0: '

. [ ] . .o

-@- | THUNEN

i ’ Digitalization sponsored
by Thinen-Institut

This paper not to be cited without prior refercnce to the author

AN

International Council for tho C.M. 1968/X: 19
Exploration of the Sca Shellfish and Senthos
“‘hmnchmm,,, > Committee

Bibliothe
%
i Tsehoref, gamdsl

Experinents with cultivation of musgcels

in Norway

by

Bjorn Lohlc
Institute of Marine Rcocscarch,Dircctorate
of Fisherics,3crgen, Horway

IIITRCDUCTION

The russel (Mytilus cdulis L) is found along the

Horwegian Coost from the Oslo Fjord to Kirkenes in Horthern
Norway in variable densitics on neariy all kinds of substrata
(Wiborg og Bohle 1968). In shelterced areas with noderate pollu-
" tion, density of zussels may be very high. Northwards from Bergen
masscl beds beconie more and nrore scarcce and the densc populations
arc often found on wooden piers. The density of nmusscels may be
high on some beds in Southern NHorway, but in most arcas the ex-
tension of thiesc beds and the number of mussels are too small
for cormmercial explcitation. The beds are froquenﬁiy found on’
rocky shores which are too stcep and rough for dredging, and in
soric localities the water is too shallew to permit commorcial

fishing vesscels to operatec,

ZExperinents with cultivation of nussels werc perfornmed
norc than 60 years ago (Bjerkan 1910) when spat collectors of
birch twigs were suspended from buoys. The spat was transplanted
to wire baskets for further growth. 4t the Bioclogical Station,

Arcndal, some cultivation experiments have been poerforned since

1943 (Lovorsen 1957). The intention was to develop.a sinple and

inexpensive method to provide fishiermen with rnussels for bait,
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Spat collectors nmade of galvanized iron wire werce suspended {ron
thick wirces over narrow bays and sounds. Collectors were also
suspended from chains between buoyse: In these cxperiments the
mussels remained untouched on the collectors until they were har-
vested. After 1% year the rmssels attained a length of 45-60 mn,

after 2% yecar 70-80 rnm.

The moin spawning of nmusscls in Norway occur in April-
May when sea temperaturcs are 8-10°C (Behle 1965). In the Oslo
Fjord the scttlcment of larvac usually starts in the first days
of Junc. The peak of settlement occurs in mid June and the scttle-
nent is finished at the end of the montih. On the Vest Coast, the
spawning and scttlenent scems to occur about onc week earlicer
than in the 0Osle Fjord, possibly becausc of higher sea tetiperature
during winter (Bohle, unpublished datép Hinor scttlements of
nmussel larvac have been observed in October by Leversen (1957)

near Arendal and by Bghle (unpublishcd data) at Drobalk.

In 1966 the Institute of Marine Research, started necw
seriecs of cultivation cxperiments. The intention was to cultivate
rmusscls for human consumption in diffcrent loctlitices along the
coast. Results from some of thesc experiments are presented in

this paper.
HYDROGRAPHIC CONDITIONS

Along the llorwegian coast and in thoe fjords the sca sur-
face temperaturces varices considerably, from 16-21°C in surmer to
O-5°C in winter, depending on wind and air tempoeraturc. On the
West Coast sca surface temperature in winter is usually 2-4°
higher than in the Oslo Fjord. Summer surface salinity usually
is 20-25 o/oo or cven lower after heavy rainfall. During winter
surface salinity may increasce to 30 O/oo or riorc. At Melsomvik;
Strengercid, and Langcnes the sca usually is covered with ice for.
several nonths in winter. In the Oslo Fjord, Melsonvil:, Dala-
vﬁgoﬁ, and llorddsvatnet the sca is covercd occasionally. At Kvits-

oy and Tertnes ice cover is rarc,
EXPERIMENTAL PROCED

Spat collcctors werc suspended from rafts (7.5 x 5 n),
with flocats made from foam plastic, Each raft has a buoyancy of'

approximatcly:Z tons, which is sufficicnt to carry 8 tons of
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submersed rmussels. In 1966, 1967, and 1968 cight rafts were

anchorcd at different localities in Norway (Fig.'l).

As spat collectors were usced galvanized iron wire
(dlancter 3 mm), gynthetlc fibre ropes (01rcumforence 7/8 -

3 lnChOu), sisal ropes (1 inch), and sisal ropes tarred with
coal tar. The spat collector uuually wore 2=l n long, but longer‘
collectors has also boen tried. The collcctors were suspended ca.
O. 5 m apart Ifussels werc lcft on the collcctoro without thlnnlng

*

until they were harvested.

Samples for determination of length distribution and
length increcasc were taken directly from the ropes and wircs.
Becausce the clusters slided down the collectors (particularly
at Snaroya and Drobak),'it,was difficult to find represeﬁtatiye

samples of musscls in the late autumn of the second ycar,

RESULTS

Scttlement

In tiic Oslo Fjord hecavy scttlenent of rmussel larvae
has been obsecrved, At Snarsya 60, 000 spat‘wero rccorded per
neter of synthetic fibre.rope (7/8 inch). At Xvitsoy and Dala-
vagen (on the outer coast) uettlenont was 1lght with only a few
spat in thec upper motcr below surface, probaoly duc to shortage
of larvac and stratificdtion of the water massces or too late
subnersion of the spaf collectors. The scttlement recorded'on_the
South~ecast Coast (Strengereid and Langenes) was satisfactory
while at Tertnes and Nordésvatnctgncar Bergen, the scttlement

was hecavy.

On the anchor chains at Drebak, the mussel larvae
scttled at all depths, from surface to. ClOuO to the bottoen (lO m),
with thc highest numbcr of spat at l-l 5 n bolow surfacec, At
Nordasvatnet, spat was not recorded in the upper half neter,
whereas at. Dalavigen and,Kﬁitsoy‘tho spat scttled in the upper
necter oniy.»Although thé hydfégraphic data from the cxperiméntal
period are not detailed, it is reasonable to assumc that the éop
layer in Norddsvatnet is too.brackish.(in rainy pcri§ds beloﬁ_ '
15 °/oo S) for scttlcment, In contrast to this tho surface layer
is probably the only water nmass wherce the saiinity is sufficiently
low to be accopted by the larvac and spat in the outer arcas at
Dalavédgen dnd Xvitsoy. Another cxplanation may be that the nusscl

larvac do not occur in the water masscs below one meter depth in



the outer arcas.

The importance of filamentous algac for the scttlement
of spat was first pointed out by de Blolk and Geeclen (1958).
Baynce (1964) stresscd that after "primary scttlement" the larvac

detached the algzac,.

In our cxperinments it has becen found that iron wire
rmst be submerged some time before the cxpectced settlement to
obtain good fouling by filamentous algace to which the larvac may
attach. In fact, the filamentous algac act as a fishing net
(Fig. 2). In July and August when algae loosen and decay, a suffi-
cient number of spat has moved te the wire and attached por-
nancntly there. Figurce 2 also chow formation of clusters with
small russels . inside and large ones in the outer. parts. The

figurc also show an cffect of sliding of clustors.

If hairy ropes arc used, the spatfall is more or less
independent of algal fouling. In arecas where the number of ‘
mussel larvac in the water is high (i.c. the Oslo Fjord and
Nordﬁsvatnet), it may even be an advantage to submerge ropes

late too recduce algol fouling and so the number of larvae,

It is assuned that hairy ropes of synthetic fibres
(or tarred sisal) will be the most convenient spat collcctor on
riocst localities in Norway. Iron wire is less expensive but caﬁ
only be used once and is nmore troublesome to handle, Because the
nuniber of spat in the sea and the fouling by filamontous algae
vary considerably between different localitics along the coast,
choice of spat collectors and time of subnersion rmst bhe based

on local cxperiencces.

In arcas suitable for rmussel cultivation the nain
settlenment problem arce caused by too high densities of spat,
and further cxperinents arc made to develop 2 simple thinning
nethod and to find a collcector which allows only a small portion

of the mature larvac to scttle.
Growth

Data from Snaroya, Melsomvilk and Langenes arc not
reported herc, After scettlement in June, the length incrcase
was high (Fig. 3). In September the rmssels attained a mean
length of 15-20 mm‘(maximum of individual nmussels 25-30 mm).
In December nean lengtiis of 25-30 mm were rcecorded with

individual maxima up to 45 mm. At Dalavidgen the growth was rniore
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"Slow. At Kvitsoy the mecan length of russcls was 40.4 nn in
August 1967, This is a fairly high valuec. However, the number of
musscls on the wires was negligible duc to very slight scettlement

the previous ycar,

In winter when the surface temperaturc usually is 0—5°C,-
the growth is reduced. In August-September during the sccond year,
the russcls attained mean lengths of 45-55 nn (maxima of indiYi-
duals 65-75 mm) at localities with the highest length increasc

(Snaroya, Drobak, Strengereid, Horddsvatnet,and Tertnes) .

Production

Due to high growth rates, nmusscls grown on ropes and
wvires in Norwegian waters have very smooth and thin shells which
constitute only 29 % of total body weight.

As a necasure of quality of mussels is used the tern

condition index which is

P
cd 1o
steaned meat . 100

P

hele nmussel
The condition index varics considerably between different
localitices and with the time of thic year. The highest values
(usually about 30) arc obtained in autumn and winter. However,
extrenely high values have been recorded in August (40.8). After
spawning in April-Moy, content of nmussel neat is very low and
index valucs below 20 arc conmmon. In the Oslo Fjord the highest

valucs have been recorded in March-April beforce the spawning,

It is assunicd that minioum length for marlictablce musscels
in Norway may be set to 50 rm for musscls of high quality
(condition index 25-30). The russels then nay be harvested the
sccond auturm, 14-18 months after settlement, depending on growth

and condition indoex,.

Table 1 show that o sample of mussels which contains a
high per cent by number (50.6) of snall russcls alsc nay have o

fairly high per cent (67.4) by weight of russels = 50 Ixle

Results from threc localities which have beoen classificed
as suitable for musscel cultivation are compared in Table 2.
Laximunm weight of rmussels obtained per neter wire was 19.5 kg but
the reccord from Strengereid was only 9.5 kge. The number of rmmusscls
was moderate (785) at Strengereid but high (> 1500) at Hordds-
vatnet and Tertnes. The per cent by weight of mussels = 50 mua

is highest at Stfongereid (76), probably becausc of less crowding.
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Howcver, the weight of musscls = 50 mn per neter collector is
higher at NHorddsvatnet and Tertnes (10.6 and 13.1 kg respobtively)
than at Strengerecid (7.2 kg) and tlic production given as weight
of rmusscls = 50 m is nearly twice.as high as at Tertnoes, cven
with 2 nonths shorter growth period, The production given as
steanmcd neat from rmssels Z 50 1 per metor collector at
Tortnes (5.37 kg) wes nearly 3 times as high as the value at
Strengerceid (1.85 ko)e lHowever, yiclds of steamod.rmussel ncat is
cxpected usually to be 2-3 kg per netor collector.

To avoid overcrowding and sliding of clusters during the
growth, and for practical rcasons wvhen harvesting the mussels? thc
final weight.of mussels per moter collecctor ought to be not
nore than ca. 12 kg, From our observations and calculations it

sceris that 1,000 spat per meter collector will give ca. 12 kg

russels in 14-18 nwonths,

Starfish: predation

In 1967, starfish larvac settled on the lower parts of
spat collectors (2.7-3.0 m below surface) in WordAsvatnet. In 1968,
cven if ropes and wires did not touch the bottom, scttlceiient of
starfish occurred on the spat collcectorsat zall depths in all
localities, both in the Oslo Fjord and in the Dergen arca. The
starfish (Asterias spp) found very good conditions among the-
rmasscl spat. At Norddsvatnet, except in the uppor half ncter,
nearly all thie spat was caten in 3-4 nmonths, On the localitics
in the Oslo Fjord, thc number of starfish wore lower and pro-
dation lighter. It is supposcd that unusually high salinity in

the surfocce layer has favourcd the starfish in 1968.

SULTMARY

In cultivation cxperiments from rafts, scttlement of
spat varied considerably and.up to 60,000 spat per meter collec-
ting ropes has been recorded, On rniost localitics the groswth rate
was fairly high, usually @ ncan length of 30-35 mm was attained
after six ponths growth. In some localitics the russels may be
harvested after 14~18 nmonths from scettleuent, at o necan length of
hs-55 mn., After a growth period of 14 months, up to 16,6 kg of
rmussecls bcr meter wire has beeon rccorded, of vhich 13.1 kg werce
of marketablce size ( = 50 mm), In most localities the yield'of
steaned musscl mecat may be oxpected to be 2.5-3,.0 kg per neter

collcctor,
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Table 1.

Length and weight distribution of rmussels

on collector at Tertnes 11 August 1967

Length Farbor g Weight &
group 8 .. :
30 mm 21 11.2 55 2.8
35 " 1h 7.5 60 3.0
ho v 31 16.5 190 9.6
Lg.ona 29 15.4 245 12.4
50 L0 21.3 450 22,7
55 " 29 15.4 Lo 22,2
60 " 20 10.6 360 18.2
65 " L b1 85 b3
Empty .
shells ctc. 90 L,6
188 100,0 1975 100,0
Table 2. Production of mussels on ropes and wires

Strengereid Nordasvatnet Tertnes
Date of saupling| 17. Okt. 1967 7. Septs 1968 | 11, hug. 1968
lonths fronm
scttlement to
samnpling 16 15 14
Weight (kg) per
neter collector 9.5 15.6 19.6
MNumber of rmsscld
per neter o
collector 785 1925 1955
(calculated)
Yeight % P 76 69 67
Weight (kg) of
rmassels = 50 rm
per neter 72 10.6 13.1
collcctor
Condition index 25.5 24,6 40,8
Stecanied neat per
meter collector 1,85 2,61 5437
(xg)
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collectors with filamentous algae and for-

mation of clusters of mussels (explanation

in the text).
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