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CULTIVATION OF MUSSELS, Mytilus edulis L., IN SCOTLAND

» James Mason,
Harine Laboratory, Aberdeen.
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Cultivation of mussels on ropes suspended from rafts and floats has
been successfully carried out in Loch Tournalg and Linne Mhuirich, inlets
on the west coast of Scotland. Conditions in L. Mhuirich, which is less
deep and has a narrow entrance from Loch Sween with a shallower sill;
appear to be especially favourable. The tidal range is only some 2-3 £t
(0.6-0.9 m). Summer temperatures are much higher than those of the '
adjacent open sea, reaching 20°¢. Salinities are-fairly high, generally ..
30-32550 and never‘below 25;60. : " ;

As a result of' the condltlong mussel spat are abundant and thelr
growth is very rapid. Settlement occurs chiefly in the summer, resulting
from a spawning in spring. Ropes hung in the spring of 1966 acquired a :
heavy settlement of spat in July, heavier on rougher natural fibres than on
the smoother synthetic "Courlene". By yeptgmber 19o7, only 14 months later,
they had reached an average size of 67 mm (2 /3 1n. and were almost all:
marketable. This rate of growth is exceptionally high, approaching that -
obtained in the highly organised industry in northern Spain. Their flesh
content was high and the shell thin. Within 18 months after settlement‘

"~ a rope 10 £t (3 m) long should yield at least cwt (25'kg) of mussels,

nrdbably more.

Mussel cultivation has ncw commenced in Linne Mhuirich on a commercial
scale. Similarly favourable conditions almost certainly exist in other °
inlets on the west coast of Scotland. There appear to be good prospects’
that Scottish mussels of excellent quality could satisfy a part of the large
British demand for mussuls.

Introduction

There is a great demand for mussels for human consumption in Britain. -
They are gathered and cultivated in England and Wales, but in order to. :
satisfy the demand something like £200,000 worth (50,000 cwt) are 1mported
each year, chiefly from Holland and Denmark . Mussels are comnon round the
Scottish coasts, and indeed there was a thriving fishery in the 19th century.
Almost all the 12,000-14,000 cwt which are now gathered annmually go for bait
in line fishing, and few arc for human consumption. Geherally speaking,
the quality of mussels on Scottish shores has been at best only just good
enough for the human market and often it is very poor through overcrowding,
long exposure between tides, silty water or other unfavourable conditions.
Usually the beds consist of blue-black mussels with rcunded edges, indicat-
ing slow growth. These are in marked contrast to the brown, sharp-edged
shells and plump flesh of fast-growing mussels. = Since mussels lend them-
selves - well to economic cultivation, experiments were commenced to detérmine
vhether it would be possible, by suitable methods, to produce in Scotland .
a good quality mussel capable of satisfying a part of . the British demand.



Cultivation on Ropes

The various methods of cultivating mussels at present in use have been
recently described by Iversen (1968). Cultivation en ropes suspended in
the water has long been carried out on the Mediterranean coasts of southern
Europe. Recently, hcwever, there has arisen a.flourishing industry based.:
on.this method.on the Galician'coast of northern Spain (Andreu, 1958;
Paz-Andrade and ¥ eugh 1568) .- This has resulted in a grzat increase in
the Spanish production of mussels, which in 1966 reached 64,000 tons, 60,000
tons of them from the Gallclan coast A large proportion of these is
exported to France. - - SR PO Y L

In the rias (river valleys which have become flooded by the sea) cf
the Galician coast, there are nov some thousands of rafts in use, with an
average of 800 ropes hanging from each. lussels are prevented frem sliding
off the ropes by sticks pushed_ through the lay of the rope. By October,
some 5 months after settlement, the mussels have reached a size of 30-40 mnm,
and they are 75-80 mnm long and ready for marketing by the following sumner,
at most only about 14 months after settlement.

-The method of rope cultivation as practised in Spain has a number of
advantages, over: other systems.: It is simple;::the phytoplankton on'which :
the mussels feed is used at all depths. of .the water and not only on the sea
bed; the- nussels are removed from predators on the sea.bed (e.g. star-fish
and crabs); there is less-chance of bombardment of the mussels<by silt than
on the bottom and so .the grorth-rate is enhanced; and the.mussels are covered
by wator &t all times and not -just when the tide is.in.- Furthermere, in
areas where the parasite Mytilicola is present, the risk.cf:infestation is
reduced by rope cultlvatlon, since the mussels are re%sed above +he botton.

7‘} The Scott1=h uynerlments.:

" In addltion to a hlgh plankton productlon, one of the factors in achlev-

_-i56 such & high growth. rate in the Spanish rias-is:the high temperature,..f
which in the symmmer-reaches 20 C and generally does not fall below 10 °C in -

the winter (indreu, 1956). : The sea temperaturcs in the latitudes of = .. .
Northern Europe are generally lower.:. It is known, however, .that in parts.
of some Norwegian fjords conditions are such, with temperatures locally . ...
high in the summer, that mollusc cultivation can be carried on there (Gaarder
and Bjerkan, 1934; Bghle and Wiborg, 1967). It seemed that in Scotland .
similarly suitable cenditions, with the temperature rising above that of

the nearby open sea in the summer even though it might be correspondingly
lover.in the winter, would be most lilely to.occur-in certain inlets on the
west coast. : The west coast has the added advantage that, except for parts

of the Firth.of Clyde, the mussels occurring there are free from Mytilicola.

Loch Tournaig

Preliminary experiments to obtain experience of the technique were
carried -out. in Loch Tournaig, .cf'f 'Loch Ewe, Wester Ross, not because the
conditions are especially favourable there, but -because research facilities
were available at the: nearby field station on Loch Zwe. Sisal ropes, ' .. -
10: £t (3 'm)-long and 2% in.. (6.3 cn) in circumference, were suspended-from

. a’ buoyed headrope. in Lceh Tournaig. in March 1946. The first settlement: of

mussel spat on them occurred in June-duly; by the first winter they had -
attained sizes.of up to 38 mm (1% in.) with a mean: of 26 mm > 1 in, ) anl
by the second‘w1nter up to 66 it} Wlth a. mean of" 44 mm. Tl e

Mussels of the 1965 settlement whlch.were tled on- to ropes and suspended
in Loch Tournaig in Hay 1966, grew from a mean size of 31 mm then to one iof
45 mm in May 1967 and onc ‘of 55 mm in May 1968. :The flesh of these mussels
was good,- attaining a condition factor. (wet meat volume/total -internal shell
cavity volume;  see Baird, 1958) of 50/;:-- 405 would bo considered just
acceptable. ' This suggests that it is possible to grow mussels toa . ... .7
commercial size ‘of 2-2% in. (50-63'mm)' in Loch Tournaig in thrce years, .
considerably faster than recorded previously for naturally-groving mussels
in Britain (see below, p. L).
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Linne Mhuirich

LY

“Linne: Mhuirlch, Argyll, was chosen as the prlnclpal site for. the

‘experiments, because conditions there were known to favour grewth and

breeding of the Buropean flat oyster, Ostrea edulis L. (Mllla‘, 1961).
These experiments are being carried out by kind permission of Mr T P.
Stevenson, who holds the fishing rlghts in Linne Fhuirich.

. Linne thuirich (nlg. 1) 'is a shallow, sheltered 1nlet 2 mlles

(44 Xm) long and up to % mile (0.4 km) wide, with an even’ shallomer sill .
and narrov entrance from Loch Sween. The tidal range is only 2-3 f't
(0.6-0.9 m). Millar (1961) found that as a result of .these conditions

" summer temperatures are relatively high. Temperatures reached 20°C in

June 1967 and fell to 2.5°C in January 1968. = Selinity is fairly high .
(generally 30-32s0 and never falling below 25j%0) and there is no risk of
pollution. The appearance of plankton samples taken in the inlet
suggests that there is at times a high production of phytoplankton. .
Studies of chlerophyll and totel carbon are currenily being made to ..
estimate the production there. - PR )

Methods

A few sisal ropes and courlene netting sleeveS'hung'in‘Lihne Mhuirich
at the end of May 1966 acquired a dense coating of mussel spat in July,
resulting from a spavning in the spring. These mussels were sampled at
intervals of one’ or two mcnths to assess the rate of growth and flesh
condition. = | : : . :

The WOr"Was extended 1n “the sprlnrr of 1967, when sisal ropes 10 ‘£t

(3 m) long and 2} in. (6.3 cm) in circumfereace, with five 8 ini (20 cm)
sticks approxlmately 1% £t (45 cn) apart were hung from rafts and fleets

of buoys. ~ Each rope was easily detachable so that it could be'weighed .
regularly. rafts, on which ropes were attached about a foot above the
surface of the water,. proved more reliable than buoys, owing to movement
of ‘the buoys on the surface’ causing chafing of the ropes.. Ropes have
been removed at'intervals to study the growth and condition of the mussels.
Further ropes were put out and removed at intervals of one or two months

in order to study the seasonal settlement of spat. - In addition four types
of rope were compared as to their suitability for mussel settlement.,

Settlement of Spat

©

. Settlement occurred at all depths on the ropes. . The ropes and
netting sleeves hung in May 1966 acquired a dense.coating of mussel spat
by July. In 1967 the seasonal pattern of settlement was studied by '
means of the ropes put out and removed at intervals of time from lMarch.

"onwards. Spat were first seen in June and settlement reached a peak in

July-August, efter which it fell away and had virtually ceased by October.
No further spat was then observed until Nay 1968, presumatly resulting

frem the spring 1968 spawning (Table I).:

Four ropesueach of “four different klndg, 2% 1n. courlene 22 in.
coir, 251 SoEraeme ond 1 in. sisal were compared as to thelr suitability
for eettlement This was shawn, by the weights of .the ropes and contents
in water, . the increase in weight being’ attributable almost éntirely to
zussels. . The best.settlement occurred on coir, the roughest ronz, and. .
the worst on courlene, the smoothest (T able.II).  It'is 1nterest1ng that
the primary settlement of _spat occurred on hydr01de and filamentous algae

_on the ropes as.well as cn the rope fibres, so that a prlor settlement of

these might well help the settlement cf mussels._'
,'i Grcwth (Fig.. 2) - R
| The growth:rate of mussels in Llnne lhuirich. has been even higher "

than that in Loch Tournaig. After settlement in the summer, growth of
the mussels is rapid during the summer and early autumn but slows down or

3.



stops during the winter. It speeds up the follewing spring and summer and
again slors down or stops in the autumn., It was possible from length-
frequency data to identify the mussels of each main settlement and to separate
them from the few that settled subsequently. .

By Jamuary 1967, elght months after the first ropes were put out and
six months after settlement, the russels of the 1966 brood formed o mass
almost a foot (30 cm) thlc&. The mean size of the mussels was 43 mm and
the largest was 57 mn (2% in. ), already marketable size. By July 1967,
one year after settlement, they measured up to 70 mm with a mean of 61 mm,’
and by September 1967, only 14 months afﬁer settlement, they measured up
to 75 mm (3 in.) with a mean of 67 mm (2%/3 in.). and were almost all market-
able. The growth  of the mussels of the 1967 settlement has been similar -
they had achieved a mean size of hﬁ mn by the tlme growth stopped in their
first winter (Fig. 2). ' R 4

These growth rates are far greater than any recorded for naturally
occurring mussels in Britain, and compare favourably with those recorded
anywhere in Lurope except possibly those of the Galician rope-grown mussels
(Table III).

. Condition and Yield

The mussels grown on ropes in Linne Lhuirich had all the appearances
of quick growth, a thin broavn shell with a sharp edge and excellent flesh
condltlon. The condition factor of the 1966 brood (Fig. 3) reached a peak
of 607 in llay 1967, fell to a minimum of 405 in June after spawning, had
risen again to 63, by November and remained high until the following spring
(1968). -Spawning then occurred and it fell to. 35~ before recovering again.
Thus, once the mussels had attained commercial size (say 60 mm) at the age
of one year, they remalned except for a chort time after srawning the
following spring, in a condition acceptable to the market.

Scme indicaticn of the exceptlonally goo& meat. yleld can be obtained °
from the figures for November 1967 when the conditien factor was at its
highest. Then, a sample of 20 mussels, with a mean size of 66.8 mm and.a
mean overall’ velght of 31.0 g, yielded an average of’ 13. 0 g wet flesh
(9.0 g When cooked) per mussel and the .mean 'shell weight was only 10.5 g.

It has not so fer been p0551ble to obtain a measure of the total yield
of mussels one might expect from a repe 10 £t long. Ve had hoped to do this
in the zutumn of 1568, but this might not be possible owing to eider ducks
having stripped mussels from many of the 1967 ropes in April 1968. ‘Anti-
duck nets have now been placed round the rafts to protect those which remain.
Estimates based on. =ample lengths of rope suggest that the total yield
should be at least & cwt (25'kg) of musuels, probably more, within 18 nonths
of settlement. ’

Discussicn

The suspended culture method of rearing mussels on ropes is well suited
to the west coast of Scotland. - Conditions in Linne Hhuirich, especially,
favour the settlement and rapld grcwth of mussels, and “thé’ productlon of
flesh of excellent quality. It is possible to produce there within'

1l months a mussel eminently ‘suitable for the human market. It is certain
“that other suitable areas will be found among the many inlets of the west .
coast. Examples of possible sites are Loch Creran, Little Loch Roag,

Pool Roag and a nucber of small inlets on the west coast of Sutherland.
Millar (1961) lists a number of areas which should prove suitable for grarth
and fattening of oysters, and they might well prove suitable also for
mussels,. The west coast of Scotland shculd be able to produce mussels of
excellent quality capable of satisfying at least a part of "the great demand
for mussels which exists in Britain. Indeed, an encouraging start has been
made with a pilot commercial productlon ucheme in Linne MNhuirich, 1mrolvin°
nore than a thouuand ropes. .
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TABLE I
The Seasonal Settlement of Mussel Spat
Date ropes Date ropes No. of weeks N of T N‘(D(') of spat
put in water removed in water O- opes -4 mn
per rope
28. 3.67 11, 5.67 6 3 0
11. 5.67 22. 6.67 6 L 81
22. 6.67 21. 7.67 L L 90
21, 7.67 29. 8.67 5% L 850
29. 8.67 23. 9.67 3% A 115
23, 9.67 22.10.67 A 4 27
22.10.67 19.11.67 L L 1
19.11.67 21. 1.68 9 3
21. 1.68 16, 3,66 & L 0
16. 3.68 1. 5.68 8% 2 223
TABLE IT
Mean Increase in feight of Ropes
in Water Attributable to Mussels,
21st July-23rd September, 1967
Rope Increase (kg)
2} in. coir 2,60
2% in. sisal 2.19
1 in. sisal 1.43
. 2% in. courlene 1.37
TABLE III
Comparison of Mussel Growth Rates
. lethod of] .
Locality growth Growth rate Authority
- . 0 1 .
Galicia (Spain) Ropes Ego x iﬁ 1 giiihsg (indreu, 1958)

} Linne Nhuirich (Scotland)| Ropes %?7 2;1 iﬁ 12'_ z iizhsg (Present paper)
Oslo Fjord (Norway) Ropes 60-70 mn in 18 months |(Bghle & Wiborg, 1967)
Zuiderzee (Holla.ndg Bed 72 mn in 3 years )
7ash England Bed 5} mn in 3 years .
Ajguillon gFrance) Bouchot | 40 mm in 2 years (QuOth by Andreu, 1958)
Cormway (Wales) Bed 61 nm in 5 years
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FIG. 1. Ilap showing sites of experiments
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