries prepared mussel chowders which were
served in the commissaries of several Massachusetts defense plants. The enthusi-
astic acceptance of the mussels was nost encouraging. The Division representatives



reported that the few individuals who did not enjoy mussels were those who did not
like shellfish in general. It was felt that once consumers were acquainted with
the excellent flavor of the mussels a demand for this new product would soon be es-
tablished,

Mussels are an excellent source of protein, are rich in vitamins (riboflavin
and Vitamin A), iron, copper, and iodine, and contain magnesium, phosphorus, and
calcium; therefore, they would be a valuable addition to the diet., The possibil-
ities of increased use of mussels in this country were recently stated byHerring-
ton and Scattergood (1942, 1943) and Loosanoff (1942, 1943a, and 1943b).

As the mussel resources had been but slightly utilized along the North Atlatic
coast, there was little recent available information concerning the supply of the
species. Data from Field's survey of 1917-18 were available, but it was not known
whether his estimates of productivity were applicable to the 1942 supplies, or
whether the beds which he examined still existed. In order to determine the ex-
tent of the supply and the possibility of developing a fishery, it was necessary
to make a preliminary survey of the mussel resources and the factors affectingtheir
utilization. No attempt was made to make a complete survey.

Because of the limitations in time, it was not possible to cover the entire
North Atlantic region. However, the principal mussel-producing areas between Point
Lepreau, New Brunswick, and Rockland, Maine were examined. Parts of the New Hamp-
shire and Massachusetts coastlines also were examined, Available data indicated
that these areas included the most productive beds along the coast at that time.

The mussel survey was planned to provide the following information:
1., The locations and sizes of the principal mussel beds,

2. The total contents of the beds in terms of quantity
and size of mussels.,

3., The yield in pounds of meat per bushel for each area
and season,

4., The quantities and sizes of pearls found in mussels
taken from each area,

5. Practical methods of harvesting mussels.

6. Information concerning available canning facilities,
boats, and manpower,

The mussel surveys of 1942 and 1943 were made possible by the active cooper-
ation of the Maine Department of Sea and Shore Fisheries, Maine Development Com-
mission, New Hampshire Fish and Game Department, Massachusetts Division of Marine
Fisheries, Fisheries Research Board of Canada, Canadian Department of Fisheries,
and interested cannery operators and fishermen. Without this assistance much less
ground could have been covered with the time and personnel available.

An examination of the mussel resources of Southern New England was carried on
by the United States Fish and Wildlife Service in cooperation with the Rhode Island
Department of Conservation, and the Connecticut State Board of Fish and Game. The
preliminary results of the survey in southern New England are given by Loosanoff

(1943c) .
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MUSSEL SURVEY

The object of the survey was to locate and examine the most important mussel
beds in the various sections. In many localities, small areas which might possess
enough mussels to be worthy of a fisherman's attention were not covered; therefore,
the survey represents the very minimum extent of the supply.

Local information from fishermen and fishery wardens was of great assistance
in locating the mussel beds in many localities, although in general the mussel was
not of any interest among the residents along the East Coast. The best informa-
tion was obtained in those regions where mussels are used as fish bait or are con-
sidered to compete with soft clams (Mya arenaria) for space on scme tidal flats.

SURVEY METHODS

The New Brunswick, Maine, New Hampshire, and some Massachusetts mussel beds
were located near the low-tide mark; consequently, examination was relatively
simple. Inspection of the bed at low tide was made either by rowing around it in
a dory or by walking over it, if conditions permitted. The location, shape, and
dimensions of the bed were plotted on a U. S. Coast and Geodetic Survey chart of
that region and from such information, the area was determined by planimeter
measurements. The variations in mussel sizes and population densities were noted,
for these vary considerably on most beds, particularly where the bed extends from
several feet below to several feet above the mean low-water mark. One or more
samples were taken from what were considered to be characteristic parts of the bed
to determine the weights of the meats and the average sizes of the mussles. In
some cases, a sample from one square yard of the bed was removed. With this in-
formation it was possible to estimate rougnly the total number of bushels of mar-
ketable mussels on the beds. It was not possible to determine how accurate the '
estimates were, but is was felt that the error was small and that the quantities
were representative of the abundance of the shellfish.

In the Nantucket Island region the mussel beds were not completely exposed
at low tide, but were in depths of about one to two fathoms. Here, due to the
clearness of the water, most of the beds were easily seen and the examination of
the ramaining beds was completed by using a boat and a long-handled rake. Inthe
Cape Cod Bay region, the mussels were located by dredging.

All mussel samples were washed free of mud and the dead mussels and shells
were separated from the live mussels. The ratio of live mussels to dead mussels
and shells was recorded. The live mussels were measured for individual lengths
and the ratio of the volume of mussels over two inches in length to those under
two inches was ascertained. The meats were removed from those mussels above two
inches to obtain the yield per bushel.

LOCATION, AREAS, AND TOTAL CONTENTS OF BEDS

Table 1 presents the data on the locations, areas, and total contents of the
mussel beds.

In New Brunswick, the region between Point Lepreau and Saint Andrews was ex-—
amined during November 1943, Musquash, Beaver, L'Etang, and Bocabec Harbors were
not surveyed because information from representatives of the Fisheries Research
Board of Canada and the Canadian Department of Fisheries indicated that few mus—
sels were present in those areas., Very limited supplies of mussels were foundat
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Lepreau Point, Lepreau Har-
for, Mill Cove, Midjik Bluff,
Digdequash Inlet, Parker,
Jameson, and McMaster Is-
lands (Figure 1). This re-
gion was examined by Mossop
(1921) during 1917 and her
observations agree with
those of the 1942 survey,
The mussels were so small
that they were considered
to be of no commercial im—
portance. To be commerci-
ally important mussels
should be at least two
inches long and in great
enough juantities to make
their harvesting profit-
able.

In the Eastport-Lubec
region, which was surveyed
during October 1943, mussel
beds were not abundant. Jim
Island, Spectacle Island,
Pennamaquan River near West
Pembroke, Scrub Island, and
Long Island had small patch-
es of messels. The largest
bed was located in Lubec
Narrows at Leadurny Point.
Less than 26 acres of mus-—
sel flats were discovered
in the entire Eastport-Lu-
bec section and mussels of
over two inches in length
were so scarce that the beds
were not commercially im-—
portant.

Information from fish-
ery wardens and fishermen
indicated that mussels were
not abundant enough to war-
rant a fishery in the re~
gion extending eastward from
Jonesboro, Maine, to Lubec,

| Table 1 - Locations, Areas and Estimated Juantities of Mussels on Some Surveyed Beds
e roxinate
Estimated Bushels Per |Area of Bed
Acre of Containing
Markstable-size Mussels Marketable | Total
Locality (2" or more in length) Mussels [Bushels
Nuaber Acres | Nusber
[New Brunswick:
Lepreau Point s.vuecesnsnnen eresans tetssrenane _‘1_/ - »
Leprean Harbor ..e.evveeessss 1_/ - =
Letite Farbor, Mill Cove .... I/ - = |
Little Letite Passage ....... }/ - N [
Midjik Bluff Liveeveieennn. o 00 1 300 |
Digdequash Inlet vuvu.vveyens Y = s
Total oo e o oot acensooseoocaooes: - 1
Emna Euquart-Lubec Sactiom
Moose -Tsland BAARE: o . isonvivseminaseTEeRe R 1/ - -
Spectacle Island .....c.ec0t0ti00000000000e0s .es ']f/ @ -
Jim Island ei.eevenncncenes sessesiesesevananes 1_/ | - =
Leadurny Point ..ecececesscocscacssscsacsscans I | - -
Long Island ..ccceerccccsscrcnccsenaocccssenns by - -
Scrub Island , SRS BRI RO S s e B - -
Pennanaquan River +...cecsveecsvescsoescaens, 1/ o = |
Total sosvessiivenssaasncessis sucssssci - - -]
ne, Jonesport Section: 1
Ghandler Biver ¢ c.ocsescssonsevacsnasens {j - =
eovscenens J15 134 2,010
West River, Goose TsLands «vuewsesewsvnenrssos 75 E 5,525
Cape Split HATDOT .u.e.ovucevenecnieiennnnns 600 50,400
Pleasant River, Reef Point .... 70 123 9,380
Harrington River, Ripley Island. 10 20
Narraguagus Bay, Back Bay ... 310 8 8,680
Narraguagus River, Long Point A5 8 520
Pigecn Hill Cove, Bar Island 1 - =
Dyer HArBOT 4.c.0ueeencsnnsne 17210 41 49,610
Pinkham Bay eeccesccccscvccescasssssancesceres 685 44 30,140
JOY BAY s.acessssssacessnsssesagacnsesessessas 510 44 0!
Toﬁl Ss0gegg0ssagacesssesasssessssassssses - 20 181,725
Maine, Frenchman Bay Section: =
Winter Harbor ........ T TS veesesns 500 2 1,000
Stave Island Harbor ...,.. con 38 65 2,700
Hog Island ..e.ecevensnecaces 100 3 300 |
Sovard's Island se.eesees. 75 36 2,700
Ingall's Island s.eviccvunaes 195 10 1,950 l
Sullivan Harbor, Moon Ledge ... 145 7 1,015
Raccoon Cove ..evevecvcvcnsnnsnns 1 225 40,500
Skillings River . 100 10 1,000
Jordan River . pyj = =
Total o st ionrocoeccroosn: aseicavosases - 228 | 73,160
Maine, East Penobscat Bay Section: ]
Pattens BAaY' sisamwsmasisisnss 6o saoses sy seli v py) - -
Morgang BaY oecusssssnssnavavinassvesossessen 1/ - -
Blus Hill Harbor ..cspeesoscovapsevsesnose case 1 - -
Allen's Cove ...... Gessssseeasessanetionnnnions 1 - - |
Herrick Bay seseceescsccscoseccccsssncocasscns 60 48 39,680
Contre HArbOr vaneveveocesesmvaness goyspmsas 335 3 1,005
Deer Isle, Fish Creei «..vesevssnnroncecsnonne 8 128 10,320
Deer Isle, Greenlaw's COVE ....c.c.0c0vvnnnnns 75 100 7,500
Deer Isle, Webb Cove ...... .l./ - - ‘
White Island ., 500 1 500
Jim's Island . 100 1 120 |
John Tsland 575 ] 2,875 |
Opechee Island 50 < 400 |
Swans Island, Mackerel Cove 10 39 350 |
Swans Island, Atlantic Harbor ......eceeessnes 40 13 520
Isle au Haut Barbor cisessesscssssescscsossces 35 4 1,500
Total soioeqsecas: assssscsessesegcose = 20! 5.0
Few Hampshire:
Hampton River ,..... vesssesssencussrosssenonns 1/ = =
Massachusetts:
Dby By voessassiess siviennnsassasnmenmois 1/ - -
Chathlm v..veeeeaneerasinne T - E
Nantucket, Muskeget Island ... 2 125 20
Nantucket, Maddaket Harbor 600 2 12,500
Total ..cccpesvcvccecsscstocncassesscccasss 145 12,850
1/Commercially ummportant becanse of comparative absence cf mussels over two inches in length

Maine. In order to avoid the expenditure of time on areas offering little pro-
spects of a commercial fishery, the survey was not extended to that region.

The principal mussel areas of eastern Maine were surveyed in October and
November 1942, with the exceptions of Pattens Bay, Morgans Bay, and Allen's Cove,

which were examined during October 1943.

Figures 2, 3, and 4 show the locations

of the beds, In the Jonesport area (Jonesboro to Gouldsboro Bay) a total of 620
acres of mussel beds contained about 182,000 bushels of marketable mussels; the
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Frenchman Bay section had 358 acres of beds and 73,000 bushels of mussels;
the East Penobscot Bay region had 551 acres

The survey did not
investigate thoroughly
the entire coastline even
of any one section. The
Maine coast has a very
large number of islands,
rocks, bays, and inlets,
many of which offer fa-
vorable conditions for th
growth of mussels., Most
of the beds reported by
fishermen, wardens, etc.,
were examined; however,
many small beds were un-—
doubtedly not visited,
consequently, the esti-
mated available supplies
must be considered as a
minimum. Furthermore,
the survey of the Jones-—
port region was more in-
tensive than that of
Frenchman Bay, while East
Penobscot Bay received
the least attention. The

reason for this difference was that there was insufficient time to examine

and

of beds and about 65,000 bushels.
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the

latter two areas as thoroughly as the first; therefore, a comparison of the ra-
lative productivity of the three regions cannot be made from the survey. As the
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FIGURE 3 - PRINCIPAL MUSSEL BEDS OF THE FRENCHMAN BAY, ME., REGION.

fishery developed, the
mussel gatherers found
many more small beds,
particularly in Hancock
County.

The areas around
Mount Desert, Vinalhaven,
and North Haven Islands,
and West Penobscot Bay,
were not surveyed. War-—
dens of the Maine De-
partment of Sea and Shore
Fisheries reported that
a good supply of mussels
was present around Mount
Desert Island; however
there was little avail-
able informaticn about
the other thrze sections.
The remaining sections
of the Maine coast between
Rockland and Portland were
not examined, but fisher-



men who were familiar with both the sizes of the beds and mussels reported large
quantities. No beds of commercial importance were reported by wardens or fisher-
men in the coastal area between Portland and Kittery, Maine.

In New Hampshire, the area at the mouth of the Hampton River was examined in

October 1942, but the mussels were scattered and of small size. Fishermen and
. . conservation officers did

not believe that a mussel
fishery was possible in
that State, due to the
scarcity of large mussels.
The Great Bay area was
not surveyed because of
lack of any information
on possible mussel beds,

Some regions in Mas-
sachusetts also were vi-
sited. In December 1942,
Plymouth Harbor and Dux-
bury Bay in Massachusetts
were examined., Although
there were 36 acres of
mussels present in the

T ‘o :‘ ACRES OF MUSSEL BEDS intertidal zone, the mus-
é%%ii?;; ; JF£4¢‘RLAMAS,OB[‘,O“D sels were generally so
(s ron s wetuire semvice " CL AL T = ———— || small that a fishery would
FIGURE 4 - PRINCIPAL MUSSEL BEDS OF THE EAST PENOBSCOT BAY, ME., be impractical. Chatham
REGION. Harbor, also examined at

this time, contained only
mussels under two inches in length. In April 1943, Maddaket Harbor at Nantucket
Island contained about 16,000 bushels of large mussels, while at nearby Muskeget
Island, an estimated 250 bushels were present. According to local fishermen, the
mussel beds at the latter locality had been severely depleted by sea birds, prin-
cipally the eider duck (Somateria -sp.), during the preceding winter. There was
no definite evidence to show the extent or cause of any depletion.

OBSERVATION OF A SMALL MUSSEL FISHERY: A mussel fishery of minor importance
was being carried on in Cape Cod Bay by a scallop dredger operating about two
miles northeast of Dennis, Mass., during December 1942, In May 1943, the fishery
was resumed by three boats. A trip was made on the Vhitewater, a 4O-foot shell-
fish dredger, to observe the operation of the fishing gear. This boat towed two
scallop dredges, one from each side. The width of the mouth of the dredge was
seven feet. The towing speed was 2% miles per hour. The dredges, dragging over
a muddy bottom at a depth of about 30 to 40 feet, collected 147 bushels of mussels
in slightly less than three hours. Dividing the number of bushels taken by each
dredge by the length of time each dredge was actually on the bottom, it was found
that the starboard dredge averaged .45 bushels per minute and the port dredge .57
bushels per minute. The difference in efficiency between the two dredges was known
to the boat operator but he was unable to offer any explanation,

After the mussels were dumped on the deck of the boat, most of the kelp, rocks,
whelks (Buccinum undatum), etc. were culled out and the mussels were shoveled into
burlap bags. Examinatlion of the contents of the bags revealed that about 80 per-
cent of the volume was live mussels, the remaining 20 percent being empty shells,
rocks, sand dollars (Echinarachinus parma), and other debris.




On the same trip, the Whitewater dredged for scallops and caught 96 pounds of
meats in over 5 hours. While the scallop fishing may not have been particularly
productive in that region, some comparison can be made between the productivity of
the two fisheries in terms of edible meats produced. Scallop fishing yielded 18.8
pounds of meats per hour while the hourly catch of mussels in terms of fresh meats
was 645.7 pounds. However, the fresh scallop meats need no further processing
before reaching the consumer, while the mussel meats must be subjected to consid-
erable handling before being sold as a canned or frozen product.

EXPERIMENTAL MUSSEL DREDGING BY SERVICE'S VESSEL: During August 1943, the
Fish and Wildlife Service boat Skimmer was employed for experimental dredging in
the Cape Cod Bay area, The survey of this section was planned primarily to deter-
mine the extent of the important mussel beds reported in that region. Thirteen
dredging hauls were made in the region between Brant Rock and Scorton Neck, but
no marketable mussels were obtained (Table 2). Fishermen in the Plymouth area were
unaware of any beds except those in Plymouth Harbor and Duxbury Bay. Tows No. 6
and 7, off Plymouth Bay, brought up kelp on which many small mussels measuring
1/16 to 5/16 of an inch were found. Whether or not these seed mussels will form
a bed is questionable, The failure to discover beds of marketable mussels in the
Brant Rock-Scorton Neck area does not mean that such beds might not exist, for it
would be relatively easy to fail to contact some small beds, especially as the
number of dredging operations was not large. The absence of local knowledge of
mussel beds in the northwestern portion of Cape Cod Bay gives additional evidence
that marketable mussels are not common there.

Mussels were dredged in the area between Billingsgate Shoal and the Brewster-
Dennis shores. From the results of the Skimmer's dredge hauls as shown in Table 2,
3 rough idea may be obtained of the size of this mussel-producing section. The
probable center of the mussel bed or beds, is about 2,700 yards southwest of the
Billingsgate Shoal buoys, which mark its northern limits, and its southern limit
is about 3,300 yards north of the Sesuit Harbor breakwater. Its greatest length
is 6,000 yards in a north northeast half east direction and its greatest width
3,600 yards in an easterly direction. The area of this bed has been roughly es—
timated to be 2,450 acres. The actual limits of the bed are not known exactly,
as a great many more dredge hauls would have been necessary to plot the area ex-
actly. This area offered great possibilities ir 1943 and, as mentioned before,
some mussels had already been taken commercially from the region.

The technique of dredging as employed on the Skimmer varied little from that
on the Whitewater; the dredge, however, was somewhat smaller. The mouth of the
dredge was 3§ feet wide; the bottom bar or rake bar held 11 one-inch square teeth;
and the bag was designed to retain mussels two inches in length. The dredging
operation was performed by dropping the dredge overboard and paying out about three
times as much wire as the depth of the water. The duration of the tow was the time
elapsing between the instant the dredge struck bottom, which was determined by the
vibrations in the wire, and the moment when the dredge left the bottom as the wire
was hauled in. The speed of the boat was determined frequently by ship logs.

The efficiency of the dredge is affected by the character of the bottom. The
dredge bounces violently over rough bottom and has a less marked jumping effect
on smooth bottom. Since it is not known what proportion of the mussels in the
path of the dredge are removed from the bottom and retained, it is not possible to
obtain a reliable estimate of the density of mussels on.the beds, unless a consider—
able number of data are accumulated concerning the efficiency of the dredge. Frey



Table 2 - Record of !dussel Dredging in Cod Amy by the Service' ﬁw
Tow | Date Posi tion ﬂnedoﬂ 1
No. | 1943  [Tatitude, W. | Longitude, W.| Leoality - | _of Tow | d..b- QE-L
ee
" 19 58' 51" ° 35' o" Plymouth Bay N 050 Sand dollars
Lfde 20400 50 350 | T 2w 20 || OOF Tk Meach w8 [Sa 2,655 2
2 | Aug. 27|42 4 7
3| do |42° 3' 14" | 70° 33* 9* do % 10 viz 2,050 |Kalp
a| do [422 339" (70036 13" do 34 EwE 2,00 |Fothing
5| do [410 5B 2" mt%;ﬁ;_Juzaﬁzu 4 10 '%}}__g%gqigigﬁgxqgr___1=r___r
35 215 537 a7 [ 700 35 do 36 10 [ § A o ., P, Wany missels
71 do [41° 83" 5" | 70° 35°* 36% do 22 10 sv 2,0% do
6| Aug. 23(41° 45" 51" | 700 30' 2" | 0ff Sagamore Beach B | 10 |swyy 32 42,09 |Kalp :
[ 9] ao |41°59" 16" 700 30° 35" :“ 2 ig :' byvs u: ;g’) Pl
° 9 690 g | 700 C)
~ 1‘1)7 :o ﬁc 25v F" 708 ngé"\B' ER) % 10 Y% !* 3 5,5; 2 scallops, sand dollars
| 12 5% © 46" 32" | 700 %' 55" |Qff Spring Aill Beach 40 10 ST by !a 2,050 |1 horse mussel, sand dollars
[13| do |41° 46' 17 | 70° 23' 52" |0Off Scorton Neck 59 10 SE by E 2,090 |¥othing i
14 ‘Aug. 30(41° 49 45" | 70° 9' 18" |Brewster to Billingsgate Shoal| 42 10 E 2,050 |12 quarts sussels
15| do.  [41° 49" 50 | 70° 9' 0" do % | 10 ] ?A%_‘ 1 missels
16 do  [410 477 54" [ 70° ©T 48" 0] 7 10 b4 2, "
7 | Aug. 31{41° 46* 6" | 70° 15' 48" |Off Barnstable Bar 47 10 N by tt 2|2,05 |Sand dollars
15| 8e 7|40 46" 58n | 70° 18" 127 do 52 | 10 [Wey w2050 w©
19 do |41°46' 47" | 700 16 3: 8 3; }g T x 3 : ;950 :
| 20| 4o 1° 45' 33" | 70° 15' 4 o il
[ gg’ do 21'-’ 22’ %%" 707 157 387 do B/ 10 Wby 7‘% 4o .
22| do [41° gb' 327 | 700 16" H1® do 51| 10 Nby24E (200 |2seallops, whelks
P2 do 410 47' 22" | 70° 15 59" do 57 | 10 Moy E4 E 205 |7 scallops, sea urchins
24| do |41° 47' 50" | 70° 17' 51" |Off Sandy Neck 64 | 10 Why N4 §|20%5 |Send dollars, starfish
% do |41° 47' 10" | 70° 18' 32" do | 59 | 10 Sby Wi W |20% |Send dollars, sea urchins
=T do IO 45T 127 | 700 18" % ED) ™ | 10 Sty VAV 2,00 | Sand dollars
2] | Sept.2 41° 45' 42" | 700 11' 22" ‘Dcnnu to Billingsgate Shoal 41 10 E 2,050 |FKelp
2 do |410 46' 48" | 700 10" 53" do [ 41 10 E 2,050 |5 quarts sussels
29| do  |41° 46' 53" | 70° 10" B* | 4o | &4 | 10 P 2,00 |Ralp
30 5 70° 3* 57* | do | %g 10 3 2, do
31 do 709 117 12% ] do 1 10 ¥ 2, 1 quart sussels
32 700 10* 42" do | 38 10 4 2,050 |1 massel
33 70° g e do | 4 10 Ll 2,050 |32 quarts mussels
34 70° 9 41" do ‘ b7} l 10 : 2.% ;? qn.r;u mussels i
35 O g' 48" | do 10 2, =ussels
3 %6 J:' %7' do ii ] L4 1,05 |Wothing ]
7 700 3' 12" do | [ 10 E 2,050 |12 mssels |
35 70° 8' 47" do 28 ‘ 10 ) 4 2,050 |42 quarts mussels ‘
39 70° A " | Brewster to Billingsaate Shoal | 27 10 E 2,050 |16 quarts mussels |
40 20° 8' o" do g 10 X 2,050 ll;&!giﬂ—ll_______
21 706 77 36" do T 10 ¥ 2,050 |Vany saall mussels
42 70° 7' 11" do [ 28 10 4 2,050 do |
43 700 6' 47" | do | 7 10 E 2,09 do. {
a4 70° &' 3" do | % 10 E 2,050 |Kelp i
5 70° 6* 0" do | 2% | 10 s 2,0 do |
4o 70887 22% do ‘ 3 ‘ 10 H 2, Notning
47 00 8 3" do % | 10 N 2,050 |1 quart sussels {
48 70° B8' 44" do 29 | 10 N 2,05 |19 quarts sussels
iz 70° B 5om do {35 | 10 |=® 1,50 |42 quarts sussels
0 | do  [41° 4 70° B 56" o 1 36 | 10 ¥ 1,500 (31 ts mssels
51 do 417 ¢4 700 §T W do 1 3 10 N 1,500 | quarts sussels
52 do 41° 4 700 g+ A= do | 42 10 N 1,500 |2 sussels, 7 horse mussels
G5l do 41° 4 700 9'12% do 46 10 w 1,500 |57 quarts sussels
54 |Sept.b |41° 49' 70° 10' 18" | Dennis to Billingsgate Shoal | 31 10 -] 2,050 |Send dollars
s do  [41° 48! 70° 10' 13" do 46 | 10 S 2, do
E3 do 410 487 [708 107 9% do [ 41 [ 10 - R do |
57 do 410 48" 70° 10 5" do 41 10 S 2,050 |5 sussels
58 | do  |410 47' | 700 9* 57" do | 37 5 S 1,025 |Nothing
59 do  [41° 47' 70° 9’ 54" do K 1,435 |1 quart mussels
€0 | do  |41° a7' 2 70° _9' si* do | 32 10 S 2,050 |2 horse mussels ‘
Bl do 410 47 537 7700 9T A3W do 32 10 S 1,700 |2 mussels, J horse mussels
62 | do 410 46" 42" | 70° 9' 40" do | 32 10 s 1,00 |1 horse mussel, sany seed mussels
do 41° 46' 25" | P° 9 I do 32 10 s 1,500 |2 sussels, many seed mussels
&4 do 410 46' 3" |00 g' & do 10 N 2,05 |3 horse sussels, many seed mussels
5 do  |41° 46' 21" | 70° 10' 5" do . 32 10 N 2,090 |2 horse mussels
B do 410 46' 42" [ JO° 107 12" do 75 10 1§ 050 | 2 horse mussels
67 do  [41° 47* o" | 70° 10' 19" do 32 10 ] 2,050 |1 horse mussel
8 | do 419 47' 15" | 709 10" 26" do 36 10 N 2,050 |6 sussels
69 | do  [41° 47" 38" | 70° 10' 32" do 42 10 L] 2,050 |4 mussels, 1 horse sussel
70 | do  |41° 43" 20" | 70° 11° 33 do 46 10 s3w 2,050 |Scallops
7 do  [410 48" 2" [700 11" 31" do 3l 7 Y&E 1,435 do
7 do  [410 48" 16" | 70° 11* 32" | do 47 7 s®w 1,435 do
73 do 410 4¢* 2" | 70° 11 31" do 47 5 saw 1,05 do
74 | do  |41° 47' 35" | 700 11* 3G" do 7 10 s3w 2,050 |8 mussels, 3 scallops
75 | do  |41° 47' 18" [70° 11' 77" | do 40 s&w 1,640 |3 mussels, 3 scallops
76 do  |41° 47" o" |70° 11* = do 36 106 siw 2,050 |Sand dollars
|72 a0 [41° 46" 427 | 700 11+ 2n | do | 3¢ 10 S2w 2,050 |2 norse mussels
:1/Coamon and scientific names: Sand dollar (Eckhinarachnius parma); Sea urchin (Stronglyocentrotus _robadlicnlmlh TAsterias vulgaris
and A, forbesii); Wnelk (Siccirus undatus); Mussel {étﬂ\u edulis); Horse mussel (Modiolus Mio!u,:_ﬁ_;
i (Pecten magellanicus); Kelp - Prircipally members of the LA.INAPTACEAE,
| L S — e

(1946) cites similar difficulties with dredging operations in oyster population
studies. In view of such difficulties, no attempt has been made to estimate the
abundance of mussels in the Oape Cod Bay area. Y
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PART |1 - OBSERVATIONS ON THE BIOLOGY AND THE METHODS OF COLLECTING
AND PROCESSING THE MUSSEL

INTRODUGTION

This is the second of three papers concerning the World War II efforts tc
develop a mussel fishery in the North Atlantic region. The first article dealt
with the survey to discover whether supplies of mussels were great enough to sup-
port a large fishery. The present paper is concerned with biolcgical and techno-
logical observations made during the mussel survey.

SIZES OF MUSSELS

Table 3 reveals some interesting characteristics of the size distribution of
the mussels on the beds. An examination of the table shows that there are many
localities in which there is
no well defined and distinct
mode indicative of the young
from the summer's set. Only
Pleasant River, Narraguagus
River, Winter Harbor, and Dux-
bury Bay have such modes. The
absence of distinct year-size
groups is even more apparent
in the areas belcw low tide at
Ingall's Island, Jim's Island,
Moon Ledge, Skillings River,
Sheep Island, Mackerel Cove,
Maddaket Harbor, and off Brew-
ster. In these eight local-
ities, between 92.7 and 100
percent of the mussels were

. SOME OF THE MUSSEL'S ENEMIES: over two inches in length,
I+ A SEA MUSSEL WHICH HAS BEEN PERFORATED BY ONE There is little information
OF THE WINKLES. i1abl fE wth
2. THE OYSTER DRILL (UROSALPINX CINEREA). avallable concerning the gro
3. THE DOG WHE?K (PURPURA LA?ILLUS). of mussels under natural ccn-
$. THE WINKLE (LUNATIA HEROS). ditions in the North Atlantic
5. THE STARFISH (ASTERIAS FORBES||) ATTACKING A X N
MUSSEL . region. Mossop (1921, 1622)
6. THE CONCH (BUSYCON CARICA). states that mussels grew 1C.8

v mm (.43 inches) per year at
St. Andrews, New Brunswick, in the intertidal zone, while on a submerged reef the
growth was 14.8 mm (.58 inches). At Sorrento, Maine, in October 1946 the mussel
spat averaged .13 inches in length and ranged from .0l to .34 inches.

It does not seem possible that lack of small mussels in many of the localities
during September, October, and November, can be attributed to rapid growth of the
year's spat to the three-or four-inch size. It would seem more likely that the
survival of the spat is variable from year to year. Lambert (1935) reported that
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the production of spat from the Zeland mussel beds was very irregular from year to
year. Mossop (1921) stated that some years are poor spat producers in New Bruns-—
wick, and Storrow (1940) cited the disappearance of 1936 spat and the failure of
any successful spat formation in 1937 and 1938 at Whitby, England. Hobson, Storrow,
Leach, and Wright (1935) reported that the fall of spat at Blyth, England, was un—
important during two or three years prior to 1935, and that this condition was also
true at Budle Bay and Holy Island. Observations at Sorrento and Sullivan, Maine,
during 1946 revealed that, although no spat had set on the natural beds, a heavy set
of spat had occurred on brush which had been put on the flats in hope of encourag-
ing the successful settling of clams, This spat failed tc survive the winter ex-
cept for a negligible portion which set close to the mud., While mussels are reared
in the Baltic on harwood branches thrust into the mud, such a method of culture
might not be economically feasible in the United States because of labor costs,
Possible methods for cultivation of this species are given by Loosanoff (1942,1943a).

On all ten beds from which mussels were taken both frcm below and above the
low-tide mark, the mussels from below were larger than those from above. (Figure 5
shows this difference in
size.) The larger size '
of the submerged mussels
is characteristic of most
North Atlantic mussel beds.
Studies on the St. Andrews, \
New Brunswick, mussels by ‘
Mossop (1921, 1922), Coult-
hard (1929), Newcombe (1935),
and Warren (1936) demon-
strated that the rate of
growth varied inversely /
with the exposure between 3 /
tides., Another factor, /
not yet ¢learly evaluated,
is the pOSSibility that ¢ 23  so 78 00 128 180 175 200 22% 250 273 !MS:;>su 37 4«00
there is a decreased mor- L,
tality among the submerged
mussels and they are able
to grow to a larger size,
No attempt was made during the survey to analyze the growth rate of the mussel
populaticns.

———Bulaow iow tide
20 ~-ABave lew tide

PERCENT

LENGTH IN INCHES

FIGURE 5 - SIZE OF MUSSELS FROM ABOVE AND BELOW LOW TIDE ON
TEN MAINE MUSSEL BEDS.

The mussel beds of New Brunswick, Maine, and New Hampshire are situated near
the low-tide mark. Very few mussels are found more than three feet below the low-
tide level. Huntsman (1918), Mossop (1921), Newcombe (1935), and Warren (1936)
remarked on the absence of New Brunswick mussels in depths of over a fathom, and
believed that predatcrs, such as, starfish (Asterias vulgaris and A. forbesii),
sea urchins (Strongylocentrotus drobachiensis). whelks (Buccinum undatum), cockles
(Folinices heros), and drills (Thais lapillus) were responsible, These predators,
in general, do not occur in less than a fathom,

In contrast, many beds in Cape Cod Bay, Buzzard's Bay, and other southern New
England localities are located in depths of over 4O feet. During dredging opera-—
tions in Cape Cod Bay, starfish, sea urchins, and whelks (Table 2)l/were collected
with mussels. This would indicate that either these predators were in such small
numbers as not tc prevent the establishment of beds in subtidal depths, or perhaps
factors other than predators influence the depth at which mussels grow,
1/Appeared in Part I published in September 1349 issue of Commercial Fisheries Review,




Table 3 - Sizes of mussels from Various .reus
; LIIl VvV B M U 5 § & L
Depth in' | Dead Liein g t B 1 a T n c him i
u:l.n;lon us:ola I o;oo 0;55'_50; |0.75] 1.00] 1.25]1.50] 1.75] 2.00] 2. 25| 2.50] 2. 75| 3.00] 3.25]3.50 3.75| 4.00| averug AVarag
0 Mean y ve ] o o to to to to to to | to to . ]
Local ity Date Low water | Volume|Mussels| 0.24 [0.49/0.74|0.99{1.24|1.49/1.74|1.99/2.24|2.49(2.74 229 33:4 St:‘i 3:;( 3";9 4“ i:;:al) (stze L} -
iow i Ea R0 Foel [Percent |Number |[No. |NC. [No. |No. |No. |o. |No. |No. |Ho. |No. |No. [No. |No. |No. [No. [No. | No- Tnches T ‘f;‘r"#.‘}é“ rercen
Lepreau Point ....eevcvecvenss |2OVL17,1943 | 2 to O i 7% - 3 |- 11 24| 23 7 - - 1 2 2| - 1| - - =
Lepreau Harbor ...,... . do 2to0 101 - - 1| 22| 38| 35 5| - - - - - - - - i.:]s.é 2"-’9 g.:
Letite Harbor, Mill Cove . | Nov.16,1943 | 2 to -1 k 114 - |- |- 1 6/ 49| 50| 8 - [- [~ |- - |- E 1.48 @ 0.0'
Little Letite rassage .. . do 2to -1 2/ 166 - - - 5| 19| 42| 58| 35 6 1| - - - - - - - 1‘56 2.11 4.2
Midjik sluff ........ « |Nov.19,1943 | 2 to O 50.0 134 - - - - 1 9] 15| 48| 46| 12 3 - - - - - 1.95 2.17 45.5
B0 AL . o 4toz 2/ R Tl af 9| vee| ®o| El Bl -T[- |- |- |- et SR 1S 2.06 32
Digdequash Inlet ........ . {Nov.18,1943 | 2 to O ‘zi 120 - - 14| 28| 35( 28| 13 2| - - - - - - - - - 1.14 - 0.0
Walne, gastport-Lubec Section .
Spectucld Islund ......... . (Uet.12,1943 [ 2 to O k: 91 - - - - 3 15 20 21 2| - - - - - - - - 1.63 2.09 Z.é y
. do 2to 0 2 60 - - 1 1 28 26 4| - - - - - - - - - - l.24 - 0.0 0.0
« | Nov.20,1943 lto0O / 125 > W lohe 13| 34| 2% 33 12 1| - - - - - - - - 1.07 2.02 .8 2
« |©ct.11,1943 | 2 t0o O 124 - - - - - 4 7 61| 36 14| - 2| - - - - - 1.99 2.20 41.9 3/
. |0ct.14,1943 | 2 to O 199 - - 6 9 5 13 73( 70 20 2| - 1 - - - - - 1.69 2.15 11.6 E//
sees |0ct.15,1943 2t 0 164 - - - 1 10 15 71| 63 4| - - - - - - - - 1.68 ’ 2.14 2.4 5/
|Muine, Jonesport Section
Indian RIVEr ......ea 0et.20,1942 | 0 to -2 2/ 127 - 1 - 1 1 5 18 25| 32 22 10 8 3| - - - 2.33 2.53 78.7 y
do . do 2t 0 35.0 122 - 1. 1 3 18 30 14 29 22 2 2| - - - - - - 1.63 2.16 21.3 E/
West RivVer ....eveves do 0 to -2 18.5 198 - - - 4 15 33 18 32| 61 25 7 2 i | - - - - 1.88 2.24 48.5 77.0
cape Split harbor . Oct.21,1942 | O to -2 18.§5 87 - - - - 1 2 2 8 10 15| 20 17| 10 2| - - - 2.50 2.66 85.1 93.6
do cesenes do 2t00 18.5 191 - - 2 6 4 22 26 27 43| 36| 18 7| - - - - - 1.97 2,36 54.5 75.9
rleasunt River, (eef roint 0ct.23,1942 | O to -2 33.1 227 - 16 88 8 6 21 ) 27 18 6 7 2| - - - - - 1,27 2.30 14.5 45.7
do “es do 2t0 26.7 224 - 33 108 6 3 12| 17 18| 14 5 7 1| - - - - - 1.03 2,32 12.5 8.5
Harrington River, Ripley Is. . |0ct.30,1942 | O to -2 13.6 161 - 8 17 5 17 6 23 26 34 19 6| - - - - - - 1.70 2.29 36.6 65.7
do . do 2t 0 20.5 116 - - 2 8 211 44 25| 14 2| - - - - - - - - 1.40 Z.11 1.7 8.2
Narraguugus Bay, Buck Bay .... |Uct.31,1942 | O to -2 31.8 169 - - ? 19 15 40 41 23 18 - 1| - - - - - - 1.51 2.17 14.2 33.0
do » Long roint .. do 1l to -2 31.8 193 5|72 25 21 34| 17 12 5| - - 2| - - - - - - .81 2.53 1.0 12.5
Pinkham COove ..euvevsvnsecanss |[Nov, 2,1942 2 to -2 17.0 163 - 5 6 10 9 10 14 29 39 18 12 1] - - - - - 1.78 2.25 45.7 67.1
Joy Bay .... eneessesces |NOV. 3,1942 2 to -2 25.0 162 - 3 15 15 11 12| 30 28| 27 9 7 S| - - - - - 1.64 2.80 29.6 59.1
[Muine, Frenchmun Buy Section: :
Winter Harbor .....c..vecuvee. |Nov. 5,1942 2 to -& 30.9 190 17 |68 47 14 8 8 -] 5 3 4 2 4] 4 1l |- - - .82 2.69 9.5 73.0
Stuve Islund Harbor . do Q to -2 15.7 177 - 2 4 4 11 24 20 17 26 33 22 8 6 - - - - 1.38 2.46 3.7 33.7
do . do € to 0 22.0 212 - 14 5 <} 32 60 19 8 2 40 19 - - - - - - l.62 2.3y 33,5 73.0
nog Islmnd seveeese Nov.10,1942 2 to -2 24,1 137 - 2 5 ? 12 18 14 14 13 13 14 18 6 1 |- - - 1.95 2.60 47.4 s1.8
sowurd's Island Nov.11,1947 0 to -z 22.6 109 - - 1 2 1 2 10 16 18 29 11 12 4 2 1 - - 2.26 2,51 70.6 87.5
Ingull's Island . Nov. 7,1942 | 0 to -2 26.4 47 - - - - 1 - - - Y].= 4 5 9 17 9 i - 3.18 3.23 97.9 99.6
do . . do Zto 0 4.6 144 - 10 13 8 19| 36 18 4 14 16 S 1|~ - - - - 1.47 2,33 25.0 69..
Sullivun Harbor, Moon Ledge .. |Nov, 6,1942 | 0 to -2 9.5 72 - - - - - - - - 11 20 24 13 3 1l |- - - 2.56 2.56 100.0 100.0
do . do 2t00 27.4 74 - - - - 9 18 14 7 18 S 2| - - - - - 1.98 2.42 43.2 70.0
ABCCOOD COVE evesvscncenera Nov. 8,1942 | 2 to -2 10.2 110 - - 1 1 2 6 8 10 25 14 24 13 6 - - - - 2.26 2.51 74.5 0.7
Skillings diver ....ceeue do 0 to -2 14.5 89 - - - - - - X 2 1 2 5| 22| 36|/ 18 4 |- - - 2.81 2.83 97.8 99.1
Walne, gust renobscot Buy Sec
Herrick Bay secesveescces Nov.18,1942 2 to -2 12.7 123 - - 2 3 S 12 12 9 13 20 22 12 [ 11 2 |- - - 2.21 2.61 65.0 83.3
Centre Hurbor .es..... . Nov.1%,1942 2 to -2 12.90 122 - - 1 1 S 2 5 pal oy 23 9 4 5 2 |- - - 2.1 2.58 67.2 81.8
Docr Isle, Fisnh Greek ..... Nov.17,1942 2 to =2 25.5 164 - 1 S 8 15 1?7 26 18 16 1y 27 11 1 1 |- - - 1.91 2.49 45.7 79.4
Deer Isle, Greenluw's Cove do 2 to -2 L6.7 45 - - 1 1| - 2 3 4 6 ? 10 6 4 1 |- - - 2.34 2.61 75.€ 90.9
ahite Islend ..eievecvvnananan do 2 to -2 .8 80 - - - 1 1 1 1 6 4 11 19 22 8 S 1 - - 2.61 2.74 R?7.5 97.2
Jim's Islend ... . . do 2 to -2 31.4 69 - - - - - - - 5 5| 34 19 S b - - - - 2.44 2.47 92.7 95.5
Swan's Island, Muckorel cove . |Nov.23,1942 0 to -2 30.2 68 - - - - - - - - 1 ? 21 30 9 - - - - 2.7 2.7 100.0 100.0
do . do 2t 0 7.6 134 - - 1 6 10 32| 27 37 15 6|~ - - - - - 1.92 2.23 43.3 88.9
do , atlantic Harbor do U to -2 23.6 96 - - 1 5 1 1 - 4 12 15 45 11| - - - - 2.40 2.57 87.% ¥6.7
do do 2 to O 10.0 296 - 2 6 7 3 27 36| 33 38| 48 70 20| 6 1|~ - - 2.12 2.49 61.8 80.4
Naine, West renobscot Bay Sec.:
Muscle fidge Chunnel, Sheep Is.|Nov.d,1942 | O to -2 35.6 77 - - - - 1] - 2 1 2 17| 36| 14| 4 |- - - - 2.59 2.63 9.8 97.9
do do 2 to0 12.0 160 - - - - - - 3 11 79| 62 5|~ - - - - - 2.22 2.25 53.8 94.0
Nussachusetis: o
DURbUTY BUY sevevsnnccennes.ss | DOC. 16,1942 1lto -l 2.0 452 124 |40 99 S1) 17| 21 26 43 29 2] - - - = -] - - .82 2.11 6.9 34.3
Chuatham Harbor .... vessss | Doc.18,1942 l1toO 2/ 175 - - 3 16 43| 101 u 1| - - - - - - - - - 1.26 - 0.0 0,0
Cape Cod bay, off Brewster ... do -25 to -40| 15.3 129 - - - - - - - - 1 4| 13| 49| 36 14 10 2| - 3.04 3.04 100.0 100.0
do Sept.5,1944 =25 to -40| 18.6 53 - - - - - - - |- - - 'y 2|l 4 22| 17 ? - 3.47 3.47 100.0 100.0
Muddakot Harbor s.ce.e..o.eee. [Mur.20,1943 | -5 to -10| 2/ 57 - - - - - - - |- - - 3 9( 23 17 4 | - 1 3.18 3.18 100.0 100.0
xﬂnlcul-hd from original ungrouped meusurements. Wot recorded.




The upper limits of the beds are determined by the effect of exposure on young
mussel larvae, according to Mossop (1921). Undoubtedly, the larger mussels also
suffer considerable mortality from exposure to temperature extremes and to the ero-
sion of ice or storms. Crows, gulls, and ducks may also be important factors in
some regions.

MEAT YIELDS

The seasonal variation in the yield of mussel meats is of great importance,
both to those engaged in processing mussels and tc the conservaticnists. To har-

L Table 4 - Pounds of Raw Mussel Meats per Bushel at Various Localities
T uantity of Meat per Dushel a
T Ta Yart T teTatton o Voss Torsater |
Locali ty __ Date 20 | Oto-2[2%-2 :'_{?‘_C-I
Pounds | Pounds ounds ounds
Maine, Jonesport Section:
Indian River LR 0Ct.23,1949 - 1009 = -
west mver SeBsvesensusane do 9.6 - - -
Cape Split Harbor ,,........ | Oct.21,1942 14.4 14.8 - -
Fleasant River, Reef Point,. | Oct.23,1942 12,7 14.8 = -
Harrington River, Ripley Is, | Oct.30,1942 - 1351 - -
Narraguagus River, Back Bay. |Oct.31,1942 - - 12,2 -
Pinldlam Cove Sessnsassrssnce ch- 2o1942 - - 1104 =
JOF BaY ssecspassessesnsnses | NOVe 33,1942 - -344 l%i? -
Average ..ecccsscc000c000 12,2 1 11, -
Vaine, Fast Penobscot Bay Sec,:
Winter Harbor ...,...e.e0e.00 | Nov, 5,1942 - - 19.4 -
Stave Island Harbor ........ do 12.3 14.8 - -
Hog Island R NQ‘V.IO,I%? - - 12.7 ™
So'md's Island ssssscennene NW.11'1942 - 13'6 = i
Ingell's Island seereerresne =NOV. 7.1942 1%04 16-9 - k-
Sullivan Harbor, Moon Ledge. |Nov, 6,1942 W4 13.1 - -
B&CCOOn COVQ DI R R R ) “O'V. 8'1942 — b 11-9 ad
Skillings River ...eeceseses do - 12,7 - -
Ba.rHarbor R NO‘V. 9.1942 s - 1”08 -
Avﬂe OO R IIJ 14.2 1‘0 =
Maine, E, Penobscot Bay Sec,:
Horrick Bay sovonsocssoscces |Wov,18,1942 - E 16.9 -
Centre Harbor ......e.e..... |Nov,15,1942 - 18,6 - -
Deer Isle, Fish Creek ,.,.,. |Nov.17,1942 - - 12.4 -
Deor Isle, Greenlaw's Cove , do - - 16,1 -
m)ite Isla-nd Sresecssssrrenas do - - 19'7 -
Jim's Island ,.ecevnenenenns do - - 2.1 -
Swan's Island, Mackerel Cove |Nov, 23,1942 13,1 14.4 - -
Swan's Island, Atlantic
HaTYVOP oo eai00 sin oe o oié s 8 do 13.1 16,9 - -
AVOrage o.covsssssssssses ~13.1 16,6 18.2 -
Maine, W. Penobscot Bay Sec,:
Miscle Ridge Channel, Sheep
Isla.nd R R R X Novum.1904_2_ 1202 15o2 = a
Massachuse tts:
Cape Cod Bay, off Brewster , |May 12,1943 - - > 15,1

vest the shellfish at the peak of their "fatness" is a sound practice, for the pro-
cessor is able to obtain a greater poundage of meats from a bushel, thus reducing
the cost of the meats; the cannery workers operate at greater efficiency by pro-
ducing more meat weight from the effort expended to shuck out a bushel; and the
harvesting of the mussel at its peak provides the maximum production from a given
quantity of mussels.
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A difference in the meat yields between the Jonesport, Frenchman Bay and East
Penobscot Bay regions can be noted from Table 4. It is evident that the East Pe-
nobscot Bay mussels were fatter than those of the other two regions, and the Jones—
port section mussels had the poorest meats. However, to separate the effect of
season and location, samples would have to be taken throughout the year in various
sections of the coast. It is interesting to note that when the Maine fishery de-
veloped after 1942, the canners preferred the mussels collected from beds in French-
man Bay and Penobscot Bay due to the heavy yield of meats in those sections as com~-
pared with the Washington County region.

In all eight areas where meat weights were obtained from mussels gathered from
above and below low tide, the mussels below low tide had heavier meats. The greater
meat yields of the submerged mussels and their larger size were the primary reasons
why many Maine canneries insisted that the fishermen collect mussels from below the
intertidal zone,

To determine the seasonal variation of mussel yields, two localities in Booth-
bay Harbor, Maine, were selected as sampling stations. Station A was located two
feet above the mean low-water mark and Station

B was at the mean low-water mark., Due to un-
usual ice conditions and the loss of the mus— | 2080~ gz&bc’f Toeah Basssl Hents 51

- 3 S ay Harbor, Maine
sels by freezing, Station B had to be abandon- tity of Nants pec hughel
ed in December. Table 5 shows the yield of Date Station A | Station B 3/
fresh mussel meats between October 1943 and 1943: Pounds Pounds
August 1944. From these data it is apparent Oct. 8 11,0 11.8
that Boothbay Harbor mussels reach their peak 18 - 13.6
condition in June and gain relatively 1little 20 12.2 -
weight during August through February. Nov.2? i%:g 14:3

The weekly yield of steamed meats at a ; 11.9 13:2

Maine cannery is shown in Table 6. The mussels 25 12.3 12.8
had been steamed 12 minutes at 212 degrees Fah- Dec. 2 - 132
renheit before being opened. The shellfish 3 11.8 -
were collected during the 1943-44 season from STV 2 11.2 =
the same region in Muscongus Bay; therefore, gﬁ% 2 12,5 _
the yields can be considered as representative Apr: 4 15:4 _
of that particular locality. During the per- May 7 17.5 -
iod December 11 to January 22 the yields tend- June 19.3 -
ed to decrease; but thereafter began tZ in- iuly 2 %}.? -
crease to the end of the season on May 6, when g, . -
the cannery began experiencing difficulties in 1-/;'1"‘559}5 d:g't‘i'we%eat itatwn B by
handling the meats, which have a tendency to reezing curing “ecember.

break apart when the spawn is fully developed.

To compare the fresh—shucked yields with those of steamed mussels, it is nec-
essary to apply a conversion factor of 0.5 to the fresh weights. This factor is a
rough aporoximation, for the yield of steamed mussels is inversely affected by the
temperature and duration of the steaming process, both of which shrink the fresh

meats.

MUSSEL PEARLS

White or bluish white pearls are commonly found in mussel meats. These pearls
are valueless, for their small sizes, lack of lustre, and irregular shapes preclude
their use in jewelry. As these pearls are usually very small, they are not general-
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ly noticed by the consumer to any greater extent than he would notice occasional
grains of sand in clams or oysters, However, if the pearls are over one milli-
meter in diameter and very num-—

B Meats per Bushel of Steamed Mussels| ©Tous, they are not only annoy-
e i Yi:];dao{/ain: éazmxy during 1943-44 Season ing, but may cause damage to
Week ‘ﬁerating Bushels | Total Meat [ Meat Yield the consumer's teeth. On rare
nding Day's Processed Yield per Bushel occasions, pearls have been
1943: ber Number Pounds Pound s found which measure more than
Dec. 4 2 460.0 2,700.3 3.2; | six millimeters in diameter;
11 764.5 4,0800,7 6. | fortunately, most pearls are
18 5 426.0 2'305'2 6'%2 | less than one millimeter in di-
SETRY 4 49,0 2e52054 2.9 — ameter, The presence of large
Jan. LI 4 464.0 2,830.6 6.10 | and numerous pearls might prove
' 8| 3 403.0 2,321.8 5,76 to be a deterrent to the sale
15 5 540.0 3,213,.9 5.95 of mussels; consequently, a
22| 5 551.0 3,221.3 | 5.85 method of eliminating this nui-
| 5 59,0 | 3,497.8 | 6.37 sance was sought.,
Feb, 5 4 583,0 w 3,883.7 ( 6,60 _
i US| et B The pearls are embedded in
%| & 893.0 | 6.433.0 | 7.2 the flesh of the mantle and can-
Mar, 4 [ Zgg,o T 58,5523 | 7.5 not be seen easily when the go-
11 6 .0 ] 6,022,2 | 17.53 nads are approaching maturity in
18 5 809.0 | 6,176.6 | 7.63 the winter and spring. No prac-—
1) 690.0 | 45l21152 | 1.9 | tical method has been developed
Bz, é 3 256'8 O'gi:‘é ‘ g'95 to detect all the pearls in the
15 g 682:0 %:976:6 ‘ 8:;? meats or to separate mechanically
‘ 22| 5 712.0 6,425.6 | 9.02 the pearls from the mantle with-
| ) 5 704.0 6,279.0 8.92 out tearing the latter to shreds.
May 6| 1 120.0 1,122.6 9.36 Often it is possible to discover
Total [ 108 14,113.0 | 101,861,8 1.22 excessively pearly mussels as

they are being removed from the
shells, or while they are being weighed into the cans, and such meats should be
discarded. Several of the canneries have workers detailed to remove all conspic-
uously pearly meats. The rejection of such meats is only a partial solution to
the problem because many of the embedded pearls would not be seen.

During the survey, the quantities of pearls present in mussels collected from
various beds were determined by a simple laboratory method of maceration. Three
ounces of fresh meats were placed in a quart of boiling water and one ounce of
potassium hydroxide was added. The solution was then boiled for five minutes.
When the meats became thoroughly macerated, the pearls dropped to the bottom of
the container from which they could be easily removed. With one exception, no
attempt was made in the field to remove the tiny pearls of less than about .25mil-
limeters from the mixture of sand and debris, for such pearls were so small that -
their presence would hardly be detected by the consumer. In a later experiment,
to evaluate the effect of acetic acid on pearls, all pearls visible under a low
power microscope were measured.

Table 7 shows the numbers and sizes of pearls from each three—ounce sample of
meats taken from the various beds. Although all areas ccntained pearls to a greater
or lesser extent, the occurrence of the larger and most objiectionable ones was
limited. At the end of the Maine survey in 1942, it was felt that, until further
study was made, mussels should not be taken from those beds whose samples showed
the greatest numbers.of large vearls. It was decided to consider as beds to be
temporarily avoided those areas whose sam-les had either more than nine pearls with
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a diameter of one millimeter and greater, or more than three pearls with a 1.5 mi
limeter diameter and greater in a three—ounce sample of fresh drained meats. By
use of such standards, about one-fifth of the total estimated mussel production
would be eliminated, but this quantity would not seriously interfere with the pot
tial fishery. The areas which would thus be banned temporarily from the mussel
supply were: Back Bay, Skillings River, Ripley Islands, Long Point, State Island
and Joy Bay, which had a total estimated supply of 60,000 bushels., Canners were
advised in January 1943 to avoid these areas until a further study was made,

Table 7 - Number of Pearls from Commercially Important Mussel Bed.sl/
Diameter of Pearls in Millimeters Along Longest Axis
Qu an bt d t v Summary
Location 0,25]1.00|1.25]1.501.75]2.00[2.25[2.50 1 mm | 1,50 mm[1.75 mm
of to | to | to | to | to | to | to | to | and and and
Bed 0.9911.24(1,49(1.741149912.24 {2.49 [2.74 | over over over
Maine: No, | No. | No, | No, | No, | No, [ No, [ No, | No, Yo, No,
Mackerel Cove .....ecce. 17 || ||| —Z|—= = = ey
Pemaquid River ......e.0 Z} 1 - - = ~ = = 1 - -
Centre Harbor ¢.eceeeess 1 1 - - - - e = 1 = -
Hog Isla.nd ®sesessssnnee 3 bt 1 - - - - - 1 - -
HerriCkBab'.....-....-- é - - 1 - - - == 1 1 -
Winter Harbor ®Sevevccnne - -. 1 - - - - 1 1 -
White Island eseevsssvne 13 2 - - - - - - 2 - -
Pinkham Bay2/ .......... 10| 1] -] 1] -] -] -]-1 2 1 -
Cape Split Harbor ..,... 1 - 1 - 1 - = - 2 1 T
Fish Cz.eek Qe bt 10 - 1 - 1 - - - 2 1 l
dim's-Tsland . ieevceces 3 1 1 - 1 - - 3 1 1
M)OI\ Iﬂdge Sssssseesacse 13 1 s 2 - - - 3 2 =
Raccoon COVe seeeseseess 417371 -1-1-1T-171- 4 - -
Goose Islands ¢.ecevcees 5 3 1 - - - = = 4 - -
Indian River Srevevterae 5 4 -, 1 .. - - - 5 1 -
Ingall's Island ®svcecce 4 4 - - - 1 - - 5 1 1
Greenlaw's Cove o....u.ne 5 - 2 3 - - - - 5 3 -
Sheep Island s..ceeenees 12 2 - 3 - - - - 5 3 =
Roef Point o...cce0c0ces 8|5 |1|2]-[1})-]- 9 3 1
so'a.rd's Island eevosese 13 4 2 1 l - - 1 i 3 2
&'ck BB)’ Sstsecrentecsne 18 1 2 4 - 2 - - 9 6 2
shllings River sisesees 17 5 2 4 = 1 = i 12 5 1
Ripley Islands ¢vevveees |49 | 9 | 6| 2 | = | = | = | = | 17 2 1
I‘ong P°1nt Sevcerenr s 112 11 3 7 = = = - 21 'Z -
Stave Island .ecessecses 53 [10 [ 4 | 6 2 | - - | - 22 8 2
JOY Bay v.ececeseeesesee | 78 112 | 4 | 7 |1 | 5| = | = | A 13 4
Massachuse t ts: ]
Cape Cod Bay off
BreWSter‘.n-'oo-ol--o- 18 3 - - . e = s 3 - = :
1/Nunber of pearls from 3 ounces of mussel meats, Meats were obtained from mixed samples of
mussels collected from parts of each bed.
2/Includes Dyer Harbor,

It was realized that the problem of eliminating the pearls from the meats
would pe more easily solved if it were possible to dissolve the pearls in the
meats without seriously altering the flavor or texture of the meats. Examina-
tion of canned vinegar-preserved mussels had revealed that pearls were absent
from the meats, although the mussels had been taken from the Narraguagus River
area where pearls are common and often large. It appeared that acetic acid might
be a pearl—dissolving agent.

In 1943, shortly after the Maine survey was completed, we performed an ex-—
periment to determine the effect of acetic acid on pearls. A similar experiment



was effected by the U. S. Food and Drug Administration shortly thereafter. Eight
No. 1 picnic cans were each filled with six ounces of meats from steamed Cape Cod
Bay mussels. Four different 3-percent salt solutions were prepared--with 1 per—
cent, % percent, # percent, and O percent acetic acid concentrations. Two cans

of meats were filled with each of these solutions, sealed, processed for 30 min-
utes at 240° F., and opened 10 days later, The flavor of the meats from those cans
containing l-percent and #-percent acetic acid was slightly sour, but not unpleas-
antly so. The pearls were then removed from the mussels In each can by the potas-
sium hydroxide maceration method and measured with a stage micrometer on a low-
power microscope.

Table 8 shows the results of this expe-~iment. Each can contained six ounces
of steamed meats and, as the shrinkage of fresh meats under the steaming process

Table 8 - Effect of Acetic Acid on Mussel Pearls
Diame ter of Pearls Measured in Millime ters
Along Longest Axis
Number .50 [1,00{1,50[2,00(2.5013.00]3.50
of Below| to to to to to to to
Cans Solution 50 [.99(1.49 ;;2212.49 2.99/3.49/3.99 | Total
Yo [ Yo | No.[ No.| No.| No,| No.| No. | Fo. |
1| 3% salt and 1% acetic acid 4|1 - = - - | - - g
1 do 51 3
Total 2 9T 4 =T =1 =1 =1 w3 13
T 3% salt and &% acetic acid B 22 s Tl R S 3 i BT
L 1 do 13| 6 - 1] 1] -} =] = 2
Total 2 36 5 2 1 - - - 72
1| 3% salt and -}Taoetic acid 1@ 31 2 3 - - - - 194 |
1 do b 9] -] 2] -] =] = 125
Total 2 243 | 60 11 5 2 - - - 319
1| 3% salt and no acetic acid 507 | 55 9| - 1] 1] =] = 373
k___ 1 do 775 | 37 4 1 2 - - ‘o 20
Total 2 1,282 192 13 | 1 3 1 1 11,393

in this instance was abcut 50 percent, each can had the equivalent of 12 ounces of
fresh meats, or four times as much as the samples shown in Table 7. The dissolving
effect of the acid on pearls is clearly indicated. While the acid-treated pearls
were being measured, it was noticed that the acid had completely softened the small
pearls, which would crumble when touched, and rnad dissolved the outer layers of the
large pearls so that they were considerably reduced in size. The effect of time on
the dissolving action of the acetic acid was not shown by this single experiment.

It is probable that a longer storage period would have reduced further the number
of pearls,

After further investigation of this problem, the U, S. Pure Food and Drug Ad-
ministration advised the canners that a certain concentration of acetic acid should
be added to the canned mussels. Some canneries began using vinegar and continue to
do so, while others depend upon the ability of their help to see and reject pearly
meats.,

Although there are a number of possible explanations for the presence of pearls
in mussels, they are believed generally to be the result of a parasite. Jameson
(1902) believed that most mussel pearls result from the encystment of an immature
trematode worm and the subsejuent deposition of pearly matter around the worm. Herd-
man (1904), also studying the pearls of English Mytilus edulis, found pearls very
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common at Piel and likewise believed that the distomid trematode larva, Distomum
somaterias, is largely responsible for the pearls. Stafford (1912) stated that
pearls in considerable numbers can be found in Mytilus edulis on the Gaspe coast
of Canada, and larvae similar to Distomum somateriae are found in the mussel. The
adult form of the worm inhabits the intestines of the eider duck and the scoter
duck (Qidemia sp.) both of which are common on the New England coast. No attempt
was made during this mussel survey to ascertain the origin and study the formation
of pearls in the New England mussels.

GEAR

The equipment used in harvesting mussels varies with the nature of the beds.
In New Brunswick and Maine most of the mussels are exposed at extreme low tides;
however, the edges of the beds are usually under several feet of water at mean low
water, The submerged mussels are gathered easily by use of a long-handled clam
hoe or manure fork, and this gear is also used to collect the exposed mussels,
In some instances mussels have been picked from the beds by hand, but this method
does not permit the collecting of many mussels during the low-tide interval.

One of the most useful tools for mussel fishing is the quahog rake. This im-
plement is about the size of an ordinary garden rake and has teeth three inches
long. A wire basket with a capacity of about eight quarts is attached behind the
teeth and holds the mussels which are raked from the bottom. Using this rake from
a boat, it is possible to gather mussels easily from depths of one to four feet of
water., If the fisherman is skillful, shellfish from depths of over ten feet can
be harvested in this way. A long-handled clam hoe or manure fork can be used in
a similar fashion but, as solitary mussels usually fall off the teeth, it has the
disadvantage of not being efficient, except in areas where the mussels are cluster-
ed and attached to each other. As the quahog rake has a wire basket, the mussels
can be washed free of mud and some shells, by vigorously agitating the basket in
the water before the mussels are dumped into the boat. It is impossible to wash
the mussels in such a fashion when the clam hoe or manure fork is employed. Due to
wartime conditions, quahog rakes were not available to fishermen, so this gear has
not been used in the Maine fishery.

Tongs can also be employed for gathering submerged mussels, but this method is
guite slow, During the survey, tongs were sometimes used, but were found to be in-
efficient on mud bottoms where mussels usually live. Great difficulty was exper-
ienced in trying to remove from the tongs the mud and shells which were usually mix-
ed with the live mussels.

In Cape Cod, Buzzards and Narragansett Bays, and in Long Island Sound, mussels
of marketable size are found in deep—water beds and require the use of an oyster or
scallop dredge, altered to retain mussels of two inches or more in length, Such a
dredge will not be an especially efficient gear for releasing small mussels after
they have entered the dredge, for many mussels are found in clusters, rather than
as solitary individuals. Dredges are now sometimes used in Maine in lccalities
where this gear car be operated over the beds at high water. On those bottoms where
the mussels are too thinly distributed to be profitably harvested by hoes, forks,
or rakes, the dredge can be operated to good advantage; thus it permits a more thor-
ough reduction of the marketzble mussel population. What effect the dredge has on
the future productivity of the bottom is not known.

Because of the simple gear by which mussels can be harvested, there was no
shortage of mussel-fishing equipment. Neither was there an urgent need for new
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boats, as the dories, skiffs, and small power boats engaged in lobstering, clam-
ming, and dredging were generally suitable. The ohly innovation was the use of
small flat bottom shallow draft scows tc transport mussels from the beds to the
shore. In the Frenchman Bay area, where the mussel fishery was prosecuted active-
ly, such scows were commonly employed.

CANNING FACILITIES

During the 1942 survey it was found that there were sufficient canning facil-
jties to pack millions of pounds of mussels annually. Twenty potential Maine mus-
sel factories were
located in the region
between Jonesboro and
Friendship. Of ten
cannery operators con-
tacted personally,
nine were very much
interested in proces-
sing mussels. At five
canneries it was pos-
sible to can sample
packs of mussels in
1942, The large sar-
dine factories at
Eastport and Lubec
were unfortunately
without a convenient
supply of mussels,
for no large quanti-
ties were found in
that region and adja-

\
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THE CHARACTERISTIC POSITION OF LIVE SEA MUSSELS. THE ANTERIOR cent New Brunswick by
END BURIED N THE SAND OR MUD AND THE POSTERIOR OR SIPHON END the survey. In Mas-
PROJECTING WELL ABOVE THE LEVEL OF THE BOTTOM. sachusetts, several

Boston and Gloucester
canneries indicated
their interest in mussels and sample packs also were made there.

There was little or no seasonal ccnflict between the canning of mussels and
other types of processed foods. The peak months of fish and vegetable canning
are in the summer and fall seasons during which period mussel meets are relative-
ly thin and, therefore, less valuable for canning. Clams are packed during the
winter and spring months, but the supply of clams available for canning was only
sufficient to enable nine out of twelve clam canneries to operate in 1642 and
those nine had been at only 15 to 20 percent capacity for several years prior to
1942, The decrease in clam canning was due to the increased marketing of freshly-
shucked clam meats, and to a shortege of both clams and diggers,

The equipment necessary for canning mussels differs little from that employed
in clam canning. The same retorts, sealing machinery, and meat-washing devices
are used. Any fish cannery having sealing machinery for "round" cans would be
able to pack mussels also. All mussels should be washed in a cylindrical revolving
drum; and this apparatus was soon adopted by those canneries handling mussels on
a large scale, Thus; conversion to mussel canning was relatively simple,
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COMMERCIAL FISHERIES REVIEW

LABOR SUPPLY

In 1942 there was a fairly adequate supply of female labor for mussel canning,
especially during the winter when other fish processing was at a minimum. Male
labor was not plentiful, but it was felt that the canneries would be able tc secure
?nough men if they could operate on a larger scale during the season of relative
inactivity. It was hoped that the mussel fishery would not only provide an addi-
tional supply of protein food, but also supply employment for cannery help during
the slack season. This hope was realized as the fishery developed and the main-

ten;nce of experienced cannery crews was aided by providing them with more regular
work.

_ In Maine, the clam diggers in the regions where mussels were abundant have
been able to increase their production of food per man by gathering both mussels
and clams. Some lobstermen were also mussel harvesters and prosecuted the mussel
fishery during the late winter and early spring months when the returns from lob-
ster fishing were low. In Massachusetts, where the mussels were found in deeper
water, the scallop, quahog and sea clam fishermen were able to dredge mussels with
little change in equipment. In all instances, there was an increase in the food
produftion per man when the fishermen shifted from other shellfish harvesting to
mussels,

PROCESSING

There are three forms in which mussels can be marketed:

1, Fresh, in the shell or shucked
2, Quick frozen
3. Canned

Mussels also can be dehydrated, but whether or not they would be acceptable to the
public in this form is questionable. One disadvantage of marketing fresh mussels
is apparent--it would have to be limited to population centers not far distant

from the source of the shellfish, for mussels do not keep well except under spe-
cial conditions., It was felt that during the period when mussels were being intro-
duced to a greater segment of the public, it would be likely that gluts would occur,
and spoilage might have resultant bad effects on future sales.

Little study has been carried on concerning the possibility of marketing quick-
frozen mussels. The effect of long periods of storage on the flavor, appearance,
and nutritive values of frozen mussels is not known certainly, although samples of
mussels frogen for four months have been rather disappointing due to a slightly bit-
ter taste, dark color, and toughened texture. Until further technological studies
of this problem have been conducted, North Atlantic mussels probably will continue
to be marketed primarily as a canned product,

The marketing of canned mussels resulted in an almost unlimited range of dis-
tribution, with little if any opportunity for spoilage. During the course of the
survey, samples of mussels were shipped tc a number of canners who were interested
in the possibilities of mussel canning and experimental packs were prepared. The
following methods were found to be most satisfactory in the experimental work,; and
were adopted by most of the mussel canners when the fishery later developed.

At the cannery, the mussels were washed in an apparatus similar to the cylin-

drical fish scaler used for redfish, herring, alewives, etc. The agitation of the
mussels, together with the force of the streams of water directed upon them, caused
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any mud-filled shells to open and the mud to be washed out. The mud-filled shells
are difficult to detect otherwise, and, if not removed, will either break apart
during steaming or at the shucking table, with a resultant mixing of meats and mud.
When thus smeared with mud, the meats must be washed more vigorously and conse-
quently will often breah apart and produce an inferior pack.

A live mussel is much more difficult to open than a clam, and in the process,
the meat usually is torn. Steaming causes the mussels to open and makes it pos-
sible to pick the meats out rapidly. The loss in weight from steaming is an ad-
vantage since it prevents excessive shrinkage later in the cans when they are pro-
cessed. The mussels are steamed in a retcrt for eight to ten minutes at 240° F,

A shorter period of steaming does not open all the shells. A lcnger period tends
to toughen the foct and mantle. =

The bouillon from the mussels can be included in the canned or frozen product,
as it adds slightly to the food content of the pack. Comparisons indicated that
the addition of bouillon did not seem to increase materially the flavor of the pro-
duct. This ligquid from the steamed mussels, if used, should ne strained and cla-
rified, for it has a very cloudy appearance.

After steaming, the mussels were taken to the shuckers who removed the meats
from the shells and the byssus, or hair, from the meats. Preliminary tests show-
ed that the total time needed to prevare a bushel of steamed mussels for canning
was one-half that required for soft clams. It is not necessary to remove a tough
siphon, as with the clams, and both the mantle muscles and the foot are tender.,
Special care, however, must be taken to remove the byssal hairs, which have an
unpleasant appearance. In regions south of Cape Cod, mussels are often hosts to
the mussel crab (Pinnotheres maculatus). This small crustacean, about Q inch long
lives commensally in the mantlie cavity of the mussel &nd should be removed from
the mussel meats during the shucking operation. Although the crab is edible and
esteemed by epicures,its presence in mussel meats is not appreciated by the aver—
age consumer.,

The shucked meats were washed in either salt or fresh water to remove any
small amount of mud which might be present. The meats then were weighed into
cans. The meats should not be sozked in either fresh or salt water prior to can-
ning. This procedure, which is sometimes used for clams, results in such a de-
cided loss of flaver within a few hcurs that the soaked meats are almost taste-
less. The sozking tcughens the mantle and foot muscles and furthermore softens
the reproductive organs to such an extent that they may crumble. Consequently,
with toughened and broken meats, the product is poor in appearance and texture.

Successful packs were processed by the canners at temperatures of 240° F. for
30 minutes in a No. 1 picnic can having a drained weight content of 6§ ounces of
mussel meats. Juick cooling of the cans after retorting seemed to be desirable.
Further studies on the technique of mussel canning have been carried out by the
technclogical laboratories of the Fish and Wildlife Service.

According to scallop fishermen, large beds of horse mussels (Modiolus modiolus)
exist along the Maine coast. In order to explore the possibilities of developing
a fishery for this species, an experimental pack was processed at a cannery in
Southwest Harbor, Maine, in July 1943, The mussels were dredged from submerged
beds lying in about 40 feet of water near Jonesport, Maine. Horse mussels are sel-
dom found in any abundance in depths of less than two or three fathoms. The lengths
of the mussels on the Jonesport beds ranged from four to six inches.
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The horse mussels were processed in the same manner as that used for Mytilus
edulis, except that a retort time of about 17 minutes was necessary to open the
shells enough for easy shucking. The meats, which were reddish-orange and some-
what tough, were packed in No. 1 picnic cans. Ten to eleven meats produced a
drained weight of seven ounces after processing in the can, It was felt that this
product would appeal less to the consumer than Mytilus edulis and no attempt was
made to promote a fishery for Modiolus modiolus,
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REGION

PART IIl - DEVELOPMENT OF THE FISHERY AND THE POSSIBLE NEED
FOR CONSERVATION MEASURES

INTRODUCTION

his is the third ard concluding paper concerning the North Atlantic mussel
fishery. The two previous papers have discussed the efforts to determine the pos-
sible magnitude of a mussel fishery and then to assist in the development of the
fishery. This article presents the history of the recent fishery and the rols of
conservation.

T

DEVELOPMENT OF THE FISHERY

The year 1942 marked the beginning of the mussel canning industry in New
England. A small pack of pickled mussels was processed in May 1942 by a Maine
cannery. In the summer of 1942, another lMaine cannery packed a few cases of
mussels as an experiment. At the same time, the Fish and Wildlife Service sim-
ilarly was preparing some trial packs. In October and November, the mussel

A BED OF SEA MUSSELS, MARTHAS VINEYARD, MASS.
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canning was still on an experimental basis.

During December 1342, one cannery

processed a total of 400 bushels, and an increasing number of cannery operators

became interested in the potentialities of the mussel industry.

In January 1943,

representatives of the Fish and Wildlife Service held a meeting in Boothbay Ear-
bor, Maine, to discuss the prospective mussel fishery as revealed by the survey.

Table' 9 - Yield of Maine Mussel Fisherzl % Counties, By Monthsl-/
U T S
Month Knox Hancock Washington Other Total Value
Bushel s Bushels Bushel s Bushels Bushels Dollars
[ L e iaic o - - Jz]'l‘,'soo" — - | T1,%0 750
Total lzél-gseason - - 2 11% 2 1,500 750
EoRbEr 1982 ., 40 as s e - - gl - 160
Janmuary 1943 .. ....e.e.. ~ - 7 - 327
February 1543 secvevnenes 1,264 2,205 1,198 - g 667 4,667
Mardlt T3 ... ciscosnens 11,804 780 6,006 = %,872
el AT * o dde Liveansn 5,157 30,177 807 - 36, 141 ,913
May 1943 ..... et dsiiame . 1,743 26,725 7,651 = 36,119 28,895
June 1943 ............... s M24 7:27 - 101961 81769
Total 1942-43 season ...| 19,968 63,611 24,116 - 107,695 d6,603
November 1943 seevevncees 151 1,79 2’76 = 2,421 | 1,695
Degomber 1943 sveeccosese 4,630 15,243 2 421 = 22,514 9,006
JaarY.. 1944 o0 oo 6005 sa e 3,114 13,924 2,461 - 19,499 g,&)o
February 1944 e..eveevens 5,184 13,569 3,383 - 22,136 ,854
Mardl 1944 .............. 9'237 251 41 3v941 2/ - 39-239 15|695
'April I T s e B es 12,682 37,858 1,693 1,497 53,730 21,492
Mof IIRA cicvsovsenvsases 314 23,213 3,081 - 26,608 13,304
June T4 o oeooascosocsss - - 1,68 - 1,68 504
Total 1943-44 season ...| 35,532 131,442 19,357 1,497 187.82§ 78,350
October 1344 ............ - 1,327 - 1,37 398
November 1944 ¢..evvvvn.. - ,189 1,377 - 5,566 1,948
December 1944 s.veevvuans - ,123 - - 6,13 2,143
January 1945 veeevennnens 12,041 - - 12,041 4,817
February 1945 v.o.vvvenn.. 832 11,361 1,170 - 13,363 ,009
March 1945 oooooooooooooo 113 3 15)553 41195 = 7‘ -091 '327
ApTil 1945 vuuivrnennanns 1,465 32,49 3,459 - 37,40 13,097
VaY 1945 veveeeneennnns . 469 396 5,463 - 33,328 13,331
June 1945 .............. . == é 21747 = 10.763 3!767
Total 1944-45 season 4,109 117, 175 19,738 = 141,022 49,837 |
'Sep.'-tem_z%ber 1 4'45 .......... - 1,082 - 1,082 325
October 1945 veveervnenn. 592 8 058 6,483 - 15,133 6,053
November 1945 cicvevvnnne 1,29 16, 5,288 - 23,268 9,307
December 1945 svvvee.vnns 2,392 16 8 4,985 - 24,225 9,690
January 1946 ¢.evvvnne.ns 1,648 14, 246 4,720 - 20,61 8,246
February 1946 ........... 53 7 631 2’lm 4/ - lolx 4,106
March 1946 v.ivvvvnennens 54 30,94 3,083 4 34,580 13,832
ApTil 1946 4urivennennnn. 71 53,54 - - 53,619 21,448
By 2948 g sgisiss - 14,343 568 = 14,911 5 9 4
Total 1945-4b season ... | 7,055 | 162,330 28%1)9 4 | 197,698 78, 971
October 1946 coeeveesrons - 1,332 2 - 2,174 734
November 1946 vevvvv.ness - - 890 - 8% 267
December 1946 +......uv.. - - 10,49 - 10,496 4,010
Jamary 1947 .........0.. - 546 - - 546 218
Total 1946-47 season ... - 1,878 12,228 — 14,106 5,229
mrom statistical reports of the Maine Department of Sea end Shore Fisheries.
2/This quantity credited to Hancock County through error.
Lincoln County,
York County.
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Cannery operators and representatives of the Massachusetts Division of Marine
Fisheries, the Maine Department of Sea and Shore Fisheries, the U, S. Pure Food
and Drug Administration, and the Fish and Wildlife Service attended. The meet-
ing provided the necessary facts for utilizing mussels, and shortly thereafter,
with the seasonal increase in yield of meats per bushel, the onset of favorable
fishing weather, and the presence of a promising market, there was a considerable
expansion of the fishery.

Table 9 shows the yield of the Maine mussel fishery for six seasons. Sim-
ilar information is not available for Massachusetts, but it is known that sev-
eral thousands of bushels were packed in that State during both the 1943 and 194/
seasons., The Massachusetts mussels were obtained from Cape Cod and Buzzards Bays,
while those in Maine were predominantly from the Hancock County region which in-
cludes the areas of Frenchman, East Penobscot, and Blue Hill Bays.

From Table 9, it is apparent that the three-month period, March to May, rep-
resented the peak of production in five of the six seasons., The primary reason
for this seasonal peak was that the mussel meats were well developed during this
period, and thus the cost of the raw material was lower. There are several rea-
sons why the April pack was higher than that of May, when the meats were even
heavier. Perhaps, the most important reason was that the canned mussel market
was generally uncertain and canners were reluctant to have too great a pack of
unsold mussels. During the spring months, the production greatly exceeds the
immediate demand. In late May, some canners stop packing mussels because they
are approaching the spawning period. As the gonads near their maximum develop-
ment, the enlarged mantle is torn easily during the shucking or washing opera-
tion, and the meats have a poor appearance in the can. Still other canneries
begin in May to process or make preparations for canning fish, and therefore,
cease mussel packing.

The 1946-47 season shows a marked decrease in the mussel fishery. The pri-
mary reason for this abrupt decline from the previous season's production is that
there was a carry-over of some of the 1945-46 pack and the canners were reluctant
to pack any quantities until the extent of the postwar demand could be deter-
mined. Consequently, no mussels were processed during the 1947 spring season.

At the present time, a small but fairly steady demand for canned mussels
has been established, but this was not always so. When the first large quanti-
ties of mussels were processed in 1943, the product was almost unknown to the
American public. However, due to the shortage of cther types of canned shell-
fish, wholesalers and retailers did not hesitate to purchase the pack. In 194k,
there were reports that consumers were not buying the mussels, and that retail-
ers were overstocked. The future of the fishery appeared to be uncertain, since
brokers were becoming reluctant to handle the product.

Several meetings to discuss this problem were held by the mussel canners,
the Maine Development Commission, the Department of Sea and Shore Fisheries, and
the Department of Agriculture, and the United States Fish and Wildlife Service.
Several important facts were revealed. First, some of the canned mussels were of
inferior quality because of careless handling, and these inferior packs tended to
discourage the future sales of mussels. Second, certain regions had developed
into good markets for this shellfish, desvite a lack of concerted advertising.
While there was a recognized need for advertising, the canners were somewhat re-
luctant to finance a well-organized campaign. It was apparent that advertising
would not be efficacious unless the entire mussel pack was of orime quality. The



e§ta§lishment of standards for canned mussels was discussed, but no definite com-
mitmeénts were made by the packers.

.Subsequently, some of the canners set up and maintained certain standards of
quality, and carried on local advertising and demonstrations in various cities.
These more energetic packers can be given the credit for increasing the sales of

mussels after 1944. Lowered prices, improved quality, and a seafood of distinct
merit were responsible for their success.

CONSERVATION

The production of mussels probably will be limited in the future by the
available supply. In many regions, especially those in which the mussel beds
were located in shallow water, it has not been difficult to deplete seriously
the local supply of marketable mussels within a fishing season or less, especially
when all sizes of mussels have been removed. Where the growth rate is slow, these
depleted mussel beds may be rendered practically worthless for several ycars, un-
til seed mussels have a chance to set and grow to marketable size. The stripping
of mussels from the shallow water beds is relatively simple, for mussels, unlike
clams, lie exposed on the flats. When it is apparent that the mussel population
is being depleted, the possibility of applying conservation methods must be con-
sidered.

Regulation of the mussel fishery should be based on the need for utilizing
the mussel resources to greatest advantage in order to maintain a sustained high
yield. Obviously, mussel regulations would not be necessary because of any pos-
sible extinction of the mussel, for the fishery would be unprofitable long before
extinction. Unfortunately, there are a great many factors affecting mussel pop-
ulation about which little is known. An optimum conservation policy cannot be
formulated until an intensive study of the North Atlantic mussel beds is carried
on to determine the relationship between natural and fishing mortalities; the
growth and survival rates under various conditions, such as occur at various
levels of the tidal range or on beds of different population densities; factors
influencing spawning, larval drift, and the resultant setting of spat; and the
practicability of transplantation to build up a depleted mussel area.

While there is not yet a clear understanding of all the factors influencing
the establishment and growth of mussel beds, there are two measures which can be
taken to assure that the present mussel resources are utilized to the best advan-
tage. These regulations are:

(1) A closed season when mussel meats are thin.
(2) A minimum size law to eliminate destruction of young mussels.

It is understood, of course, that these two measures will not wholly prevent fur-
ther depletion but they will, however, eliminate an obviously unwise utilization
of the shellfish. Similar regulations are in effect for the soft-clam fishery.

A closed season when no harvesting could be done would prevent the use of
mussels whose yield of meats is at a seasonal low. From the data accumulated
at Friendship and Boothbay Harbor, Maine, it is evident that in the period Jul{/
through March, mussels are relatively thin. For example, as shown in Table 6,=
a bushel of Friendship mussels collected in the first week of December yielded
5,87 pounds of steamed meats. In the first week of April, a bushel yields 8.55
ySee Part II of this article which appeared in the October 1949 issue of Commercial Fish-

eries Review, p. 13.
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pounds, an increase of over 45 percent; while in the first week of May, a yield of
9,36 poundg would be obtained, an increase of over 59 percent. At Boothbay Harbor,
a bushel yields, during the
period July 8 to February 20 ®
22, between 11.0 and 13.5 —Row meats
pounds of raw meats. In —--Steamed meats
April, weight of. the raw
meats would have increased
between 14 and 40 percent;
in May, from 30 to 59 per-
cent; and in June, from

43 to 76 percent. Thus,
the practice of harvesting
mussels in months other
than April, May, and June
is a wasteful one.

RAW MEATS PER BUSHEL
STEAMED MEATS PER BUSHEL
rounos

During the war years,
every effort was made to
encourage the canneries to
process mussels. A closed 10 R
time was not urged because bR
a maximum oroduction of —i944-43
sea food was needed and the so| 1948-4s
canneries were best able to
process this species during
December to May, without
interference with other
canning activities. In
1942-45, due to both the
need for protein food and
the definite uncertainty
of the future of this new
product in postwar years,
it was felt that a maximum
utilization of mussels was
justified even if it was
necessary to use them when
poorly meated. Figure 6
shows that a considerable
portion of the catch of the
three greatest seasons was
taken before the mussels FIGURE 6 - THE SEASONAL YIELD OF RAW MUSSEL MEATS AT
reached their prime condition.

40|

20|

THOUSANDS OF BUSHELS

0 A
SEPT OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG

BOOTHBAY HARBOR, MAINE, AND OF STEAMED MUSSEL MEATS

Because the mssel AT FRIENDSHIP, MAINE, AS COMPARED WITH THE SEASONAL
fishery in eastern Maine has
developed to the stage in
which actual local depletion
of marketable mussels exists, it is advisable to propose a minimum size law which
will protect the smaller mussels from destruction. It may be possible that after
extensive study, a proposed 2-inch minimum size will be found too small, or per-
haps even too large, to obtain the greatest continuous yield from a given mssel
area. However, at the present time, some protection must be given to the mussels,
or the yield from the mussel beds undoubtedly will decline further.

PRODUCTION OF THE MUSSEL FISHERY FOR THREE SEASONS.
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The Maine canneries insisted at the beginning of the 1943 fishery that the
fishermen bring in no small mussels; the majority of all mussels purchased would
have to measure between 2% and 3 inches long. Small mussels were not desired be-
cause of the increased labor cost in obtaining a given volume of meats. This un-
official size limit put into operation by most of the canneries made it necessary
for fishermen to obtain the mussels from below the low-tide mark, usually on the
margins of the mussel beds, although tne large mussels also were found submerged
and clustered around ledges, islands, or rocks where growing conditions were favor-
able. The labor involved in culling the small mussels precluded the utilization of
the mussel beds on which large quantities of smaller mussels existed. Although the
mussels could be hand-picked from the beds, it was much more profitable to collect,
by means of forks or clam hoes, the large mussels from two or three feet below mean
low water, for those large mussels were relatively free of the smaller sizes and,
consequently, little culling was necessary.

Table 10 - Size of Mussels Utilized by Maine Canneries in 1943 and 1544 Seasons
T TENGTH 1IN INCHES
Source | | Quantity[1.70[1. 2%1 =017:'zoolz 25\*%27%13003 2%)3=037=|4 ool |Percent below
of | ! in to to | to | to to| to | to | to | to ‘Avar_nL langm_ 2 inches |
Cannery Mussels Date | Sample |1.241. 4¢11 741.99|2.24 |2, 49‘2 742 99 3.24/3.49(3.74/3.99| 4.2 1943 T1ou4 153 | 1
1 Yo, o, l .| No.[ Wo,T Wo [ No.| No. [ No.| No.[ Wo. [ No. [ No.[ No. 1 'Irchaﬂfnches 2 |
A |Muscongus Bay Jan, 19 : ol s o el el 17 42 y ‘ _i—- - =2 - |23 | =
B Mt, Desert Region | June 1943 5] -1 3 5 1 2 { [ 24 ‘ é = =1 2721 = jn. - W
B do Apr. 1944 | 485 -]l -1 5]1415 |19 |118 197 85 1 2| -1 - 1269 - 3.9
C o) Tune 1943 ézy T2 =215 4115&8 éz‘( 13‘ 4| 113.04 = 1.6 =
o do Apr. 1944 | 622 -| -110]36 |70 100 |12 ! 1 | 8] 1| -] - 267 | - | 7.4
D [Deer Tsle Region |Jume 1943 99 = r] =1 = AR * TR e T e T e 11 =
D do Sept.1944 | 332 - -1 2] 3[13 |4]75({9%|63[32] 8] 1] - =_ 2.83 4 1.5
E Muscongus Bay Apr. 1943 422 - -1 -] -3 B[ MB2B3[4 5] 6] 2] 29| - 0 -
E do Anr, 1944 | 599 - 1] - 2' | 3 8 hoo |07 N33 [ 64 |14 | 3] - | - {ﬁ J N
. F do Yoy 1343 T -1 -1 -t -1 o2[0oh3 hslx 9] -1 -T2 -__ | 0] -
I/Calculated fron ungrouped measurements,

Table 10 shows the sizes of mussels used by Maine canneries in the 1943 and
1944 seasons. The average size ranged between 2.63 and 3.08 inches and the num-
bers of mussels under 2 inches were comparatively small. At two canners ("C" and
"D") there was a very highly significant difference between the sizes of mussels
used in 1943 and 1944. Cannery "B" shows a less marked decrease. -There are two
possible reasons for the decrease in size at these canneries. First, there could
be a decrease in the availability of large mussels; and second, less strict cull-
ing by fishermen would result in a smaller average size. Probably both factors
were important. Even though culling was less vigorous in 1944, 93 percent to 100
percent of the mussels were over 2 inches in length.

The mussels used by the canneries had been culled by the fisherman from his
total catch; therefore, the sizes were not representative of the total drain on
the mussel beds. Among the fishermen, the general practice has been to harvest
the mussels and load the boats or scows during low tide. After the tide has
risen over the beds, the mussels were taken ashore where the culling operation
was performed, often under shelter. Those mussels which were undersized were
not returned to the beds but were left on the shore where they soon died of ex-
posure. The great mortality among these small mussels exposed to unfavorable
conditions on the shore or upper part of the intertidal zone has been responsi-
ble for a common belief among fishermen that culling kills the small mussels.

An experiment was designed at Boothbay Harbor, Maine, to measure the effect
of returning or transplanting small mussels to beds exhausted by commercial ex-
ploitation. Although transplantation is vigorously practiced wherever mussel
culture is carried on in Europe, a practical demonstration of the value of re-
turning small mussels to the beds was needed.
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The area selected for this experiment was a small mussel bed near the Fish-
eries Station at Boothbay Harbor, Maine. This bed is in a cove sheltered from
storms and relatively free from ice during the winter. In relation to mean low
water, the experimental area (Figure 7) has an elevation of .6 to 1.1 feet on
A3, B3, and C5 plots, while Ay, Bp, C2, A1, By, and C; all had elevations of 1.1
feet.” The only natural enemies observed in the area were sea gulls (Larus ar-
gentatus) and crows. At the termination of the experiment four mussles, all
dead, showed perforations similar to those bored by Thais lapillus; however,
this gastropod was not abundant in the »rea.

N A A A 15-foot square of this bed was
: \\ BORDER NO. 2 4 | Strippod of mussels on June 17. 191‘»3,
LN ; | in a manner similar to that by which
; \T”—_"’ — ;47§~7' i 1 bed mussels are gathered commercially.
| . ( ‘ Wr | The mussels measuring less than 2
| | A [ B G !’ | inches were sorted out and 900 of these
{ _ | [y ™ ‘ mussels, ranging in size from slightly
|9 | 2 under 1 inch to almost 2 inches in
| « | B | © As | § | 1w length, were marked by filing a short
| &8 | - | b groove on one valve close to the umbo.
| § T T { 8 | Great care was exercised to prevent
| c A 8 filing through the shell. The marked
| ? 2 3 s »! mussels were apportioned into three
| , N S, S— lots of 300 each and replanted June
\ 2 21, 1943, on the B squares (Fig. 7).
\ BORDER NO. 4 :
£ 3 . At the same time, 876 mussels
S S '{i under 2 inches in length were gath-
PR T o eon A " heseisuere  ered from a float at the Fisheries
TRANSPLANTED TO A A5 AND A3 PLOTS, RE- Station, marked on each valve with
PLANTED ON B, B, AND B3 PLOTS, WHILE C4, a filed groove close to the umbo,
Co, AND C3 PLOTS WERE LEFT BARE. apportioned in 3 lots of 292 eaCh,

and transplanted to the A squares. The remaining squares were left devoid of
mussels to serve as controls. The experiment was designed far 300 mussels on
each of the A and B plots, but the supply of suitable mussels from the float
was insufficient. The effect of the small difference between the number of
planted mussels on the A and B plots should have little effect on the analysis
of the experimental results.

As the transplanted mussels had relatively thin shells, the file marks
had to be long and shallow or the shells would have been filed through com-
pletely. The replanted mussels, which had thicker shells, were marked with
a short, much deeper groove. Thus, no problem of identification was presented
when only one marked valve was later recovered. To determine the mortality
resulting from marking, 40 mussels were marked in equal lots with one and two
grooves and held for two weeks in one of the station's aquaria. No mortality
was observed.

On December 21, 1943, the mussels were removed from the experimental area.
The results are shown in Table 11. Since it was discovered that some marked
mussels had shifted from one square to another during the course of the experi-
ment, the area immediately surrounding the bed was examined on April 8, 1944,
at which time, all mussels were removed from a 5 foot border around the experi-
mental area. The numbers of marked mussels found within this area are also
shown in Table 11.
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As will be noted from Figure 7, the design of this experiment is that of
a Latin Square, which tends to equalize the effect of conditions prevailing
cver the area and provides a standard method of analyzing the results.

An analysis of variance of the survival data in Table 11 indicates that
no significant difference is apparent among the numbers of unmarked mussels
entering the rows,.columns, or types of plots. The center plot C, has the
lowest number of unmarked mussels, as could be anticipated, due to that plot's
being the farthest from any source of unmarked mussels. It must be remembered

=
Table 11 - Survival of Replanted and Transplanted ussels on Experimental Bed
Number of Number of Marked lfussels Removed
Marked Date Live Dead Mumber of Un-
Date Mussels of Transplanted |Replanted |Transolanted |Replanted| Marked Mussels
[Plots Planted Planted Removal Mussels Mussels Mussels Mussels | Entering Bed
n June 21,1944 22 Dec. 21,1944 31 9 [ T 14 g TS T
A2 do 22 do 233 3 3 2 3%
A3 _do 292 _do 206 1 12 o) 36
Bl do 7300 do 2 150 1 % 40877
B2 do 300 do 0 15) 0 22 282
B3 do 300 do 0 135 1 8 164
Cl - = 30 0 i 5 T =
c2 - - do 3 0 1 1 9
c3 - - do 3 1 1 0 22
Total - 1,776 - 678 457 38 71 2,717
Borders: )
No. 1 = = Apr. 8,1944 1 5 2 5 =
No. 2 - - do 12 10 0 1 -
No. 3 - - do 10 21 3 8 -
No., 4 - - L do 4 B | 2 1 -
'(zom - : - - 7 4| 7__1 15 -

e I e e S E e Sy i B ==
st . 1,776 . 705 198 | 85 86 -
Percent T T T T T
Survival o - = 80.5 55-3L - - -

that the experimental bed is not exactly comparable to an area which has been com-
mercially stripped of mussels. The experimental bed was immediately surrounded by
an unexploited mussel area which could be the source of the unmarked mussels which
entered the plots. Such a repopulating of a stripped area would not be as readily
possible on a large area from which most or all mussels had been removed.

Since the greater part of the unmarked mussels found on the experimental bed
were seed mussels, the numbers and average sizes of these small mussels were ana-
lyzed to determine the effect of the type of plot on spat setting. Any mussel on
the bed with a length of .50 inches or less in December was considered to belong
to that year's spat. No significant differences were found.

A highly significant difference is evident, however, between the survivals
of the transplanted and the replanted mussels. This difference is readily appar-
ent in the percentage survivals in Table 11--80.5 percent of the transplanted mus-
sels had survived in contrast to a survival of 55.3 percent for the replanted mus-
sels. No significant difference appears between the rows and columns of the bed.

Consideration of the data shows that the replanted mussels, both alive and
dead, were recovered on the borders and on the plots other than those on which
they were planted, about twice as frequently as were the transplanted mussels—
L6 specimens (5.25 percent) of the total transplanted mussels and 92 (10.2 per-
cent) of the replanted mussels had strayed from their plots. Thus, part of the

31



apparent lower survival rate of the replanted mussels may have been due to mi-
gration from the bed and beyond the borders. Migration would also affect the
recovery of transplanted mussels, but to a lesser extent. It is evident, how-
ever, that the replanted mussels suffered a greater mortality than the trans-
planted ones, for 9.6 percent of the total replanted mussels were recovered as
dead, but only 5.1 percent of the transplanted mussels were found to have died.

A probable explanation of the different survival rates of the two lots is
that the transplanted mussels were more vigorous than the replanted ones, and
were able to adapt themselves better to conditions on the bed. In order to re-
main on the bed, the mussels would have to attach byssal threads quickly to other
mussels and mussel shells or risk being carried off by tidal action. When the
mussels were placed on the bed, few of them were attached to each other. Undoubt-
edly, the marked difference in survival warrants additional study and experimenta-
tion for clarification.

Table 12 - Growth of Marked Mussels on Plots
TENGTH IN INCEES
Type Quantity [0.75(1.00|1,25|1.50|1,75(2.20| 2. 25| 2.50| 2.75 Percent
of in to | to| to| to | to | to | to | to | to |Average,| Average| above
Date Massel Sample |0,99|1.24|1.49|1.74|1.99(2. 24| 2.49| 2.74|2.99|Lengthl/ | Increase| 2 Inche
No. Yo, lNo. No. [No. [No. [No, [No, [No. [No, [Inches Inches %
Tune 21,1943| Transolanted | %6 |- | T (3T |77 A [Z8= [ [= [T Nog= | 33
Dec. 21,1943 do 678 « |.= | 46 1185 | 240128 |16 | 2 |2.072 475 | a9
June 21,1943[Replanted 151 10 [33 |4 2 % | 2/9] - - - |1.476 o 6.0
Dec, 21.1943|  do 457 1 |8 (8 |am |1l 32 |- [19% }o.450 34.8

l/Calculated from ungrouped measurements.

[2/These mussels measured between 2,000 and 2,032 inches,
) =58

Analysis of the data on growth of the mussels does not reveal any significant
difference between the rate of growth of the two lots of marked mussels. Neither
is there any apparent difference between the growth increment of the marked mus-
sels found on the plots and on the borders. The replanted and transplanted mus-
sels grew at about the same rate during the 6-months period that they were on the
bed and border, as shown in Table 12.

The mussel bed experiment has demonstrated that, under conditions prevailing
on a Boothbay Harbor mussel bed, small mussels returned or transplanted to the
bed have a relatively high survival. This refutes the.oft-heard statement that
replanting mussels is always useless because of the ensuing high mortality.

A minimum size regulation of two inches could be readily applied, easily
enforced, and would be of little inconvenience to the fisherman. After culling,
he would hold the small mussels in burlap bags suspended in water or put them
into submerged crates. On the following day or soon after, the mussels could
be returned to the beds from which they were taken. As indicated in the results
of the planting experiment, most of the small mussels between one and two inches
would be ready to harvest either later in the same season or during the next sea-
son. The minimum size regulation would be most applicable to the Maine beds; in
Massachusetts, the problem may be quite dissimilar, for in 1942-43, only large
?uisels existed on the commercially important beds in Cape Cod Bay and Nantucket

sland.

The mussel fisnery has great potentialities and every effort should be made
to insure that the resource is not misused. It is only by further study and by
the utilization of conservation measures based on such study that this shellfish
resource can be maintained or increased.
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