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The Mussel Industry of Sweden

JOEL HAAMER

Fishery Board
Coastal Laboratory
Hus 31, S42671, Vastra
Frolunda, Sweden

ABSTRACT

Sweden farms blue mussels, Mytilus edulis, on a small scale. The Swedish system consists of
longlines supported by buoys and uses as mussel collectors 5 cm wide x 8 m long woven
strips of polypropylene with edges of terylene silk. The fishery and farming of other

mollusks are negligible.

Introduction

Sweden has a small mollusk fishery consisting of the
farming of the blue mussel, Mytilus edulis, on suspended
longlines. The industry began experimentally in 1971,
and through the 1970’s and 1980’s it produced com-
mercial quantities of mussels (Fig. 1, Table 1). The
fishery and farming of other mollusks than mussels is
negligible, though several attempts have been made to
farm flat oysters, Ostrea edulis.

Mussel farming was not stimulated by demand for
mussels as either fish bait or for the canning industry,
but rather because of the discovery that mussels could
be farmed in Sweden. The mussel industry has devel-
oped slowly in Sweden because the home demand for
mussels is small, industry and investors have had little
interest in it, and diarrhetic shellfish poisoning (DSP)
has become frequent since 1984 and prevents mussel
harvests for long periods of the year.

Table 1
The mussel harvest in Sweden, 1983-1991, and export
data from 1988 onward in metric tons (wet weight).

Year Harvest Exports
1983 1,498

1984 1,278

1985 415

1986 325

1987 2,566

1988 858 387
1989 241 81
1990 1,163 1,016
1991 1,643 1,288

Historical Use of Mussels

Blue mussel shells have been found in kitchen middens at
Rottjarnslid located about 100 km north of Goteborg.
They are dated at about 5,000 B.C. The middens also
contained shells of flat oysters, Ostrea edulis, and cockles,
Cardium edule, fish bones, and fish hooks. It is impossible
to tell whether the mussels were used as bait or food.
Before World War II, mussels were used mostly as bait in
the longline fishery. People in fishing areas did not eat mus-
sels, but they were eaten to a small extent by people in cities.
About 300 t/year were canned for human consumption.

During World War II, a shortage of fish led to an
increase in mussel consumption. People harvested mus-
sels mostly by hand from small boats. In 1945, 973 t of
mussels were landed. Between then and 1970, mussel
landings stabilized at about 500 t/year. In 1970, Swed-
ish production of canned mussels ceased due to compe-
tition from low-priced mussels imported from Denmark.
From 1937 to 1984, no interruptions in mussel harvests
were noticed due to toxic mussels being eaten.

Development of Mussel Farming

The idea of growing mussels on longlines stemmed
from observations in 1966 that mussels set heavily and
then grew well from the sea surface down to a depth of
20 m on a mooring for hydrographic instruments. The
observations led to the establishment of experimental
farms in a sheltered coastal area at the island of Smaget,
10 km south of Stromstad on the Swedish western coast.

The farming method used in Sweden involves
longlines supported by buoys (Fig. 2). An important

1
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issue when the Swedish farms began was minimization
of the amount of labor involved as workers in Sweden at
that time (1971) had much higher wages than compet-
ing mussel growers in southern Europe. Investment
costs also had to be small because Swedish industry and
investors had only a mild interest in mussel farming.

The Swedish longline farming unit usually has 10
parallel wires about 200 m long connected at both ends
to a 10 m perpendicular rail. The wires are 16 mm in
diameter, galvanized, and are surrounded by polypro-
pylene rope. Plastic barrels, 200 1 in size, are attached to
the wires as buoys. Woven strips of polypropylene with
edges of terylene silk are used as mussel collectors. The
strips are 5 cm wide and 8 m long.

Under natural conditions in the wild, mussel larvae
set mainly on algal filaments such as green algae and
diatoms (Bohle, 1971; Bayne, 1976). The terylene silk
on the edges of the strip collectors is a good substitute
for algal filaments and the mussels spat initially prefer
to attach to the edges. The spat later creep over the entire
surface of the strips where they settle permanently.

The strips can be deployed quickly in the spring ard
retrieved quickly at harvest. A rapid installation in the
spring enables farmers to install the strips at the right
time when mussel larvae are the dominant settling spe-
cies in the water.

When the strips are deployed during the 2-3 weeks of

maximum setting of mussel larvae, about the only species
on the strips is mussels. One meter of strip can hold about
10 kg of harvestable mussels. With new mechanized harvest-
ers available, two men can harvest about 30 t of mussels/day.

Farming Strategy

Mussels spawn on the Swedish coast when the water tern-
perature reaches about 10°C in late May. By mid June, the
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Figure 1
The Swedish farming district.

mussel larvae are ready to settle. Mussel farmers follow
development of the larvae, and when they are close to
settling the strips are deployed. The settling period lasts
about three weeks. One worker can deploy from 5,000 to
10,000 m of strips/day, provided the wires in the longline
system are anchored at the selected site in advance and
the strips are prepared with weights and fixing threads.
When the settlement (Fig. 3) is heavy with 20,000—
40,000 spat/m, most of the spat leave the strips by

and four 200 kg anchors.

The Swedish longline system with the dimensions 10 x 200 m. The longlines can carry
20,000 m of farming strips with a production capacity of about 200 t in 2 years. The
mussel operation consists of 10 wires about 200 m long, supported by buoys 200 1in size, and
polypropylene strips 5 cm wide and 8 m long. The mooring is made with two 10 m long rails
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Figure 3
Mussel strip, 5 cm wide, with recently set spat. Match shows relative size of the spat. Photograph by J. Haamer.

L

themselves when they are small. Most of the small mus-
sels fall to the bottom where they are eaten by starfish,
crabs, and fish, or are buried in mud that can be an-
oxic. In early tests, manual thinning and replanting of
small mussels was tried, but was found to be too costly.
About 600 adult mussels remain on each strip at the
end of the growing season.

The only work carried out between the deployment
of collectors and harvest is to add new buoys for in-
creased buoyancy during the mussel growing period.
Farmers do not deploy all the buoys to the wires at the
beginning so as to reduce wearing of the equipment.
The average mussel farm has a production capacity of
150-200 t and occupies 2,000 m?.

Predators and Fouling

The main mussel predators are starfish, Asterias rubens,
and eider ducks, Somateria mollissima. Starfish larvae can
settle on the strips and feed on the mussels, and when
numerous, can clean the mussels off the strips. Loca-
tions with strong currents and wave action suffer less
starfish predation than calm areas, because starfish tend

to fall off the strips when agitated. The only method
thus far used to get rid of the starfish is to shake the
strips vigorously by a diver or by a boat using a crane.

Eider ducks are common on the west coast of Sweden
and number about 60,000 in the mussel farming area.
Individual eider ducks eat about 2.5 kg/day, mainly
mussels. Several methods have been used to prevent
the eiders from eating the farmed mussels which they
prefer over wild mussels, probably because they have thin-
ner shells. Methods tried, such as hunting, automatic gas
guns, submarine sound buoys, and eagle sound, all failed.
Several farmers had to give up because of the eiders.

Underwater studies showed the eiders use their wings
to swim and stay down. To obstruct their swimming in
the farms, wires and strips were placed closer together.
The distance between wires did not exceed 1 m and
between strips, 0.5 m. In using this method, the eiders
can eat only from the outer parts of a farm.

The main fouling organisms on the mussels are the
ascidian Ciona intestinalis and the polychaete Pomatoceros
triqueter. The ascidian can become dominant on the
strips because it grows faster than mussels. The prob-
lem is most severe in areas where currents are weak.
Pomaloceros larvae settle on the shells of older (>2 years
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sels to storing sacks as well.

Figure 4
A simplified drawing of the Swedish mussel harvester and a ship-borne
cleaning system, designed for longline operations. The harvester is going
backward and the mussel strips are loosened by the man standing in the
box at the stern of the boat. The mussel clusters are brought up from the
water with a submerged conveyor. The farming strips are separated from
the mussels half way up the conveyor. On the upper end, the mussels
drop into the separator/cleaner. The separator/cleaner takes the mus-

old) mussels and cause problems in the cleaning pro-
cess if the mussels are packed for the fresh market. The
strategy to avoid fouling problems is to choose farming
areas where these organisms are less common.

Harvesting

A continuous harvesting method has been developed for
the longline system (Fig. 4). Several boats with harvesting
devices have been designed. At harvest, the longline wires
are lifted onto a power block at the edge of the stern 1 m
above the water surface. The wire runs parallel to the boat
and the boat runs backward. One man loosens the strips
from the wire at the same time as a conveyor catches the
strips with mussels just under the water surface and brings
them to the cleaning machines. Another conveyor deliv-
ers the cleaned mussels into big sacks.

The mussel clusters are brushed off the strips, which
are used again. Cleaning equipment for the thin-shelled
farm mussels was developed in Sweden in 1983. Brushes
are attached to two parallel moving belts. The mussel
clusters are brushed from above, and breakage was less
than 5%. A harvester with a crew of two can harvest 15—
40 t of mussels/day.

Strategies and Life Story of a Mussel
Industry, 1979-1984

In 1979, when farming and harvesting equipment had
been developed, a new company, Mussellina AB!, was
established to exploit farmed mussels based on this new

! Mention of trade names or commercial firms does not imply en-
dorsement by the National Marine Fisheries Service, NOAA.
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technique. The company was formed by people from

industry and from a university where mussel research

and development had been conducted since 1975.
The main objectives of the company were to:

1) Work with mussels year-round,

2) Develop new mussel products based on high quality
raw material and to create a market for the products,

3) Farm half of the mussels needed for the production
within the company and buy the other half from
contracted farmers,

4) Continue with research and development work and
follow the development abroad, and

5) Establish shellfish quality control in Sweden to ob-
tain public confidence in the products.

The new mussel products were frozen. This was new
for the Swedish market. Three IQF (individually quick
frozen) mussel products were produced: boiled mussel
meat, breaded mussel meat, and mussels in the shell. A
smaller amount of fresh mussels, cleaned and packed
in 1 kg net bags was produced. The IQF mussel meat
was well received by restaurants, which previously had
access only to canned mussels.

The marketing strategy for all the products was ini-
tially to concentrate on the catering market. The inten-
tion was not to introduce the products on the consumer
market from the beginning. Without heavy marketing
efforts, there is always the risk that unknown frozen prod-
ucts will remain too long in shop freezers and deteriorate.

The company went bankrupt in 1984 because of 1)
costly trials trying to enter the consumer market and 2)
the absence of a shellfish toxicity control program in
Sweden at the time. When Musselina went bankrupt,
the farms were not harvested. Many mussel farms were
abandoned and became a nuisance to local governments.
Because of this, it is now more difficult to obtain a farming
permit, and there must be a bank guarantee for financing
the removal of the mussel farm if anything goes wrong.

When the company started after 8 years of experi-
mental farming on the Swedish coast, there had been
no known observations of DSP or paralytic shellfish
poisoning (PSP) there. The management of the com-
pany was well aware of the risks of algal toxins, and for
this reason it tried to engage food control authorities in
toxic algal control. The local food control laboratory
made only mouse tests when the company needed ex-
port licenses. In September 1984, DSP was found in the
mussels and production stopped. After the company
went bankrupt and closed, its processing machinery
was sold to Ireland.

In 1983, DSP was observed among people consuming
mussels. For that reason, a surveillance system to detect
DSP toxins in mussels was begun in 1986. The DSP
toxin is the phycotoxin okadaic acid produced by

Dinophysis spp. (Edebo et al., 1988). Higher DSP toxin
concentrations were found in mussels from the outer
archipelago than in mussels from more sheltered wa-
ters. The seasonal variation in the less sheltered waters
often showed a maximum of DSP toxins in the autumn
when toxic dinoflagellates were abundant. However,
during the spring blooms, normally dominated by dia-
toms, the toxin disappeared from the mussels.

The mussel harvests in Sweden declined afterward.
In 1987, it had a temporary recovery due to harvest of
old farms. But the prices for mussels >3 years old were
too low to motivate farmers to put out new collectors.

The main consequence of the bankruptcy was that
the first wave of enthusiasm for mussel farming faded,
and it became difficult to attract new people and capi-
tal to mussel farming and processing. The number of
farming enterprises declined rapidly from the year 1987
when there were 24 enterprises with a farming area of
294,000 m?, to 8 enterprises with an area of 112,600 m?
in 1992. In 1993, the mussel industry in Sweden em-
ployed about 10 people. Most mussels now produced in
Sweden are exported (Table 1).

The Future

There likely will be a future for the mussel industry in
Sweden. The technique for longline farming is func-
tioning on an industrial scale, the control of shellfish
toxicity is established with scientific backing, and the
finding of farming areas without toxic alga problems all
suggest that the Swedish mussel farmers will survive.
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The Molluscan Fisheries and Culture of Norway
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Department of Fisheries and Marine Biology
University of Bergen
Hgyteknologisenteret

N-5020 Bergen, Norway

JON HELGE VOLSTAD**

Institute of Marine Research
P.O. 1870 Nordnes
N-5024 Bergen, Norway

ABSTRACT

In coastal Norway, mollusks important for food or bait include the northern horse mussel,
Modiolus modiolus; blue mussel, Mytilus edulis; Iceland scallop, Chlamys islandica; great scal-
lop, Pecten maximus, ocean quahog, Arctica islandica; and to a lesser extent, Cardium sp., and
the softshell clam, Mya arenaria. The Pacific oyster, Crassostrea gigas, and Manila clam,
Ruditapes philippinarum, were introduced in recent years. The iceland scallop also is har-
vested offshore. The first gear documented for harvesting mollusks may have been an iron
rake in 1773. Fishermen later used various types of grabs and dredges. In early times,
mussels were generally used as food, but they were, in more recent times, commonly used as
bait for fish. The flat oyster was used for food in southern Norway until the beds became
depleted in the mid-1800’s. Oyster seed after that was grown in pools, but production always
was small. In the mid-1980’s, the fishery for Iceland scallops in northern areas increased
rapidly and peaked in 1987 when 45,000 t (round weight) were landed. Landings fell
sharply and were only 2,500 t in 1992. Since the early 1980’s, spat of several species have
been reared in hatcheries and nurseries, but the cultivation industry is small. The potential
for increased mollusk cultivation is good. Mollusks are not commonly eaten in Norway.

Introduction

Along the coasts of Norway, inshore mollusks impor-
tant in fishery and culture, for food or bait, include the
northern horse mussel, Modiolus modiolus; blue mussel,
Mytilus edulis; Iceland scallop, Chlamys islandica; great
scallop, Pecten maximus; flat oyster, Ostrea edulis; ocean
quahog, Arctica islandica; and to a lesser extent cockle,
Cardium sp., and softshell clam, Mya arenaria. Species
introduced in recent years are Pacific oyster, Crassostrea
gigas, and manila clam, Ruditapes philippinarum. The
Iceland scallop is also harvested in offshore waters.
Shell piles or middens, common at ancient living
sites in Norway, date from 6000 B.C. (Simonsen, 1988)
and show that mollusks were widely utilized and a com-
mon part of daily meals from the Stone Age to the
Middle Ages. The most frequent species found in them

were the ocean quahog, blue mussel, cockle, softshell
clam, common limpet, Patella vulgata; and periwinkle,
Littorina sp. Flat oyster shell was mainly limited to south-
ern Norway. Scallop shells found in childrens’ graves
from the Iron Age in northern Norway suggest they
were used as children’s toys then, just as they are today
(Bratrein, 1988; Simonsen, 1988). This may explain
why scallop shells are seldom found in household wastes
from that time, although low accessibility due to their
depth distribution is a more likely explanation. In the
Stone Age, some shells were used as jewelry; ornaments

* Present address: Institute of Marine Research, Department of
Agriculture, P.O. Box 1870 Nordnes, N-5024 Bergen, Norway.

*#* Present address: University of Maryland, Center for Environmen-
tal and Estuarine Studies, Chesapeake Biological Laboratory,
Solomons, MD 20688.
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made from scallop shells have been found in grave sites
dating from as early as 1500 B.C.

Probably the first mollusk harvesting gear docu-
mented was an iron rake in 1773 (Bratrein, 1988); later,
fishermen used various types of grabs (Fig. 1). In 1857,
a sledge was developed for catching mussels (Bratrein,
1988), a type of gear that eventually developed into the
modern dredges like those used in the offshore fishery
for Iceland scallop (Fig. 1).

In early times, mollusks were generally used as food.
In recent times, however, they have been commonly
used as bait in the coastal longline fishery. Using mol-
lusks as bait was first alluded to around 1770, while the
first record of commercial exploitation of mollusks was
in 1869 (Bratrein, 1988). The dominant bait species for
the longline fishery was the northern horse mussel.
Others were the ocean quahog, Iceland scallop, blue
mussel, and to a lesser extent, the cockle and softshell
clam (Wiborg, 1946). Since other types of bait replaced
the horse mussel in the 1950, its fishery declined rapidly.

Harvests of the flat oyster for food probably had
considerable commercial importance in some coastal
areas of southern Norway before the beds were de-
pleted in the mid-1800’s. After that, methods were de-
veloped for cultivating spat in heliothermic “polls,” the
Norwegian name for land-locked fjords with sill depth
less than the depth of pycnocline (layer between brack-
ish surface water and saline subsurface water). How-
ever, more than 100 years of experience has produced
only minimal commercial production. Apart from the

former oyster fishery, harvest of mollusks for human
consumption had little importance until the mid 1980’s.
Then, the fishery for Iceland scallop in northern areas
increased rapidly, and it peaked in 1987 when 45,000 t
(round weight) were harvested through the use of ad-
vanced gear. However, subsequent landings have decreased
dramatically, and in 1992 the total quota for the fishery in
offshore and coastal areas was only 2,500 t. Harvests of
natural stocks of mollusks, except Iceland scallops, have
not been regulated.

Since the early 1980’s, spat of great scallop, flat oys-
ter, Pacific oyster, Manila clam and carpet clam, Ruditapes
decussatus, have been produced in hatcheries and nurs-
eries, while spat of blue mussel and Iceland scallop
have been produced by natural spat collection. So far,
the cultivation industry in Norway, including blue mus-
sel, oysters and scallops, is small. Cultivation of mol-
lusks is regulated through governmental license, based
on consideration of environmental impact, pollution
risks, disease contamination risks, etc. Today, mollusks
are not a common part of meals in Norway, but there is
increasing use of some mollusks as food.

Iceland Scallop

Habitat Description

The main distribution of Iceland scallops is north of
the Lofoten islands, with extensive scallop beds at Jan

rings is up to 6 m long.

Figure 1
Typical equipment showing the historical development of harvesting gears in Norwegian mollusk fisheries. (A) Iron rake
with a grab for harvesting horse mussels from shallow waters. (B) Dredge for harvesting mussels in deeper waters. The
dredge is 0.8 m wide, 0.3 m high, and 1 m long (the bag is not shown). (C) Double-action dredge used in the offshore
Iceland scallop fisheries. The dredge weighs 3.5 t and is about 5 m wide and 0.5 m high, and the bag which is made of iron
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Figure 2
Areas of Iceland scallop, Chlamys islandica, fisheries:
Jan Mayen, Svalbard, Bear Island, and coastal waters in
north Norway.

Mayen, Bear Island, and Spitsbergen (Wiborg, 1963,
1970; Wiborg et al., 1974; Sundet, 1988) (Fig. 2, 3).
Along the coast of Norway from Lofoten to the Russian
border, large beds occur mainly in fjords having one or
more shallow sills at their entrances (Sundet, 1988;
Wiborg, 1963). Iceland scallops are scarce farther south
because bottom temperatures are too high, but they do
occur as relict populations in the Sgrgjerdfjord west of
Trondheim, along the island of Tautra in the
Trondheimfjord, at the entrance of Lysefjord near
Stavanger, and in the Lindaspolls and the Fauskan-
gerpoll north of Bergen (Wiborg, 1963; Greve and
Samuelsen, 1970).

Along the coast of Norway the depth range of Ice-
land scallops is 15-60 m, at Jan Mayen and Bear Island
itis 70-100 m, and at Spitsbergen it is usually 30-70 m.
Iceland scallops are most abundant in localities with
strong currents, and they prefer a bottom of sand,
shells, and stones. Bottom temperatures of scallop banks
vary considerably, from about-1.5° to 8°C in the Barents
Sea, and from 4° to 10°C in coastal areas. In the fjords
of Norway the salinity is usually less than 33.5%o, while
on the Banks in the Barents Sea or at Jan Mayen it may
reach 34.7-34.9%o0 (Wiborg, 1963).

Predation on Iceland scallops by starfish, Asterias sp.,
can be substantial. In shallow coastal areas, eider ducks,
Somateria sp., prey on them (Brun, 1971), and, north of
Spitsbergen, walruses, Odobenus rosmarus, also prey on
them. At Bear Island and Spitsbergen, barnacles,
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Figure 3

Scallop beds (shaded) formerly identified as beds with
commercial exploitable densities (Map A), and sur-
veyed areas (encircled) (Map B) (from Rubach and
Sundet, 1989). Map C shows beds of Iceland scallops in
northern Norway. Open circles show areas with empty
shells and a few small living scallops (from Wiborg,
1963).

Cirripedia spp., are abundant and foul the shells of live
scallops, but scientific surveys show that fouling does
not slow the scallops’ growth!.

History of the Fishery

About a century ago, Iceland scallops were found in
substantial quantities in some fjords in northern Nor-
way (Sars, 1878; Storm, 1878-80; Sparre Schneider,
1881; Kiaer, 1906; Soot-Ryen, 1924). Exploratory fish-
ing by the Institute of Marine Research (IMR) in Bergen

! Rubach, S. 1992. Finnmark Havbruksstasjon, P.O. Box 476, N-9601
Hammerfest, Norway. Personal commun.
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in the 1960’s and 1970’s revealed that extensive scallop
beds occurred at Bear Island and Spitsbergen (Wiborg,
1963, 1970; Wiborg et al., 1974). However, cost-effi-
cient gear for harvesting scallops in offshore areas did
not exist at the time. Prompted by the onset of a fishery
for Iceland scallops at Jan Mayen in 1985, resource
surveys were conducted by the University of Tromsg
and IMR from 1986 to 1989 to assess and monitor
stocks in the Barents Sea (Rubach and Sundet, 1989).
Substantial areas were surveyed, and several beds with
commercially-exploitable densities were mapped (Fig.
3A, B).

Beginning of the Commercial Fishery

A commercial fishery in coastal areas of Troms began in
1985 (Fig. 3C). The gear and techniques were adopted
from Canada, the United States, Iceland, and the Faroe
Islands. Fishermen shucked the scallops on-board manu-
ally. During the off-season from March to July, many of
the boats fished for cod and shrimp. An offshore fishery
also began in 1985, and it increased rapidly as ocean-
going ships discovered large quantities of scallops at
Jan Mayen. During the first year only 3—4 vessels partici-
pated in the fishery, but effort quickly expanded, peak-
ing at 27 vessels (one registered from abroad) during
1986 and 1987. Subsequent participation dropped to
13 vessels in 1988, 3—4 in 1989-90, and 2 vessels in 1991.
The numbers of fishermen varied from about 10 to 12
on the smaller vessels to 36 on the larger ones. During
1987, total fishing effort exceeded 2,100 ship-days, rang-
ing from 14 to 266 fishing days for individual vessels.
The total annual catch in meat weight/vessel varied
from 3 to 884 metric tons (t), while the daily catch
exceeded 6 t for the most efficient vessels. The total
catch (round weight) reached about 45,000 t with a
landed value of 156,520,000 NOK (US$24,456,000) in
1987, but fell afterward and was 7,298 t with a landed
value of 37,769,000 NOK (US$5,901,000) in 1990
(Tables 1, 2).

A total of 11 vessels, 10-14 m in length, were licensed
for fishing in the coastal areas of northern Norway
(Troms and Vesteralen) (Fig. 2), while 34 vessels par-
ticipated in the offshore fishery between 1985 and 1992.
Ocean-going vessels, ranging in length from 29 to 69 m,
were mostly modified factory trawlers, fresh fish and
shrimp trawlers, purse seiners, and longline vessels. A
limited number were modified supply ships from the
oil industry, while 7 vessels were contracted and specifi-
cally designed for Iceland scallop dredging. The larger
of the specially designed ships cost about 100 million
NOK (US$15.6 million), and typically operated 3
dredges simultaneously (Fig. 4). State-of-the-art instru-
mentation included geographic positioning systems,

Table 1
Catches of Iceland scallops in metric tons (t) round
weight by area for 1985-90. Meat weight is 10% of
scallop weight for machine-processed scallops in the
offshore areas and 14% (including gonads) for the
manually shucked scallops from Troms.

Catches (t)

Area 1985 1986 1987 1988 1989 1990

Jan Mayen 1,192 9,085 1,621 0 1,500 500

Bear Island 0 4,042 12,227 195 0 3,269

Spitsbergen 0 1,372 30,250 13,994 4,598 2,981

Troms 0 124 849 688 760 548

Total 1,192 14,623 44,947 14,877 6,858 7,298
Table 2

Value of total landed catch (in thousands).

Value (x1,000)

1985 1986 1987 1988 1989 1990

NOK 5,888 94,543 156,520 61,770 36,428 37,769
US$ 920 14,777 24,456 9,562 5,692 5,901

specially designed acoustic instruments and software
for determining bottom type, and a computerized sys-
tem controlled the dredges which kept wire tension
and warp length within specified limits.

When the fishery began, the boats used a single-side
action dredge (2.5 m wide) from Iceland, that was
towed at 2 knots. Afterwards, catch efficiency was in-
creased through use of a double-action dredge and
higher towing speed. The dredge was a modification of
U.S. and Canadian dredge types and was towed at 4-5
knots with equal efficiency on both sides (Fig. 1, 4).

Processing the Catch

At the beginning of the offshore fishery, little was known
about machine processing of scallops at sea. In other
countries, scallops were typically delivered to process-
ing plants on land or shucked manually at sea. Traust
Ltd. developed a pioneer automatic system for process-
ing scallops at sea in Iceland, and, in 1985-86, it was
fitted onboard the Norwegian F/V Holberg. The system
was reasonably efficient for smooth bottoms and clean
(i.e., barnacle free) scallops at Jan Mayen, but substan-
tial, costly modifications had to be made in other areas
of the Barents Sea where bottoms were rough and the
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Figure 4
The F/V Concordia, 67 m long with 3,300 hp, a scallop dredger especially designed for the
offshore Iceland scallop fishery. The vessel typically operates three dredges simultaneously.

scallops had extensive fouling. In these areas the dis-
cards of broken scallops were about 25-30% for the
most efficient vessels and as high as 50% for others,
resulting in substantial profit losses.

The production process has improved steadily over
the years, and an efficient system, partly developed in
Denmark, for sorting scallops from stones and empty
shells has been installed on vessels. Processing systems
similar to that developed for the F/V Holberg in 1985—
86 were later employed by most Norwegian ocean-go-
ing scallop dredgers (Fig. b).

Besides scallops, the catch typically consists of large
amounts of stones, empty shells, and other debris which
has to be discarded. The catch first goes through a
rough sorting process to discard undersized scallops
(<65 mm) and large stones, and then through a so-
called “stone trap” where most of the trash is removed.
Wear and tear on the machinery from stones, barnacles,
and scallops is substantial, and the transport bands
used in this part of the production line are the same
type as those used in the mining industry. After discard-
ing most of the trash, the scallops are kept in a basin of
fresh water or warm (about 30°C) sea water, to relax the
muscles and open the shells before they are steamed
for roughly 20 seconds at 98°-100°C. The soft parts are
then shaken loose from the shells and separated from
them in a basin of saturated saltwater. Gonads and

other soft parts are subsequently removed from the
muscles. The scallops are then quick-frozen, graded by
size, and then packed, usually in 10 kg boxes for export.
The Iceland scallop was exported mainly to the United
States until 1987-88, but since then exports to France
have amounted to a substantial portion.

Production system refinements in recent years have
mainly improved the sorting of trash from the scallops.
In particular, a system using water under high pressure
to sort out scallops early in the production line has
increased productivity by effectively reducing the quan-
tity of scallop discards. The final product weight is now
10% of the weight of whole scallops compared with
14% when scallops were shucked manually and gonads
were retained.

Since 1989 the Norwegian vessel, F/V Concordia, a
former offshore scallop dredger, has been engaged in
the surf clam fishery in Canada. Norwegian and Cana-
dian partners have transferred and adapted scallop
dredging technology to the surf clam fishery.

Regulations

Inside the straight protection line along the coast of
northern Norway, the government restricts fishing for
Iceland scallops to 1 August—1 March. For 1985-91, the
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Figure 5
A typical production line on an offshore scallop dredger.

total catch quota was 600 t round weight. Since 1987, a
scallop bed, “Berg feltet,” south of Tromso has been
closed. In 1986, bounded catch-reporting by logbooks
was implemented. Fishing has been prohibited inside a
protection zone extending 4 n.mi. from the coastline of
Svalbard (first established in 1812 and modified by the
government in 1935, 1952, and 1955). Outside this
zone, no regulations were in effect for the Barents Sea
scallop fishery in 1985; any registered vessel could par-
ticipate. In 1986, restrictions preventing new boats from
entering the fishery were implemented. Beginning in
1987, other regulations were put into effect: A lower
size limit of 65 mm was introduced for all areas, and,
because stocks were depleted, scallop beds were closed
at Jan Mayen on 15 October. In 1989, a limited area of
these beds was reopened for fishing. The total quota of
1,500 t round weight was taken by three vessels. In 1990,
one vessel was allowed to do exploratory fishing in an
area outside the two main scallop beds and catch a
maximum of 500 t round weight. In 1989, the scallop
beds at Bear Island and Moffen were closed.

Scallop Culture

Techniques for collecting Iceland scallop spat were
tested successfully in Balsfjord in the beginning of the
1980’s (Wallace, 1982). Thin nylon monofilaments were
used as a substrate for settling larvae. In 1986-88, the
University of Tromsg conducted research on artificial

spat production of Iceland scallops in a laboratory-scale
hatchery, but it was not successful (Wallace, 1989).

The collected spat were held in nets suspended from
longline systems at depths of 2-12 m, and they grew
faster and had a higher meat content than scallops held
at 40 m (Wallace and Reinsnes, 1985). The market size
of 60-70 mm was reached in 3-4 years, compared with
7-8 years for scallops growing in the wild. The first
commercial-sized farm for culturing scallops was estab-
lished near Hamargy (lat. 68°N) in 1985. Supported by
regional authorities, it was intended as a model for the
development of an industry based on cultivating Ice-
land scallops in northern Norway. Nets, sorting equip-
ment, and transport gear adapted for cultivation were
developed to optimize production. Farms were subse-
quently established in coastal areas from Helge-
landskysten (lat. 65°N) and northward. In 1987-89, a
total of 14,000 spat collectors were set out by the farm
near Hamargy, and as many as 20,000 spat/collector
bag were harvested. The spat were supplied to farms in
the region. Afterward, spat production declined mainly
due to insufficient methods for handling the collectors
(Table 3), but higher productivity was obtained by re-
moving spat from the collectors after 2 years instead of
1 yearQ. In 1990, the model farm was shut down due to
low productivity, and farming activities along the coast
declined.

2 Aasjord, D. 1992. P.O. Box 71, N-8260 Innhavet, Norway. Personal
commun.




Present Condition of the Fishery

During 1992, only one or two ocean-going ships were
fishing for scallops in the Barents Sea, while 11 were
licensed for scallop dredging within the Norwegian
basic line, where the fishery was open between 1 August
and 1 March. Its 1992 quota was 500 t round weight.
Scallop beds at Bear Island were reopened for fishing
from 1 September 1992 through the end of May 1993,
with a total catch quota of 2,000 t round weight. The
scallop bed at Moffen was reopened from 1 June 1992
to 1 January 1993.

Prognosis of the Fishery and Culture

The most substantial scallop beds have been mapped
by surveys made by scientific and commercial vessels.
During the 1980’s, the fishery was conducted on long-
established scallop beds with a large proportion of old
(>10 years) scallops. The fishery is not likely to support
more than 3-4 vessels on a long-term basis, due to high
exploitation rates in the late 1980’s and slow growth
and resettlement rates of the scallops. Offshore vessels
are costly, and hence large catches, often more than 2—
3 t/day, are required merely to cover expenses. The
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fishery is self-regulating, in part, since vessels usually
leave a scallop bed when the catches become marginal.
Since harvesting efficiency is typically low, this gener-
ally occurs long before the beds become depleted.

The development of methods to collect spat of the
Iceland scallop may lay the foundation for future com-
mercial cultivation. The scallops would be suspended
from longline systems or seeded on the bottom.

Great Scallop
Habitat Description

Great scallops occur at depths of 5-60 m in coastal
waters from the southeast to the Lofoten islands (lat.
68°N), the northern limit of their natural distribution
(Wiborg and Bghle, 1974; Hgisaeter, 1986). They favor
bottoms of sand or a mix of sand, mud, and gravel.
Densities as high as 2-3/m? are fairly common in some
fjords along the western coast (Wiborg and Bghle, 1974)
and in coastal areas outside Trondheim?®. In Skagerak
and Kattegat, scallops occur mainly at 25-50 m. Their

3 Monkan, A. 1992. Taro Skjell A/S, N-7190 Bessaker, Norway. Per-
sonal commun.

Table 3
Production of molluscan spat in millions. Ostrea edulis were produced in polls; Crassostrea gigas, Ruditapes philippinarum,
R. decussatus, and Pecten maximus in hatcheries; and Chlamys islandica by artificial seed collection.

Production (millions)

European flat oyster, Pacific oyster,

Manila clam,

Carpet shell, Iceland scallop, Great scallop,

O. edulis C. gigas R. philippinarum R. decussatus C. islandica P. maximus
1903-30 <0.5
1931 1
1932 1.5
1933 2.1
1934 4
1935 5
1929-68!
1984 42
1985 6
1986
1987 2 3 18
1988 6 5 8
1989 12 5 40 5
1990 12 3 170 5 0.06
1991 70

alluded.

1970’s and 1980’s.

% Produced by semi-intensive method in Espevikpollen (see text).

! Production statistics are not available from this period, but annual production of up to about 10 million spat in Vagstranda have been

? Production estimates for 1984-89 are from Vigstranda. In addition, minor quantities were produced in small breed-polls during the
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distribution is believed to be limited by hydrographical
conditions, particularly variations in temperature and
salinity due to the cold brackish water coming from the
Baltic sea during late winter and early spring (Parsons
etal., 1991).

In controlled laboratory experiments, juvenile scal-
lops had substantially higher mortalities at low salinities
(<29%o0) at 5°C, a common temperature during winter,
than at 10°C (Strand et al., 1993). In contrast, juveniles
grown in suspended culture in a fjord on the southwest-
ern coast had high survival during winter, when salinity
dropped to as low as 25-29%o. The scallop’s main preda-
tors are starfish and the edible crab, Cancer pagurus.

History of the Fishery

The great scallop has been of little commercial impor-
tance in Norway. Early dredging attempts yielded low
returns, due mainly to rough bottoms and an abun-
dance of seaweed that filled the dredges in only short
tows (Wiborg and Bghle, 1974). Instead, since the 1960’s,
scuba diving has been the most common harvesting
method. The harvest by leisure diver-fishermen has
probably been extensive in some areas along the cozst,
and, around Bergen there are signs of over-exploita-
tion. During 1987-91, in the coastal areas outside
Trondheim, divers harvested an estimated 50,000 scal-
lops, while 100,000 (20 t round weight) were harvested
in 1992 by a commercial firm®. Several unconfirmed
reports suggest that similar quantities have been har-
vested along the western coast in recent decades (Wiborg
and Bohle, 1974). The diver-fishermen sold them mainly
to local fresh markets (restaurants and hotels). In re-
cent years, prices have ranged from 8 to 15 NOK
(US$1.20-2.00) /scallop in domestic fresh markets.

Scallop Culture

Spurred by the increasing European scallop cultivation
interest in the early 1980’s, the feasibility of commer-
cial scallop culture in Norway was considered. Exten-
sive areas along the coast might provide suitable habi-
tat. Growth studies from western Norway suggested that
scallops attain commercial size (100 mm) in 4-5 years
after spawning (Strand, 1986). Collection of wild spat
has been only marginally successful, as <36 spat/collec-
tor bag were collected in Sognefjorden (Hovgaa-d,
1983), with similarly low numbers, 30-40 spat/collec-
tor bag, being harvested in coastal waters outside
Trondheim?.

A research program at the University of Bergen dur-
ing 1985-88 focused on the development of hatchery
technology and cultivation methods appropriate for

Norwegian waters. After promising results of spat pro-
duction in a laboratory-scale hatchery, a large-scale pi-
lot commercial hatchery was built in @ygarden, north
of Bergen, in 1987 (Magnesen, 1989). The hatchery,
operated by 4-5 persons, had low production during
the first 2 years, mainly due to technical problems with
scaling up of the laboratory production system. In 1990-
91, however, there appeared to be a breakthrough.
Factors crucial for producing spat, 1-3 mm long, were
identified in a controlled hatchery environment
(Magnesen, 1991). Large-scale production seemed fea-
sible, but high mortality rates followed when spat were
transferred to the sea. During 1988-91, a total of 60,000
spat (Table 3), 15 mm long, were produced in the
hatchery, with the peak number of 25,000 in 1991.
Efforts to grow spat in artificial nursery systems have
not been successful (Magnesen, 1989), while use of a
shallow enriched sea basin, combined with a system for
manipulating salinity, fertilization, and circulation, has
proven successful for the growth of juveniles only for a
limited period during summer (Andersen and Naas, 1993).

The cultivation method termed “ear-hanging” involves
hanging of the scallop on a vertical suspended line by a
nylon string passed through a small hole drilled in the
ear of its shell. Growth was faster by hanging the scallop
from a nylon string cemented to the shell rather than
through a hole drilled in the ear (Strand, 1991). Ce-
ment stringing may be used on smaller scallops, 20-25
mm. than the size needed for drilling a hole through
the ear, 40-50 mm. The intermediate culture in nets
may then be shortened, giving a more cost-efficient
cultivation technique.

Present Condition of Fishery and Culture

Reliable statistics for the total harvest of great scallops
by diver-fishermen along the coast do not exist; this
harvest may be substantial. The commercial firms near
Trondheim have been earning their incomes by har-
vesting wild stocks, and undersized scallops, <10 cm
long, are reseeded on the beds. They have also culti-
vated scallops suspended on longline systems, using
nets and ear-hanging. In 1993, a processing plant was
established for the production of dishes on the half-shell.

A national research and development program on
scallop cultivation was started in 1993. The program
deals with spat production in hatcheries, intermediate
culture in nets or cages, and extensive sea bed cultivation.

Outlook

Scallop abundances along the coast are too low to sup-
port a large commercial fishery. Nevertheless, regula-



tions are probably needed to protect certain scallop
beds from depletion. Substantial increases in produc-
tion of the great scallop can be obtained only through
aquaculture. Many areas along the coast from Stavanger
to north of Trondheim appear to be highly suitable
habitats for scallop farming (Strand, 1991). However,
increased knowledge about environmental requirements
for cultivation are needed to assess the production
potential, and, since the bottom topography is gener-
ally rough, development of efficient harvest methods
are needed. Methods for reducing predation on seeded
spat, as well as interference with other activities in coastal
waters should be addressed.

Horse Mussel

Habitat Description

Horse mussels occur along the entire coast at depths of

5-90 m, while extensive beds are found from the west-
ern coast to Northcape (Fig. 6) (Wiborg and Bohle,
1974; Hoisaeter, 1986). In some regions between Bergen
and Trondheim they are also abundant on tidal flats
(Wiborg, 1946). Mussels are commonly attached by a
byssus to hard bottom or gravel, or may be partly buried
in sand, sand mixed with mud, or clay bottom. Their
main predators are starfish; common whelks; dogwhelks,
Nucella lapillus; edible crabs: wolf-fish, Anarhichas lupus;
and eider ducks (Wiborg, 1946).

History of the Fishery

The horse mussel has been the main species in Norway’s
bait fishery, probably since longline fisheries began in
about 1500-1600, although it was first alluded to as bait
in 1770 (Bratrein, 1988). Horse mussels as bait were
first mentioned in the Annual Report of Norwegian
Fisheries in 1869, when commercial quantities were
used in longline fisheries in Lofoten®.

Fishermen harvested horse mussels from shallow wa-
ters using a stick with a grab which they could operate
with a line (Fig. 1). Different types of sticks were devel-
oped for various depths and bottom conditions. Sticks
up to 15 m long were operated from small rowboats,
and fishermen usually held a water-glass between their
teeth leaving their hands free to handle the stick. They
brought the mussels to the surface with the stick or
collected them in a net on the bottom and then hauled
them to the surface. The season began between Octo-
ber and January and continued until March or April

4 Anonymous. 1894-96. Aarsberetning vedkommende Norges
Fiskerier, Lofotfiskeriet. Kristiania. Cited in Wiborg (1946).
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Figure 6
Locations where commercial harvests of horse mussels,
Modiolus modiolus, have taken place (from Wiborg, 1946).

when spawning occurred or until the spring algal bloom
reduced visibility in the water (Wiborg, 1946).

The development of dredges for use in deeper waters
expanded the area where mussels could be harvested
and increased the use of mussels as bait for the longline
fisheries in the 1880’s (Wiborg, 1946). Fishermen usu-
ally pulled the “modern” dredge (Fig. 1) by a hand
winch operated from an anchored boat. Mussels were
also harvested by divers, who could select preferred
market sizes. However, diving operations could be lim-
ited by visibility and depth and were in most cases not
profitable. Limited information is available on catch
and effort for the above harvesting methods. Many
mussel beds were extensively exploited and some have
been wiped out by fishing (Wiborg, 1946; Bratrein,
1988). As early as 1891, government regulations were
contemplated. In 1897, 1912, and 1933, various mea-
sures limiting the fishery were promoted but never
implemented. Cultivation of horse mussels was consid-
ered impractical because the mussels grow too slowly
(Wiborg, 1946).

The earliest harvests of horse mussels for use as bait
in the longline fishery were in Lofoten and adjacent
areas (Fig. 6). The mussels were sold whole and in tubs
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of about 60 1 each. Preservation of horse mussels with
salt allowed harvests of beds at some distance from
Lofoten. This practice was first mentioned in 1883%. In
subsequent decades, use of salted mollusks as bait in-
creased in a market which had been traditionally domi-
nated by herring and squid. In 1888, roughly 400 t meat
weight of mussels were used as bait, 9% of the total
weight of bait (Bratrein, 1988). Horse mussel fisheries
in the Bergen area (Fig. 6) became the most important
source of bait for the longline fisheries in Lofoten.
Other important bait fisheries took place in Trgndelag
and Nordland. The overall annual catch from 1914 to
1951 varied from about 70 to 600 t, with a value of
nearly 500,000 NOK (US$78,000) (Wiborg, 1946). The
use of horse mussel as bait declined substantially in the
1950’s as new technology developed to favor other baits
like frozen herring and prawns, but a small harvest
supplying some local fisheries has continued.

Present Condition and Prognosis of the Fishery

Diver-fishermen harvest modest quantities of horse
mussels along the coast and sell them fresh or as shucked
mussels in brine. Dredges, similar to those used in the
former bait fishery, are used on some beds along the
coast. Currently, the market for horse mussels is lim-
ited. In the future, however, it may increase and their
seemingly extensive resources along the coast could be
used more. Stock management should take into ac-
count lessons learned from overfishing practices in the
former bait fishery along with existing biological knowl-
edge of this species (Wiborg, 1946).

Blue Mussel

Habitat Description

The blue mussel is distributed along the entire coast-
line. The most extensive beds are found northward to
Trondheim in sheltered areas, influenced by freshwa-
ter runoff with salinities of 20-30%o (Wiborg and Bghle,
1974). In the Oslofjord, they are normally found in
depths down to 10 m, and along the southern coast
down to 3—-4 m. In outer areas of the western coast,
larvae will settle on artificial substrates in the upper
0.2-0.3 m (Aase and Bjerknes, 1984). Settlement depth
of larvae increases towards the fjords, and in the inner
part of the Sognefjord it may reach 16 m (Hovgaard
and Joranger, 1981). In fjords with high freshwater
runoff, blue mussels may be absent in the upper meters,
as they do not thrive in salinities <15%o. Their main
predators are eider ducks, starfish, wolf-fish, dogwhelks,
and the edible crab.

History of the Fishery

The only recorded landings of dredged blue mussels
are from the period 1872-1912 (Bghle, 1974). As many
as 60 t/year were harvested in the Oslofjord for use as
bait in the longline fishery. Harvests of blue mussels for
human consumption was limited; during this period, a
maximum of 2.5 t/year from the inner Oslofjord were
sold in the fish market in Oslo.

Farming Mussels

In the 1960’s and 1970’s, interest in blue mussel cultiva-
tion increased, and toward the end of this period many
farms were established. The most common cultivation
method involved collecting spat in the wild on artificial
substrates and growing them on suspended longline
systems. A rough surface, such as ropes of polypropy-
lene or stripped netlines, was generally preferred as
substrate (Kleppe, 1986; Hovgaard and Joranger, 1981).

Mussels were grown to market size, 50—-60 mm, on the
substrate on which they settled, or they were removed
and put in net bags for further growth (Bghle, 1972).
Mussels grown on their settling substrate usually re-
quire thinning to obtain good growth. A yield of 5-10
kg/m of line may be obtained after 1.5-2.5 years.

In recent years, an increasing portion of the mussel
supply for the fresh market has been harvested from a
bottom culture operation at Fosen outside Trondheim
(Fig. 6). In a bed about 0.5 hectare in size, 1-2 m deep,
and with strong currents, wild mussels settled or were
seeded. They are harvested from a boat, using a grab
operated with a stick, and pulled to the surface by a
boom. Mussels were harvested from this site in the
former bait fishery.

Statistics on the number of farmers involved in blue
mussel cultivation are not available from official records.
The number of shellfish-farms in business has been
considerably lower than the number of licenses. In
1987 about 100 farms (800 licenses) existed, but in
1990 the number fell to 20-30 farms (400 licenses).
Most mussel farming has been part-time work.

As a result of the optimistic prospects for mussel cultiva-
tion in the early 1980’s, several processing plants were
built. A plant in Austevoll, built in 1981, had an annual
production capacity of 2,500 t round weight. The main
product was steamed mussels in brine. However, the mus-
sel supply from farmers in western Norway never reached
quantities needed to support a profitable business.

In the past decade, various products from 3-5 pro-
cessing plants have been introduced to the market.
Whole mussels, frozen in their natural juices, have been
sold in 0.6 kg or 1 kg packages to Scandinavian markets.
Production reached roughly 100 t in 1987, but stopped



because of an insufficient supply and the diarrhetic
shellfish poisoning (DSP) problem. Whole mussels have
also been canned (600 g portions). Production of single-
frozen mussels has recently been started in mid Nor-
way. In the last decade, the main problem for process-
ing plants has been lack of a mussel supply.

Cultured mussels have also been considered as food
for farmed salmon and cod. They must cost fish farmers
<1 NOK (US$0.15)/kg to make them economical to
use. Such a low price can be obtained only through
large-scale production.

The former Fish Farmer Trade Organization (FOS)
had exclusive rights to trade in cultivated mollusks in
Norway during 1985-91. According to statistics obtained
from FOS, mussel production increased in the early
1980’s, peaking at 500 t in 1985, and subsequently
decreased (Table 4). However, actual production is
known to be considerably higher, and, for 1989-91,
estimated annual production was 300-500 t, mainly
from the districts north of Trondheim. In recent years,
farmers have been paid 3-5.50 NOK (US$0.50-0.90) /
kg for fresh mussels and about 11 NOK (US$1.70) /kg
for iced and packed mussels.

Waters affected by runoffs from manufacturing in-
dustries are closed for harvesting and cultivation of
mollusks. Current knowledge on contaminants in the
most affected areas are summarized in Naes et al. (1992)
(organochlorines and polycyclic aromatic hydrocar-
bons) and Ringdal and Julshamn (1994) (heavy met-
als). The Hardangerfjord appears to be an ideal habitat
for mussel cultivation (Kleppe, 1986). However, in 1984
mollusk harvesting and cultivation were obstructed there
because quantities of heavy metals caused by runoffs
from the metallurgy industry in Sorfjorden were high
(Slinning et al., 1984).

Another problem is eider duck predation, which can be
substantial as they have invaded farms in large numbers in
many regions. Fouling of cultivated mussels by ascidians,
bryozoans, hydrozoans, and seaweeds may also be im-
mense, particularly in outer coastal areas (Kleppe, 1986).

Shellfish Poisoning

Cultivation of blue mussels in Norwegian fjords has
shown great potential, but for the presence of algal
toxins. After 198485, the decline in mussel production
(Table 4) was mainly a result of strict quality control to
protect the public from DSP and paralytic shellfish
poisoning (PSP) (Tangen, 1983; Hovgaard and
Byrkjeland, 1987). The inability to control algal toxins
was a limiting factor, and, in later years, DSP, and in
some instances PSP, has severely hampered mussel pro-
duction along the southern coast and in the fjords of
western Norway. In the Sognefjord, where the condi-
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Table 4
Production of cultivated blue mussel, Mytilus edulis, in
metric tons (t) and oyster, Ostrea edulis and Crassostrea
gigas, in thousands for 1983-91. Data for 1983-84 from
Norwegian Shellfisheries Association; 1985-89 for Fish
Farmer Trade Organization. Numbers estimated by the
authors are given in brackets.

Blue mussel Oyster
Year (1) (x1,000)
1983 300 300
1984 400 [600] 100
1985 500 [800] 500
1986 170 95
1987
1988 87 96
1989 45 [500] 145
1990 [300]
1991 [300]

tions for mussel cultivation otherwise appeared ideal,
approximately 1,000 t were discarded due to DSP in
1984. The diarrhetic shellfish toxins (DST) in mussels
harvested from Sognefjorden are complex and differ-
ent from DST usually found in European mussels, but
resemble the profile found in Japanese scallops (Lee et
al., 1988). Algae toxins are less of a problem north of
Trondheim. In recent years, therefore, mussels have
been produced only in the northern areas, despite
slower growth (2.5 years to reach market size) com-
pared with areas further south (1.5 years). A monitor-
ing program on toxic phytoplankton along the coast
has been conducted since 1991. In some areas it in-
cludes phytoplankton analysis and mouse test when
toxic phytoplankton species are found. The Director-
ate of Fisheries is responsible for quality control relat-
ing to biotoxins (PSP, DSP) and chemical and bacterio-
logical pollutants. The quantity of toxins to be toler-
ated, as well as methods in the use of mice for testing,
have been disputed for many years.

Present Culture Status

Blue mussel cultivation, currently hampered by algal
toxins, is limited to the coast outside Trondheim and
northward. About 10 farms are in business, producing
10-50 t/year each. In 1991, a total of 200-300 t was
produced; roughly 100 t from the bottom culture at
Fosen and the rest from cultivation on suspended
longlines. Two processing plants employ 4-6 persons.
Production was expected to increase in 1992. Farmers
have been paid about 4 NOK (US$0.60) /kg of fresh
mussels processed by the plant. Bottom-cultured mus-
sels sell for 12 NOK (US$1.80) /kg iced and packed.
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Future Culture

Mussel production in Norwegian fjords could be sub-
stantially increased. However, expansion will depend
on whether a system for limiting the effect of algal
toxins, primarily DSP, can be developed. Reliable meth-
ods for DSP analysis and comprehensive monitoring
programs need to be developed. More research on the
aspects of algal toxins and their relations to bivalves is
needed. Considering that 40-70% of total cost in a
mussel farm is in harvesting, more cost-efficient har-
vesting systems are also needed. Both those and meth-
ods for suspended culture would have to be adapted to
local conditions.

Adaption of the Norwegian control system on algal
toxins to new standards may give rise to substantial
increase in blue mussel cultivation. If a situation allows
harvesting for at least 6 months/year, an increase of
total production within 3-4 years to a few thousand
metric tons can result (Stavgstrand, 1989). Production
might increase to 10,000-20,000 t in Norwegian fjords
in the next ten years.

European Flat Oyster

Habitat Description

Depletion of the oyster beds along the coast during the
1870-80’s induced people to develop methods for pro-
ducing and cultivating spat in the heliothermic “polls”
(Matthews and Heimdal, 1980). The flat oyster now
occurs mainly in polls, where temperatures may reach
about 30°C during summer.

Polls are numerous along the southern and western
coasts (Fig. 7). The northernmost site where the flat
oyster occurs is at lat. 65°49'N (Soot-Ryen, 1951). An-
cient shell piles show that oysters were abundant along
the southern coast in the Stone Age (Bghle, 1984).
Today, temperatures in open coastal waters are nor-
mally too low for oysters to exist, but there are excep-
tions along the southeastern coast.

The main predators of flat oysters are starfish and the
edible crab, as well as wolf-fish, wrass, Labrus bimaculatus;,
common whelk, and dogwhelk (Gaarder and Bjerkan,
1934). The boring sponge, Cliona celata, often grows in
its shell. Gaarder and Bjerkan (1934) reported that
Polydora sp. and “shell disease” (probably the fungi,
Ostracoblabe implexa)5 have also been observed in shells,
but only on imported oysters from Holland in the
1930’s.

5 Mortensen, S. H. 1992. Institute of Marine Research, Department
of Aquaculture, P.O. Box 1870 Nordnes, N-5024 Bergen, Norway.
Personal commun.
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Figure 7
Locations of polls where commercial cultivation of Eu-
ropean flat oyster, Ostrea edulis, has taken place (from
Wollebaek, 1901; Gaarder and Sparck, 1932; Gaarder
and Bjerkan, 1934; Bohle, 1984). Commercial bivalve
hatchery locations are shown by open triangles.

History of the Fishery

Oysters were highly valued, and their fishery probably has
had considerable commercial importance in some coastal
areas. The decline in use of oysters during the Middle Ages is
assumed to be attributed to a reduction of natural stocks
due to climatic changes. Stocks along the western and
southern coasts were harvested and exported to Denmark
(Danevig, 1932). They were also preserved in pickle and
exported to the Baltic area, Russia, and Belgium as late as
1750 (Helland-Hansen, 1908). Official economic reports
showed that all regions south of Trondheim had oyster har-
vests in 1830-35, but exports were minimal (Danevig, 1932).

Little information is available on harvesting meth-
ods. A rake with a net behind was mentioned as suitable
for harvesting oysters from the bottom along shores
(Anonymous, 1900). A long nipper made of wood was
described as harvesting equipment for collecting oysters
fixed to hard bottom (Danevig, 1932), a method similar to
the one used for harvesting horse mussels (Fig. 1).
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Figure 8
The Espevikpoll at Tysnes south from Bergen. The poll, 2.6 hectares in area with a maximum depth of 5 m, is seen in
the foreground, the fjord in the background, and the entrance to the fjord is seen along the landbased nursery

building. The hatchery is by the floating pier. (Photo: S. Mortensen).

The dramatic depletion of the stocks of oysters dur-
ing the 1860-70’s was believed to be due to climatic
changes, resulting in oyster stocks being increasingly
susceptible to exploitation and diseases (Friele, 1907;
Gaarder and Bjerkan, 1934).

History of Cultivation

In 1878 Rasch (1880), who was engaged to reestablish
the oyster fishery, found that several polls were inhab-
ited by large numbers of oysters. This was attributed to
high water temperatures, and he proposed to intro-
duce the pond-culture technique known from France,
Holland, and Denmark, but originally an ancient Ital-
ian method. Spat that could be produced in the coastal
polls were intended for seeding on the depleted oyster
beds to reestablish the commercial fishery. In 1879 the
“Society for Promotion of Fisheries” in Bergen became
engaged in oyster cultivation and initiated investiga-
tions of topography and hydrography in the polls, and,
early in the 1880’s, a considerable number of oyster
companies were established with relatively high invest-
ments (Rasch, 1880; Gaarder and Sparck, 1932). Spat
were also imported from Holland. The optimistic effort
was temporary, however, and only two companies sur-

Runoff

BREED-POLL

Runoff

SPAT- POLL

Figure 9
A schematic representation of polls used for cultivation
of oyster. The breed-poll is for spat production where
tidal exchange and runoff are controlled by a gate in
the entrance to the outside fjord; the spat-poll is for
spat grow out, where poll water is influenced by tidal
exchange with the fjord.

vived, one in the Ostravigpoll near Egersund (south of
Stavanger) and one in the Espevikpoll on Tysnes (south
of Bergen) (Fig. 7). The Espevikpoll has since been
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used for mollusk cultivation almost continuously from
1882 until today (Fig. 8).

Polls used for cultivation are of two types (Gaarder
and Bjerkan, 1934). Relatively small polls, termed
“breed-polls,” 5-10 m deep and about 1-5 hectares in
area, have been used for spawning and collecting spat
(Fig. 9). They have restricted water exchange over the
sill or barrier and retain freshwater runoff which results
in a strong salinity stratification. In polls prepared for
cultivation, tidal exchanges and outflows of runoff are
controlled by a gate in the entrance to the outside
fjord. The vertical haline density gradient retains warm
temperatures in the pools (termed heliothermic by
Kirkland et al., 1983) by the “greenhouse” effect.

Spat are held for growth in relatively large polls,
termed “spat-polls,” which are as much as 20 m deep
and 40 hectares in area and have an exchange of water
with the outside (Fig. 9). Along the southern coast, the
polls are smaller, more open than those along the
western coast (Fig. 7), and not as suitable for oyster
cultivation (Bghle, 1984).

Advice on cultivation methods in breed-polls was pub-
lished by “Society for Promotion of Fisheries” (Anony-
mous, 1900; Wollebaek, 1901, 1903; Helland-Hansen,
1908). Following this advice, farmers closed the en-
trances to the outside fjords early in spring to attain
temperatures of about 20°C in May—June. They held
broodstock oysters on netting suspended at a depth of
1-2 m (where temperature was highest) from a wire
stretched over the polls. During June-July, when oys-
ters spawned, farmers set out collectors made of bunched
birch on wires between the oysters. The birch was suit-
able since the spat were easy to remove from the loose
bark. In autumn the gate in the entrance was opened,
allowing fjord water to enter the poll. Total renewal
normally occurs during winter when the fjord water is
homogenous, i.e., heavy enough to replace the bottom
water in the poll. Farmers removed the spat on the
collectors in April-May, almost a year after spawning.
In the early years of cultivation, they grew spat at the
bottom and harvested them by rakes. Later on, they
cultivated them on nets suspended on a wire stretched
over sounds, bays, or in spat polls. This method pro-
tected the oysters from predators, harvests were more
efficient, and growth was faster.

In the early 1900’s, 25-30 spat-polls were in opera-
tion, but the number declined due to a low spat supply
from the breed-polls (Gaarder and Sparck, 1932). In
most polls, spat production was unpredictable and com-
mercial cultivation was difficult after years with low spat
settlement. Spat production in Espevikpollen, however,
failed only in 2 years from 1885 to 1900 and the poll
normally produced 1 million spat/year (Anonymous,
1900). Hence, it seemed that spat production in
Espevikpollen was high and stable, but production later

declined and in the 1920’s only minor quantities of spat
were produced. According to the Annual Report of
Norwegian Fisheries, published from 1879, annual oys-
ter production never exceeded 30 t (Spmme, 1936).

In the middle 1920’s, the potential of spat produc-
tion in polls was again seriously considered because
farmers in Limfjorden (Denmark) needed more spat.
Based on intensive investigations in the Espevikpoll
during 1927-29, Gaarder and Sparck (1932) gave the
following advice on management of the polls. Besides
temperature, which until then was considered as the
main factor for successful spat production, supply of
nutrients (nitrate and phosphate) were needed in the
breed-polls. Light availability could be increased by
reducing the thickness of the brackish surface layer.
Competitors for oyster food should be reduced; benthic
competitors were killed by mixing the hydrogen-sul-
phide bottom layer into the poll water during winter.

By following the suggestions, farmers increased their
production in the early 1930’s (Table 3), and, in 1934,
eight polls were producing spat. One was Vagstranda in
Romsdal (lat. 63°N) (Fig. 7), a poll with a depth of 10 m
and about 30 hectares in size. It had the characteristics
of a spat-poll. The tidal influence and the agriculture
surrounding the poll presumably provided a good nu-
trient supply and a high production capacity compared
with the small breed-polls. Cultivation of oysters began
in 1929, and, from then until 1968, spat were produced
from this poll and exported to Limfjorden. Annual
production has been as high as 10 million spat, and
total production including oysters for consumption has
been as high as 80-90 t.

A minor cultivation in the small breed-polls continued
until the end of the 1970’s when interest in molluscan
cultivation increased. At the beginning of the 1980’s, 5-8
breed-polls were in operation with up to 300,000 spat/
poll produced annually. Spat production was reestablished
in Vagstranda in 1984 (Table 3). In 1989, production
peaked at 12 million spat. In recent years, most of those
produced were exported to Spain. While birch was used as
spat collectors for oysters exported to Limfjorden; wood
shavings were used in later years. After 1989, production
was curtailed because spat failed to set and the demand
for spat was low. Farmers normally lease the polls from the
landowner, and since 1985 the government has required
cach farmer to have a license to cultivate oysters.

In the 1980’s, farmers grew oysters in trays or racks of
baskets suspended from longline systems in fjords. Ac-
cording to the former Norwegian Shellfish Farmers
Association, in 1983, 75 farms were cultivating oysters.
In 1986, about 12-16 million oysters (probably includ-
ing imported oysters from Scotland) were being cul-
tured (Stavgstrand, 1989), and in 1985 annual produc-
tion (probably including the Pacific oyster, Crassostrea
gigas) peaked with 500,000 oysters (Table 4).



Hatchery Culture

In Espevik and on Fosen, two hatcheries were trying to
produce spat during the second half of the 1980’s (Fig.
7), but commercial spat production has not succeeded.
A semi-intensive spat production method in mesocosmos
system, described by Naas (1991), has been shown to
have promising potential for commercial production
(@. Strand, personal commun.) (Table 3). Larvae were
cultivated in plastic enclosures (7-12 m?) placed in the
Espevikpoll, where temperatures of 20°-24°C could be
maintained during the summer. Natural algal blooms
in the polls were used as food and renewed if necessary.
Since 1988, postlarvae produced in the hatchery and
the mesocosmos system have been cultivated in pumped
upwelling nurseries using the Espevikpoll as a food
production system (Fig. 8). In 1990, the bivalve produc-
tion capacity in this cultivation system was successfully
enhanced by manipulations of nutrients (total supply
and composition), light availability, and stratification.
Compared with the calculated natural bivalve produc-
tion capacity of about 1 t live weight, 1990 production
was increased sixfold (Strand, in press).

Oysters have been sold only fresh in the shell. In
recent years, farmers have been paid 2-3 NOK
(US$0.30-0.50) /oyster. In 1987, a station for depurat-
ing oysters was established at Hargy, western Norway.
This station, with complete packing plant, was certified
for oyster export to France.

Current Oyster Culture

Spat of the flat oyster is not produced commercially,
probably reflecting the poor market situation in Eu-
rope. The national demand for spat is low because the
possibilities for commercial oyster cultivation in Nor-
way using existing methods are limited. A minor har-
vest of cultivated oysters does occur. Several farmers
have begun trials of cultivating oysters in bags on shal-
low bottoms or on racks in shallow waters.

Future Oyster Culture

Oysters from cultivation sites in Norway have been sur-
veyed the last few years, and Bonamia ostreae and other
serious parasites have not been observed (Mortensen,
1992). Considering the history of the situation in Eu-
rope, where oyster production has been severely de-
pleted by diseases, absence of serious parasites in Nor-
wegian oyster stocks should give oyster cultivation con-
siderable future possibilities.

Traditional methods of spat production in polls have
low potential due to unpredictability and restricted
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production capacity. An exception may be large polls
such as Vagstranda, but viable commercial production
requires development of efficient cultivation methods
and technology. The promising method of spat produc-
tion in mesocosmos systems in heliothermic polls has
great potential to produce spat at low cost. Emphasis
should be given to broodstock management, food value of
natural plankton during plankton succession in
mesocosmos water, and efficient methods for settlement.
Using polls as a food production system for bivalve nurser-
ies has potential for future low-cost spat production.

Other Native Species

The ocean quahog is abundant in several locations on
the western coast and in northern Norway. It has been
commercially harvested as bait, and as many as 1,500
quahogs/day have been dredged for this use (Wiborg
and Bghle, 1974). Also, the periwinkle, common whelk,
and common limpet have been considered sufficiently
abundant to support small-scale fisheries (Wiborg and
Bghle, 1974). During the mid 1980’s, attempts to har-
vest the common whelk using pots in outer Oslofjorden
were not commercially successful.

In the late 1980’s, spat production of the introduced
Manila clam, Ruditapes philippinarum, encouraged culti-
vation trials with the carpet clam, Ruditapes decussatus. In
1990, the hatchery at Espevik produced spat of the carpet
clam (Table 3). The queen scallop, Chlamys opercularis, has
been considered as having potential for cultivation in
many areas along the western coast where good condi-
tions exist for natural spat collection (Hovgaard, 1986).

Introduced Species

The Pacific oyster was introduced from Scotland to the
hatchery in Espevik in 1979%, and from 1981 until 1986
farmers imported spat of this oyster from Scotland for
cultivation along the Norwegian coast. However, strong
restrictions were placed on the importation of mollusks
for cultivation purposes in 1986 when the total number
of Pacific oysters in culture was 2.5-3 million
(Stavgstrand, 1989). The hatchery on Fosen produced
10 million spat in 1987-89 and an additional 6 million
eyed larvae were exported to Scotland, while the hatch-
eries in Espevik and @ygarden produced 3 million spat
annually in 1989-90 (Table 3). Considerable quantities
of this production have been exported to Greece, Ger-
many, and Ireland. The Pacific oyster grows consider-
ably faster and survives better than the European flat
oyster, particularly in mid-Norway, and, despite lower
prices for it when sold, it has become the dominant
cultivated oyster in that area.
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The Manila clam was introduced from Scotland to
Espevik and Fosen in 19875, and, in 1987-1988, minor
quantities were produced in hatcheries there. In 1989-
91, a total of 280 million spat, 1-3 mm long, were
produced by the hatcheries in Espevik and in @ygarden
(Table 3). The spat were cultured in pumped upwelling
nurseries in Espevik and in Vagstranda, and then ex-
ported to Spain and Ireland. Production has since de-
clined owing to low demand.

The Future of Culture

Spat of the Pacific oyster and Manila clam, and prob-
ably also the carpet shell, can be produced in large
quantities in hatcheries and efficiently grown in nurser-
ies using the polls as a food production system and
thermal source. Blue mussel production may substan-
tially increase if algal toxins are controlled. Develop-
ment of efficient methods and technology in culture
would probably provide possibilities for commercial
production also for the native great scallop, Iceland
scallop, flat oyster, and carpet shell. However, consider-
able market development will also be required. Great
scallop, blue mussel, and flat oyster are considered as
the best candidates.

The increase of salmon farming in coastal areas has
introduced conflicts regarding potential molluscan farm-
ing sites, and authorities are concerned about the pcs-
sible effects of substances used in fish farming on mol-
lusk survival and growth. Mattson et al. (1988) has
demonstrated the negative impact of the parasiticide,
Neguvon®, used frequently as treatment for sea-lice in
salmon farming, on blue mussels and the flat oysters.
Recently, the impact of antibiotics used in salmon farm-
ing on the fauna around fish farms has received atten-
tion (Samuelsen et al., 1992). Mollusks may be important
carriers of fish diseases (Mortensen et al., 1992). A mini-
mum distance of 1 km from fish farming sites is normally
required for obtaining a license for mollusk cultivation.

Norwegian waters have high productivity, large shel-
tered areas, high water quality, and limited pollution,
and bivalves at culture sites are free from the pathogens
causing major culture problems in many parts of Eu-
rope®. The potential for increased mollusk cultivation
in Norwegian waters appears to be good.
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Oyster and Mussel Fisheries in Denmark
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ABSTRACT

Opysters, Ostrea edulis, and blue mussels, Mytilus edulis, are the principal commercial mollusks
of Denmark. From around 4000-2800 B.C., coastal natives commonly ate oysters, mussels,
and cockles, Cerastoderma edule. Oysters later became scarcer and gastropods, mostly peri-
winkles, Littorina littorea, became important as food. For centuries, Danish kings enjoyed
oysters at royal banquets. From the 16th to the 19th centuries, oysters were harvested in the
Wadden Sea. During most of the last century, fishermen used a netlike tool, called a “brile”
to harvest them, but in the 1870’s dredges were introduced. During 1948-49, 993,387
oysters were landed, and, in the 1950’s, landings were relatively high, reaching 4,000,000
oysters in the 1953-54 season. They declined afterward, and the last harvest was in 1982. In
the 1970’s and 1980’s, Pacific oysters were imported on a small scale, and, in 1991, one
farmer produced about 100,000 oysters. Before World War II, mussels were used mostly as
bait for longline fishing. In the 1940’s, many mussels were harvested for food. People
developed a taste for them and landings have been good ever since. In 1991, landings from
Limfjord alone were 109,000 t. The mussel fleet consists of 55 vessels that land mussels in 10
harbors. Most market mussels are used in the canning industry where they are boiled and
put into jars or tins. Canneries pay about US$77/t for them. Fishing for cockles is new. The
largest landing was 3,400 t in 1989. The molluscan fishery will remain stable during the next

5-10 years.

Introduction

Edible oysters, Ostrea edulis, and blue mussels, Mytilus
edulis, are the two principal commercial shellfishes of
Denmark. The shellfishing areas are the Danish Wadden
Sea where salinities are about 34%o, the Limfjord where
they are 23-33%o, and the Little Belt and Isefjord where
they are about 17%o (Fig. 1). Water temperatures there
are around 2°C in January and 18-19°C in August, and
the bottoms range from hard sand to stable silty sub-
strates. A fishery for the cockles Cerastoderma edule and
C. larmarki is relatively new.

Early Shellfishing Records

From excavations of prehistoric settlements in Den-
mark, we know that oysters and mussels have been on
Danish menus for about 6,000 years (Madsen, 1888;
Muller, 1897; Petersen, 1922; Andersen and Johansen,
1986; Petersen, 1986; Brock and Bourget, 1989;
Andersen, 1989). The natives who lived along the coasts,

creeks, and estuaries of Denmark (Ertebglle) from
around 4000-2800 B.C. regularly ate oysters, mussels,
and cockles, Cerastoderma edule (Andersen and Johansen,
1986; Nielsen!). One of the largest Danish shell mounds
at Meilgaard, which is also one of the largest found in
Europe, contains about 2,000 m? of anthropogenic
wastes consisting primarily of oyster shells. For almost
400 years, oysters constituted up to about 32% of the
food intake of the 40 or so natives living in Meilgaard
(Petersen, 1922; Bailey, 1978).

Later, in the early Iron Age, the number of oyster
shells decreased in the kitchen middens and shells of
mussels, cockles, and many species of gastropods (but
mostly periwinkles, Littorina littorea), increased. This
was probably due to a change in the climate, as summers
became colder in 3000-2000 B.C. and fewer oysters were
available. From about 2400 B.C. until 1587 A.D., there are
few or no records of oyster, mussel, and cockle shells.

! Nielsen, P. O. 1992. The National Museum of Denmark. The OMA-
group. Personal commun.

25



26 NOAA Technical Report NMFS 129

S KAGERAK

% N

SWEDEN

Figure 1

The areas (hatched) for the Royal (governmental) mo-
nopoly of oyster catching. The main commercial cen-
ters for selling oysters during the last three centuries in
Denmark and the most important mussel fishing areas
and the locations of the most important Danish mollus-
can industries are numbered 1-7: 1. Glynggre Limfjord
(now Abba Seafood); 2. Remg Seafood; 3. Vejle Mussel
Industry Ltd.; 4. Lggstgr Mussels Industry; 5. Vilsund
Mussels-Industry; 6. Dan-Shell Fish (cockle industry);
7. Jegindg Mussels.

Today, one company (in Frederiksund) mines 10,000
year-old oyster shells from deposits in the bottom of
Roskilde Fjord, a small fjord next to Isefjord. The shells
lie in layers several meters thick and are sold worldwide
as a calcium supplement for egg-laying hens.

The Oyster Fishery

For centuries, Danish Kings considered oysters a treat
at royal banquets. Almost 900 years ago, King Knud the
Great brought oysters home from England and intro-
duced them to the Wadden Sea. Later, in the Middle
Ages, oysters were found in Danish waters and men-
tioned in the royal archives. On 21 February 1587,

Frederik the Second, King of Denmark, announced
that all oyster fisheries in the Kingdom were hence-
forth to be regarded as a royal monopoly. Only persons
with royal permission were allowed to collect and sell
oysters. Permissions were given primarily to the local
feudal vassals (Krogh, 1870; Aaberg, 1926).

In the 16th and 17th centuries, fishermen received
severe penalties if they were caught with oysters or
oyster fishing gear. A third or fourth offense could
mean a death sentence. Later, in the 19th and 20th
centuries, local fishermen were forced to deliver all
oysters fished in the Limfjord or elsewhere to the con-
cessionary companies.

From the 16th to the 19th centuries, oysters were
caught in the Wadden Sea (Fig. 1). Schleswig-Holstein
(today the northern part of Germany) then belonged
to the Kingdom of Denmark; thus, a greater part of the
Wadden Sea area was under Danish control during this
period. In the war of 1864 between Germany and Den-
mark, Denmark lost most of the Wadden Sea. In the
18th century, oysters caught in the Danish Wadden Sea
were sold as “Flensburg Oysters,” primarily in Copen-
hagen, but, in periods with good catches, to other parts
of Europe as well. The last oysters caught in the Ger-
man part of the Wadden Sea was in the 1950’s (Seaman
and Ruth, 1996).

Besides the Wadden Sea, oysters also occurred natu-
rally in the Kattegat, between Skagen and the small
islands known as “Hirsholmene,” for nearly 200 years
from 1709 to 1900. Oysters in the “Fladstrand” (Fig. 1),
first harvested in 1756, occurred in deeper water (10—
20 m), and were therefore difficult to harvest. They had
the best quality, however, and were worth fishing. Those
oysters were called “Fladstrand oysters” and were sold
primarily in Copenhagen. Their annual yield was small
compared with other Danish oyster fisheries; at most,
only about 200,000 oysters were harvested. At an auction
in 1777, the oyster banks at “Fladstrand” were leased by a
single concessionary company. Later, only one, or at most
only two companies leased the oyster fishery at “Fladstrand.”

A contract between a concessionary company and
the Danish Government dated June 1875 mentions that,
between the first of September and the first of May, the
King should have 30 barrels each of 500 “Fladstrand”
oysters of the best quality delivered to the court. The
last oysters, about 200,000, were caught at “Fladstrand”
in 1895 (Anonymous, 1896; Aaberg, 1926). The royal
(after 1849 the governmental) monopoly was annulled
in 1982, when the last concessionary company (Limfjord
Oyster Company?) (Fig. 1, no. 1) had to give up the
monopoly due to a total failure in oyster catches over a
number of years.

? Mention of trade names or commercial firms does not imply en-
dorsement by the National Marine Fisheries Service, NOAA.



The Limfjord Fishery, 1851-1982

The Limfjord, 1,575 km? (Fig. 1), is the largest fjord in
Denmark. Oysters were found there some years after
the dikes burst at Agger on 3 February 1825 allowing
saltwater from the North Sea to pour in and change the
salinity permanently. Before that, the Limfjord was
brackish, and for centuries it had supported freshwater
fisheries in its westernmost areas. In its more brackish
eastern part, a substantial herring fishery existed for
several centuries until it began to decline in 1825.

Oysters were discovered first at Lemvig in the western
part of the Limfjord in 1851 (Fig. 1). They probably
immigrated from the North Sea between 1825 and 1850.
Only a few thousand oysters were found there, however,
during the first 15 years after their discovery (Table 1).

In 1861, the oyster fishery was leased by the Danish
Government to five different interests at an annual
license fee of 885 Rd (about US$272; Rd 0.5 = ca. Dkrl
= ca. US$0.15 ) (Krogh, 1870) (Table 1). In 1865 the
catch was 1,147,350 oysters, and, during the oyster sea-
son of 1868-69, the catch was 3,868,500 oysters worth
about 67,622 Rd. (about US$20,000) (Tables 1,2)
(Krogh, 1870). The license fees fishermen paid for
fishing those oysters were only about 1.3% of the oys-
ters’ market price.

From 1871 to 1876, the license fee for the new con-
cessionary company was raised to 42,000 Rd (about
US$13,000), which was about 32% of the sales value of
the oysters caught. Annual license fees ranged from
322 Rd in 1858-61 to Dkr 240,000 in 1878-79, while the
harvests of oysters ranged from only 30,000 in 1852-53
to 7,519,030 in 1871-72 (Table 1).

From the beginning of the oyster fishery in the
Limfjord in the 1850’s, the government asked different
officials and biologists to estimate the total standing
stock and the possible quantities of oysters that could
be fished in the fjord without much detrimental effect
on the standing stock. Thus, for almost 100 years, the
Danish Government has been advised of the stocks
(Petersen, 1907, 1908, 1925; Sparck, 1924, 1925, 1927,
1928, 1929, 1932, 1949, 1950; Lund, 1942).

The first reports on investigations of the Danish oys-
ter production, however, were written by nonbiologists.
Chamberlains (Royal officers) (Eschricht, 1860; Krogh,
1870; Tonning, 1893) wrote reports on the natural
oyster production in Denmark and on oyster culture
from countries all over the world.

Tonning (1893) was the director of an oyster com-
pany which had permission to harvest and sell oysters
from the Limfjord and the “Fladstrand” and was ap-
pointed oyster farmer by the Danish Government. Posi-
tive reports about culturing oysters in different parts of
Europe, mainly France, Italy, and Holland, led in 1860
to the imports of oyster seed to Denmark, especially to
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the Limfjord. From 1864 to 1900, more than 12 million
seed oysters (O. edulis) primarily from France, England,
and Holland, were imported to the Limfjord (Krogh,
1870; Collin, 1884; Tonning, 1893).

In 1860 the Danish government issued a resolution
that any person who wanted to grow imported seed
oysters in Danish waters would need permission to do
so. This permission was granted so long as the culture
activity would not hinder the passage of ships and the
regular fisheries in the area. Permits were given for 10
years at a time and the grower had to pay fees to the
government. Six permits were issued from 1861 to 1866,
and five permits were issued from 1870 to 1880. No
experiments, with the exception of those in the Wadden
Sea, the “Fladstrand,” and the Limfjord, however, were
successful.

The reason for the failure to grow oysters in Danish
waters outside of the traditional areas has never been
determined. Krogh (1870) believed that license fees, which
the farmers had to pay the government whether or not
they produced oysters to sell, were one of the main rea-
sons for the failures in the Little Belt and some fjords in
the 19th century. He wrote that it always took consider-
able time to produce oysters in Danish climatic condi-
tions. Perhaps farmers should have paid fees only after
they were producing oysters. Lack of knowledge about
oysters’ salinity requirements, food requirements, and suit-
able substrates for spat may also have caused the failures.

Dredging Oysters

Danish literature on the oyster fishery has little infor-
mation on the fishing gear used. During the last cen-
tury, oysters were caught with a netlike tool called a
“brile” or “bregl” (Fig. 2A). The catching part of the
“brile” was a net fastened on a wooden stick kept bent
by a rope tied to the shaft. When used for catching
oysters, the “brile” was without the iron sticks at the
lower end. The oyster fisherman sailed over the oyster
banks looking down to locate the oysters and then
lowered the “brile” to catch them.

In the 1870’s, dredges were introduced in the oyster
fishery in the Limfjord. They consisted of a small iron-
framed box with iron net and iron teeth. The dredge
was more efficient than the “brile,” but broke some of
the oyster seed. For this reason, dredging for oysters
was prohibited during some years in the late 1890’s.

Fluctuation in Limfjord Yields

The number of native oysters in the Limfjord has fluc-
tuated (Table 2) ever since the discovery of oysters
there in 1851. After low production in the 1850’s and
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early 1860’s, it rose to 1,147,350 oysters in 1865-66 and again in 1890-91, production did not increase but fell
peaked at 7,519,030 oysters in 1871-72. In 1885-86, further to only 586,648 oysters. Annual production re-

however, the fishery was suspended for 5 years because mained low until the 1910-11 season, when 3,430,000
production fell to only 921,825 oysters. When it began oysters were harvested.
Table 1
The yearly yield, license fees, and names and numbers of concessionaries in the oyster fishery in the Limfjord from 1852 to
1906 (Petersen, 1907). (Dkr 1 = ca. Rd0.5 in 1875; US$1 = ca. Dkr 6.5).
Harvest year Concessionaries Yearly license fees No. of oysters harvested
1852-53 Steenberg, Claudi, and Lykke (ca. US$124) Rd 400 ca. 30,000
1853-54
1854-55
1855-56 The same tenants (ca. US$100) Rd 325 ca. 86,000
1856-57
1857-58
1858-59 Steenberg (ca. US$100) Rd 322 ca. 150,000
1859-60
1860-61
1861-62 1. Brix (ca. US$272) Rd 885
1862-63 2. Steenberg & Co.
1863-64 3. Steenberg & Co.
1864-65 4.+5. Jorgensen, Klgvberg, and Schibby
1865-66 1,147,350
1866-67 1,207,150
1867-68 1,727,100
1868-69 3,868,500
1869-70 4,620,967
1870-71 5,343,248
1871-72 The Danish Fishmonger, Inc. (ca. US$13,000) Rd 42,000 7,519,030
1872-73 (Paulsen and Kuhnert) 7,511,825
1873-74 7,364,765
1874-75 5,551,155
1875-76 5,933,130
1876-77 The Bank of Trade (ca. US$37,000) Dkr 240,000 5,521,915
1877-78 (Paulsen, Kuhnert) 3,555,735
1878-79 Dkr 240,000 2,628,025
1879-80 110,000 2,875,130
1880-81 70,000 1,479,295
1881-82 111,747 2,075,990
1882-83 96,470 1,759,810
1883-84 84,000 1,319,465
1884-85 946,865
1885-86 921,825
1886-90 Preservation Int. customs duties No fishing
1890-91 Tonning and Teilmann-Friis Dkr 17,599 586,648
1891-92 34,855 774,570
1892-93 29,298 871,944
1893-94 26,632 765,299
1894-95 32,264 890,572
1895-96 Tonning Dkr 32,679 1,007,178
1896-97 33,845 1,053,828
1897-98 36,614 1,164,565
1898-99 34,709 1,088,391
1899-1900 32,349 993,968
1900-01 Brinck, Jensen, Halse, and Spellerberg Dkr 63,591 1,009,547
1901-02 70,256 1,388,171
1902-03 63,540 1,024,840
1903-04 67,702 1,091,969
1904-05 66,257 1,068,673
1905-06 72,504 1,238,846
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Table 2
The harvest of native O. edulisin the Limfjord from 1852 to 1937. Native and cultured oysters harvested from 1937 to 1982
(Sparck, 1949; Poulsen, 1946; Anonymous, 1955-77).

No. of No. of No. of
oysters oysters oysters
Year harvested Year harvested Year harvested
1852-53 30,000 1897-98 1,164,565 1942-43 25,000
155,835
1853-54 No data 1898-99 1,088,391 1943-44 45,000
144,142
1854-55 No data 1899-1900 993,968 1944-45 180,000
119,142
1855-56 86,000 1900-01 1,009,547 1945-46 525,000
1274,387
1856-57 No data 1901-02 1,133,171 1946-47 950,000
162,450
1857-58 No data 1902-03 1,024,844 1947-48 1,100,000
1889,890
1858-59 No data 1903-04 1,091,969 1948-49 1,500,000
1993,387
1859-60 No data 1904-05 1,068,673 1949-50 2,400,000
1860-61 150,000 1905-06 1,238,846 1950-51 3,100,000
1861-62 No data 1906-10 annually 1,000,000 1951-52 2,600,000
1862-63 No data 1910-11 3,430,000 1952-53 3,400,000
1863-64 No data 1911-12 3,752,000 1953-54 4,000,000
1864-65 No data 1912-13 3,980,000 1954-55 3,800,000
1865-66 1,147,350 1913-14 3,950,000 1955-56 2,700,000
1866-67 1,207,150 1914-15 3,956,000 1956-57 2,300,000
1867-68 1,727,100 1915-16 5,621,737 1957-58 2,100,000
1868-69 3,868,500 1916-17 4,739,096 1958-59 1,500,000
1869-70 4,620,967 1917-18 2,465,132 1959-60 1,800,000
1870-71 5,343,248 1918-19 3:977.171 1960-61 1,100,000
1871-72 7,519,030 1919-20 4,721,972 1961-62 1,600,000
1872-73 7,511,825 1920-21 4,171,703 1962-63 1,400,000
1873-74 7,364,765 1921-22 3,372,656 1963-64 800,000
1874-75 5,551,155 1922-23 2,625,753 1964-65 200,000
1875-76 5,933,130 1923-24 1,142,177 1965-66 1,000,000
1876-77 5,521,915 1924-25 490,507 1966-67 500,000
1877-78 3,555,735 21925-26 1,000,000 1967-68 700,000
1878-79 2,628,025 21926-27 1,400,000 1968-69 600,000
1879-80 2,875,130 21927-28 2,000,000 1969-70 100,000
1880-81 1,479,295 21928-29 1,600,000 1970-71 1400,000
1881-82 2,075,990 21929-30 2,900,000 1971-72 1300,000
1882-83 1,759,810 21930-31 4,000,000 1972-73 300,000
1883-84 1,319,465 21931-32 3,200,000 1973-74 1400,000
1884-85 946,865 21932-33 1,800,000 1974-75 1600,000
1885-86 921,825 21933-34 1,000,000 1975-76 1600,000
1886-90 No harvest 21934-35 2,000,000 1976-77 1700,000
1890-91 586,648 21935-36 1,300,000 1977-78 500,000
1891-92 774,570 21936-37 400,000 1978-81 No data
1892-93 871,944 1937-38 300,000 1981-82 11,000
111,475 Annul. of monopoly
1893-94 765,299 1938-39 800,000 1982-91 No fishing
17,998
1894-95 890,572 1939-40 1,200,000 1992 One license
124,053
1895-96 1,007,178 1940-41 100,000
17915
1896-97 1,053,828 1941-42 100,000
122,672

! Number of oysters harvested from the native stock, 1938-82.
2 No fishing on the natural stock from 1925 to 1937.
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Figure 2
The different fishing gears used previously and today
in the oyster and mussel fisheries in the Limfjord. A:
“brile” (after Rasmussen, 1968). B: Mussel dredges
“Limfjord” type; the upper one is the “old” dredge.

The first biological reports and estimates of the stocks
of oysters in the Limfjord were those by Petersen (1907,
1908, 1925) and by Spérck (1928). Sparck (1928) made
estimates of oyster stocks in the Limfjord in 1924 and 1927
by having divers collect oysters from three areas (Table 3).
To cover larger areas than divers did, Sparck also sampled
oysters over 30,000-50,000 m? of bottom by dredging
(Table 4). In 1924, the average density was one oyster per
9.0 m2, but by 1927 the stock density had decreased to an
average of only one oyster per 60 m2, showing a decline of
81-86% since 1924 (Table 5). Sparck (1949) estimated
the total number of native oysters in the Limfjord in 1914
at about 150 million, and in 1932 it was only 15 million.

The fishing of oysters had minor effect on stock sizes
(Petersen, 1925; Sparck, 1924). Sparck (1927) states
that in the 1920’s only about 8% of the total stock in the
Limfjord was removed by fishing. At the same time, the
natural mortality was around 20%.

From 1925 until about 1970, native oyster produc-
tion was poor. Despite conservation measures imposed
from 1925 to 1937 after the decline in catches in 1925 to
only 490,507 oysters (Table 2), production did not im-

prove when the fishery resumed in 1937. The planting of
more than 15 million seed oysters from 1910 to 1925 had
not helped either. Production of native oysters after the
fishery resumed in 1937 was still low (i.e., between 8,000
and 55,000 oysters per year), remaining so until 1945.

To increase landings, the concessionary company
imported about 170 million seed oysters from France,
Holland, and Great Britain during 1924-56. Especially
from Norway a large number of seed oysters were im-
ported by train (Strand, 1996). The number of oysters
produced from imported seed during 1925-37 is given in
Table 2 as the difference between the number of native
oysters and the total number of oysters harvested every
year. The resulting production for 1937-69 was around 16
million marketable oysters, and the gain was only around
10% (Anonymous, 1955-77). The last good production of
native oysters was in the middle 1970’s, when about 700,000
oysters were landed. In the 1979-81 seasons, seed oysters
were imported from the Seasalter hatchery in England,
but subsequent harvests remained low.

The reason for fluctuations in the Limfjord oyster
stocks was probably due to a number of colder sum-
mers (Sparck, 1924, 1928, 1949). Studies of other Dan-
ish oyster stocks, as well as those elsewhere in Europe,
show that changes in summer water temperatures play
a crucial role in fluctuations of stock sizes and produc-
tion of European oysters (Sparck, 1949).

After World War II, native oyster production increased
again. During 1948-49, 993,387 native oysters were
landed, and, in the 1950’s, landings were relatively high
and reached 4,000,000 during the 1953-54 oyster season.
They declined afterward, and the last harvest of native
oysters in the Limfjord was in 1982 (about 1,000 oysters).

Information from fishermen on bycatches of oysters
in the mussel fishery in 1991 and 1992 suggest a new
good period for native oysters in the Limfjord. Although
summer temperatures have not been particularly high
during the last 5 years, the winters have been mild, with
no ice cover, and with water temperatures around 5°C
in January and February.

Predators and Competitors

In addition to low water temperatures, predators and food
competitors may also limit the stock size of oysters. Sea
stars, Asterias rubens, and crabs, Carcinus maenas, may destroy
many young oysters, while blue mussels and ascidians prob-
ably compete with oysters for food (Sparck, 1927, 1949).

Pacific Oysters in Denmark

In addition to the imports of O. edulis seed to the
Limfjord, Pacific oyster, Crassostrea gigas, seed was also
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Table 3
Diver investigations of the oyster stocks at different localities in the Limfjord carried out in 1924 and 1927 (Sparck, 1928).

Number Number
of oysters of oysters
Size in 1924 in 1927
Local Area invest. distribution —
Locality characteristics by diver (m?) (cm) Live Dead Live Dead
Flovtrup (eastern part of Limfjord) Depth 5 m, gravel and stones 6-7 3 0 0 0
7-8 3 1 0
900 18-9 15 5 1 0
19-10 17 5 3 1
'10-11 6 4 3 1
1+ 4 0 0 0
Hanbjerg (central western part Depth 4.8 m, gravel and stones 4-5 1 0 1 0
of Limfjord) 5-6 3 0 0 0
700 6-7 15 6 2 0
7-8 37 10 9 0
18-9 55 14 8 1
19-10 51 10 12 2
'10-11 27 0 6 0
11+ 1 0 0 0
Oddesund (the most western part Depth 5 m, clay, gravel, 5-6 2 0 0 0
of Limfjord) and stones 6-7 18 6 0 0
900 7-8 31 21 4 2
'8-9 40 19 5 5
19-10 38 14 7 5
110-11 10 3 2 3
"1+ 1 0 0 0

! These sizes are marketable oysters.

competitors mentioned (Sparck, 1928).

Table 4
Dredged investigation of the native oyster stocks in Denmark’s Limfjord in 1927. Number of predators and food

Area

Locality dredged (m?)

Total no. of No. of
oysters caught

Food competitors

predators caught (mussels) (t)

Livoe (central part of Limfjord)

50,000
Riisgaard (central part of Limfjord) 35,000
Thisted (central part of Limfjord) 30,000

725 A. rubens Several hundred
13 135 C. maenas
30 300 A. rubens Several hundred
17 500 A. rubens Several hundred

imported in the 19th century. However, the oysters did
not reproduce. In the 1970’s and 1980’s, Pacific oysters
were imported once more to compensate for the low
supply of European oysters. They were grown on sus-
pended longlines in the Little Belt and the Isefjord, the
second largest Danish fjord, near Copenhagen (Fig. 1)
(Kristensen, 1989a). Oyster growing was successful, and
in 1985-86 more than 300,000 were sold in the
Copenhagen fish market at an average price to the
farmer of Dkr 3.90/oyster (about US$0.65). However,
C. gigas grown in France and exported to Denmark at a
price between Dkr 2-3/oyster competed strongly with the
Danish produced C. gigas. The competition was by price

and not quality. In 1991, one Danish farmer produced
about 100,000 Pacific oysters for the domestic market. In
the same year, a company imported about 500,000 French
oysters, mainly from Brittany, to sell in Copenhagen.

The Mussel Fishery

In the Danish Wadden Sea, mussels are found intertid-
ally as well as subtidally. In the Limfjord, they are found
in 1-14 m of water and in the Little Belt and the
Isefjord they are in 1-10 m of water. All mussel popula-
tions build a muddy layer between their mussel carpet



32 NOAA Technical Report NMFS 129

Table 5
Diver investigations of the native oysters in the Limfjord
in 1924 and 1927 at the same localities and the same
area investigated as in Table 3 (Sparck, 1928).

Percent
Stock decline in
Investigation densities: oyster densities,
year Locality m?/oyster 1924 to 1927
Flovstrup 17
1924 Hanbjerg 3.7
Oddesund 6.4
Flovstrup 112:5 85%
1927 Hanbjerg 18.4 81%
Oddesund 50.0 86%

and the bottom. In the Wadden Sea, the layer of mud
may be as thick as 50 cm.

Asterias rubens and Carcinus maenas are the most com-
mon associates on the mussel beds, and they are taken
as bycatch in the mussel fishery. Others are barnacles,
ascidians (particularly Styela clava), and Crepidula spp.
which is common in some areas of the Limfjord.

Investigations on the predation and natural mortality
of mussels were conducted in 1991 in the Wadden Sea
(Hobo Deep) (Egerrup and Laursen, 1992). Predation
from crabs was insignificant but mortality from sea stars
and birds, particularly eider ducks, Somateria mollisima,
can be high in winter. Mortality from other causes is
highest during summer.

The Mussel Fleet

The Danish mussel fishing fleet consists of 55 vessels.
Of these, 46 fish in the Limfjord and are registered in
different harbors, such as Lemvig, Aalborg, and Thisted.
Four vessels are registered in Esbjerg and one in Havneby
on the island Rgmg in the Wadden Sea (Fig. 1); two
vessels are registered in Holbaek in the Isefjord, and
two vessels are registered in the Little Belt.

In 1991, 4 vessels registered in Lemvig in the Limfjord
area fished mussels in the Little Belt, and in 1991, one
vessel registered in Esbjerg fished mussels in the
Limfjord (Fig. 1). The vessels land mussels in more
than 10 different harbors. Nykgbing Mors, the largest
city on the largest island in the Limfjord, is the most
important landing harbor (Fig. 1, no. 1).

Most Danish mussel fishing vessels are old rebuilt
fishing vessels (Fig. 3), usually with wooden hulls and a
hold in their center. They have a capacity of 15-30 t. In
the Wadden Sea, old Dutch mussel dredging vessels
with capacities of 60-80 t are used.

Figure 3
An old traditional Danish mussel vessel carrying around 30 t
of mussels.

Normally, each mussel vessel in the Wadden Sea has
a crew of two or three. In the Limfjord, each usually
had only two persons, but in the last 5 years, there has
been a tendency for skippers to dredge mussels alone.
Many skippers state, however, that their wives often
demand that they employ assistants.

Dredging Mussels

Before engines were used regularly in the fishing boats
in the Limfjord, mussel fishermen may have used gear
other than dredges to catch mussels. However, no in-
formation on the gears is available.

In the large mussel fishery in the 1940’s, the mussel
fishing gear used was a Danish-constructed dredge with
a rectangular frame of 0.4x2 m (Fig. 2B). Today, this
dredge is used by only a few fishermen. Instead most
use the “Dutch” dredge, which causes less damage to
the sea bottom and the mussels. Two types of “Dutch”
dredges are used. In the Limfjord, fishermen normally
use only one dredge as was required in the regulation
of the mussel fishery. Therefore, the dredges are much
larger than dredges used in the Wadden Sea. The
“Limfjord” dredge can hold up to 1.5 t of mussels; the
“Wadden Sea” dredge holds only 0.5 t. The mussel
vessels in the Wadden Sea use 4 dredges at a time.

The “Limfjord” dredge is emptied like the codend of
a trawl. whereas the “Wadden Sea” dredge is emptied
by tilting. The dimensions of the catching frame of the
two different dredges are the same (about 0.7x1.8 m).



Modern mussel vessels in the Limfjord (Fig. 4) use the
same fishing technique as used in the Wadden Sea and
use two dredges at a time.

In the Limfjord, fishermen set their one dredge over
the starboard side of their vessels, whereas those in the
Wadden Sea set two dredges on each side of their vessels.
The dredges are towed by wires, 14 mm in diameter,
which are let out 30-60 m, depending on the water depth
and the bottom type. On soft bottoms, the dredge is equiped
with an extra beam to prevent it from digging and catching
mud and to ensure that only mussels are taken.

The towing speed is usually around 3.5 knots. Over
dense mussel grounds, the hauling time is only about 2
minutes, whereas on sparse mussel grounds the hauling
time can be up to 20 minutes. The Wadden Sea is
shallow and boats can dredge mussels only about 2
hours before and after high tide.

Saving Seed Mussels

Successive generations of mussels settle on top of older
ones, and thus seed are dredged up with adult mussels;
seed are not separated on the vessels and are landed
ashore. The mussels are sorted on land, and the seed
mussels were used as fertilizer or simply discarded.
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The mussel fishermen maintain that during the last
10 years more than 20,000 t of small mussels have been
destroyed annually. Currently, investigations are being
conducted in Limfjord to determine whether it is practi-
cal to return small mussels to the beds, and, during 1990-
93, an experiment to relay the small mussels on selected
bottom culture plots was underway (Kristensen, 1991).

During the sorting process, it was found that 3-8% of
the mussels had their shells damaged and would prob-
ably die (Kristensen, 1991). About 98% of the small
mussels with unbroken shells survive when returned to
the beds during the colder periods of the year (water
temperature <12°C), whereas only about 50% survive
in June-September (water temperature >12°C) plantings.

Preliminary results show that the returned mussels
grow to market size (i.e., >4.5 cm) within 2 years. The
planted mussels also have a higher meat content (+30%)
than those from the natural beds. By returning 20-
25,000 t of sorted small mussels annual, yields in the
Limfjord may increase by about 40,000 t. This would
amount to an increased annual production of around
40% of the present fishery (Kristensen, 1993).

Any environmental problems created by returning
the dead or dying mussels seem small when compared
with the benefits of returning 0.5-1 billion filtering
mussels to the fjord. Within a fortnight or so, the live
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Figure 4
Technical drawing of a modern mussel vessel from the Limfjord. 1-5: Sorting system for mussels: 1.
Hollow for the caught mussels; 2. Conveyor for the caught mussels; 3. Washing and sorting roller; 4.
Outlet for mud and small mussels; 5. Conveyor for commercial sized mussels (Kristensen, 1991).
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mussels will have ingested all the nutrients released from
the decomposing of the dead mussels (Kristensen, 1991).

Fishery Regulations

The mussel fishery is under the authority of the Minis-
try of Fisheries and is adminstered through the law for
fisheries in marine areas, “Saltvandsfiskeriloven.” Those
who want to fish for mussels must apply to the Ministry.
The licenses are issued for 1 year and must be kept
onboard the vessel all times. After use, they have to be
returned to the Ministry. If a mussel fisherman wants to
fish mussels somewhere else, he must apply for a li-
cense that covers the new area and return the old one.

In the Limfjord, mussel fishing is allowed only be-
tween sunrise and sunset and is not allowed on Sundays
or during July. The minimum shell length for mussels
that may be landed in the Limfjord is 4.5 cm; a bycatch
of undersized mussels of 10% is allowed (in wet weight).
Landings per vessel must not exceed 30 t per day and
100 t per week. Currently, no annual quota is estab-
lished for the mussel fishery in the Limfjord. However,
in the last 4 years, four areas have been closed for mussel
fishing in the interest of environmental protection.

In the Limfjord, the vessel size is restricted to a GRT
below 8 t and engine power must not exceed 175 HP
(130 kW). Recently, legislation with respect to the num-
ber of dredges allowed in the mussel fishery in the
Limfjord has been liberalized. However, most fisher-
men have not changed the number of dredges they use,
but the newly built mussel vessels in the Limfjord use at
least two dredges of the “Wadden Sea” type.

In the Wadden Sea, mussels can be dredged only
between sunrise and sunset and dredging is not allowed
on Fridays and Saturdays. It is also prohibited from 1
May to 15 July. Only mussels with a shell length of at
least 5 cm can be landed. Again, bycatches of mussels
smaller than 5 cm are, however, allowed up to an amount
of 10% (in wet weight) of the catch. Fishing is allowed
only in areas agreed upon with the Ministry of Environ-
ment. Each vessel is limited to a maximum of 40 t per
day and 100 t per week. Annual quotas are established
by the Ministry of Fisheries.

The engine power for the vessels in the Wadden Sea
is restricted to 300 HP (225 kW), but there is no GRT
limit. In the Isefjord and the Little Belt, engine power or
GRT for vessels are not limited and there are no quotas.

Historical Production
All mussels landed are from natural stocks and are

therefore limited. The Limfjord has always been the
most important mussel area. Areas of minor impor-

Table 6

Danish mussel landings from 1972 to 1991. The impor-
tant mussel fishing areas outside the Limfjord are the
Isefjord, the Danish Wadden Sea, and the Little Belt
(Kristensen, 1989a, b).

Mussel landings (t)
Year Limfjord Other Danish waters Total
1972 24,958 5,410 30,368
1973 22,183 4,831 27,014
1974 23,571 5,165 28,736
1975 23,168 4,630 27,798
1976 30,192 7,678 37,871
1977 41,136 6,416 47,552
1978 42,000 4,756 46,756
1979 41,507 5,726 47,233
1980 55,707 119,662 75,369
1981 38,207 133,555 71,762
1982 44,071 113,867 57,938
1983 48,879 27,532 55,411
1984 49,255 318,639 67,894
1985 35,853 394,000 59,853
1986 63,335 396,999 90,334
1987 49,496 1,336,360 85,856
1988 61,766 210,757 72,523
1989 68,316 27,248 75,564
1990 84,955 28,380 93,335
1991 108,814 2316,945 125,759
! Isefjord.
2 Little Belt.
3 Danish Wadden Sea.

tance are the Isefjord, the Wadden Sea, and the Little
Belt (Fig. 1; Table 6).

The first information on Danish mussel landings from
the Limf{jord is from 1908 when 14 metric tons (t) of
mussels were landed at a value of Dkr 1,000 (about
US$11,/t). Before World War II, the Danish mussel
fishery was small and mussels were used primarily as
bait for longline fishing in the North Sea.

In the 1940’s, people in central Europe needed rich
protein food. Since the fjords of occupied Denmark
had large quantities of mussels rich in protein, many
mussels were harvested to meet the demand. During
1942-44, more than 160,000 t of mussels were landed
in the Limfjord alone (Fig. 5).

Immediately after World War II, landings fell to the
prewar level. However, Europeans had developed a
taste for Danish mussels, and, from 1948 to 1974, an-
nual landings rose to between 8,800 and 22,200 t (aver-
age 17,000 t). During 1972-78, mussel landings in-
creased once more to average 29,600 t annually (range
22,183-42,000 t). During the late 1980’s and the early
1990’s, mussel landings increased to their highest since
World War II, and, in 1991, landings from the Limfjord
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Figure 5
Net mussel landings from the Limfjord and other Dan-
ish waters from 1908 to 1991. Note: B = Limfjord, A =

Other waters (after Randlgv, 1982; Kristensen, 1989b).

alone were 109,000 t (Fig. 5, Table 6). The industry
credits the Ministry of Fisheries for the large increase
and uses the license system to place the vessels in differ-
ent mussel fishing areas.

During the 1980’s, the Isefjord and the Wadden Sea
had large landings. In 1980-82, landings from the
Isefjord were about 55,000 t, and in 1987 about 25,000
t. From 1983 to 1987, the landings from the Wadden
Sea totalled around 75,000 t. Currently, landings from
the Wadden Sea are much reduced, and in 1991 they
were only 5,539 t. Annual landings from the Isefjord
are normally about 3,000 t while those from the Little
Belt are 5,000-7,000 t.

Relative Landings and Incomes

In the 1920’s and the 1930’s, mussel landings consti-
tuted about 45% of the total landings of fish and mus-
sels from the Limfjord. However, the landed value of
the mussels constituted only 1-4% of the total landings
(excluding oysters). Today, mussel landings constitute
more than 90% of its total landings and more than 70%
of their value.

In 1991, the mussel fishery in the Wadden Sea rose to
a value of Dkr 15.8 million (Dkr 2.86/kg) (sold as live
mussels) which command a price four times as large as
those harvested in the Limfjord and marketed canned.
In 1991 the total first sale value of the Danish mussels
totalled about Dkr 81.8 million (US$12.6 million). Mussel
fishing earnings are better than some others within the
Danish fishing fleet. Danish mussel fishermen have an
annual income between Dkr 1-2 million (US$150,000—
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300,000); this is from an annual mussel catch of be-
tween 2,000-4,000 t per vessel.

Mussel Culture Experiments

Denmark currently has few mussel culture projects. In
the 1960’s and later in the 1980’s, several experiments
were conducted. Experiments in the Wadden Sea in
the 1960’s were designed to culture mussels on the
bottom. Local mussels and those from the Limfjord
were transplanted to selected plots. Due to high mortal-
ity rates, however, the experiments were abandoned
and did not lead to commercial mussel culture. The
mussels transplanted from the Limfjord were unable to
deal with the high densities of sand particles in the
water and died (Theisen, 1968).

The success in Sweden in growing mussels on
longlines led to a number of corresponding experi-
ments in various Danish fjords (Isefjord, Mariager Fjord,
Randers Fjord, and South of Funen; Fig. 1) (Kristensen,
1989a; Kristensen and Hoffmann, 1991). Municipali-
ties, the Ministry of Fisheries, and the EEC supported
groups that conducted the experiments with longline
systems; later, some groups became commercial pro-
duction companies (Kristensen, 1989a). Problems with
ice cover, which causes damage to longlines, forced
many growers to discontinue their operations
(Kristensen, 1989a; Kristensen and Hoffmann, 1991),
however, and only one company has “survived.” The
company grows mussels on longlines in Mariager Fjord
for the domestic market.

Some experiments continue, for instance, in the
Limfjord. Longline-grown mussels will be successful
commercially, however, only if sold alive. They will never
be able to compete with wild mussels that are to be
canned as canneries pay only about Dkr500/t (about
US$77/t) for mussels. Most Danish mussels are used in
the canning industry where they are boiled and put
into jars or tins. Longline growers have to obtain first-
sale prices at least as high as Dkr3-4,000/t (about
US$460-615/1) to realize a profit. The Danish live mus-
sel market is limited and amounts to only a few hun-
dred metric tons annually.

Public Health Aspects

Public health aspects for landing and sale of Danish
mollusks are established in the proclamation 717 of 26
October 1990 from the Ministry of Fisheries, on public
health terms for fishing, manufacture, and sale of mol-
lusks in Denmark. Proclamation 104 of 22 March 1984
for distribution of oysters in Denmark was still in force
in 1992.
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The rules for heavy metals in food for human con-
sumption are established in the proclamation from the
Ministry of Environment no. 447 of 5 September 1985
and no. 612 of 16 September 1986.

The proclamations from the Ministry of Fisheries
establish the number of fecal bacillus to be less than
300 cells/100 g of mussel meat or the number of E. coli
has to be less than 230 cells/ 100 g of mussels for direct
human consumption. The 1 January 1993 common
EEC rules (91/492/EOEF) were to be established for
fishing, manufacturing, and sale of mollusks in all 12
member countries.

In 1990 the voluntary supervision for toxic algae in
the Danish mussel fishery failed, and a number of people
got sick and got diarrhea. As a result, new and more
strict supervision rules were agreed upon by the Minis-
try of Fisheries, the industry, and among the fishermen.
The new proclamation established that mussel fishing
is not allowed unless water and mussel samples have
been taken the week before the beginning of the fish-
ery. The water samples are sent for laboratory examina-
tion, where the number of potential toxic algae are
registered. Mussel samples are sent to be tested for
their toxic content. Mouse assay tests are used. The
mouse tests are difficult to interpret, however, as the
mice may die from various causes. Chemical methods
are being investigated. Such methods will be better
than mouse tests but are not yet refined enough to
establish whether the mussels are free of toxins and safe
to eat.

Supervision of DSP (diaeretic shellfish poison) is car-
ried out all year. PSP (paralytic shellfish poison) is
supervised during 1 April to 1 October, and if PSP-
producing algae are observed in the water samples, the
Ministry of Fisheries has to approve the results of super-
vision before fishing is allowed. The Limfjord has been
divided into 22 subareas, and 1-2 samples from each
subarea have to be examined for toxic algae and ap-
proved upon before fishing can take place.

Opysters for the fresh fish market have to be depu-
rated for at least 7 days in recirculating UV-sterilized
salt water at optimum salinity and temperatures that
allow them to cleanse themselves. Before the oysters
are released for sale they have to be tested for E. coliand
for algal toxins.

The Mussel Processing Industry

Six companies buy mussels from Danish fishermen.
One of these, Jegindg Mussels, exports only live mus-
sels (in 2—4 kg plastic bags or in 25 kg jute bags) (Fig. 1,
no. 7). The other five companies boil the mussels for
sale. Two factories, Romg Seafood (Fig. 1, no. 2) and
Vejle Mussel Industry Ltd. (Fig. 1, no. 3), are located

some distance from the Limfjord and the mussels are
trucked to the factories. The industries on the Limfjord
are Lggstgr Mussels Industry (Fig. 1, no. 4), Vilsund
Mussels-Industry (which delivers live mussels for export
also) (Fig. 1, no. 5), and Abba Seafood (Fig. 1, no. 1).
In the last 3 years, Swedish capital (Abba Seafood) has
taken over two Danish mussel industries, Glynggre
Limfjord (Fig. 1, no. 1) and Marina, at the Limfjord.

Mussel Commodities

Danish mussels are prepared several ways for consum-
ers. Most boiled mussels are produced as single frozen
mussels for garnish in pizzas and salads. The industry
produces a wide variety of types of canned, nonperish-
able commodities such as mussels in butter, garlic but-
ter, spicy sauce, tomato sauce, escabeche sauce, and
soya oil. Some mussels are smoked and packed in oil in
tins similar to kippers.

The industry also produces perishable commodities
such as mussels in water, mussels in vinegar, mussel
salad with different vegetables, mussels in tomato sauce,
and mussels in seafood sauce. These are sold in jars
(net weight 340 g or 12 oz), tins (net weight 113-850 g
or 4-30 oz), and buckets (2.4-2.7 kg or 85-95 oz).
Buckets are usually sold on the wholesale market. Mus-
sels caught in the Wadden Sea are sold primarily as live
mussels and are exported.

Mussel Sales

More than 90% of the Danish mussel production is
exported onto the world market at an annual value of
Dkr 200-250 million (about US$30—40 million), or about
3% of the total annual Danish export of fish and fish
products. In the last 1-2 years, prices of mussel meat
have increased 10-30%. Thus, at present, the mussel
industry is satisfied with the market situation.

Frozen Danish mussels dominate the European mar-
ket (by 70%) and Danish producers compete with each
other on the market. Danish canned mussels account
for less than 10% of the world market. In Denmark
most mussels (79%) are sold as nonperishable, perish-
able, or as single frozen mussels.

The Cockle Fishery

Fishing for cockles in Danish waters is relatively new. In
1980 The Danish Agency for Forest and Nature Conser-
vation stopped the digging of lug worms, Arenicola ma-
rina, in the Danish Wadden Sea. In compensation, one
fisherman received a 10-year license (1982-92) to fish



cockles, Cerastoderma edule and C. larmarki, outside the
islands in the Wadden Sea. During those 10 years, land-
ings have varied. The largest landing, 3,400 t, was in
1989. The first sale prices of the cockles, about Dkr 25
(about US$4) per kg of meat, have been rather high
during the last couple of years, while normal prices are
about Dkr 11 (about US$1.70) per kg of meat. In 1992—
93, the cockle fishery was restricted to only four small
areas near Esbjerg, the largest city in the Danish Wadden
Sea. In addition, it was allowed only in one of the four
subareas for 1 year at any given time. The total permit-
ted fishing area was restricted to only 7 km? which
amounts to about 1% of the entire Wadden Sea.

During the last 1-2 years, fishermen have attempted
to find cockles elsewhere in Danish waters but with
poor results. The cockle fishery in Denmark will never
reach the same magnitude of those in Holland or Great
Britain. Probably, annual catches in Denmark will be
between 5,000 and 10,000 t wet weight (about 1,000—
2,000 t of meat).

Other Bivalve Fisheries

Other commercial bivalves in Danish waters are Arctica
islandica, Clamys opercularis, and Spisula solida. They have
all been fished commercially for short periods. In 1992,
one fisherman in Esbjerg landed S. solida for the do-
mestic market and export. His weekly landings
amounted to about 25 t, and he sold them for about
Dkr 5-10/kg (US$0.75-1.50/kg). The “mini clams,” as
they are called, are sold at the fishmonger’s at a price of
about Dkr 35/kg (about US$6/kg). Fishermen have
never dug Mya arenaria commercially, although the
clams are common in Danish waters.

Environmental Issues

Conflicts between the mussel fishery and the interests
of environmental protection have resulted in restric-
tions. Mussel fishing vessels must dredge in waters at
least 1.4 m deep to prevent damage to eelgrass, Zostera
marina, beds. The Ministry of Fisheries can make ex-
emptions on the draft rule, however, for vessels already
approved for mussel fishing. In addition, large areas
(about one-third) of the Danish Wadden Sea will, in
the near future (1992 or 1993), be closed for human
activity including fishing for mussels and cockles. The
fishermen and the Ministry of Fishery have agreed to
carry out a controlled fishery for mussels in the Ho Bight
to investigate the role of the mussel fishery in stabilizing
the biomass and production of mussels in the area.
Currently, cockle fishing is prohibited in Ramsar and
bird protection areas. However, cockles may be more
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common there than anywhere else. Permission to fish
cockles in protected areas is restricted as great consid-
eration is given to the wildlife and birdlife in the area.

The Future of Molluscan Fisheries

The Danish mollusk fishery will likely remain stable at
the current level during the next 5-10 years. Perhaps
the number of vessels in the mussel fleet, particularly in
the Limfjord, may increase slightly. Declines in land-
ings from other European countries, such as Holland
where mussel culture failed in 1990 and 1991, however,
may result in larger landings in Denmark. Meanwhile,
the industry is concerned that the demand for mussels
may decline in the future as the average mussel con-
sumer is a middle-aged male, and few young people eat
mussels regularly.
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The Molluscan Fisheries of Iceland
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ABSTRACT

The Iceland scallop, Chlamys islandica, is the only commercially important mollusk in
Iceland. Other shelled mollusks harvested for bait or food on a small scale during most of
this century include Arctica islandica, Buccinum undatum, Modiola modiolus, and Mytilus edulis.
Beds of Iceland scallops occur off all but the south coasts of Iceland. Most are in depths of
20-60 m. The fishery began in 1969. The total number of boats, which range in length from
10-33 m, increased from 21 to 60 during 1977 to 1985, then decreased to 31 in 1990. The
average number of trips/boat/year is 65-70. Scallops are landed daily for processing the
next day. The historical peak of landings was 17,068 t of meats in 1985, but was 10,000-12,400 t
in 1988-91. Most scallop meats were exported to the U.S. until 1988, but since have been
increasingly exported to France. A roe-on French market recently has been developing for the
scallops. Minor changes are forecast in the future; landings probably will stabilize at 8-9,000 t.

Introduction

At present, the Iceland scallop, Chlamys islandica, is the
only commercially important mollusk in Iceland, with a
number of local fisheries. In 1987 an Arctica islandica
hydraulic dredge fishery was initiated but it ceased 2
years later. Apart from that, Arctica has been fished for
bait since around 1900, but only locally in small amounts.
There is also a long tradition of fishing the European
flying squid, Todarodes sagittatus, for bait, although
catches are very intermittent in connection with the
sporadic squid migrations in Icelandic waters.
Moreover, Buccinum undatum, Modiola modiolus, and Mytilus
edulis have been fished on a very small scale for export and
local consumption. In addition, mussels used to be col-
lected for bait in a number of localities in the first half of
the century. While this paper discusses only the Iceland
scallop fishery, reported landings of all molluscan species
for 1969-91 are shown in Table 1 (Anonymous, 1978-92).

The Chlamys islandica Fishery
Habitat Description

Beds of Iceland scallops are found along all but the
south coast of Iceland. However the main distribution

is rather discontinous and almost entirely limited to
infjord areas (Fig. 1).

The majority of beds are characterized by a sloping
topography with depths ranging from 15 to 75 m, al-
though the greatest density of scallops is normally found
in depths of 20-60 m. Substrates can vary from rela-
tively fine sand to coarse shelly sand, often with gravel
and occasional boulders (Eiriksson, 1970, 1986).

Bottom temperatures varying from —0.3° to 9.6°C
have been recorded on sustainable scallop grounds. On
one occasion (August 1982) a temperature of >10°C
was recorded on scallop beds in Hvalfjérdur, Iceland.
However, results of a survey in April 1983 indicated a
65% decrease in scallop biomass in the area compared
with that of the previous year, accompanied by an equiva-
lent increase in percentage of empty shells called
“cluckers.” Thus, nonfishery-related mass mortalities
had occurred, possibly in connection with the elevated
late summer or early fall bottom temperature in 1982
(Eiriksson, 1986).

The most common large epifauna living on scallop
shells are barnacles on the upper valve and tubiferous
polychaetes on the lower valve. Some notable animal
associates on scallop beds are various echinoderms,
Asterias rubens, Echinus esculentus, Strongylocentrotus
droebachiensis, and Cucumaria frondosa; the spider crab,
Hyas araneus; and the whelk, Buccinum undatum. One of
those, the starfish, A. rubens, is most likely the main
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Scallop fishing grounds and ports in Iceland.

scallop predator, although an overall low rate of natu-
ral mortality is indicated by c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>