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Reproductive cycles of Mytilus edulis L. on the west 
and east coasts of Iceland

Gudrun G. Thorarinsdóttir & Karl Gunnarsson

Studies evaluating the reproductive pattern of Mytilus edulis L. were 
conducted in western and eastern Iceland at two sites at about the same 
latitude but with different temperature regimes. Mussels were sampled 
once or sometimes twice a month during two years in Breidifjördur, 
western Iceland and one year at Mjoifjördur, eastern Iceland. Gonad 
development was monitored by microscopic observation of thin sec-
tions of the gonads. The initiation of gonad development was observed in 
January in Breidifjördur while in Mjoifjördur some of the animals started 
developing gonads in October, a month before spawning was over in the 
population. Spawning started in late June or July, peaked in August and 
continued until November at both sites. Nutrient reserve stores seemed 
to be limited and used for initiation of gonad development in winter but 
were not suffi cient for maturation of the gonads. The main growth of the 
gonads occured in spring in conjunction with phytoplankton blooming 
and renewal of food resources.

G. G. Thorarinsdóttir & K. Gunnarsson, Marine Research Institute, Skúlagata 4, IS-101 Reykjavík, Iceland. 
gutho@hafro.is.

Considerable effort has been devoted to research 
on different aspects of the reproduction of the 
marine mussel Mytilus edulis L. in different parts 
of the world (Seed & Suchanek 1992). Because 
of the commercial importance of M. edulis in 
the North Atlantic, comprehensive studies have 
been undertaken and the literature relating to 
reproduction is particularly extensive for the area 
(Seed 1969, 1976; Seed & Brown 1977; Brous-
seau 1983; Sprung 1983; Barkati 1990; Snodden 
& Roberts 1997). However, in Iceland investiga-
tions of the reproduction of this species are sparse 
(Thorarinsdóttir 1996).

M. edulis is a sedentary organism and subject-
ed to a wide range of environmental conditions. 
The interaction between reproductive processes 
and environmental changes may assume great 
importance for the well-being of the popula-
tion. Great variations have been observed in the 
reproduction pattern of M. edulis. These varia-
tions have been linked to different environmen-

tal factors such as temperature and food availa-
bility, thought to effect reproduction of mussels 
(Giese 1959; Seed 1976; Kautsky 1982; Newell 
et al. 1982; Starr et al. 1990). However, no con-
clusive evidence of a direct effect of environmen-
tal factors on the initiation of different phases in 
the development and maturation of gonads has 
been presented except in the case of the onset 
of spawning in already ripe individuals (see e.g. 
Starr et al. 1990). In the North Atlantic M. edulis 
is subjected to environmental conditions charac-
terized by extremely low water temperatures for 
several months of the year.

In an attempt to more clearly defi ne the game-
togenic cycle and spawning of M. edulis in Ice-
land and to make comparisons with other popu-
lations in the North Atlantic the results of a two 
year study in Breidifjördur, western Iceland, and 
a one year study in Mjoifjördur, eastern Iceland 
(Fig. 1), are presented in this paper. Furthermore, 
the gametogenic cycle and spawning time are 
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considered in relation to temperature and food 
availability as refl ected in concentrations of chlo-
rophyll-a (Chl-a).

Material and methods

Throughout the study period the sea temperature 
was monitored at 2 m depth every two hours with 
a continuous temperature recorder (Starmon®, 
Star-Oddi, Reykjavík) close to both sampling 
sites (Fig. 1). At the same sites 1 liter seawater 
samples were taken at 2 m depth twice a month in 
the beginning and the end of the year and once a 
week from the middle of March to the end of Sep-
tember for analysis of Chl-a and 300 ml to meas-
ure salinity. The chlorophyll samples were fi l-
tered through GF/C fi lters, which were frozen for 
later analysis. In the laboratory the chlorophyll 
was extracted from the fi lters with 90 % acetone 
and the extract measured with a spectrophotom-
eter (Jeffrey & Humphrey 1975). The salinity 
was measured with a conductivity meter against 
standard salinity solution (DHI, Copenhagen).

About 30 mussels, 3 - 5 cm in shell length, were 
collected in the littoral zone at low tide from the 
study site in Breidifjördur and from a suspend-
ed population in Mjoifjördur at 2 m depth. The 
population in Breidifjördur was continuously 
submerged except at lowest tide about 6 hours 
per month. The greatest difference between ebb 
and low tide in Breidifjördur is about 6 m, but 
in Mjoifjördur it is only about 1 m. The popula-
tion structure density and size distribution were 
similar at both sites. The samples were collect-

ed twice a month between March and Novem-
ber but monthly at other times of the year. The 
investigations were carried out from July 1995 to 
August 1997 in Breidifjördur and from January to 
November 2000 in Mjoifjördur.

In the laboratory small samples of the gonads 
were removed from the mussels and preserved 
in 10 % formaldehyde. Later histological prepa-
rations were made by dehydration of the gonad 
samples through an ascending alcohol series, 
clearing in toluene and embedding in paraffi n. 
Sections were cut about 7 µm in thickness and 
stained with hematoxylin and eosin.

The stained gonad preparations from each 
mussel were classifi ed into different developmen-
tal stages, under a microscope, using 80 × magni-
fi cation. The classifi cation consisted of four main 
stages, two of which (developing and spawning) 
were further divided into four substages, result-
ing in a total of ten stages, developing (1 - 4), ripe 
(5), spawning (4 - 1) and spent (0) (Seed 1969). In 
stage 0 (spent) it is diffi cult to determine the sex 
of the animals but in some cases eggs were visi-
ble even though the spawning was over. In these 
cases the samples were classifi ed as spent and the 
sex was given.

The reproductive condition of the population 
was assessed by calculating a mean gonad index. 
This was done by multiplying the number of mus-
sels in each stage by the numerical ranking of 
that stage and dividing the resulting value by the 
total number of mussels in the sample. The mean 
gonad index for each sampling date was then 
calculated by adding together the scores for all 
stages (Seed 1969). If all individuals were spent, 
the gonad index would be 0 (minimum) and if all 
individuals were fully ripe the index would be 5 
(maximum).

Results

Temperature

The maximum mean monthly sea temperature in 
Breidifjördur, western Iceland, was reached in 
July and August in 1995 (10.1 °C) and in August 
1996 (11.0 °C). The minimum temperature was 
observed in February 1996 (0.8 °C) and in March 
1997 (–0.1 °C; Fig. 2). The maximum mean 
monthly sea temperature in Mjoifjördur, eastern 
Iceland, was observed in August (9.8 °C) and the 
minimum (1.3 °C) in March.

Fig. 1. The study sites for Mytilus edulis in western and east-
ern Iceland.
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Salinity

In Breidifjördur small variations in salinity were 
observed. Salinity ranged from a minimum of 
33.8 in September 1995 and March 1996 to a 
maximum of 34.9 in October 1996. In Mjoi fjördur 
salinity varied much more than in Breidifjördur. 
The salinity varied between 32 and 34 from Feb-
ruary until May, then fell abruptly to a minimum 
of 13.6 in the middle of May, increased rapidly 
again to a steady level of 32 - 33 until July, when 
it decreased to 22 - 28. The salinity increased to 
about 33 again in August and kept that level to the 
end of the year.

Chlorophyll-a

A maximum of the mean monthly values of Chl-a 
in Breidifjördur was reached in July and Septem-
ber 1995 (2.1µg l-1) and in July 1996 (1.8 µg l-1). 
A minimum of 0.2 µg l-1 was observed in Decem-

ber 1995 and in November 1996. The maxi-
mum values observed in 1995 were in July 15 
(3.2 µg l-1) and September 16 (4.5 µg l-1). In 1996 
the maximum value was observed on 17 July (2.2 
µg l-1). A minimum value was 0.2 µg l-1 on 23 
December 1995 and 23 November 1996 (Fig. 3). 
In Mjoifjördur the Chl-a level was below detec-
tion limit in the samples from January through 
April. It started increasing in late May and the 
mean monthly values peaked in July at 2.7 µg l-1. 
A maximum value of 3.7 µg l-1 was observed in 
the end of July (Fig. 3).

Gametogenic cycle

In Breidifjördur, western Iceland, there appeared 
to be no difference in gametogenesis or spawn-
ing between males and females and the general 
patterns of gametogenesis and spawning were 
similar in both years investigated. The highest 
values of the mean gonad index, 4.2 and 4.8, were 

Fig. 2. Sea surface temperature 
at the sampling site in Breidi-
fjördur, western Iceland, from 
July 1995 to May 1997 and in 
Mjoifjördur, eastern Iceland, 
from January to December 2000.

Fig. 3. Chlorophyll-a concentra-
tion at the sampling site in Brei-
difjördur, western Iceland, from 
July 1995 to March 1997 and 
in Mjoifjördur, eastern Iceland, 
from January to October 2000.
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attained in July both years investigated (Fig. 4) 
coinciding with highest number of ripe individ-
uals (Fig. 5). At the start of the sampling period 
in July 1995, 38 % of the population > 30 mm 
was spawning. The main spawning period was 
in August (100 %) but some spawning continued 
until November. In 1996 few individuals spawned 
in July (13 %) but the main spawning period was 
again in August (82 %), continuing through the 
autumn. In 1997 spawning started a month earli-
er than the year before or in June (10 %) but was 
most intensive in July and August (56 % each 
month). After the marked spawning period, both 
years investigated, the gonad index fell to a mini-
mum (0.2) in November (Fig. 4) when most of the 
individuals were in the spent condition (Fig. 5). In 
January the gonad index slowly increased again 
(Fig. 4) with most of the individuals investigated 
in developing stages until May (Fig. 5).

In Mjoifjördur, eastern Iceland, the highest 
gonad index, 4.2, was attained in June (Fig. 4) 
coinciding with highest percentage of the popula-
tion (50 %) in the ripe condition (Fig. 6). Spawn-
ing started in July and by the end of July, 87 % of 
the individuals in the sample were spawning. In 
August over 90 % of the individuals investigated 
were spawning. During the spawning period the 
gonad index decreased and in the middle of Sep-
tember its lowest value, 0.6, was observed (Fig. 
4). At this time about 60 % of the individuals 
were spawning but 40 % were in the spent con-
dition (Fig. 6). The development of gonads start-
ed immediately after spawning in the autumn and 
fully mature gametes were observed but now in 
small and few follicles. In October and November 
about 30 % of the population was still spawning 
and all stages of gametogenesis were observed 

except ripe individuals (Fig. 6).

Discussion

The gametogenic cycle in the M. edulis popula-
tion in Breidifjördur, western Iceland, was sim-
ilar both years investigated. Development of 
gonads started in January, spawning started in 
July, it peaked in the beginning of August and 
extended until November. In Mjoifjördur, eastern 
Iceland, gametogenic cycle was different from 
the one in Breidifjördur as gametogenesis reini-
tiated in about half of the population in October 
and November while about one third of the pop-
ulation was still spawning. The follicles contain-
ing the gametes were, however, smaller and fewer 
than in the summer, indicating that gamete pro-
duction and spawning was coming to an end. The 
development of the gametes in Mjoifjördur was 
slower in spring and the spawning started later in 
the summer than in Breidifjördur. Only a single 
period of spawning was observed at both sites. A 
similar gametogenic cycle with peak spawning 
in late summer has been observed in a suspend-
ed population in south-western Iceland (Thorar-
insdóttir 1996).

The pattern of temperature changes differs in 
the two areas. With lower winter temperatures 
and higher summer temperatures, the ampli-
tude is greater in Breidifjördur than in Mjoifjör-
dur. This difference might cause faster develop-
ment of the gonads in the spring in Breidifjördur 
than in Mjoifjördur although earlier phytoplank-
ton blooming is also a possible causal factor. 
The development of gonads has been related to 
changes in temperature (Lubet 1959; Bayne 1975; 

Fig. 4. Mean monthly gonad index 
of M. edulis from a population in 
Breidifjördur, western Iceland, 
from July 1995 to August 1997 
and in Mjoifjördur, eastern Ice-
land, from January to November 
2000.
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Gray et al. 1997) and temperature changes have 
also been shown to initiate spawning in already 
mature M. edulis (Chipperfi eld 1953; Sprung 
1983). In fact some authors have suggested that 
critical temperature changes are needed for ini-
tiation of spawning in M. edulis (Seed 1976; 
Kautsky 1982), while others have found little or 
no evidence of this (Newell et al. 1982; Seed & 
Suchanek 1992).

The salinity in Breidifjördur was relatively 
stable all the time investigated but in Mjoifjördur 
the salinity fl uctuations are greater. The salin-
ity decreased abruptly and intensively in May, 
for example. But this could not be connected to 
any events in the development of the gonads or 
spawning. Fell & Balsamo (1985) equally failed 
to establish any such association in M. edulis, 

although salinity changes have been connected 
with the onset of spawning in the related mussel 
Perna viridis (Parulekar et al. 1982).

At both Breidifjördur and Mjoifjördur the 
development of the gonads in M. edulis took place 
during the middle of the winter when food supply, 
gauged by Chl-a values and sea temperature, were 
near their respective minima. Gametogenesis is 
therefore likely to have depended on accumulat-
ed reserves from the previous year. The increas-
ing food supply and water temperature in April 
in Breidifjördur and a month later in Mjoifjördur 
seem to have accelerated the gonad development, 
leading to maturation in June in Breidifjördur and 
in the middle of July in Mjoifjördur at sea temper-
atures of about 8 °C.

The annual reproductive cycle of M. edulis has 

Fig. 6. Percentage of M. edulis 
from Mjoifjördur, eastern 
Iceland, in each phase of the 
gametogenic cycle from January 
to November 2000.

Fig. 5. Percentage of M. edulis 
from Breidifjördur, western 
Iceland, in each phase of the 
gametogenic cycle from July 
1995 to May 1997.
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been related to the seasonal cycle in food supply 
(Thompson 1979; Newell et al. 1982). Spawn-
ing is thought to be timed such that both larvae 
and adults have access to abundant food supplies 
(Thompson 1979; Newell et al. 1982). Since food 
availability is likely to infl uence larval success in 
marine benthic invertebrates, the use of phyto-
plankton as a cue for spawning could be an adap-
tation to ensure abundance of food for the plank-
totrophic larvae that attain the feeding veliger 
stage within a few days after spawning. The food 
supply for the mussels at both sites was highest 
at the onset of spawning in July and was relative-
ly high until October. The larvae have thus prob-
ably had abundant food supply during develop-
ment and settlement.

There is a considerable variation in the timing 
and duration of gametogenesis and spawning in 
M. edulis (Lowe et al. 1982). In many European 
populations nutrient reserve, which have accu-
mulated in the mantle tissue during the summer, 
functions as an energy source for gametogene-
sis during autumn and winter when food supply 
is limited (Gabbott 1983). Peak spawning is 
then observed in spring or early summer, some-
times extended with more than one spawning 
peak (Bayne 1976). This type of gametogenic 
cycle has been observed e.g. in western Norway 
(Barkati 1990), the Faroe Islands (Thorarinsdót-
tir et al. unpubl. ms.), Ireland (Snodden & Rob-
erts 1997), Wales (Lowe et al. 1982), Germa-
ny (Sprung 1983), Portugal (Reis-Henriques & 
Coimbra 1990), the Baltic (Kautsky 1982) and the 
Wadden Sea (Pieters et al. 1979). In Long Island 
Sound, off the east coast of the United States, 
Brousseau (1983) also observed a population with 
a similar pattern of gametogenesis.

Another pattern of the gametogenic cycle in M. 
edulis occurs when carbohydrate stores are lim-
ited and used for initiation of gonad development 
in winter but are not suffi cient for maturation 
of the gonads. The main growth of the gonads 
occurs in spring in conjunction with phytoplank-
ton blooming and renewal of food resources and 
spawning occurs in late summer. This is the pat-
tern found in the M. edulis populations in Ice-
land and has also has been observed in popula-
tions in Newfoundland (Thompson 1984), eastern 
Canada (Newell et al. 1982) and off the west coast 
of the United States (Emmet et al. 1987).

The results from the present study indicate that 
the gametogenic cycles in the two mussels pop-
ulations investigated were not the same. In Mjoi-

fjördur, gametogenesis was initiated in autumn 
but in January in Breidifjördur. The tempera-
ture and food supply in autumn at the two sites 
were not signifi cantly different but the coming 
winter temperature in Mjoifjördur was higher 
than in Breidifjördur. The adaptation of the mus-
sels to higher sea temperature in the winter might 
explain the onset of gametogenesis at this time of 
the year. In January, the gametogenesis speeded 
up in both populations in spite of low tempera-
ture and lack of food. Possibly due to later onset 
of phytoplankton production, the development of 
the gametes in the mussels in Mjöifjordur was 
slower in spring and the spawning started later in 
summer than in Breidifjördur.

As more information on Mytilus edulis is gath-
ered, it becomes clear that the traditional view 
of a single fi xed pattern of gametogenesis and 
spawning for a population is inadequate. Rather, 
some fl exibility is shown with different adapta-
tions to variations in environmental factors.
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