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Fig. 6.

Mean length of the different size groups from 16 June 1966
to 1 November 1967.
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Fig. 7. Growth rates recorded for each size group.

variation in growth as the length measurements (Fig. 8). By calculation
the volume increment of the mussels from size groups 1 and 6 from 16 June
to 19 July 1966, a mean increase of 269.2% was found for the small mussels

and only 1.7% for the large ones.
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Fig. 8.

Mean volume of the different size groups from 16 June 1966

to 1 November 1967.
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CONDITION AND SPAWNING

The condition of the mussels (Fig. 9) shows a first decline
from 1 to 15 June 1967. This is possibly due to spawning (Baird 1958,
1966), and the assumption is further confirmed by the observation of
numerous settled spat six to eight weeks afterwards (30 July 1967). The
spat were 3-4 mm long when observed.

A second decline in condition was recorded from 30 July to
23 September 1967. This drop is apparently also caused by spawning,
as it was followed by settlement of larvae. This larvae was observed
2 November 1967, 13 weeks after the fall started and 5 weeks after it
stopped. The mean length of the settled mussels was then 5.35 mm (51
specimens measured), while the mussels from the first settlement had
attained a length of 20.75 mm (51 specimens measured).

A third decline in condition, which started around 8 October,
was probably caused by factors other than spawning, and no settlement
was observed afterwards.

The condition measurement made on 5 November shows that the
natural growing population in the littoral zone were in a much lower

condition than the mussels kept in the cages (Fig. 9).
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Fig. 9. The condition of mussels (length: 35-45 mm) from 14 February
to 5 November 1967. X indicates the condition of natural

growing mussels in the intertidal zone.
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MORTALITY

The mortality of the mussels in the intertidal zone in Prest-
vaagen was highest in the winter, caused by the low temperature to
which they were exposed at low tide. Mussels covered by seaweed sur-
vived to a greater extent. Otherwise, Asterias rubens L., present in
large numbers, is believed to cause considerable mortality.

In the cages the mussels were never exposed to low air tem-
peratures, but sometimes live Asterias rubens (always € 1.5 cm in outer
radius) were observed. The mortality caused by them was difficult to

estimate, but is believed small.
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Fig. 10. Death rate (%) in the different size groups from 16 June 1966
to 1 November 1967.

From the observations of the mortality it is evident that the
smallest and largest mussels show the highest death rate in the investi-
gated period, 26% and 15% respectively (Fig. 10). The lowest mortality,
only 3%, was recorded in size group 3. This indicates that mussels bet-
ween 30 and 50 mm have the best survival rate.

The mortality per day of all groups combined throughout the

experimental period is found to be highest in the summer (Fig. 11).
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Fig. 11. Death rate in /oo from 16 June 1966 to 1 November 1967.

DISCUSSION
GROWTH

By means of the growth curves of the different size groups
(Fig. 6) and the settlement and growth of the spat, the area within
which an expected growth curve had to pass, was drawn (Fig. 12, shaded
area). According to the von Bertalanffy growth equation
Lt = L (l—e_kt) (Beverton & Holth 1957) where Lt = length in millimetre
at the age t in months, Lgg = maximum size towards which the length of the
mussel is tending, and k = a measure of the rate at which length app-
roaches Loog the best fitted curve (Fig. 12) is given by the eguation

L, = 65(l-c 27y,

The mussels growing in the cages in Prestvaagen needed almost
three years to reach 70% of their maximum length (65 mm) (Fig. 12) and
about four years and three months to reach 5 mm in length. Comparison
with growth rates in other areas shows that in the Vigo area in North
Spain mussels will reach 50 mm in seven months (Andreu 1957) while in
Hudson bay they need nine years to reach this size (Lubinsky 1958). As
a rule the mussels in the exploited beds of Western Europe reach a length
of 50 mm in two to four years (Theisen 1968).

It is supposed that the relatively low growth rates recorded



= 16 —

mm

70 =

GO —

20 =~

’.
40 — , i B

™ ‘H| 4
I { F

20 — }}‘f '
“”| il | -

|
1l

o
!

i I I l [ I |
1 2 3 4 b} S 7 8 oge in years

Fig. 12. Growth curve for the mussels in the cages in Prestvaagen.

in Prestvaagen, compared to values obtained in the musselbeds of Western
Europe, mostly are due to the relatively low annual mean temperature in
Prestvaagen. Correlation between growth of mussels and temperature has
been demonstrated by several investigators (Richards 1935, Taylor 1959,
1960, Boeétius 1962, Ursin 1963, Boje 1965, Theisen 1968). High growth
rates were found in the summer while little or no growth took place in
the winter.

The high growth rate of M. edulis obtained in Prestvaagen in
the summer also seems to be related to a rise in the sea water tempera-
ture (Figs. 3, 6). Further, the increase in growth rate mainly occurs
when the seawater temperature exceeds 12°c. coulthard (1929) recorded
a similar rise between 10 and l3oC. (See also Boétius (1962), p. 342
Fig. 2, where an acceleration in growth around 12OC can be observed).

In the winter the growth of the mussels in Prestvaagen is negligible,
particularly in the larger specimens.

From the growth data collected, the léngth increment in mm/day
for different sizes of the mussels from Prestvaagen is calculated at 50,
lOo, and 180C (Fig. 13). It is obvious that the growth increment per
day is higher at the highest temperatures, and also higher for small
than for larger mussels. It is necessary, however, to take other factors
into consideration as well, for example the nutrition available, which

changed greatly in Prestvaagen during the experiment.
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Growth rates obtained at 50, lOo, and 180C for mussels of
different size. The dates when 50, lOo, and 18o were attained
can be read from Fig. 3 and the length of the mussels at these
actual dates were calculated from measurements. The values
for length increment (mm/day) at the actual dates are taken

from Fig. 7.
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The main source of nutrition for M. edulis and M. californianus
Conrad, which seems to possess identical food requirements (Harger 1970),
consists of phytoplankton and detritus of phytoplanktonic origin (Coe
1945, Coe & Fox 1942, 1944, Fox 1936, Fox & Coe 1943, Jb6rgensen 1966).
When temperatures higher than lOOC were attained in 1967, from May and
onwards (Fig. 3), the standing stock of phytoplankton in Prestvaagen was
below 350,000 cells/l1 (Table 1). This is a small amount compared with
the densities recorded during the spring diatom bloom of March in earlier
years (ca. 2 mill. cellé/l, Sakshaug 1972), when temperature is usually
below 5°C (Wendelbo 1970). 1In spite of the presumably high density of
phytoplankton in March, which should give an excellent supply of nutri-
tion, the growth increment per day is low (Fig. 7). This indicates that
the mussels are unable to utilize the phytoplankton resources when the

temperature is low.

Table 1. Dinoflagellates and diatoms (cells/litre) in Prestvaagen and

the dominating species in each sample

Dato Dinoflagellates Diatoms Dominating species
1966
4.9 6,420 2,360 Peridinium trochoideum
13510 1,000 122,540 Skeletonema costatum
1967
11.5 2,580 27,620 Chaetoceros laciniosus
1.6 27,580 8,640 Gymnodiniaceae indet.
15.6 14,040 311,060 Skeletonema costatum
30.7 200 159,520 Nitzschia "delicatissima"
12.8 36,500 58,520 Nitzschia "closterium"
27.8 4,200 5,500 Nitzschia "closterium"
12.9 3,260 8,000 Nitzschia "closterium"

and Licmophora

23.9 14,560 1,500 Nitzschia "closterium",
Licmophora, and
Cyclotella caspia

1.1l 320 960 Ceratium lineatum
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due to spawning has also been observed by Baird (1958) in mussels at
Conway.

A fall in condition index does not always mean that spawning
takes place. This is shown by Baird (1966), who observed fall in con-
dition while gonad examination showed that mature ova and sperm were
not present. On the other hand, spawning always led to a fall in con-
dition (Baird 1958), and if settlement of larvae is observed some tTime
after fall in condition, spawning has surely taken place.

There is, however, no evidence that the same individuals spawned
twice. This view was further confirmed by observations made while measu-
ring the condition. In every sample studied, some mussels in more or
less bad condition were always observed, prior to and after the spawning

period.

MORTALITY

Little information is available from the literature concer-
ning the quantitative changes occurring in a population of M. edulis.
The most important investigations related to this item are perhaps those
by Seed (1969).

In Prestvaagen the highest rate of mortality was recorded
among the smallest and the largest mussels (Fig. 10). This is, for the
small mussels, possibly caused by unfavourable changes in the environ-
mental conditions, which the small mussels mayAbe expected to be less
tolerant of than the largest mussels. The high rate of mortality among
the large mussels is probably due to death from old age (Seed 1969).

The mortality per day of all groups combined, was highest in
the summer (Fig. 11). This can also be observed in the investigations
by Seed (1969, p. 335, Fig. l0).

The increase in mortality in Prestvaagen in the summer may
partly be a consequence of disturbing the mussels, for instance by part-
ly removing the byssus treads, because the measurements in the summer
were carried out at monthly intervals, while in the winter no measure-
ﬁents were made. In addition, transplantation of natural growing mussels

to cages may result in increased mortality at the beginning of the
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experimental period. According to J8rgensen (1966), bivalves are very
sensitive to disturbance of their normal environment and Harger (1970)
recorded mortalities between 10 and 15% caused by removal from water
for 12 and 24 hours for measuring, marking, etc.

Much energy is required for maturing of gonads and spawning.
It is possible that the energy required is so high that it weakens the
viability for some of the mussels. This happens for instance to the
oyster (Ostrea edulis L.) (Gaarder & Bjerkan 1934). Therefore, the high
death rate obtained in the summer (Fig. 11) may partly also be a conse-
quence of spawning.

Other causes of mortality e.g. predators and competition for
food and space, seem to be of minor importance in the wirescreened

cages.

CHANGES IN SHELL PROPORTIONS CAUSED BY TRANSPLANTATION

The transplantation of mussels from the littoral zone to cages
led to marked changes in their growth and shape. Changes in shell pro-
portions due to transplantation is also showed by Bjerkan (1911). 1In
the cages the mussels were never exposed to air. This gave them oppor-
tunities to feed during the whole tidal period and thus grow faster, as
demonstrated by Baird & Drinnan (1957) and Baird (1966). The mussels
were also more exposed to the current after the transplantation, which
also should bring them a greater supply of nutrition.

Under favourable growth conditions Seed (1968) states that
shells of M. edulis attain a slender shape. From Fig. 14 it can be seen
that mussels, especially in the smaller groups, at the end of the.experi-
mental period are longer than mussels of the same volume just transplan-

ted.
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