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THE DISTRIBUTION OF THE MUSSEL MYTILUS SPECIES ALONG THE
NORWEGIAN COAST

STEVEN J. BROOKS* AND EIVIND FARMEN
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ABSTRACT Mussels (Myrilus spp.) are used frequently in biological effects studies and biomonitoring programs either as
transplanted groups or native populations. However, as a result of the similarities in the external morphology of Mytilus, which
are influenced by environmental factors, visual identification is often never certain. Because differences in contaminant
bioaccumulation and biomarker responses may occur among the 3 mussel species Mytilus edulis, Mytilus trossulus, and Mytilus
galloprovincialis, bias in biological effects studies and biomonitoring programs is likely. In the current study, mussels were
collected from strategic locations along the 25,000-km Norwegian coastline and identified to species by polymerase chain reaction
amplification of gill tissue DNA. Specific primers were used to amplify the Glu gene (polyphenolic adhesive protein), which has
been validated previously to identify the different Myrilus species. The amplified products were electrophoresed, showing specific
bands for M. edulis (180 bp), M. trossulus (168 bp), and M. galloprovincialis (126 bp), with the presence of 2 bands suggesting
Miytilus hybrids. The results identified the presence of all 3 Mytilus species in a patchy distribution around the Norwegian coast,
with the Mediterranean species M. galloprovincialis located up to 60°N. The implications of this situation for biomonitoring
programs and exposure studies are discussed.
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INTRODUCTION

Mussels, Mytilus species, are ideal biomonitoring organisms
because they are sessile, can bioaccumulate many environmen-
tally important contaminants, and have a wide range of bio-
logical effect end points that can be measured and often
quantified. For these reasons, the mussel has been used consis-
tently as a model organism in both coastal and offshore
biomonitoring programs worldwide, where they are often col-
lected from locations along the coast and either analyzed
immediately or transplanted into exposure studies (e.g., Brooks
etal. 2009, Raftopoulou & Dimitriadis 2010, Brooks et al. 2011a,
Brooks et al. 2011b, Pereira et al. 2011). Biomarker end points
can be used to determine the health of the mussel, which in turn
can provide important information on the health status of
a particular water body (Brooks et al. 2009, Corsi et al. 2011),
or the potential impact of chemical point discharges (Brooks
etal. 2011a).

Until relatively recently, the distribution of Mytilus on the
Norwegian coastline was identified as solely consisting of Mytilus
edulis (L.), with an M. edulis/Mytilus trossulus (Lmk.) hybrid
zone on the Swedish coastline, and Mytilus galloprovincialis
(Gould) within the Mediterranean (Gosling 1992). However,
recent investigations have discovered a very different and often
patchy distribution, with M. trossulus found on the west coast
of Norway (Ridgway & Naevdal 2004) and even as far north as
the Arctic Circle in the Barents and White seas (Kijewski et al.
2011, Viinold & Strelkov 2011). Although these studies have
been relatively extensive geographically, they have focused
mainly on the Baltic and Arctic regions, with only a few sampling
stations around the Norwegian coastline.

Because environmental factors such as temperature, salinity,
and exposure to wave action can have significant effects on the
mussel’s external morphology, it is not possible to distinguish
reliably among Mytilus species by mere visual inspection, which
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can lead to misrepresentation of Mytilus in exposure studies.
Differences in chemical bioaccumulation and biomarker re-
sponses among the Mytilus spp. are not fully known, but are
thought to occur to a certain extent (Lobel et al. 1990). For
example, different assessment criteria values have been sug-
gested for the different Mytilus species for certain biological
effects measurements, including micronuclei formation and
acetylcholine esterase inhibition (ICES/OSPAR SGIMC
2011). If mixed species of Mytilus are used unknowingly in
exposure studies and biomonitoring programs, it could lead to
potential difficulties in the interpretation of chemical and
biomarker data, which could impinge on regulatory decisions.

The method used to identify the Mytilus species was first
described by Inoue et al. (1995), and represents a highly specific
and sensitive high-throughput method without the need for
DNA sequencing. Although not disclosing the full phylogenetic
relationships and the process of Mytilus hybridization, because
they are linked only to 1 nuclear allele, it has been used as the
preferred technique for species identification in several recent
studies (Bignell et al. 2008, Brooks et al. 2009).

The aims of the current study were to collect mussels from
strategic locations on the Norwegian coastline and to sample
biological tissue to determine the correct species. The mussels
were sampled from the same locations as those used by the
OSPAR Co-ordinated Environmental Monitoring Program
(CEMP), which is an annual monitoring program that uses
mussels to assist in determining the environmental status of a
particular water body or coastline by measuring chemical
bioaccumulation.

METHODS

Collection of Mussels

Mussels were collected from 13 locations along the Norwegian
coastline as part of the national monitoring program (OSPAR
CEMP). The sampling stations were spread out evenly to en-
compass the entire coastline from Oslo in the South to Finnmark
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in the Arctic Circle. Mussels between 4 cm and 5 cm in length
were collected from the shore for species determination. The
local habitat at each sampling site is described in Table 1. The
entire mussel, including shell, was frozen at—20°C until required
for analysis.

DNA Isolation, Amplification, and Gel Electrophoresis

Total DNA was extracted from 20-40 mg gill tissue from
frozen mussels using DNAzol reagent (Invitrogen, Madison,
WI) following the manufacturer’s recommended protocol.
Briefly, the tissue was homogenized in 1 mL DNAzol using
Precellys 24 bead mill (Bertin, Montigny-le-Bretonneux,
France), using ceramic CK 14 beads at 5,000g for 10 sec. Cell
debris was then removed by centrifugation at 10,000g for 10 min
(4°C) before DNA was precipitated from the supernatant by the
addition of 500 uL 100% ethanol. After 2 wash steps with 75%
ethanol, the DNA was pelleted by centrifugation at 4,000g for
2 min, then air-dried and dissolved in 8mM NaOH. The re-
sulting DNA was quantified and quality controlled on a nano-
drop spectrophotometer (Thermo Fisher Scientific, Waltham,
MA), and all samples had OD 260/280 > 1.8, indicative of pure
DNA. For species identification, polymerase chain reaction
(PCR) was used to amplify a specific 180-bp segment for Mytilus
edulis, a 168-bp segment for Mytilus Trossulus, and a 126-bp
segment for Mytilus galloprovincialis of the Glu gene (poly-
phenolic adhesive protein) as described by Inoue et al. (1995).
The 50-uL PCRs contained 10 pL. DNA template, 300 uM
forward and reverse primers, and VWR 2X Taq mastermix
(VWR, Radnor, PA, USA), and were subjected to a S-min
preheating stage at 95°C followed by 35 cycles of 30 sec at 95°C,
30 sec at 55°C, 30 sec at 72°C, and a final extension step of 10
min at 72°C.

One microliter of the PCR product was loaded onto a DNA
1000 chip (Agilent Technologies, Santa Clara, CA) and run in
a Bioanalyzer instrument (Agilent Technologies) for visualiza-
tion of amplicon size.

DNA Sequencing

A subset of the samples were finally sequenced in an
ABI3730 automatic sequencer (Applied Biosystems, Foster

City, CA), using BigDye chemistry (v3.1). For Mytilus hybrids,
the different amplicons were first separated on a 2% agarose gel
and recovered individually using the Zymoclean gel DNA
recovery kit (Zymo Research Corporation, Orange, CA). A
1-uL template was used in a 20-uL reaction together with
0.6 uL Big Dye mix, 3.6 pL 5X sequencing buffer (Applied
Biosystems), and 5 uM Mel5 or Mel6 primer, and was sub-
Jected to the following temperature program: 1 min of preheating
at 95°C followed by 25 cycles of 10 sec at 96°C, 5 sec at 50°C, and
4 min at 60°C. Sequences were then read in both directions
separately before creating the contig sequence, which was sub-
Jected to a Basic Local Alignment Search Tool (BLAST) search
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) for species verification.

RESULTS

Gel Electrophoresis and Sequence Information

The method of DNA amplification and gel electrophoresis
of mussel gill tissue was successful in differentiating between the
3 Mytilus species and their respective hybrids. Examples of gel
like images displaying amplicon sizes for the Mytilus species
found on the Norwegian coastline are presented in Figure 1.
Single bands were identified at 180 bp for Mytilus edulis (columns
2,3, and 10), 168 bp for Mytilus trossulus (columns 4 and 5), and
126 bp for Mytilus galloprovincialis (column 8). In addition,
hybrids were identified as a double band at 180 bp and 168 bp
for M. edulis M. trossulus (columns 6 and 7), and at 180 bp
and 126 bp for M. edulis/M. galloprovincialis (column 9). The
M. trossulus/M. galloprovincialis hybrid was not detected in the
mussel samples analyzed.

The DNA sequence information obtained from the specific
amplified bands corresponded well with the sequence informa-
tion from the BLAST database. The anticipated Mytilus edulis
DNA fragment aligned to both gb|AY845258.1 (M. edulis clone
21 foot protein 1 (fp-1) mRNA, complete cds) and emb|X54422.1
(M. edulis gene for polyphenolic adhesive protein) with 99%
identities (179/180) and an E value of 9e-87. For the anticipated
Mytilus trossulus fragment, the alignment was 99% (119/120),
with an E value of 2e-54, to the following nucleotide sequences:
gb/DQ640589.1 (M. trossulus voucher MtII8 polyphenolic ad-
hesive protein gene, partial cds), gb|DQ640588.1 (M. trossulus

TABLE 1.

The coordinates of the sampling locations from where mussels were collected along the Norwegian coastline.

No. Sample location Latitude Longitude Habitat type

1 Inner Oslo fjord 59.882 10.712 Intertidal zone, rock/gravel shore

2 Outer Oslo fjord 59.488 10.498 Intertidal zone, rocky shore

3 Wstfold 59.102 11.045 Intertidal zone, rocky shore

4 Telemark 59.023 9.754 Intertidal zone, rocky shore

5 Agder 58.125 7.989 Intertidal zone, sand and small stones

6 Rogaland 59.326 5.318 Intertidal zone, rocky beach, mussels exposed at low tide
7 Hardanger 60.421 6.405 Intertidal zone, rock and kelp, mussels exposed at low tide
8 More og Romsdal 62.81 8.275 Collected from a floating jetty; depth, <I m; mussels totally submerged
9 Nordland 66.319 14.128 Intertidal zone, rocky shore
10 Nord-Trondelag 64.967 11.661 Intertidal zone, rocky beach near fish farm
11 Lofoten 68.158 14.653 Intertidal zone, rocky shore
12 Finnmark (Brashavn) 70.104 30.262 Intertidal zone, rocky shore

13 Finnmark (Varangerfjord) 69.899 29.744

Intertidal zone, rocky shore
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Figure 1. Output of DNA amplification and gel electrophoresis (as a gellike image) showing clear bands for the Mytilus species: Mytilus edulis (180 bp),
Mpytilus trossulus (168 bp), and Mytilus galloprovincialis (126 bp). In addition, double bands denote hybrids at columns 6 and 7 for an M. edulis| M.
trossulus hybrid, and at column 9 for an M. edulis| M. galloprovincialis hybrid.

voucher MtI3 polyphenolic adhesive protein gene, partial cds),
and dbj|D50553.1 (MSLADP M. trossulus gene for adhesive
protein, partial cds). The anticipated Mytilus galloprovincialis
amplicon aligned to both gb|AF489933.1 (Mytilus sp. JHX-
2002 adhesive plaque protein precursor, mRNA) and
dbj|D63778.1 (MSLAP M. galloprovincialis mRNA for adhe-
sive plaque protein, complete cds) with 100% (126/126) iden-
tities and an E value of le-58. Sequencing results thereby
confirmed the presence of the 3 Mytilus species and their
hybrids.

The representation of the different Mytilus species and their
hybrids on the Norwegian coastline is shown graphically in
Figure 2. Overall, Mytilus edulis was the most abundant, found
at all of the 13 stations sampled. The only species type found
within the inner and outer Oslofjord as well as farther south in
Ostfold was M. edulis. The mussel M. edulis was dominant
(90%) in the samples collected from Telemark and Agder, with
1 M. edulis| Mytilus galloprovincialis hybrid and one M. edulis/
Mpytilus trossulus hybrid found in Telemark and Agder, re-
spectively. Farther west to Rogaland revealed 60% M. edulis/
M. galloprovincialis, with 40% M. edulis. Although M. gallo-
provincialis was not found at this sampling point, the high
proportion of the M. edulis/M. galloprovincialis hybrid would
suggest it was present but not sampled. At sampling stations
Hardanger, More, and Romsdal, M. trossulus was by far the
dominant Mytilus species sampled. Sample sizes at these 2 sta-
tions were considerably higher (n = 22 and n = 83, respectively)
and clearly show M. trossulus with a high number of M. edulis/
M. trossulus hybrids and a few M. edulis. Three M. trossulus/
M. galloprovincialis hybrids were found at Mere and Romsdal,
but were not found at any of the other 12 stations.

Farther north from Nordland, up to Finnmark in the Arctic
Circle, Mytilus edulis was the dominant Mytilus species found,
although Mytilus trossulus was also found at Nordland and
Finnmark (Brashavn) and Mytilus galloprovincialis was also
found in Nord Trondelag and Finnmark (Varangerfjord). The

M. edulis| M. galloprovincialis hybrid was found at all stations
within this northern region, whereas M. edulis/M. trossulus
hybrids were found at all northern stations except for
Lofoten.

DISCUSSION

The distribution of Mytilus around the Norwegian coastline
was found to be particularly patchy, with Mytilus edulis,
Mytilus galloprovincialis, Mytilus trossulus, and both hybrids
of M. edulis/M. galloprovincialis as well as M. trossulus/
M. galloprovincialis all found. This situation is very different
from that reported previously during the early 1990s, when only
M. edulis was thought to exist (Gosling 1992), but did support
the recently reported distribution of M. trossulus on the west
coast (Ridgway & Naevdal 2004) and the Barents Sea (Kijewski
et al. 2011, Viinold & Strelkov 2011).

Only the Inner and Outer Oslo fjord as well as locations
farther southeast of the Oslo fjord (Jstfold) could be considered
as being comprised solely of Mytilus edulis. Because of the
nature of the current study and the inability to sample all
mussels in the environment, the study can merely confirm the
presence of the different Mytilus species and their hybrids.
Therefore, the absence of a particular Mytilus species and/or
hybrid from the different sampling locations does not neces-
sarily mean that it was not present at that location, but rather
that it was not sampled, and care should be taken when
assuming pure populations based on the current data.

In areas where Mytilus thrive, hybrid zones have been
reported and studied; these include, for example, Mytilus edulis
and Mytilus galloprovincialis hybrid zones on the Cornwall
coast in the southwest of England (Gilg & Hilbish 2003), as well
as M. edulis and Mytilus trossulus hybrid zones on the southeast
coast of Sweden (Gosling 1992, Riginos & Cunningham 2005).
From the current study, hybrid zones were not defined clearly
along the Norwegian coastline. Previously, a hybrid zone at the
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Figure 2. Locations of the sampled mussels around the Norwegian coastline, including the proportion of the different Mpytilus and hybrids at
each location. The number of mussels (1) sampled at each location is provided. Bold lines indicate the prevailing water currents around the

coastline.

salinity gradient between the North Sea and the Baltic Sea
was known to exist where M. trossulus gives way to M. edulis
as the salinity increases (Vdin6ld & Hvilsom 1991). How-
ever, the presence of M. edulis/M. trossulus hybrids on the
Norwegian coastline from Telemark all the way north as
far as Finmark suggest that the hybrid zone has become
extended from what was originally thought, and supports the
data from recent studies (Kijewski et al. 2011, Viinold &
Strelkov 2011).

Pure or hybrid forms of Mytilus trossulus were detected at
almost all sampling stations, which would suggest that the
presence of M. trossulus north from the Baltic was possibly
a gradual process, with the dispersal of gametes following the
direction of the coastal water currents northward. However,
it cannot be excluded that M. rrossulus was there from the
beginning, because limited genetic identification of Mytilus was
available prior to the review by Gosling (1992).

The presence of only Mytilus edulis individuals in the inner
and outer Oslo fjord as well as farther southeast in Gstfold may
reflect local current directions preventing the transport of
gametes for colonization within these habitats. The mussel
M. edulis is known to withstand extreme cold—down to tem-
peratures of —20°C in laboratory exposures (Bourget 1983). In
recent years populations of M. edulis have been found as far
North as the island of Svalbard in the Barents Sea, located deep
within the Arctic Circle at approximately 75°N (Berge et al.

2005). This extension of the mussels’ range was attributed
to the unusually high northward mass transport of warm
Atlantic water in 2002, resulting in elevated sea-surface
temperatures in the North Atlantic and along the west coast
of Svalbard (Berge et al. 2005). In contrast, Mytilus gallo-
provincialis is regarded as a warm-water species typically
found in the warmer waters of the Mediterranean and
Adriatic seas, with its northern most limit on the shores of
Britain and Ireland (Gosling 1992). On the west coast of
North America, the distribution of M. galloprovincialis was
found to be restricted to approximately 41°N, equivalent to
southern Europe (Suchanek et al. 1997). Therefore, it was
surprising to find M. galloprovincialis living as far North as
Finnmark in the Arctic Circle (approximately 70°N). Tem-
peratures in these waters during the winter can approach 0°C,
with air temperatures from —30°C. To our knowledge, 64°N
is the most northerly limit at which M. galloprovincialis has
been found previously to inhabit.

For Mytilus trossulus, individuals were found at 1 of the 2
most northerly stations in the Arctic Circle (at 70°N), with the
Mytilus edulis/M. trossulus hybrid also present. On the west
coast of North America, M. trossulus was found to have a
distribution between 43°N and 60°N, and was considered to be
far more suited to colder waters than Mytilus galloprovincialis
(Suchanek et al. 1997). The presence of M. trossulus in the Arctic
Circle is supported by previous studies (Kijewski et al. 2011,
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Viinold & Strelkov 2011). However, in Europe, M. trossulus
has become specifically adapted to the low-salinity waters of
the Baltic Sea. Its distribution northward from the Baltic has
been restricted in part through this adaptation to freshwater
and the competition from M. edulis (Riginos & Cunningham,
2005). Consequently, the increased distribution of M. trossulus
on the Norwegian coast may be a result of some form of
physiological adaptation to full seawater, enabling indi-
viduals to compete better for space on the Norwegian
coastline. Alternatively, transport of gametes and/or adults
of the M. trossulus populations from the Pacific coast of
North America may be the source of the new distribution.
However, transport of offspring from these individuals seems
only possible through ballast water from commercial ship-
ping activities and, although possible, is probably unlikely.
Genetic fingerprinting or DNA barcoding of M. trossulus on
the Norwegian coast with Baltic and North American pop-
ulations may assist in uncovering the population phylogeny
and possible source, although this was outside the scope of the
current study.

The farming of mussels around the Norwegian coastline is
commonplace, and although the mussels are considered to
be mostly (if not entirely) Mytilus edulis, no detailed studies
have taken place. In 2011, more than 99% of all farmed
mussels sold in Norway originated from Nordland and
Trondelag, although prior to this the farms were distributed
more evenly around the coast (Directorate of Fisheries 2012).
The influence of the farmed mussels on the distribution and
apparent patchy distribution of the mussel complex on the
Norwegian coast cannot be ignored, although to what extent
is not known. The prevailing water currents are likely to
transport the released gametes and developing larvae from
both natural-occurring and farmed mussels northward along
the coast, and thus contribute to the distribution of the mussel
complex.

Physiological differences and tolerances between the
main mussel species can influence their distribution along
the shore and potentially influence habitat preferences (Riginos
& Cunningham 2005). Consequently, site selection and position
on the shore could potentially influence Mytilus selection. From
the information acquired from the sample sites, mussels from
almost all sites were collected from the intertidal zone, with no
obvious difference between positions on the shore. There was
only 1 site where mussels were collected from a floating jetty
(Mgre and Romsdal). These mussels would have experienced
100% submergence, and it was from this site that a high
proportion of Mytilus trossulus were found. Whether this was
the result of the different habitat is uncertain, although a high
proportion of M. trossulus was also collected from the neigh-
boring site of Hardanger, collected from an intertidal rocky
shore.

The patchy distribution of all 3 Mytilus species and their
hybrids on the Norwegian coastline has potential implications
for biomonitoring programs and exposure studies using trans-
planted wild mussels. The potential differences in the bio-
accumulation of contaminants as well as biological responses
to stress, either environmental or chemical, among the differ-
ent Mytilus species have the potential to reduce the effective-
ness of biomonitoring programs. With respect to contaminant
exposure, higher metal concentrations were detected in Mytilus
trossulus compared with Mytilus edulis when collected from
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the same habitat and in the same size range (Lobel et al. 1990).
The differences in the bioaccumulation of metals between
these 2 Mytilus species was suggested by Lobel et al. (1990) to
be the result of the slower growth rate of M. trossulus compared
with M. edulis, rather than any direct differences between the
element metabolisms of the species. Hence, M. trossulus of
the same size as M. edulis would, in fact, be older and have
a longer exposure history, resulting in higher contaminant
concentrations.

Differences in biomarker responses among the different
species have, to our knowledge, not been investigated. How-
ever, biological effects assessment criteria have been devel-
oped in mussels to assess the environmental status of water
bodies in marine biomonitoring programs (ICES OSPAR
SGIMC 2011). Different background assessment criteria for
the 3 Mytilus species have been suggested for micronuclei
formation, indicating that genotoxic responses differ among
the 3 Mytilus species. As yet, interspecies differences for other
biological effects end points in Mytilus have not been
reported. However, there are a few cases in which differences
in general physiology and behavior of the mussel could affect
the overall fitness and biological response. For example,
differences in the reproductive strategy of Mytilus edulis and
Mytilus galloprovincialis have been found to occur, with the
former spawning earlier and investing more in their replen-
ishment than the latter from similar localities (Hilbish et al.
2002). Such differences are likely to alter the energy budgets
between the species and affect general fitness at different times
of the year. In addition, Mytilus species have been found to be
differentially susceptible to parasitism, with the 2 parasites
the pea crab Pinnotheres pisum and the trematode parasite
Prosorhynchus squamatus reported to infect M. edulis prefer-
entially over M. galloprovincialis (Seed 1969, Coustau et al.
1991).

Histological parameters including adipogranular rate and
gonadal status were found to be statistically different between
Mytilus edulis, Mytilus galloprovincialis, and their hybrids
sampled from the same location in the United Kingdom (Bignell
et al. 2008). It was stated that because different Mytilus species
can display different physiological phenotypes, differences
among sites cannot be compared reliably if the species compo-
sitions are not known and are not the same.

In conclusion, based on the results of the current study, it is
highly recommended that the correct mussel species be known
before their use in both future biomonitoring programs and
laboratory exposure experiments. This requirement is particu-
larly important when using mussels from the Norwegian
coastline, because of their highly variable distribution. The
PCR amplification of the Glu gene (polyphenolic adhesive pro-
tein) represents a basic, yet fast, highly specific and sensitive
method of speciation that will help to ensure that species dif-
ferences are known and do not bias unknowingly the interpre-
tation of biological effects studies. Last, as a result of the vast
expanse of coastline around Norway and the limited number of
sites and samples acquired in this study, it is recommended that
a more comprehensive study be performed in the future.

ACKNOWLEDGMENTS

We thank the NIVA personnel who collected the mussels
along the Norwegian coastline as part of OSPAR CEMP.



270

BRrOOKS AND FARMEN

LITERATURE CITED

Berge, J., G. Johnsen, F. Nilsen, B. Gulliksen & D. Slagstad. 2005.
Ocean temperature oscillations enable reappearance of blue mussels
Mpytilus edulis in Svalbard after a 1000 year absence. Mar. Ecol.
Prog. Ser. 303:167-175.

Bignell, J. P., M. J. Dodge, S. W. Feist, B. Lyons, P. D. Martin, N. G. H.
Taylor, D. Stone, L. Travalent & G. D. Stentiford. 2008. Mussel
histopathology: effects of season, disease and species. Aquat. Biol.
2:1-15.

Bourget, E. 1983. Seasonal variations of cold tolerance in intertidal
molluscs and their relation to environmental conditions in the
St. Lawrence estuary. Can. J. Zool. 61:1193-1201.

Brooks, S. J., C. Harman, M. Grung, E. Farmen, A. Ruus, S. Vingen,
B. F. Godal, J. Barsiené, L. Andreikénaité, H. Skarphédinsdottir,
B. Liewenborg & R. C. Sundt. 2011a. Water column monitoring of
the biological effects of produced water from the Ekofisk offshore oil
installation from 2006 to 2009. J. Toxicol. Environ. Health 74:582-604.

Brooks, S. J., C. Harman, B. Zaldibar, U. Izagirre, T. Glette &
I. Marigémez. 2011b. Integrated biomarker assessment of the effects
exerted by low levels of produced water from an onshore natural gas
processing plant in the North Sea on the mussel M. edulis. Mar.
Pollut. Bull. 62:327-339.

Brooks, S. J., B. Lyons, F. Goodsir, J. Bignell & J. Thain. 2009. Bio-
marker responses in mussels, an integrated approach to biological
effects measurements. J. Toxicol. Environ. Health 72:196-208.

Corsi, I., A. Tabaku, A. Nuro, S. Beqira, E. Marku, G. Perra, L. Tafaj,
D. Baroni, D. Bocari, C. Guerranti, A. Cullaj, M. Mariottini,
L. Shundi, V. Volpi, S. Zucchi, A. M. Pastore, A. Iacocca,
A. Trisciani, M. Graziosi, M. Piccinetti, T. Benincasa & S. Focardi.
2011. Ecotoxicological assessment of Vlora Bay (Albania) by
a biomonitoring study using an integrated approach of sublethal
toxicological effects and contaminant levels in bioindicator species.
J. Coast. Res. 58:116-120.

Coustau, C., F. Renaud, C. Maillard, N. Pasteur & B. Delay. 1991.
Differential susceptibility to a trematode parasite among genotypes
of Mytilus edulis/galloprovincialis complex. Genet. Res. 57:207-212.

Directorate of Fisheries. 2012. Web link 1. http://www.fiskeridir.no/
english/statistics/norwegian-aquaculture/aquaculture-statistics/
shellfish.

Gilg, M. R. & T. J. Hilbish. 2003. Spatio-temporal patterns in the
genetic structure of recently settled blue mussels (Mytilus spp.)
across a hybrid zone. Mar. Biol. 143:679-690.

Gosling, E. M. 1992. Systematics and geographic distribution of
Mpytilus. In: E. M. Gosling, editor. The mussel Mytilus: ecology,
physiology, genetics and culture. Amsterdam: Elsevier. pp. 1-20.

Hilbish, T. J., E. W. Carson, J. R. Plante, L. A. Weaver & M. R. Gilg.
2002. Distribution of Mytilus edulis, M. galloprovincialis, and their

hybrids in open-coast populations of mussels in south western
England. Mar. Biol. 140:137-142.

ICES/OSPAR SGIMC, 2011. Report of the study group on integrated
monitoring of contaminants and biological effects (SGIMC).
Presented at the ICES CM 2011/ACOM:30, Copenhagen, Denmark,
March 14-18, 2011. Available at: http://www.ices.dk/sites/pub/
Publication%20Reports/Expert%20Group %20Report/acom/2011/
SGIMC/sgimc_2011_final.pdf.

Inoue, K., H. Waite, M. Matsuoka, S. Odo & S. Harayama. 1995.
Interspecific variations in adhesive protein sequences of Mytilus
edulis, M. galloprovincialis, and M. trossulus. Biol. Bull. 189:370-375.

Kijewski, T., B. émietanka, M. Zbawicka, E. Gosling, H. Hummel &
R. Wenne. 2011. Distribution of Myfilus taxa in European coastal
areas as inferred from molecular markers. J. Sea Res. 65:224-234.

Lobel, P. B, S. P. Belkhode, S. E. Jackson & H. P. Longerich. 1990.
Recent taxonomic discoveries concerning the mussel Mytilus: im-
plications for biomonitoring. Arch. Environ. Contam. Toxicol. 19:
508-512.

Pereira, C. D., M. L. Martin-Diaz, J. Zanette, A. Cesar, R. B. Choueri,
D. M. Abessa, M. G. Catharino, M. B. Vasconcellos, A. C. Bainy,
E. C. de Sousa & T. A. Del Valls. 2011. Integrated biomarker
responses as environmental status descriptors of a coastal zone (Sdo
Paulo, Brazil). Ecotoxicol. Environ. Saf. 74:1257-1264.

Raftopoulou, E. K. & V. K. Dimitriadis. 2010. Assessment of the
health status of mussels Mytilus galloprovincialis along Thermai-
kos Gulf (northern Greece): an integrative biomarker approach
using ecosystem health indices. Ecotoxicol. Environ. Saf. 73:1580—
1587.

Ridgway, G. & G. N. Naevdal. 2004. Genotypes of Mytilus from waters
of different salinity around Bergen, Norway. Helgol. Mar. Res.
58:104-109.

Riginos, C. & C. W. Cunningham. 2005. Local adaptation and species
segregation in two mussel (Mytilus edulis X Mytilus trossulus) hybrid
zones. Mol. Ecol. 14:381-400.

Seed, R. 1969. The incidence of pea crab Pinnotheres pisum in two types
of Mytilus (Mollusca: Bivalvia) from Padstow, South West England.
J. Zool. 158:413-420.

Suchanek, T. H., J. B. Geller, B. R. Kreiser & J. B. Mitton. 1997.
Zoogeographic distributions of the sibling species Mytilus gallo-
provincialis and M. trossulus (Bivalvia: Mytilidae) and their hybrids
in the North Pacific. Biol. Bull. 193:187-194.

Viinold, R. & M. M. Hvilsom. 1991. Genetic divergence and a hybrid
zone between Baltic and North Sea Mytilus populations (Mytilidae:
Mollusca). Biol. J. Linn. Soc. 43:127-148.

Viinold, R. & P. Strelkov. 2011. Mytilus trossulus in northern Europe.
Mar. Biol. 158:817-833.



	1320496718-29165-20266-188-141
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7


