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1. INTRODUCTION 

The Baltic Blue Growth interregional project aims to implement mussel farming in dif-

ferent regions of the Baltic Sea. To develop the best guidelines for doing so, six 

demonstration farms located in different areas of the Baltic was chosen to compare 

growth and recruitment of mussels on different types of substrates. An overview of 

substrate tests from 2016 – 2018 is described in table 1 for the six demonstration 

farms.   

 

 Table 1. Overview of substrate test from 2016 - 2018 on each demonstration farm. 

Demonstration 

farms 

2016 2017 2018 

Musholm farm 

 

Trawl nets with 

mesh size: 50 mm, 

80 mm, 150 mm. 

Smartfarm: 300 

mm 

Trawl nets with 

mesh size: 30 mm, 

60 mm. 

Smartfarm (mesh 

size 300 mm) 

Swedish Bands 

Fuzzy rope 

Trawl nets with 

mesh size: 66 mm 

Swedish Bands 

Kiel farm No tests Trawl nets with 

mesh size: 50 mm, 

100 mm. 

Swedish Bands 

Fuzzy rope 

Trawl nets with 

mesh size: 50 mm, 

100 mm 

Swedish Bands 

Kalmar farm No tests Trawl nets with 

mesh size: 50 mm, 

80 mm, 150 mm. 

Smartfarm: 150 

mm. 

Swedish Bands 

Fuzzy rope 

Trawl nets with 

mesh size: 66 mm 

Swedish Bands 

Fuzzy rope 

Sct Anna farm No tests No tests Trawl nets with 

mesh size: 66 mm 

Swedish Bands 

Latvian farm No tests Preliminary growth 

test on single rope  

Trawl nets with 

mesh size: 66 mm 

Swedish Bands 

Estonian farm No tests No tests Trawl nets with 

mesh size: 66 mm 

Swedish Bands 

 

Furthermore, analyses with respect to concentrations of nitrogen and phosphorous in 

the mussel meat was carried out during different seasons of the year.  
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Focus will also be on predator control of eiders at two sites in the western and central 

part of the Baltic Sea. The activities will be coordinated to coincide with the growth and 

recruitment study in GoA 2.3, that will be less detailed but performed at all 6 focus 

mussel farms in the project.    

  

Musholm Bay, Denmark. The farm in the Musholm Bay is a mussel-farm run by an 

aquaculture company producing rainbow trout in open cages. The farm thus repre-

senting the “Danish model” of fish farms that compensate nutrient outlet from their fish 

farm by growing and harvesting mussels. The conditions for farming at the exposed 

site are generally variable winds, strong currents, fluctuating salinity and large swells 

during rough weather. The special interest of the Musholm farm at this stage is to 

maximize nutrient uptake by maximizing mussel biomass. This will be investigated by 

testing mussel biomass on different mesh-sizes of net substrate at different times of 

the year in order to increase the mussel production at harvest time. Since it is more ef-

ficient to harvest mussels at a smaller size if the aim is to gain a high biomass in a 

short time, the business potential of using small and thin-shelled mussels in animal 

feed is also of great interest to the Musholm farm.   

 

Kiel Bay, Germany. The Ministry of Energy, Agriculture, Environment and Rural Areas 

Schleswig-Holstein (MELUR) is about to establish a cultivation site in the Kiel Bay in 

Northern Germany with the aim of maximizing biomass production of small mussels. 

The planned farm area is at least 80 x 40 m and it is intended to deploy at least three 

production units consisting of 100 m rope each with 150 elements with hairy rope (so-

called “Christmas tree ropes”). As a result of a public procurement, the private com-

pany “Kieler Meeresfarm” (www.kieler-meeresfarm.de) has been selected as the oper-

ator of the farm by MELUR. The company is already running a small-scale commercial 

mussel cultivation in the Kiel Fjord and selling its mussels to both private and business 

customers for human consumption. The Baltic Blue Growth project farm will be an ex-

tension of the company’s existing cultivation site. 

 

Kalmarsund, Sweden. Placed in an exposed area at the northern inlet of the Kalmar 

Strait near Byxelkrok between the Swedish East Coast and the Öland Island, this 

mussel farm uses a submerged net-farm production system, which is designed to 

withstand ice and offshore conditions. The area is chosen because of its good biologi-

cal potential for mussel growth, few conflicting uses and interests and the proximity to 

two large harbors, making the farm easily accessible. The estimated harvest in 2018 is 

50 tonnes, corresponding to a potential nutrient uptake of 500 kg nitrogen (N) and 50 

kg phosphorous (P). The farm is owned and run by the company Bohus Havsbruk in 

compliance with a contract with Kalmar municipality. 

 

Coast of Kurzeme, Latvia. Off the port town of Pāvilosta on the Latvian coast, the 

Latvian Institute of Aquatic Ecology is about to establish a test cultivation mussel farm 

using long lines as a substrate. Located approximately 5 km offshore in the open sea, 
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there are strong currents and rapid water circulation in the area. To protect the cultiva-

tion units, the units will be submerged to a depth of at least 5 m. The site has a depth 

of approx. 20 m. The seabed is stony with patches of sand. 

 

 
Figure 1.1. Map of demonstration mussel farms in the Baltic Blue Growth project. The encircled farms have 
participated in the substrate test 2017 resulting in this report. The farm at the coast of Kurzeme in Latvia is 
encircled with a stippled line because it has delivered preliminary results.  

 

The outcome from the overall survey will be valuable guidelines indicating the most 

optimal harvest times, optimization of mussel production including cost effective meth-

ods, best available techniques and equipment, most suitable areas for mussel produc-

tion, processing lines and an evaluation of the market for small mussels. 

 

This report describes the mussel growth at three different mussel farms in the Baltic 

Sea: Musholm Bay (Denmark), Kiel Bay (Germany), and Kalmarsund (Sweden). Pre-

liminary results from Coast of Kurzeme (Latvia) is also included. The aim of the tests 

was to study different substrates and determine optimal site specific substrates for 

esting in 2018. 

 

2. METHOD AND SAMPLING 

The study covers the time period extending from July 2017 to February 2018, where 

sampling was conducted on all three demonstration farms and analyzed in the lab. 
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Table 2.1. Overview of sampling occasions on each demonstration farm. 

Farms Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Musholm   x   x    x 

Kiel x  x     x   

Byxelkrok   x   x     

Kurzeme   x        

 

 

 

2.1. Musholm: Setup for tests of different types of substrate 

The Musholm farm tested five different substrates for mussel production in year 2017: 

Two different trawl nets with mesh sizes of 30 mm (two units, 120 m), and 60 mm (four 

units 120 m), Smartfarm net with mesh size 300 mm (one unit of 10 m), and two differ-

ent spat collection substrates: fozzy rope and Swedish bands.  All substrates were 

placed in the Great Belt during the months from settling in May and June until October 

(16.10.2017). Hereafter, the units were moved north into the Kalundborg Fjord to the 

following destination: 55.39’816N, 11.04’480E due to predation from Eider ducks.  

 

The nets were held just below the surface by a floating PVC pipe, which was visible on 

the surface (se picture 1.1). The attachments of the nets to the PVC pipes were de-

signed to enclose the floating pipe in a way so that the pipes could rotate within the 

net. The depth of each Smartfarm and trawl test nets extended down to 3 m. The 

depth of fozzy ropes and Swedish bands were 5-6 m. 
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Picture 2.1.1. Map showing the location of mussel production in the Great Belt and inside the Kalundborg 
Fjord. 

 

 
Picture 2.1.2. Fozzy rope pieces attached to a line 6-8 m long with a shackle in the end to keep the lines in 
place. 

 

Picture 2.1.3. Musholm net with mesh size 60 x 60 mm. 
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Picture 2.1.4. Sampling on mussel units in Kalundborg Fjord placed in the outer part of a channel. 
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Picure 2.1.5. The substrates were moved to Kalundborg Fjord in October after predation from Eider ducks in 
the Great Belt in late August. The units were very close together. Date of picture is the 22th of August 2017, 

just after eider ducks had eaten most of the mussels. 

 

The mussel units in Kalundborg Fjord are placed in the outer part of a channel where 

water from the fjord is circulated to cool aenergy plant that lies close by during winter. 

The water that comes out from the energy plant is approx. 5 degrees warmer than the 

water in the fjord and therefore well suited for fish production. The water surrounding 

the mussels is a mix of heated water from the channel and cooler water from the fjord. 
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Picture 2.1.6. Mussels in the outer part of a channel that circulates water to cool the nearby energy plant 
during wintertime. The mussel units are placed in water that is a mix of heated and natural water from the 
fjord. The water is pumped in from 30 m depth in the Fjord and circulated in the energy plant. Thereafter the 
water comes out of the energy plant and into the channel, where it goes under the water intake (closed con-
crete tube) and continues out into the fjord.  

 

2.2. Kiel: Setup for tests of different types of substrate 

Swedish bands, nets with mesh size 50 x 50 mm and 100 x 100 mm (see picture 2.2.1 

- 2.2.3) were deployed at two different depths (2 and 5 m) in Kiel Bay for the purpose 

of testing which substrate was most optimal for settling and mussel growth to achieve 

a high mussel biomass.   

The substrates were deployed on the 28th of April 2017 and sampling was carried out 

on the 27th of June, the 14th of August and on the 17th of January the following year. 

Additionally, three Swedish bands was deployed at 2 m and at 5 m on the 14th of Au-

gust, to study the late summer settling. Except for the loss of three nets (100 x 100 

mm) samples from 5 m depth between August 2017 and January 2018, deployment 

and sampling of mussels was carried out successfully.  

Orbicon carried out analysis of mussel samples. Method and procedure are described 

below.  
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Table 2.2.1. Overview of substrate samples from the Kiel farm. 

Substrate deployment Substrate Depth (m) Substrate samples 

17th of April 2017 Swedish Bands 2 12 

17th of April 2017 Swedish Bands 5 12 

17th of April 2017 Net 50 x 50 mm 2 12 

17th of April 2017 Net 50 x 50 mm 5 12 

17th of April 2017 Net 100 x 100 mm 2 12 

17th of April 2017 Net 100 x 100 mm 5 9 

14th of August 2018 Swedish Bands 2 3 

14th of August 2018 Swedish Bands 5 3 

 

 

 

 

 

Picture 2.2.1. Test substrate with mesh size of 50 mm. 
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Picture 2.2.2. Test substrate with mesh size of 100 mm. 

 

 

 

Picture 2.2.3. Test substrate with Swedish bands. 
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2.3. Kalmarsund: Setup for tests of different types of substrate 

The substrate test in Byxelkrok, Kalmarsund included tests of six different substrates: 

Swedish Bands, Fozzy rope, smartfarm net with mesh size 150 x 150 mm, and trawl 

nets with different mesh sizes (50 x 50 mm, 80 x 80 mm, 150 x 150 mm). Additionally, 

a depth study was carried out to test if vertical differences in food availability had any 

effect on mussel growth.  

Nets with mesh sizes from 50 x 50 mm to 150 x 150 mm were made from trawl nets, 

whereas the net with mesh size 300 x 300 mm was a Smartfarm net with thicker rope.  

 

Picture 2.3.1. Depth study reaching down to 13 m depth with Smartfarm net (mesh size 150 x 150 mm).  

 

 

Picture 2.3.2. Mussel sampling in Byxelkrok. Distribution of mussel coverage is very inhomogeneous.  
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Picture 2.3.3. The Byxelkrok farm seen from the surface.  

 

2.4. Coast of Kurzeme: Setup for tests of different types of substrate 

There was no setup for the substrate test. Mussel sample was taken from a rope de-

ployed in May 2017. 

 

2.5. Sampling of mussel production 

The sampling followed a BBG sampling instruction manual developed by Orbicon 

(BBG_Instructions GoA 3.3_Experimental manual). The aim of the sampling instruc-

tions is to standardize methodology of measuring the growth and production of mus-

sels, so the production among demonstration farms are comparable. The production 

data is therefore presented as weight (biomass) per m-2 substrate from each Trawl test 

net and from the Smartfarm Units. 

 

Figure 2.5.1. Schematic drawing of how the samples are removed (cut out) of the test nets. The squares 
measure 300 x 300 mm. 
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For Swedish Bands the weight per m-2 substrate is based on a standard production 

deployment of 2 bands per m-2 i.e. biomass data is based on the weight measure-

ments from Swedish Band substrates scaled up to 2 meters in length.  

 

Sampling on Smartfarm nets: The mussels were collected in 10 separate samples 

from six squares (quadrants) of 300x300 mm from random places on the substrate 

net. No statistical difference between top- and bottom growth at was found by the 

Musholm farm in 2016, and the sampling was therefore not depth specific. The sam-

pling squares were marked with clothespins before sampling to indicate the area of 

sampling before mussel growth. Because mussels will have a greater density where 

the vertical and horizontal ropes intercept, the sampling square was located where it 

was not in contact with the edge of the sampled square. All mussels were carefully 

collected from the net. Alternatively, the squares can be cut out and the mussels can 

be collected in the laboratory. Because mussels lose water after sampling, the col-

lected mussels were weighed just after sampling. If the mussels were removed by cut-

ting out the sampled section of the substrate then the sampled mussels and net was 

weighed together and separately.  

Sampling of trawl nets. The mussels were collected in separate samples from squares 

of 300x300 mm from random places on the substrate material. The sampling fields 

was marked with clothespins before deployment of the substrate to indicate the areas 

of sampling. All mussels were carefully collected from the net substrate. Alternatively, 

the samples was removed by cutting out the sampled section and the mussels was 

collected in the laboratory. Because mussels lose water after sampling, the collected 

mussels were weighed just after sampling, and if the mussels were removed by cut-

ting out the sampled section of the substrate then the sampled mussels and net was 

weighed together and separately.  

 

Sampling from Swedish bands:  During each sampling procedure, one entire band of 

4-6m or smaller pieces of bands was collected and depth, date and location noted on 

the sample. Because mussels lose water after sampling, the collected Swedish band 

with mussels were weighed just after sampling and again after separation of mussels 

from band, so that weight of mussels and band was noted separately. 

 

2.6. Procedures in the Laboratory 

Because mussels lose water over time after sampling, the collected mussels were 

weighed just after sampling and again after being frozen to estimate the loss of water 

during the freezing process. This amounted to approx. 30%. If the water is not in-

cluded in the weight, then loss of water from mussels during the freezing process will 

lead to an underestimation of the wet weight when thawed. The weight of the mussels 

before freezing, the frozen weight, the drained weight of the mussels, and eventually 

the weight of the substrate separated from the mussels is noted. The wet weight (WW) 

of the mussels is calculated as:  

 

WW= WWD + (WWFS-WWD – WS)  
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where WWD is the drained weight of mussels, WWFS is weight of frozen sam-

ple including the substrate, and WS is the weight of substrate. 

 

 

Picture 2.6.1. Substrates are weighed separately from mussels. 

 

 

Picture 2.6.2. Substrates are measured for estimates of biomass per area. 

 

The mussel lengths were measured from subsamples of 80 - 150 mussels using an 

electronic sliding caliper (0.1 mm precision), which was necessary due to very small 

sizes. The shell length was measured as the maximum length from the umbo (see fig-

ure 2.6.1). 

The time spent on each sample, when the procedures was up and running was ap-

prox. 0.5 hours. 
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Figure 2.6.1. Showing the maximum length from the umbo. 

 

 

Picture 2.6.3. An example of a sample of small mussels from Kalmar Strait. 

 

Picture 2.6.4. Working process with an electronic caliper, measuring very small mussel lengths. 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi83o7_udzNAhWKKiwKHWt8Dw0QjRwIBw&url=http://www.elrincondelmalacologo.com/Web fotos marinos no gasteropodos/Mytilidae.htm&bvm=bv.126130881,d.bGg&psig=AFQjCNHKSN8mf2usL9WEINt4SBe12ysCfw&ust=1467812538588658
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2.7. Calculation procedures  

To estimate the biomass on the trawl nets, we calculated the biomass from the weight 

results in units g cm-2 and scaled it up to units kg m-2.  

To estimate the biomass on Swedish bands, the assumption 2 m of Swedish band per 

m2, so that the substrates could be compared, since a m2 of Swedish band would 

never work in nature considering the lack of passages for the water to flow through. 

The assumption is based on experience from commercial production of mussels using 

Swedish bands with 2400 meter of bands for every 200 m of rope.  

The statistics used are One way ANOVA and t-tests.  

 

3. RESULTS: SETTLEMENT AND GROWTH OF MUSSELS  

3.1. Musholm 

The following changes in relation to the original sampling plan for 2017 were carried 

out: After an initial period of testing offshore near Musholm, the test units were moved 

north into the Kalundborg Fjord due to heavy predation by Eider ducks, which con-

sumed most of the mussel biomass over two days in late August. During the transfer, 

mussels on the substrates were lost due to abrasive movements between the units 

and scraping along the seabed in shallow areas. However, because of mussel loss 

during the movement of units, estimations of the total biomass and production poten-

tial on each substrate was undertaken using growth parameters with the biomass esti-

mates from August before the eider ducks foraged on the production systems.   

 

The sampling program started in August 2017 and ended in March 2018, and included 

three sampling occasions.  

 

Musholm has been using Smartfarm units to grow mussels, and we tested the idea, 

that the larger standard net mesh size (substrate) of these units is not necessarily the 

best possible mesh size for optimum production in sites with relatively slow mussel 

growth, i.e. mussel production may be improved by using nets with smaller mesh 

sizes. Preliminary tests in 2016 were used to design substrate tests in 2017 and 2018.  

 

The size distribution of mussel lengths from August 2017 to March 2018 changed from 

a narrow range of lengths showing a high frequency of newly settled mussels from 1-7 

mm on both trawl nets and Smartfarm nets, to a broader size distribution in November 

and March the following year (Figure 3.1.1). In contrast, the size distribution of mus-

sels from the Swedish Band already showed a broader pattern with more mussels of 

lengths up to 12 mm in August. The broad pattern continued in November 2017 and 

March 2018, where the peak in March represented a majority of mussels within the 

size range 24-27 mm, whereas the mussels from trawl nets and Smartfarm nets in 

March peaked within the size range 12-22 mm. This indicates that the Swedish band 

provided a substrate, where larvae are better supported with the result that this sub-

strate had larger mussels than the net substrates at the end of the experiment.  
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Figure 3.1.1. The graph shows size distribution of mussels from four different substrates from a) 22-08-
2017, b) 08-11-2017, and c) 19-03-2018.  
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The size of mussels on both the trawl, Smartfarm, and Swedish band substrates 

showed a linear increase in size from August 2017 to March 2018 (Figure 3.1.2). By 

the end of 272 days the mussels from nets had increased their average lengths by a 

factor of three, and the mussels from the Swedish band by a factor of more than four. 

 

 

 
Figure 3.1.2. Growth in mussel length (mm) from August 2017 to March 2018 for mussels from four different 
substrates: Swedish band, trawl (30 mm), trawl 60 (mm) and Smartfarm (300 mm). Symbols show the aver-
age values calculated from sample sizes of 100-500 mussels for each substrate. Vertical bars show the ± 
standard deviation from average.   

 

The length of mussels from the Swedish band collected 19th of March 2018 was on av-

erage 1.5 times longer than the mussels grown on nets. The difference in mussel size 

according to substrate was first tested using a one-way ANOVA. Results indicated that 

there was a significant difference between mussel size growing on different substrates 

(F(3,396)=20.8, p<0.0001). To examine where these differences were, a t-test was 

carried out using average length values (for each triplicate) between mussels from dif-

ferent substrates. Results showed that mussels grown on Swedish Band were signifi-

cantly larger than mussels grown on all the trawl and Smartfarm nets (Table 3.1.1).  

 

There was no significant difference in the size of mussels grown on nets with mesh 

size 30 x 30 mm and 60 x 60 mm. Mussels grown on Smartfarm nets with mesh size 

300 x 300 mm were significantly larger than mussels grown on nets with mesh size 30 

x 30 mm and 60 x 60 mm (Table 3.1.1). 
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Table 3.1.1. P-values from t-tests carried out to compare mussel sizes from different substrates. Highly sig-
nificant values (<0.0001) are indicated by ** and significant values at 0.05 level is indicated by *. 

Substrates P value 

Swedish Band versus 60 x 60 mm < 0.0001** 

Swedish Band versus 30 x 30 mm < 0.0001** 
Swedish Band versus 300 x 300 mm <0.0001** 

60 x 60 mm versus 30 x 30 mm 0,078 

60 x 60 mm versus 300 x 300 mm 0,034* 

30 x 30 mm versus 300 x 300 mm < 0.0001** 

  

 

The growth rate of mussels from different substrates is shown in table 3.1.2. Growth 

rates were estimated from the linear growth pattern seen in figure 3.1.2. Here the 

growth rate of mussels from the Swedish band, was markedly higher (0.084 mm day-1) 

than the growth rate of mussels from all net substrates (0.056 – 0.058 mm day-1). Not 

only was the settling earlier on the Swedish bands, but the mussels also grew faster 

on this substrate.    

 

In general, the larger mussels collected on Swedish bands appeared to be a result of 

a better support for the settling in June 2017 of mussel larvae. This gave opportunity 

for the continual occurrence and growth of these larger mussels throughout the sam-

pling period. 

 
Table 3.1.2. Growth rate of mussels estimated derived from the relation between mussel length and days 
after settling. The period for growth was from the 22nd of August 2017 to the 19th of March 2018. 

Type Mesh size 
Growth rate  

(mm day-1) R2 

Swedish Bands 0 0.084 0.99 

Trawl 30 0.056 0.99 

Trawl 60 0.058 0.99 

Smartfarm 300 0.058 0.92 

Average  0.064  

  

 

Eider-predation of mussels had severe impact on the mussel production at Musholm 

in 2017. The Musholm Island close to the area with mussel production is frequently 

visited by eider ducks from August/September to February of each year, and the mus-

sels are an important part of their diet.  
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Picture 3.1.1 Test unit in the Great Belt in July 2017 seen from the surface. 

 

The biomass per area substrate was measured in August 2017, November 2017, and 

in March 2018.  

 

In August, biomass per m-2 substrate area ranged between 1.1-3.9 kg m-2 per sub-

strate and was considerably higher on the net with the smallest mesh size (30 mm) in 

comparison to the nets with mesh sizes of 60 mm and 300 mm (Smartfarm net) and 

the Swedish Bands (1.2-1.9 kg m-2)(Table 3.1.3 and Figure 3.1.3). 

 

During the time period from August to November the biomass on all the substrates ei-

ther remained the same or slightly decreased (biomass between 0.9-2.1 kg m-2). This 

is considered to be due to eider duck predation directly on the production systems.  

 

To estimate what the biomass on each substrate might have been in November, a po-

tential biomass was calculated by multiplying the measured biomass per area (kg m-2) 

on each substrate with the average increase in weight of 500 mussels from August to 

November (weight gain factor = 11.59). This value was derived by dividing the weight 

of a subsample of mussels in November by the weight of a subsample of mussels in 

August (Table 3.1.3). Results indicated that there would have been a biomass of be-

tween 4.8-10.7 kg m-2 on the different substrates in November, had the eider ducks 

not eaten nearly all the mussels.  

 

An estimate of the biomass loss due to eider ducks was calculated by subtracting the 

actual biomass per area measured in November from the potential biomass estimated 

for November. The estimated biomass of mussels lost due to predation by eiders 

ranged from 90 to 96 % (Table 3.1.3). 
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Table 3.1.3. Mussel biomass per substrate area (kg m-2) measured for the different substrates. The potential 
biomass in Nov. is an estimation of biomass had eider ducks not eaten most of the mussels. Potential bio-
mass values were based on the relation between the estimated biomass per area substrate (kg m-2) and the 
average increase in weight of 500 mussels from August to November: Potential biomass in November = 
weight August (kg m-2) average weight gain factor (Aug-Nov). Biomass loss due to Eider ducks was calcu-
lated as the percentage difference between potential biomass and measured biomass in November. * Bio-
mass for Swedish Bands is based on a standard production deployment of 2 bands per m-2 i.e. biomass 
data is based on the weight measurements from Swedish Band substrates scaled up to a substrate 2 me-
ters in length.  

  

 

 

 

 

 
Figure 3.1.3. Biomass per area substrate (kg m-2) shown for Swedish band, trawl net with mesh size 30 x 30 
mm, trawl net with mesh size 60 x 60 mm, and Smartfarm nets with mesh size 300 x 300 mm. The last sam-
pling was 272 days after settling. 
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To avoid further Eider bird predation, all the substrate units were moved north into the 

Kalundborg Fjord.  

 

Unfortunately, the movement of mussels from one location to another caused damage 

to the Swedish band that was sampled in March 2018, and mussels were only found 

on the metal shackle that was used to keep the substrate vertical in the water. Hence, 

no biomass per area for Swedish Bands could be measured in March 2018.  

 

The estimated biomass on the net substrates in March 2017 showed the highest 

amount of biomass per m-2 on the nets with 30 mm mesh size (10.7 kg m-2 ) and 60 

mm mesh size (9.8 kg m-2 ). The biomass on the Smartfarm net of 300 mm mesh size 

was 4.8 kg m-2).  

 

Estimates of full-scale production of mussels on all the substrates (mesh size 30 mm, 

60 mm and 300 mm) based on biomass estimates in March, upscaled to production 

units that are 126 m long with 3 meters deep vertical panels, resulted in a production 

of 4, 3.7, and 1.8 tonnes, respectively. The low biomass on substrates was due to ei-

der duck predation on the mussels. An upscaling of the potential biomass would have 

been in the order of 17, 5 and 8 tonnes respectively.  

 

The biomass for Swedish bands measured in November 2017 allowed us to assume 

that the Swedish band biomass was similar to the biomass on the nets. A full produc-

tion system with 200 m rope and bands going 6 meter deep with 10 kg m-2, would then 

amount to 12 tonnes. 

 

Comparison of mussel growth at Musholm with other Danish areas  

The mussel growth (mm day-1) in the Great Belt and Kalundborg measured in this in-

vestigation is a factor 10 lower than mussel growth in the same area and other marine 

areas within Danish Waters in other investigations (see table 3.1.4). The average 

mussel growth during the time period from August to November in this investigation 

was 0.064 mm day-1  (see table 3.1.2), whereas growth rates of mussels in earlier 

studies from the Great Belt showed growth rates from 0.13 to 0.19 for juvenile mus-

sels (see table 3.1.4). The low estimated growth rates observed at the Musholm site is 

probably an artifact of size-selective predation by Eider ducks. Eiders are very com-

mon in the Great Belt area, and observed predation by eiders at the study site, also 

indicated by the considerable loss of mussels on the substrates, probably led to the 

low observed biomass. Because eiders have a preference for preying on the largest 

mussels, this would affect estimates of growth rates negatively as the removal of the 

largest mussels decreases the average length of the remaining mussels, which is 

used to estimate the change in length per day (growth rate) of the mussel population 

over time. Consequently, predation by Eider ducks continuously taking the largest 

mussels from the substrates will result in a low biomass and low growth rate esti-

mates. 
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Table 3.1.4. Mussel growth measured in length per day (mm d-1) for mussels grown in different Danish marine areas.  Refer-
ence for the study is given under Location. Dark grey indicates mussel growth for larvae and spat and light grey indicates 
mussel growth for a whole season including winter.   

Location Production 

system 

Growth in 

length (mm 

day-1) 

Mussel 

length (mm) 

Season 

of year 

No. Of days 

with growth  

As Vig (outer Horsens Fjord)  

(KOMBI 2015) 

Smart Farm 0.10 Juveniles 

(1.1 – 10.7) 

Jul-Oct 

(2012) 

96 

Sælkrogen (Horsens Fjord)  

(Information from Mads Van 

Deurs) 

Smart Farm 0.138 Juveniles 

(1.2 – 13.8 ) 

Jul-Okt 

(2012) 

91 

Great Belt – near Kerteminde  

(Information from Mads Van 

Deurs) 

Smart Farm 0.131 Juveniles 

(4.4 – 14.4) 

Sep-Nov 

(2010) 

76 

Great Belt – near Kerteminde  (Da-

niel Pleissner et al. Poster presen-

tation) 

Linemussels 

in socks 

0.138 Juveniles 

(22 - 32) 

Aug-Oct 

(2010) 

72 

Great Belt – Stavreshoved - 1  

(MarBioShell Project: Riisgaard et 

al. 2012) 

Linemussels 

in ”net-bags” 

0.16 (0.12-0.18) Juveniles 

(18.6-29.2) 

Sep-Oct 

(2009) 

51 

Great belt – Stavreshoved - 2 

(MarBioShell Project: Riisgaard et 

al. 2012) 

Linemussels 

in ”net-bags” 

0.19 (0.13-0.26) Juveniles 

(15.3-25.1) 

May-Aug 

(2009) 

69 

Limfjorden   

(Daniel Pleissner et al. Poster pre-

sentation) 

Linemussels 

in socks 

0.22 Juveniles 

(22 - 34) 

Aug-Sept 

(2010) 

55 

Limfjorden  

(Løgster Bredning)  

(MarBioShell Project: Riisgaard et 

al. 2012) 

Linemussels 

in ”net-bags” 

0.33 (0.3–0.38) Juveniles 

(16.5-25.3) 

Aug-Oct 

(2009) 

22 

Limfjorden  

(Skive Fjord)  

(MarBioShell Project: Riisgaard et 

al. 2012) 

Linemussels 

in ”net-bags” 

0.30 (0.27-0.31) Yngel (16.5-

25.3) 

Aug-Oct 

(2009) 

22 
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Picture 3.1.2.Trawl net with mussels from August 22nd 2017 showing good settling of mussels. 

 

 

3.2. Kiel 

The size distribution of mussel lengths from June 2017 to January 2018 changed from 

a narrow range of lengths (typically 0-1 mm on both nets and Swedish Bands) just af-

ter settling in late June, to a broader size distribution in August 2017 and January the 

following year (figure 3.2.1). The size distribution of mussels from the Swedish Bands 

were similar to the size distribution of mussels from the nets up until January 2018, 

where after mussels from the Swedish Bands were on average longer than the mus-

sels from the nets (figure 3.2.1).  
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Figure 3.2.1. Size distribution for mussels on different substrates from three different sampling dates: a) 
27.06.2017. b) 14.08.2017, c) 17.01.2018 
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The size of mussels on nets and Swedish Band substrates increased considerably be-

tween the 26th of June and the 14th of August, whereas the increase was less in the 

time period between the 14th of August and the 17th of January the following year (see 

Figure 3.2.2.). During the growth period from August to January (157 days), the mus-

sels had increased their lengths by a factor of three. Mean length values from the final 

sampling period in January were 34.3 mm for mussels from Swedish Bands, and 30 – 

31.4 mm for mussels from the net substrates (Figure 3.2.2). 

 

 
Figure 3.2.2. Average mussel lengths and standard deviation for Swedish bands, net with mesh size 50 mm 
x 50 mm, and net with mesh size 100 mm x 100 mm. Days of growth after settling were calculated from 27th 
of June, where spat (< 1mm) was observed on the substrates.  

 

The growth rate for each substrates was calculated as the average growth in length 

per day over two periods (see table 3.2.1).  

Results showed that the mussels from Swedish Bands, and nets had similar growth 

rates both during the first period after settling and overall; 0.21-0.23 mm day-1 through-

out the sampling period. 

 
Table 3.2.1. Growth rate (mm day-1) for Swedish bands, nets with mesh size 50 mm x 50 mm, and nets 
with mesh size 100 mm x 100 mm. The growth rate was based on the increase in mussel length during two 
growth periods from June to August and again from August to January the following year.  

Growth (mm day-1)       

days after settling Date Swedish bands Net 50x50 Net 100x100 

43 14-08-2017 0.25 0.27 0.30 

200 17-01-2018 0.16 0.15 0.15 

Average   0.21 0.21 0.23 
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Substrates were deployed at two and five meters depth to investigate if mussels had 

different growth rates due to vertical differences in food availability at different depths. 

T-tests were carried out on mussels sampled in January 2018 to test if there was any 

significant difference in the average length of mussels placed at 2 m depth and mus-

sels placed at 5 m depth. Result indicated, that there was no significant difference in 

the average length of mussels at 2 m and mussels at 5 m from the Swedish bands de-

ployed in April 2017 (p=0.55, n=300) or on the net with mesh size 50 x 50 mm 

(p=0.12, n=300). The mussels growing on the Swedish band deployed in August were 

significantly larger at 2 m than at 5 m (p<0.05, n=300).   

 

Since there was no difference in mussel lengths between depths (except for the Swe-

dish Band deployed in August), a t-test was carried out on mussels from different sub-

strates deployed in April and sampled in January, irrespective of depth. Mussel 

lengths on Swedish Bands were significantly larger than mussels grown on nets with 

mesh size 50 x 50 mm (p<0.0001, n=600) and for mussels grown on nets with mesh 

size 100 x 100 mm (p<0.0001, n=600). There was no significant difference of mussel 

lengths grown on nets with mesh size 50 x 50 mm and 100 x 100 mm (p=0.12, 

n=600), and the mussel length from these different net types are therefore considered 

similar. 

 

Settling of mussels happened in June and August. The mussels sampled in January 

2018, grown on the Swedish band substrate deployed on the 28th of April were only 

slightly larger (average length = 32.89 mm) than the mussels that were grown on the 

Swedish band deployed on the 14th of August (29.44 mm). This could be considered 

unusual as the Swedish band deployed in April included mussels settled in June and 

August, whereas the Swedish bands deployed in August only included mussels settled 

in August.  

 

In figure 3.2.3, the size distribution of the mussels from the Swedish Band deployed in 

April, shows a broader length distribution pattern with more mussels above 40 mm 

than were found on the Swedish Band from 2 m deployed in August. Since there was 

a significant difference between the average mussel length from different depths (2 m 

and 5 m) on the Swedish band deployed in August, only mussels from 2 m were com-

pared to mussels from the Swedish band deployed in April. Statistical evaluation 

showed that the mussels on the Swedish Band deployed in April were significantly 

larger than the mussels on the Swedish band deployed in August (p< 0.01, n=300). 
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Figure 3.2.3. Size distribution of mussels from Swedish Bands at 2 m deployed in April and August, sam-
pling was undertaken in January the following year (2018). Mussels on Swedish Bands deployed in April 
contained mussels settled from June - August. Mussels from Swedish Bands deployed in August only con-
tains mussels settled in August. 

 

Biomass per area substrate for each sampling period is given in Table 3.2.2. Biomass 

is based on weight measurements from samples on each substrate scaled up to an 

area of 1 m-2. Biomass for Swedish Bands is based on a standard production deploy-

ment of 2 bands per m-2 i.e. all data is based on weight measurements from Swedish 

Band substrates scaled up to a substrate 2 meters in length.  

 
Table 3.2.2. Biomass in kg m-2 for substrates *Swedish Bands, nets 50x50 mm and nets 100x100 mm de-
ployed in Kiel Bay. *Biomass for Swedish Bands is based on a standard production deployment of two 
bands per m-2 i.e. all data is based on measurements from 2 meters Swedish Band substrate. 
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Middel 
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Middel 

vægt  

(kg m-2) 

STD  Days of 

growth 

27-06-

2017 

0.3 0.02 1.4 0.3 1.3 0.4 25 

14-08-

2017 

2.3 0.7 8 2 6 1 43 

17-01-

2018 

10.3 1.0 13 6 25 4 200 
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Results show that net substrates typically had a greater estimated biomass per m-2 

than a Swedish Band production unit m-2. Initially, the biomass on nets with 50 mm 

mesh was slightly greater than the biomass on nets with 100 mm mesh. As the sea-

son progressed over 200 days the biomass on nets with 100 mm mesh increased 

most and was an estimated 25 kg m-2. Final biomass estimates per m-2 for 50 mm 

mesh size nets was 13 kg m-2, and for Swedish Bands 10, 3 kg m-2. However, when 

calculating the development of the biomass on the different substrates after settling is 

more or less finished (from August to January), biomass increased by a factor of 4.5 

on Swedish Bands, 4.2 on nets with mesh size 100 mm and 1.6 on nets with the 

smallest mesh size 50 mm. Thus, it appear that the use of 2 meters of Swedish Bands 

in a square meter may disguise the fact that Swedish Bands may have a better bio-

mass capacity per unit substrate than first shown.  

 

Full-scale production estimates of mussels on both types of nets in January, upscaled 

to standard production units that are 126 m long with 3 meters deep vertical panels, 

resulted in an estimate of 4.9 tonnes for nets with mesh size 50 x 50 mm and 9.5 

tonnes for nets with mesh size 100 x 100 mm after 200 days of growth. The average 

length of these mussels were approximately 31 mm. 

 

For Swedish Bands the normal production method is to have 2400 m of bands (5 cm 

wide) per 200 meter head rope (12 m Swedish Band per meter head rope) as each 

band extends down to 6 m in depth. Normal Swedish Band production methods use 

twice as much water depth than production units made of nets. This would result in an 

estimate of 12.3 tonnes (200 m * 6 m * 10.3 k m-2) of mussels. 

 

The average length of mussels on all substrates after 200 days of growth ranged be-

tween 3.1-3.4 cm. 
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3.3. Kalmarsund 

The study of mussel growth in Byxelkrok, Sweden included five different types of mus-

sel substrates: Swedish Band, and nets with mesh sizes 50 x 50 mm, 80 x 80 mm, 

150 x 150 mm and smartfarm net 150 x 150 mm. Substrates were deployed in June 

and samples were taken on the 24th of August and on the 8th of November 2017.  

Unfortunately, one of the Smartfarm nets detached from its anchoring and sank, and 

therefore the samples for the Smartfarm substrate at 1 and 3 m could not be sampled 

in November 2017. 

 

Swedish bands, Smartfarm nets and trawl nets all had high amounts of fouling by bar-

nacles. This is shown on a Swedish Band (Figure 3.3.1).  

 

 

Figure 3.3.1. Picture of fouling by barnacles on Swedish Band. 
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The size distribution of mussels from Byxelkrok was similar on all 5 of the substrate 

types sampled in August 2017. The size range was from 0.5 – 3.5 mm with most mus-

sels being 2 mm long (see figure 3.3.1a). The size distribution observed in August in-

dicates that there has been one concentrated settling on all the substrates in June. 

 

 

 
 
Figure 3.3.1. Size distribution of mussels sampled on 5 substrate types in a) August 2017 and b) November 
2017. 
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In contrast to length measurements in August, the size distribution of mussels sam-

pled in November 2017 showed a difference between mussels from Swedish Bands 

and the net substrates (see figure 3.3.1b). Average mussel length from the Swedish 

band was 3.38 mm, which was smaller than the average length of mussels from the 

net substrates (range 5 – 5.7 mm). There may however, be a bias in the length results 

of the Swedish bands because they were only sampled once in August and once in 

November, whereas replicates were carried out for net samples. There are therefore 

some uncertainties related to the interpretation of results from the Swedish Bands.   

 

There were concerns that length measurements of mussels, especially small mussels, 

have uncertainties. Therefore, this was tested as double measurements were carried 

out with the same standard method on two samples, one with 139 mussels and one 

with 132 mussels (lengths approximately 5 mm). The two samples that were re-meas-

ured were mussels from a Smartfarm net substrate at 1 m in August (139 mussels) 

and mussels from a net with mesh size 50 x 50 mm at 3 m in November (132). Sam-

ples were taken as replicates. The length differences between replicates were in most 

cases small or in the same size order as the values from counting the same sample 

twice, indicating primarily that there is uncertainties related to the counting/measuring 

method and secondly, that there is little difference in length between replicates. Stand-

ard variation, is however, useful to give an indication of the variation in lengths on the 

substrates and thus help to interpret the average values by indicating overall size 

composition. 

 

 

 
Table 3.3.1. Average of mussel lengths measured from 2 measurements (counts) of the same sample and 
for the replicate (different sample). Replicate samples were more similar than the average values from 
counting the same sample twice. 

Mussel length 

(mm) 

Average # 1 Average # 2 Replicate 

August 2017 5.58 4.57 5.73 

November 2017 5.04 5.30 5.1 

 

 

There was a significant difference in size of mussels sampled in November from differ-

ent depths; One-way ANOVA, (F(2,783)=19.3, p<0.0001). An unpaired student’s t-test 

was used to examine between which groups there was a significant difference. The re-

sults from the t-test showed that mussels from 13 m were significantly smaller than 

mussels from 1 m (p<0.0001, n=262), but not significantly different from mussels 

growing at 4 m (p=0.1, n=262). Mussels grown at 1 m were significantly larger than 

mussels grown at 4 m (p<0.0001, n=262). 
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Figure 3.3.2. Mussel length (mm) in August and November from smartfarm nets at different depths. Mussels 
from 13 m were only sampled in November. Vertical bars indicate the standard variation from the average 
mussel length. 

 

Growth of mussels from the 24th of August to the 8th of November 2017 is shown in fig-

ure 3.3.3. The precise time of setting is not known but it is assumed to be late June. 

Growth rates of mussels from different substrates were calculated from the increase in 

length and the days from the sampling in August to the sampling in November.  

Growth rates were low, and the mussels would need more than 900 days or 2.5 years 

to reach an edible size of 4 cm if targeted for the fresh market. 

 

 
 
Figure 3.3.3. Growth of mussels from the 24th of August to the 8th of November 2017. Mussels from net sub-
strates with mesh size 50 x 50 mm and 80 x 80 mm had the same growth and can therefore not be differen-
tiated.  
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Table 3.3.2. Growth rates of mussels on five different substrates calculated from the increase in length from 
August to November 2017. 

Growth rate (mm day-1) 

Time period Days of growth Swedish Band Net 50 Net 80 Net 150 Net 300 

24th of Aug –  
8th of Nov 77 0.02 0.04 0.04 0.05 0.05 

 

 

 
Figure 3.3.4. Biomass (kg m-2) estimates for four different substrates. SM net is Smartfarm net with mesh 
size 150 x 150 mm. *Biomass estimates for the Swedish Band substrate was not undertaken due to missing 
data for substrate area. 

 

 

 
Table 3.3.3. Biomass in kg m-2 on four substrate types sampled in August and November 2017. *Biomass 
estimates for the Swedish Band substrate was not undertaken due to missing data for substrate.  

*Swedish 

Band 

Net 50 mm Net 80 mm Net 150 mm Smartfarm 

150 mm 

AUG - 1.14 1.17 0.71 0.95 

NOV - 4.53 3.98 3.31 1.75 

 

In August, biomass per area substrate was greatest for the trawl net substrates with 

the smallest mesh sizes (50 mm and 80 mm mesh sizes) (Table 3.3.3). Whereas, the 

biomass per area substrate was the lowest on the trawl net substrate with the mesh 

size of 150 mm and comparatively low on the Smartfarm substrate, with mesh size 

150 mm. 
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In November, biomass per area substrate was still the greatest for the trawl net sub-

strate with 50 mm mesh size, and in general considerably higher on all the trawl net 

substrates (50, 80 and 150 mm) compared to the low biomass on the Smartfarm sub-

strate (150 mm mesh size) even though the mesh size was the same. 

 

Full-scale production estimates of mussels on all types of trawl nets in November, up-

scaled to production units that are 126 m long with 3 meters vertical panels, resulted 

in an estimate of 1,7 tonnes for nets with mesh size 50 mm, 1,5 tonnes for mesh size 

80 mm, and 1,3 tonnes for mesh size 150 after 137 days of growth.  

 

The full-scale production estimates of mussels on the Smartfarm substrate in Novem-

ber amounted to 0.6 tonnes after 137 days. 

 

Production estimates for Swedish Bands could not be undertaken due to missing data. 

 

 

3.4. Coast of Kurzeme 

The mussel farm at the coast of Kurzeme is not yet a part of the substrate test. How-

ever, exploratory test results from sampling of ropes in August shows the timing of 

mussel settling and the size of mussels after approximately 2 months of growth. De-

spite the limited amount of data, these results are included in this report with the pur-

pose of making preliminary comparisons with the other areas in the substrate study.  

 

The settling of Mussels occurred in late June and sampling occurred on the 24th of Au-

gust, which gives the juvenile mussels approx. 60 days of growth from the expected 

time of settling to sampling. The average length of mussels on each of the rope sub-

strate samples was 1.3 mm (0.28-3.0 mm) and 2,0 mm (0.6-4.4 mm), respectively (Ta-

ble 3.4.1). After an estimated 60 days of growth from the time of settlement, this led to 

growth rates between 0.02-0.03 mm day-1 (Table 3.4.1). 

 

Because sampling was sparse and samples were taken from a rope that was not simi-

lar to substrate types used in the other test areas, these results should only be consid-

ered as being exploratory and preliminary.  

 

 
Table 3.4.1. Results from sampling of ropes on the 24th of August 2017. Average and maximum + minimum 
of mussel length from two samples. 

No. of mussels 

measured 

Days of 

growth 

Min size, 

mm 

Max size, 

mm 

Average, mm Growth rate 

mm day-1 

60 60 0.28 3.0 1.3 0.02 

60 60 0.60 4.4 2.0 0.03 
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4. COMPARISON OF GROWTH AND BIOMASS BETWEEN THE PRODUCTION 

SITES 

 

The growth rates (mm day-1 of mussels on different substrates from the three primary 

test sites (Musholm, Byxelkrok and Kiel) and exploratory results from the Coast of Kur-

zeme as well as overall growth rates are given in Table 4.1.1. Overall growth rates are 

given in Figure 4.1.1 

 

The estimated biomass kg m-2 of mussels on different substrates from the three pri-

mary test sites (Musholm, Byxelkrok and Kiel) are given in Table 4.1.2. Overall bio-

mass for the test sites are given in Figure 4.1.2 

 

At Musholm, the overall growth rates were low on all the different substrates. Because 

growth rates were based on the differences in the average length of mussels from one 

sampling period to the next, these rates were effected negatively by the size-selective 

predation of Eider birds at this test site. Similarly, at Musholm the estimated biomass 

was low on all the substrates. The biomass on the substrates with the smallest mesh 

sizes (30 mm and 60 mm) was however, approximately twice as high as the biomass 

on Smartfarm nets (300 mm). Data to make final biomass estimates on Swedish 

bands was not available. 

 

In comparison to the substrate test carried out the previous year, the growth rate on 

the trawl nets in 2017 were markedly lower (0.06 mm day-1) than the growth rate 

measured from trawl nets in 2016 (app. 0.10 mm day-1). The growth results from the 

Smartfarm nets in 2016 showed rates of app. 0.03 mm day-1, which is similar to the 

growth rates found in 2017 (0.05 mm day-1). The Smartfarm nets were affected by size 

selective predation by eider ducks in 2016 and 2017, whereas the trawl nets were pro-

tected in 2016.  

 

At Kiel, where substrates were not affected by predation or fouling, the growth rates 

for the entire sampling period were both high and similar on all the substrates. The 

highest biomass estimate per kg m-2 substrate was on the net substrate, with the larg-

est mesh size (100 mm) in comparison to the net substrate with mesh size 50 mm and 

Swedish Bands.  

 

At Byxelkrok, the overall growth rates were also low on all the different substrates and 

possibly affected by fouling from barnacles and thus competition for space during 

mussel development. Despite this bias, the overall growth rates appeared to be similar 

and the highest on the net substrates in comparison to the Swedish Bands. 

 

Similarly, the highest biomass estimate per kg m-2 substrate was on the net sub-

strates, which was similar for all mesh sizes, in comparison to the comparatively low 

biomass on the Swedish Bands. The Smartfarm substrate carried considerably lower 

biomass than the trawl net with same mesh size, which indicates that the very robust 
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Smartfarm nets may not be optimal for mussel production in areas with low growth 

rates. 

 

At the Coast of Kurzeme, the exploratory and preliminary growth rates estimated from 

mussels from a rope substrate were low.  

 

 
Table 4.1.1. The growth rates of mussels on different substrates from the three primary test sites (Musholm, 
Byxelkrok and Kiel) and exploratory results from the Coast of Kurzeme. The Smartfarm nets had 150 x 150 
mm mesh size at the Byxelkrook site. 

Growth rates  

mm day-1 Nets 

 

Smart-

farm 

 

Swedish 

Bands 

 

Avg. 

Salinity 

(ppt) 

 Test area Overall 30 50 60 80 100 150 
300 

(150)   
Bands 

Musholm 0.06 0.06  0.06  - - 0.06 0.08 15 

Kiel 0.21-0.23 
 

0.21 -  
0.2

3 
- - 0.21 15 

Byxelkrok 0.02-0.05 
 

0.04 - 0.04  0.05 0.05 0.02 7 

*Coast of  

Kurzeme 
0.02-0.03 

 
- -  - - - - 7.5 

 

 

 

 
Figure 4.1.1. Average growth rates (mm day-1) from different test sites (Musholm, Kiel, Byxelkrok and the 
*Coast of Kurzeme. (*only preliminary data from ropes). 
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Table 4.1.2. Estimated biomass kg m-2 of mussels on different substrates from the three primary test sites 
(Musholm, Byxelkrok and Kiel). The Smartfarm nets had 150 x 150 mm mesh size at the Byxelkrook site. 

Estimated biomass  

kg m-2 
Nets 

 

 

Smartfarm 

 

Swedish 

Bands 
Days 

of growth 

Test Area 
Overall 

(average) 
30 50 60 80 100 150 300 (150)  Bands 

Musholm 
4.8 - 10.7 

(8.4) 
10.7  9.8    4.8 - 272 

Kiel 
10.3 – 25 

(19.4) 

 

13.3   25.5   10.3 200 

Byxelkrok 
1.8 – 4.5 

(3.4) 

 

4.5  4.0  3.3 1.8  137 

 

 

 

 

 

 

 

 

 

 
Figure 4.1.2. The average estimated biomass (kg m-2) from three different test sites (Musholm, Byxelkrok 
and Kiel). Data is based on the average biomass of all substrates at each test site. 

 

 

 

 

 

0

5

10

15

20

25

Byxelkrok Musholm Kiel

A
v
e
ra

g
e
 (

k
g
 m

-2
)

Test sites  

Average estimated biomass (kg m-2) for each test site 
includes all substrates  



Baltic Blue Growth - Substrate tests 2017 

 42 / 45 

5. DISCUSSION AND CONCLUSION 

 

Swedish Bands 

At the Musholm and Kiel test site, Swedish Bands appeared to provide the best sub-

strate for settling larvae. The settling of larvae was better supported by Swedish bands 

than by nets, with the result that Swedish Bands typically had a greater amount of 

larger mussels than net substrates during the development of the mussels as well as 

at the end of the experiment. At Byxelkrok, however, results on Swedish Bands were 

the opposite as mussel growth rates and average lengths were lower than on all the 

nets substrates after similar larvae settling patterns on all the substrates. Despite, 

what appears to be both good settling and better growth on Swedish Bands compared 

to net substrates, the biomass estimates per area of Swedish Bands was either equal 

to, or lower than the lowest values on the nets substrates. This appears to be an arti-

fact of the production methods when using Swedish Bands as these are based on a 

standard production deployment of only 2 bands per meter head rope which amounts 

to a total length of 2 meter Swedish Bands per m-2 area. In contrast, biomass calcula-

tions for an area of 1 m-2 for nets, which are made up of a matrix where the total length 

(amount) of substrate is greater than the Swedish Bands. The good development of 

biomass on the Swedish Bands compared to net substrates is also supported by bio-

mass estimates on Swedish Bands often increasing by a greater factor after the set-

tling period than net substrates, thus disguising the fact that Swedish Bands may have 

a better biomass capacity per unit substrate length than net substrates. Commercial 

production with Swedish bands usually include 2400 m of Swedish bands for every 

200 m rope, and the continuous loops go as deep as 6 m, which means that they are 

twice as deep as the nets. The biomass from a commercial unit with Swedish bands 

could therefore produce more biomass (12.3 tonnes) than a commercial unit with nets 

(4.9 – 9.5 tonnes) based on results from the Kiel farm. Depth study from the Byxelkrok 

farm indicates, however, that mussels growing deeper in the water column will have 

less growth, due to reduced food availability.  

 

Unfortunately, growth rates has in general been low within the Baltic Blue Growth pro-

ject, and challenges that might come with large mussels on Swedish bands, has there-

fore not been tested in this project. If the mussels are large and in high biomass on the 

Swedish Bands, they have a high risk of falling off or sliding down the band. This is an 

aspect, that we have not yet tested, and because of relatively low growth rate in the 

Baltic Sea region, this may never become a problem.   

 

Net substrates 

In general, there was no difference in the growth rates of mussels on the different 

mesh sizes of the net substrates at any of the test sites. In contrast, the largest 

amount of biomass per area (1 m-2) at the beginning of the production period (first 

sampling after mussel larvae settlement) was often on the net substrates with the 

smallest mesh sizes (30, 50 and 60 mm) in comparison to substrates with the largest 

mesh sizes (150 – trawl nets and 150 and 300 mm - Smartfarm nets). This tendency 
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often continued as the production period progressed, as the estimated biomass per m-

2 was also greatest on the smaller and mid-range mesh sized substrates (30-100 mm) 

at the end of the sampling period. Here, the biomass on the small and medium mesh 

substrates was typically twice as high as the biomass on the net substrate with largest 

mesh size (300 mm – Smartfarm nets). 

 

 

 

Growth comparison at different depths 

There was no significant differences in growth rates of mussels between 2 and 5 m 

depths in Kiel. In contrast, a lower growth rate was observed in mussels on smartfarm 

nets at 13 and 4 meters depth in comparison to 1 meters of depth at the Byxelkrok 

farm.  

 

Growth and biomass comparison at different salinities 

Growth rates and biomass per area substrate was the greatest at Kiel where salinities 

were approximately 15 ppt. In comparison, observed growth rates and the first explor-

atory growth rates were considerably lower at Byxelkrok and at the Coast of Kurzeme 

where salinities were lower at 7 and 7.5 ppt. Growth rates at Byxelkrok may however,  

have been affected by completion by barnacles (fouling) on substrates at this test site. 

Similarly, at Musholm, where salinities were approximately 15 ppt, Growth rates were 

strongly affected by the biases created by the size-selective predation of mussels by 

Eider birds.  

 

Timing of substrate deployment 

Results from deployment of Swedish Bands in Kiel Bay at different times during the 

season (April or August) showed, that the average length of mussels on Swedish 

Bands deployed in April before the early larvae settlement was only slightly larger than 

the average length of mussels on Swedish bands deployed in August. On the size dis-

tribution of mussels settled in August, only few mussels of larger size could be found, 

and these increased the average length of all the mussels from that settlement. These 

few larger mussels are interesting, and one could question whether it is really cost effi-

cient to deploy the substrates already in April, if a deployment in August gives nearly 

as big mussels with a minimal size difference. This relatively fast growth of mussels 

settled in August is only documented once in Kiel Bay, and there is no evidence that 

the late settlement of mussels will have the same behavior in the years to come.  

 

The first larvae settlement was similar at the three different places in the Baltic Sea, 

happening within the month of June in Sweden, Denmark, Latvia and Germany.     

 

Biases 

The biomass estimates were based on few samples compared to the length measure-

ments that were based on more than a hundred mussels for each sample. In Byx-

elkrok, as an example, there was only one weight result for the biomass on Swedish 
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band from each of the two sampling occasions. Hence, the estimate of biomass on 

Swedish bands in Byxelkrok is not necessarily representing a general picture of the 

performance of this substrate in the area. The sampling is optimized with regard to bi-

omass estimates in the substrate study in 2018, where more samples are taken for 

weight measurements.  

 

Also from Byxelkrok, a study of uncertainties with regard to the length measuring 

method was carried out, where the same sample was measured twice. This study 

showed that there are large uncertainties related to the measuring method, that the re-

sults therefore should be read without decimal numbers, and not much interpretation 

should be put into minor size differences.  

 

The results at Musholm was biased by Eider duck predation on mussels while the re-

sults at Byxelkrok were potentially biased by fouling and the large amount of barnacles 

that also settled on the substrates. 

 

Predation by Eider ducks at Musholm was enormous and reduced the amount of mus-

sels on all the substrates to less than 10% of what could be expected on the sub-

strates under optimal conditions. The size-selective predation by Eider ducks, which 

select the largest mussels first, no doubt biased results, both by decreasing the esti-

mated growth rates and by reducing the overall biomass on the substrates. Although 

there was clearly predation on all the substrates, it is difficult to determine how this ef-

fects the results from each substrate and the overall interpretations. 

 

Similarly, fouling by the settling of barnacles on all the substrates at Byxelkrok may 

have also created an undeterminable bias of results from this test site. This could 

have an effect on both mussel growth rates and mussel biomass development as 

mussels would have to compete for both space on the substrates they share with bar-

nacles and for food, as barnacles like mussels, are also filter feeders.    

 

The movement of mussels to the warmer waters in the Kalundborg channel did not ap-

pear to have an effect on mussels at this test site, as there was no apparent change in 

the growth rate as one might expect. The move did however, appear to solve the prob-

lem of predation by Eider birds as an increase in mussel biomass on the different sub-

strates once again continued to increase after the move to the more protected area.  

 

Conclusion and recommendations 

In general, it appears that Swedish Bands and to a certain extent, the net substrates 

with the small and medium mesh sizes were the best substrates for settling success 

and during the early growth period of mussels. In this regard, it appears that Swedish 

Bands would be one of the best substrates for production purposes. However, a pro-

duction of a the largest amount of biomass in comparison to net substrates may be 

limited by a production method, which uses only two bands per meter head line. This 

is why biomass per area for Swedish Bands is typically lower than expected.  
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Similarly, initial settling success and biomass appeared to be favorable on nets with 

the smaller mesh sizes, especially in relation to the nets with the largest mesh sizes 

(150 and 300 mm), which included Smartfarm nets. This could indicate that production 

units with small and medium mesh sizes would also be a good choice for optimal bio-

mass production. Results in these tests, generally indicated that production units using 

nets with large mesh sizes (300 mm) would produce the lowest amount of biomass.  

 

Conclusive evidence for which substrate types would be optimal for both maximizing 

mussel biomass production or for the production of mussels up lengths for human 

consumption (>4.5 cm) is however difficult, both due to the production challenges and 

biases that were experienced at different test sites (described below), but also be-

cause testing did not involve a complete production period.    

 

 

 


