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Abstract  
 

Mollusks growth is a very important and sensitive response to environmental stresses since 
they are good indicators of the available amount of contaminants in the water; reduced 
growth represents adverse environmental effects and possible effects on the population. 
Sweden has about 3,000 Natural Reserves and 28 National Parks.  Kosterhavets is the first 
National Marine Park and it is located on the west coast of Sweden, it is also considered 
one of the most vulnerable areas since 6000 marine species can be found here and about 
200 are found nowhere else. It is not only a touristic destination; it is also a home and a 
work place to many people. The type of pollutants and environmental impacts that are 
produced by recreation activities on marinas on such park depend very much on the amount 
of boats. Mytilus edulis has been widely used to monitor the biological effects of 
contamination by different ways, such as chemical analysis and biological responses. The 
main goal of this project was to assess the status of three different marinas with high and 
low boat traffic and use the shell length of the blue mussel M. edulis as a potential 
bioindicator to detect effects from boating activities pressures. The main findings arising 
from this study are that the sizes of the mussels from the three areas with high boat traffic 
are significantly smaller than the area with little boat traffic. 
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Introduction  
 

Marine and coastal environments have become very important and have increased the 
opportunities for leisure activities. Additionally, recreational boating has also become a 
very popular marine activity in most of the developed coastal countries, and Sweden is not 
the exception.  

Tourism brings economic benefits to countries, but usually other environmental costs come 
together with such activities. In a sustainable development and conservation context, 
recreational activities and controlled tourism are key factors on an adequate management of 
marine protected areas (Lloret, J. et. al. 2008) 

There have been very limited studies on the problems of recreational boating. Recreational 
boating has been seen by many as a not-so-environmental damaging activity, which is made 
more prominent by the lack of researches found and the need for this study to be conducted 
using several internet-based sources . Several studies suggest recreational boating as the main 
environmental impact contributor of all water based activities towards the marine ecosystem. 
(Liddle M.J. & Scorgie H.R.A.,1980) 

The rapid growth of recreational boating has brought a high demand for moorings and 
overcrowded marinas. At the same time, it is causing stresses to the marine environment 
such as pollution, increased turbidity and physical damage to sea bottoms among many 
others.  

Indirect effects can also have an impact on marine populations by reducing habitat 
availability for a successful proliferation. The type of pollutants and impacts that are 
produced by recreation activities on marinas depend very much on the amount of boats, 
management by local authorities and human behavior. 

Marinas where a high number of boats are moored tend to be hotspots of pollution for 
hydrocarbons, sewage and antifouling components. The Potential pollutants from marinas 
are described below: 

 

Oil spills (Incomplete combustion) 

Accidental spillages from big vessels are responsible for the incredible input of oil to the 
environment. But also, an important contribution to the total input of anthropogenic 
hydrocarbons to the marine environment is from chronic inputs, which can be from land 
run-off, rivers, sewage discharges, industrial effluents, losses from oil refineries and 
terminals (Widdows, 1982; Bakhmet et al., 2008). Coastal contamination is especially 



important at resent due to development of new oil and gas fields in coastal and shelf zones. 
Usually floating oil reduces the normal oxygen exchange rates into the water.  

 

 

Fig. 1 Anchored boat on a marina showing oil spills 

 

Antifouling 

Copper, has been for many years one of the main active substances used in antifouling 
paints, TBT is an organotin substance and the active compound of such paints, commonly 
used on boats in Europe since 1960’s until it was completely banned by the European 
Union in 2008. On 1960’s some environmental impacts regarding TBT use were reported, 
several restrictions were imposed on the use of TBT and copper-based based paints.  

Under EU law, vessels coated with TBT antifouling are not permitted to enter EU ports. 
The use of TBT on boats shorter than 25 meters was prohibited as early as 1989 in Sweden 
after studies had revealed TBT as cause of biota impacts such as morphological and 
physiological responses from marine animals, for example imposex development in coastal 
gastropods, growth on bivalves, etc. (Magnusson, M. & Granmo, A., 2004; Salazar, M., 
1996). Even though the Swedish ban of the use of TBT and TBT/copper-based containing 
paints for boats smaller boats is 20 years old, several studies still show effects along the 
Swedish west coast even at sites supposedly “unaffected” by larger boat traffic. 



Table 1 Antifouling Contamination Estimates for boat wash at the end of the boating season. Eklund (2008).  

Antifouling Contamination per year

Contaminants Total (mg) 

MBT 104.65 

DBT 644 

TBT 3220 

Igarol 2334.5 

Cu 241500 

Zn 805000 

Pb 2415 

Sn 5635 

 

Physical Damage 

Recreational activities may cause physical damage to the marine environment, for example 
anchorages in shallow areas where the sea bed is sensitive, very common on coral reefs or 
on sea grass beds leading on habitat reduction and compromising the occurrence of 
different species, for example, when eelgrass beds are degraded by water pollution, scallops 
can’t find the necessary habitat for reproduction and to settlement when juveniles.   

 

 
Fig. 2 Clear signs of Sea grass destruction 



 

Mollusks such as bivalves are considered one of the best contaminant bioindicators in 
monitoring aquatic systems, since their ability of concentrating certain compounds to levels 
much higher than those found in sea water (Serafim, A. 2008).  

Much is known about the blue mussel M. edulis biology and habitat, they have been for 
many years an easy organism to collect and study. The blue mussel is a very important 
marine bivalve which takes biological matter from the water by filter feeding. Both valves 
of the shell are equal on size and shape and close tightly by a large adductor mussel. They 
feed mainly on phytoplankton which are primary producers formed in the upper layer of 
water bodies and provide mussels energy for rapid growth.   

Blue mussels are sessile animals which attach among themselves and to other different 
surfaces like rocks, boats, or moorings by releasing threads called byssus. This byssus 
threads can become thicker forming big clusters when exposed to high currents or on the 
presence of predators such as crabs, starfishes, flatworms, etc. (Dolmer, P. 1998) but at the 
same time this behavior can compromise their growth, The byssus threads can be also 
broken and regenerated easily, allowing the mussels to re-orientate themselves. Byssal 
attachment is sometimes a critical factor in mussel aquaculture.  

 

 

Fig. 3Attachment by byssus-threads on M. edulis. 

 

Blue Mussels have the ability to filter incredible amounts of water; they can filter particles 
different sizes, from 2µm to 5mm, mostly algae. Blue mussels have an efficiency of 
assimilation very high; up to 80% of the filtered particles are assimilated (Rosenberg, R. & 
Loo, L-O. 1983).  



Blue mussels can occur on a wide range of environments, from estuarine waters to marine 
systems and they can be found on sandy flat substrates and on depths up to 10 meters. They 
spawn during between May and June (Rosenberg, R. & Loo, L-O. 1983)), depending on 
their location, simultaneously releasing their eggs and sperms on the water and fertilization 
takes place in open water. The fertilized eggs have an average size of 0.07mm and are free 
swimming larvae which can settle on a hard surface 3 to 4 weeks after spawning.  

Also, mussels are commercially important species. M. edulis has been harvested for 
centuries, nowadays production is concentrated in Europe, but there is also a significant 
increase of production in North America.  

The use of indicators for environmental assessments has become now days a common 
procedure to analyze the different components of a system. Indicators are usually helpful 
information tools. According to the Organization for Economic Cooperation and 
Development (OECD) an “environmental indicator” is defined as a parameter, or a value 
derived from parameters, which provides information about the state of a 
phenomenon/environment/area, with significance extending beyond that directly associated 
with the parameter value.  

According to Salazar & Salazar (1996) a “biological indicator” provides integrated 
information about environmental contamination and effects that cannot be defined with 
chemical analysis of water samples. According to Bellan (1984) cited by Salazar & Salazar 
(1996), biological indicators can be considered as “detectors” revealing the occurrence of 
very complex conditions, difficult to be elucidated, deriving from a series of biotic and 
abiotic elements that cannot be measured individually.  

Bioaccumulation is the process through which organisms integrate exposure to 
environmental concentrations of bio-available contaminants (Salazar, M.A. and Salazar, S. 
1996); M. edulis has been used for over 30 years as biological indicator in many 
environmental assessment programs because of its widespread distribution and its ability to 
accumulate many different contaminants in concentrations exceeding those in ambient 
seawater by thousands or even hundreds of times (Bakhmet, et al., 2008; Widdows, 1982). 

Many bivalves and especially M. edulis has been widely used to monitor the biological 
effects of contamination by different ways, such as chemical analysis and biological 
responses such as growth, physiology and reproduction (Bakhment et al,. 2008; Gilek, 
1996; Ostapezuk, et al., 1997; Salazar, 1996 & Serafim et al., 2008).  

Many environmental assessments have been developed using M. edulis as contamination 
indicator. Casazza et al. (2002), suggest the use of invertebrate bivalves as bioindicators for 
quality assessments of the marine environment an example for the Mediterranean Sea. 
Salazar on (1996), used blue mussels to evaluate effects from TBT on survival, 
bioaccumulation and growth on San Diego Bay, USA under natural conditions; identifying, 



and refining short and long term response trends to such compound. Bakhmet et al. (2008) 
studied the adaptations of M. edulis to oil contamination in different concentration on the 
cardiac activity in blue mussels from the White Sea. Widdows et al. (1982) evaluated the 
response of M. edulis on exposure to the water accommodated fraction of the North Sea oil 
analyzing the gradual deterioration in the general health and condition on a chronic 
exposure, concluding that high concentrations of petroleum hydrocarbons have a significant 
effect on the physiological and cellular condition of M. edulis. 

Due to its high biomass and considerable filtering capacity, M. edulis is a good agent 
against euthrophication and provides maintenance services for the sea.  

Mussels provide food and substrate for attachment and shelter of other organisms, and their 
plankton and organic material filtration activity from the pelagic systems also improves the 
light environment for algae that occur on the benthos areas and increases production of 
other benthic organisms. This promotes an environmental shift from a turbid system 
dominated by plankton to a more diverse and productive benthic system (Gutierrez et.al. 
2003) and as a result it enhances species diversity in general (Fig. 4)  

 

Fig. 4 Role of Mytilus edulis on the Sea a) Mussel nutrient excretion supplies benthic algae with N and P. 
b)20-30% of the annual pelagic production is filtered by mussels c) Nutrients are filtered from the pelagic 

systems and deposited as feces or recirculated to benthic algae. 



After the digestion takes place, the Nitrogen nutrients can be assimilated by mussels on 
different ways: 40% is assimilated in tissue, 40% is accumulated in form of feces and the 
other 20% is emitted in form of ammonia. The emitted ammonia is bio-accessible, and can 
also be the basis for new production of plankton (Sanchez, A. et al. 2004)  

M. edulis L. is a very important suspension feeder often common and conspicuous 
component on coastal environments; thus, represents an important element on coastal 
waters ecology.  Furthermore, since blue mussels are edible, nutritious and sessile species, 
they have been harvested and cultured worldwide for human consumption, and the Swedish 
west coast is of course not the exception (Kautsky N. 1982). 

 
Filter feeding bivalves and particularly mussels have frequently been advocated as species 
to use as aquatic contamination and pollution indicators able to trace metals, oil and HOC’s 
(Gilek, M. 1996). The most important attributes motivating the use of blue mussels as bio 
indicator of contamination and pollution effects as well as ecotoxicological test species are 
that:  

 

1. Mussels have limited ability to biotransform persistent HOC’s. This means that 
mussels are good indicators of the amount of available contaminants in the water. 
(Gilek, M. 1996). 

 

2. Mussels are sessile organisms; therefore integrate the contaminant at the location of 
sampling.  
 

3. Mussels are important commercial species on the west coast, and the indication of 
contamination on the Marine National Park is essential.  
 

4. Mussel beds are located in many coastal communities on the North Sea and can 
easily be sampled from numerous geographical areas.  
 

5. Bivalves, especially mussels are important and well recognized species in 
ecotoxicology, in order to assess the eco-health of the marine environment. An 
adequate bioindicator species such as M. edulis should be used, this to provide 
accurate and reliable measurements of the environmental quality.  

 



Aim of the study 
 

A number of national and international programs have been established over recent decades 
to identify efficient and accurate biological monitors of trace metal pollutant availabilities 
(Sokolowski, 2003). According to Salazar (1996) growth on invertebrates is a very 
important and sensitive response to environmental stresses that can be evaluated through 
repetitive and non destructive measurements. Reduced growth represents adverse 
environmental effects and possible effects on the population. Natural and pollution-related 
stresses have been shown to reduce mussel growth rates. The main goal of this project was 
to assess the status of different marinas on Kosterhavets Marine National Park and use the 
shell length of the blue mussel M. edulis as a potential bioindicator to detect effects from 
boating activities pressures.  

 

Materials and Methods 

Study Area 
 

National Park is the finest status that a natural protected area can receive. The basic idea of 
a Swedish National Park is to preserve sample of landscape, protect valuable nature and to 
spread awareness of its individual character, environment and people. National Parks in 
Sweden are representative biotypes preserved in their natural state, but also beautiful and 
unique environments which have experiences to offer (Hambrey, 2008).   

 

Sweden has about 3,000 Natural Reserves and 28 National Parks.  Kosterhavet is the first 
National Marine Park and it is located on the west coast of Sweden 170Km from Goteborg 
and 154Km from Oslo (Fig 5).  Kosterhavet hosts many different and unusual habitats, 
animals and plants species which characterize the Swedish west coast as unique, having the 
highest biodiversity in the nation. It is also considered one of the most vulnerable areas 
since 6000 marine species can be found here and about 200 are found nowhere else in 
Sweden.  

 



      

Fig 5 Map of Kosterhavets Marine National Park  

 

The Swedish Environmental Protection Agency (EPA) together with Strömstad 
municipality is the chief in charge of environmental issues regarding to the park.  

 

At the moment they are developing management plans based on comprehensive biological 
surveys, documentation and on the use of adaptive management techniques in collaboration 
with scientists, local authorities, community groups, professional fishermen, and other 
stakeholders.  

In order to ensure an adequate operation of the park, it will be managed by an 
Administrative Board locally based which will have representatives of local and national 
authorities’ stakeholders and community groups.  

Oslo 



 

 

The vision of Kosterhavet Marine National Park is: “to preserve its uniqueness and 
attractive sea fjord environment as well as adjacent land area”. And it also has specific 
development objectives:  

 

 
• Long term protection and conservation 

of the natural marine biotopes and 
species in line with sustainable 
utilization of the marine resources; 

 

• Protection of the natural and cultural 
rural heritage areas including its 
biodiversity; 

 

• Allow visitors to gain an insight and knowledge of the natural and cultural heritage 
and how these can be utilized on a sustainable way; 

 

• Promote research and development concerning sustainable utilization of marine and 
terrestrial ecosystems (Hambrey, 2008). 

 

Kosterhavet is not only a touristic destination; it is also a home and a work place to many 
people. Approximately 24,000 people live on the island, and about 1,000 people live 
intermediately adjacent to the park. During the summer the number of inhabitants can reach 
50,000 to 60,000, this due to its numerous recreational activities; Koster is an ideal place 
for outdoor activities such as swimming, cycling, camping and hiking.  

Kosterhavet National Park covers nearly 400km2 and almost 80% of the total area is 
covered by water, it becomes a particularly attractive destination during the summer. Cars 
are not allowed on the island; therefore, the only transportation on the island is by ferry 
from Strömstad or by boat.  

The North West coastline of Sweden is a big archipelago of thousands of islands. 
Kosterhavet Marine National Park is formed mainly by two big isles North Koster and 
South Koster among many others. Of the two islands, South Koster is the largest where the 



forests are larger and the roads and tracks are more numerous it has an area of 
approximately 8 km2 compared to North Koster which is only4 km2. The salinity above the 
halocline (~15m) is normally between 24-35‰, a low temperature approximately 5–7 °C 
and weak tidal currents.  

 

Description of the major problem 
 

During the summer season, recreation activities in Koster increase and the flow of tourists 
is more active. Transportation services from Strömstad by ferry are more frequent and 
hundreds of boats either from Sweden or from Norway are hopping all through the 
archipelago.  

 

 

Fig. 6 Intensive boat traffic on a summer day. August 2009. 

 

In order to get an approximate idea of the amount of total boats on the island, an aerial 
photograph was provided by Tjärnö marine laboratory; the boats were counted and 
measured using specialized GIS software. Such aerial picture was divided in quadrants as 
shown below and the count was done per quadrant. Each dot corresponds to a boat standing 
either on a natural harbor or on a settled harbor.  

This aerial photograph was taken on a random summer day from 2006, but the exact day of 
shot is unknown. Due to difficulties of contacting the personnel from Tjärnö marine 
laboratory, the exact date will stay missing.  



A total of 805 boats were counted and the only boats taken into account where the ones 
inside the limits of Kosterhavets marine national park. (See Fig.7). By personal 
communication with staff of Tjärnö marine laboratory, Strömstad tourism office and online 
resources, a clear idea of recreational activities taking place in the island during the summer 
could be identified. These were mainly outdoor activities such as kayaking, diving, cycling, 
hiking and boating.  

Special attention was paid on boat activities since it is well documented that many 
environmental impacts on coastal areas are caused by intensive recreational boating; and 
more over, this problem had to be considered since Kosterhavets is a very important, 
unique and vulnerable ecosystem on the west coast of Sweden.  

 

   
        A                                                                                   B 

Fig. 7. A. Map of Koster Islands on a random summer day on year 2008. Each quadrant corresponds to one 
aerial photograph. B. Boundary of the park marked in red. 

 

The main ports were identified: Västra bryggan on North Koster, Långegärde bryggan, 
Kyrkosund bryggan and Ekenäs bryggan on the South Koster. It could be observed that 
more than 60% of the boats were on those areas, assuming that Ekenäs bryggan had at least 
more than 150 boats by knowing that it is the biggest port. (See Table 2).  



Table 2. Total number of boats for specific quadrants. *116 boats correspond to the Nord Koster area. 
**Missing number of boats due to difficulties of the GIS software. 

Quadrant Location Number of boats 

014003 Västra Bryggan & Långegärde Bryggan 210* 

014004 Ekenäs  ** 

016004 Kyrkosund 102 

015003 Långegärde (Långevik) 155 

016003 Prästudden (Control) 10  

 

From the table obtained showing the amount of boats on specific locations and after 
establishing the hotspots with the most boat traffic on Kosterhavets Marine National Park, 
vulnerable areas were identified. In order to compare the effects from boats on the mollusk 
M. edulis and on different environments three locations were chosen as experimental areas 
and one location with little boat traffic as a Control area.  

The locations are as follows: Ekenäs and Kyrkosund which are two well established 
marinas, Långevik a natural harbor and Prästudden with low boat traffic as the Control area.  

 

Brief descriptions of the sampling sites  
 

Ekenäs is the biggest harbor on south Koster, located on the east part of the island and it is 
also the most visited location since the only hotel and most of cabins, guesthouses and 
campgrounds are there. Ëkenäs is also a big attraction for nature lovers because it hosts the 
rare Bohus lime tree and also a large number of different orchids.  The port depth is about 
2-4 meters and currently there are 70 to 80 moorings/anchors. 

Kyrkosund is located on the south part of the island right next to one of the biggest sandy 
beaches on sydkoster Kilesand. The port depth is 2m and there are 30 to 40 
moorings/anchors. (www.kosteroarna.com) 

Långevik is a natural harbor located on the west part of sydkoster, on this region mainly 
small motor boats can be found but at the same time it is an extremely transited spot since it 



is on the way to all the small islands next to Koster (Tenholmarna, Hällsholmen, Arholmen, 
etc.).  

The Control area is located at the southern part of sydkoster, right next to Kyrkosund. On 
this area, mooring/anchoring is forbidden, so there is an extremely low transit of small 
boats or no transit at all.   

 

Mussel Sampling and measuring 
 

Once the selection of selection of the four sampling sites was done: Ëkenäs, Kyrkosund, 
Långevik and the Control area; 60 specimens of M. edulis were collected from each one of 
the locations. The pick was done on the surroundings of the marinas in waters of less than 
2m depth during 10-12th of August, 2009. The mussels were found under rocks, under the 
Fucus vesiculosus belts, on fixed buoys and the anchoring decks.  

 
The shell lengths which is the greatest distance from the anterior tip of the umbo to the 
posterior edge of the shell of all individuals from each sample was measured to the nearest 
0.1mm with a plastic (vernier) caliper.  

 

   

Fig. 8. Measurement of shell length example. From the umbo to the posterior edge of the shell   

 



Size-Age Analysis  
 

In order to know the age range of the mussels, size frequency diagrams were elaborated. 
The sizes were compared with mussel growth graphics from the North Sea on a 15 month 
interval; on this experiment done by Kautsky on 1990 the maximum size of mussels 
reached 5cm at the age of 15 months and the sizes resulting from the current experiment 
were between 2 and 9cm. For that reason, a regression analysis was developed in order to 
obtain the estimation curve to predict growth with the data given from the previous 
experiment.  

The equation used for the growth model was:  

  

Table 3. Model Summary and Parameter Estimates 

Equation 

Model Summary Parameter Estimates 

R 
Square F df1 df2 Sig. Constant b1 b2 b3 

Cubic .992 392.581 3 10 .000 -.098 1.015 -.123 .005

Dependent variable: Shell Length 

Independent variable: Age. 

 

 

 

 

 

Statistical Analysis  
 

The size variability from the three different locations and the control areas was tested 
though the analysis of variance (ANOVA) and then through a Tukey HSD Test “Honestly 
Significantly Different” used to evaluate whether differences between any two pairs of 
means are significant. (Townend, J. 2005).  

 

Y = 1.015(x) – 0.123(x) 2 + 0.005(x) 3 – 0.098 



Furthermore T-test was used to determine significant differences between the variables. A 
significance level of 0.05 was used for all statistical analysis, i.e. a probability of p≤0.05 
was considered significant. 

For these tests, the Statistical Analysis Software SPSS 13.0 (Statistical Package for the 
Social Sciences) was used.  

 

Results  

Size age analysis  
 

Once the model  of M. edulis growth according to Kautsky’s (1990) findings was obtained, 
a graphic was elaborated in order to observe the growth trend from a normal mussel 
population from the North Sea (see fig. 9) up till 20 months of age; this to compare the 
sizes of the results obtained from the samplings from this study.  

 

 

Fig 9. Mytilus edulis growth prediction model after Kautsky 1990.  

 

 



 

 

The sizes of the four different areas of the experiment were compared and the approximate 
age was estimated according to the average size and the results from the size-frequency 
diagrams. 

Size-frequency diagrams 

a) Ekenäs

b) Kyrkosund

c) Långevik

d) Control
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Fig.10 a) Size frequency diagram for Ekenäs port. b) Size frequency diagram for Kyrkosund port. c) Size 
frequency diagram for Långevik natural harbour d) Size frequency diagm for Control area. 

 

From figure 10 the different sizes from the four different locations can be observed. On the 
size-frequency diagram for Ekenäs port Figure 10a, it can be observed that the minimum 
size was 1.4cm and the maximum size was 6.2cm. However, the most frequent size was 
5.1cm.  



 

On the size-frequency diagram for Kyrkosund port Figure 10d, it can be observed that the 
minimum size was 3 cm and the maximum size was 6 cm. However, the most frequent size 
was 4.5cm.  

The size-frequency diagram for Långevik natural harbor Figure 10c, it can be observed that 
the minimum size was 3.9cm and the maximum size was 6.2cm. The most frequent sizes 
were 5.0, 5.6 and 5.9cm. 

On the size-frequency diagram for the Control area Figure 10d, it can be noticed that the 
minimum size was 3.7 and the maximum size was 9cm. However, the most frequent size 
was 5.7cm very similar to Långevik natural harbor.  

Comparing the frequency on sizes from the Control area to the rest of the sites, It can be 
observed that the highest frequency is from sizes of more than 5.6cm and there are species 
with a shell length of 7, 8 and 9cm in contrast with the first two areas where the highest 
frequency was found on specimens from 4.5 to 5cm and the maximum shel lenghts found 
where 6-6.2cm respectively       

Table 4 bellow shows the approximate age of the mussels from the four different sites; The 
Average sizes go from 4.5 to 5.6cm which means that the average ages according to the 
model based on Kautsky (1990) for the first two sites 1 and 2 Ekenäs and Kyrkosund is 
approximately 15 months, and the approximate age of Sites 3 and Långevik and the control 
area is 16 months.  

 

Table 4.  Approximate age of the mussels. 

Location Average Size  
(cm) 

SD Approximate age 
 (months)

Ekenäs 4.553 0.873129 1155..55 

Kyrkosund 4.406333 0.74417 1155..33 

Långevik 5.355833 0.562772 1166..22 

Control  5.644833 0.949766 1166..44 

 



Statistical Analysis.  
 

One-way ANOVA 

For the following statistical analysis, the numbers 1 to 4 represent the areas of experiment 
like follows: 1) Ekenäs, 2) Kyrkosund 3) Långevik 4) Control. 

In order to study the shell lengths of the mussels from the four areas of study, an analysis of 
variances was used on the data from the samplings. Such test would show if indeed there 
was a significant difference among the sites.  

The analysis of variance test revealed a significance score of 0.000 as shown on figure 5 
bellow; which means that the sizes between groups and within groups are statistically 
different.   

 

 Table 5.   Analysis of variances.  

 SIZE 
Sum of 
Squares 

df Mean Square F Sig. 

Between Groups 65.657 3 21.886 34.535 .000 

Within Groups 149.560 236 .634   

Total 215.216 239    

 

Post Hoc Test  

 

Once the results of significant differences among the four groups from the ANOVA test are 
obtained, a Post Hoc Tukey HSD “Honestly Significantly Different” test was developed for 
a multiple comparison among the four different locations.  

 

Since a significance level of p≤0.05 was considered significant, it can be seen on the results 
from Table 6 that there was significant difference between the experimental areas (sites 1, 2 
and 3) on a multiple comparison with the control area (site 4); the scores were 0.000, 0.000 
and 0.195 respectively  

 



 

Table. 6.  Tukey HSD “Honestly Significantly Different” test.   

Multiple Comparisons

Dependent Variable:  SIZE
Tukey  HSD

.14667 .14534 .744 -.2294 .5227
-.80283* .14534 .000 -1.1789 -.4268

-1.09183* .14534 .000 -1.4679 -.7158
-.14667 .14534 .744 -.5227 .2294
-.94950* .14534 .000 -1.3256 -.5734

-1.23850* .14534 .000 -1.6146 -.8624
.80283* .14534 .000 .4268 1.1789
.94950* .14534 .000 .5734 1.3256

-.28900 .14534 .195 -.6651 .0871
1.09183* .14534 .000 .7158 1.4679
1.23850* .14534 .000 .8624 1.6146
.28900 .14534 .195 -.0871 .6651

(J) LOCATION
2
3
4
1
3
4
1
2
4
1
2
3

(I ) LOCATION
1

2

3

4

Mean
Dif f erence

(I -J) Std.  Error Sig. Lower Bound Upper Bound
95% Conf idence Interv al

The mean dif f erence is  signif icant at the .05 lev el.*.  

 

It can also be observed from the Tukey HSD test that there was no significant difference 
between the mussels’ sizes from Ekenäs port (Site 1) and Kyrkosund (site 2) obtaining a 
significance score of 0.744, this can be explained due to the fact that both Sites had very 
similar characteristics, both were well established harbors and had a high traffic of boats. In 
comparison with the size frequency size diagrams Figure 10a and 10b it can be noticed also 
that this two sites have the same trend of sizes.    

The results from the Analysis of Variances Test and the Post Hoc Tukey Test show on a 
very clear way that there is no significant difference between the first two locations which 
have similar characteristics.  

The Control area and the three other experimental locations, show significant differences, 
additionally, a T-Test for independent samples was performed comparing the Control area 
with the experimental sites in order to have more accurate levels of significance. These 
results can be reviewed on Annex 1 of this report.   

 



Discussion 
 

The purpose of this project was to evaluate the possible effects of recreational boating on 
the blue mussel M. edulis. Environmental pressures such as high boat activities and an 
increased load of contaminants into an ecosystem can cause impacts on the biota and 
originate morphological and physiological responses from marine animals. According to 
Salazar (1996), growth is a very important and sensitive response to environmental stresses 
that can be evaluated though repetitive and non-destructive measurements. Reduced growth 
represents adverse environmental effects and possible effects on the population. Both 
natural and pollution-related stresses have been shown to reduce mussel growth rates.  

Subsequently to analyzing the model developed after the results by Kautsky (1990) for M. 
edulis growth, the age of the mussels for the four different sampling areas evaluated for this 
project was relatively similar; the four populations were 15 to 16 months, so no matter 
what, such mussels had already been through two high boating summer seasons on Koster.  

Assuming that on a random summer day the total amount of boats on Kosterhavet National 
Park is 805; Pechsiri (2009) developed a semi quantitative study estimating emissions from 
recreational activities of 805 boats used per day during a period of 100 days on Koster, 
obtaining as a result the following emissions. Fig. X:  

 

 

Fig. 11.  Estimated emission summary from Pechsiri (2009). 

 



After reviewing the emissions resulting from Pechsiri (2009) it can be said that there is 
definitely an important input of contaminants from recreational boating on Kosterhavet 
National Marine Park.  

M. edulis has been reported to be a good bioindicator for contaminants on marine areas, as 
pointed out by many authors: Ostapczuk (1997) studied M. edulis as bioindicator for 
element pollution in marine ecosystems compared with F. vesiculosus which is known also 
as an important bioindicator species which has high abilities for element accumulation 
since its is unable to regulate physiologically the uptake of trace compounds. The results 
showed that algae and mussels do not accumulate elements on the same way, for example 
elements like AS, Mn, Co, Ni and Ba bioaccumulation is significantly higher on algae, but 
elements like Mercury and Selenium are better accumulated in mussels, but Both of this 
species M. edulis and .F vesiculosus are excellent indicators of elements presence such as 
Cu, Cd, Pb and Zn among others, this means that M. edulis is a promising species to 
indicate marine contamination from boating activities and boating “wastes” such as 
antifouling elements.  

From the results obtained for this project shown previously using the M. edulis as 
bioindicator, it could be observed that indeed the sizes of the mussels from the three 
experimental sites: Ekenäs, Kyrkosund and Långevik with high boat traffic during summer 
season were significantly smaller than the control area with a significance difference score 
of p≤0.05. When looking at these clear results it is possible to assume that this could be a 
consequence of boating pressure; but of course there could are many other environmental 
factors which affect the size of the mussels, for example aggregation of mussels which tend 
to decrease size.  

Few studies have been done regarding currents and water flow affecting mussels’ 
aggregation. Some studies have been done though. According to Dolmer and Svane, 
(1994), water flow certainly has an effect on the shell length of mussels. M. edulis attach 
their byssus threads more firmly in higher water flow, this in order to stay on the substrate. 
Discussing with other authors that the mean byssal attachment strength of M. edulis is 15 
times greater in exposed habitats than in protected habitats and that it takes significantly 
greater force to dislodge M. edulis from an exposed habitat than from a protected habitat.  

Mussels aggregate and form clusters as a natural behavior, small clusters can be formed to 
provide protection without reducing the normal size of the population or compromising 
reproductive ability; However, when mussels are under stress conditions, which could be 
the presence of a predator or intense wave exposure, as a survival strategy they tend to form 
bigger clusters, The intra-specific competition for space and nutrients is restricted to the 
less favorable positions in the mussel cluster originating a smaller size of the mussels on 
the most internal part of the cluster (Kautsky, 1982). 



 The samplings from the three sites Ekenäs, Kyrkosund and Långevik were done on more 
exposed shores and the Control site was a more sheltered area. Since the sampling of the 
mussels was made randomly I would not discard the possibility that this could be one of the 
explanations of   why the mussels’ size from the experimental sites was smaller than the 
Control area. 

However M. edulis is a sessile species and is usually confined by different environmental 
factors; such as currents and tides are associated with contaminant exposure for monitoring 
of contaminant levels (Chou, 2003). It would be better if this experiment could be 
performed together with other mobile species which could move over more relatively large 
areas.  

Maybe other species can be used or parallel studies can be done  for monitoring marine 
environmental quality, for example in the United States the lobster Homarus americanus, 
which was compared with M. edulis and Sediment effectiveness to trace distribution of 
Polycyclic Aromatic Hydrocarbons, Polychlorinated Biphenyls and metals (Chou, 2003). 
This study demonstrated that the American lobster is a better bioindicator for monitoring 
contaminants on the environment; it also confirmed that it has a greater capacity for the 
uptake and accumulation of contaminants than sediment samples and the blue mussel M. 
edulis. On Scandinavian waters the lobster Homarus gamarus is an abundant crustacean 
that could be used as alternative species as well.  

On the other hand, for other more specific contaminants such as TBT, it has been proven 
that the gastropod Nassarius reticulatus is an excellent bioindicator to monitor marine 
regions for TBT contamination (Magnusson, 2004), where observation of imposex was 
detected as a response of such sensitive species to the presence of TBT on different marinas 
along specific points the Swedish west coast 



Conclusion  

 

The selection of an adequate bioindicator species as a tool for assessing environmental 
impacts is crucial in monitoring marine environmental quality. The intention of this project 
was to evaluate the possible effects of recreational boating on the blue mussel M. edulis.  
Morphological and physiological variations can occur when blue mussels’ populations are 
under environmental stress; this stresses have been shown to reduce mussel growth rates. 
The main statistical findings arising from this study are that the sizes of the mussels from 
the three areas with high boat traffic are significantly smaller than the area with little boat 
traffic. Time and resources were two important limitations for the development of this 
project; therefore, only M. edulis could be used as bioindicator species and only shell length 
variations was the factor considered for impact evaluation. Ecological monitoring is an 
important strategy to provide basis to evaluate the status of various elements of the 
ecosystem over time. In order to have more accurate results over the quality of the waters 
on Koster islands, other methodologies should be adopted as well as toxicology studies, and 
broader evaluations of the marinas’ status on the park, this on periodical basis; also other 
invertebrates and fish species should also be considered. In fact, recreational activities 
should represent a big concern for Kosterhavet Marine National Park authorities. 
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Annex 1 

  
T-Test 

For independent samples, T-tests were developed to compare the mussel sizes from the 
different ports Ekenäs (site 1) and Kyrkosund (site 2), and the natural harbor Långevik (site 
3) with the Control area (site 4). 

The results are as follow: 

The result from the performed test in order to compare the mussel sizes of the control area 
(site 4) with Ekenäs port (site 1) are significantly different; The table bellow shows a 
significance score of 0.000.   

Table 7.  T-test comparing mussel sizes from Control area (site 4) and Ekenäs port (site 1)   

Group Statistics

60 5.6448 .94977 .12261
60 4.5530 .87313 .11272

LOCATION
4
1

SIZE
N Mean Std.  Dev iat ion

Std.  Error
Mean

 

Equal variances
assumed
Equal variances
not assumed

SIZE

Independent Samples Test

6.555 118 .000 1.09183 .16655 .76201 1.42166

6.555 117.174 .000 1.09183 .16655 .76199 1.42168

t df Sig. (2-tailed)
Mean

Dif f erence
Std.  Error
Dif f erence Lower Upper

95% Conf idence
Interval of  the

Dif f erence

t-tes t f or Equality  of  Means

 

The result from the performed test in order to compare the mussel sizes of the control area 
(site 4) with Kyrkosund port (site 2) are significantly different; The table bellow shows a 
significance score of 0.000.   

Table. 8.  T-test comparing mussel sizes from Control area (site 4) and Kyrkosund port (site 2)   

Group Statistics

60 5.6448 .94977 .12261
60 4.4063 .74417 .09607

LOCATION
4
2

SIZE
N Mean Std.  Dev iat ion

Std.  Error
Mean

 



Equal variances
assumed
Equal variances
not assumed

SIZE

Independent Samples Test

7.951 118 .000 1.23850 .15577 .93003 1.54697

7.951 111.613 .000 1.23850 .15577 .92985 1.54715

t df Sig. (2-tailed)
Mean

Dif f erence
Std.  Error
Dif f erence Lower Upper

95% Conf idence
Interval of  the

Dif f erence

t-tes t f or Equality  of  Means

 

The result from the performed test in order to compare the mussel sizes of the control area 
(site 4) with Långevik natural harbor (Site 3) are significantly different; The table bellow 
shows a significance score of 0.045.   

Table. 9.  T-test comparing mussel sizes from Control area (site 4) and Långevik natural harbor (site 3).   

Group Statistics

60 5.6448 .94977 .12261
60 5.3558 .56277 .07265

LOCATION
4
3

SIZE
N Mean Std.  Dev iat ion

Std.  Error
Mean

 

Equal variances
assumed
Equal variances
not assumed

SIZE

Independent Samples Test

2.028 118 .045 .28900 .14252 .00677 .57123

2.028 95.883 .045 .28900 .14252 .00609 .57191

t df Sig. (2-tailed)
Mean

Dif f erence
Std.  Error
Dif f erence Lower Upper

95% Conf idence
Interval of  the

Dif f erence

t-tes t f or Equality  of  Means

 

 
In view of the fact that a significance level of p≤0.05 was considered significant, it can be 
observed from the results from Table 7 that there was significant difference between the 
experimental areas (sites 1, 2 and 3) as independent samples with the Control area (site 4); 
the scores were 0.000, 0.000 and 0.045 respectively  
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