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ABSTRACT  

Flounder, Platichthys flesus, is considered to be an important predator on blue mussels, 

Mytilus edulis, in the Baltic Sea. The purpose of this study was to investigate if flounder diet, 

i.e. blue mussels, could have an impact on the relationship between weight and length of 

flounders, i.e. their condition. Flounders and blue mussels were captured in August 2013 

outside Herrvik, on eastern Gotland. Experiments on feeding preference and weight changes 

of flounders feeding on either small or larger mussels took place at Ar Research Station, 

Uppsala University. Blue mussels were kept in aquaria. The fish were kept in basins (2 × 2 

m), with sea water (about 19°C and 6.3 ‰ S). The fish were divided into different size classes 

and some of them tagged individually. Analyses of substance in flounder stomachs as well as 

calculations of mussel weight/length relation were accomplished with data from 2012. Results 

from the experiments showed that all flounders, independent of size, preferred small mussels 

before larger ones. They all lost weight during the experiments. The weight/length ratio 

(shellfree dry weight/shell length) of blue mussels was proved to be positively correlated with 

shell length. Because of this it was concluded that the size of ingested blue mussels does not 

have any impact on the differences in condition between larger and smaller flounders.  
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INTRODUCTION 

There are about 600 species of flatfishes in the world. In Swedish waters, 15 of these are 

distributed throughout Skagerrak and Kattegat and some of them also occur in the Baltic Sea. 

All flatfishes are adapted to a life at the sea bottom. They, however, begin their life as free 

swimming larvae.  Later on the larvae switch to a demersal life style and settle on the sea 

bottom. The larvae go through a metamorphosis which changes the morphology as well as the 

physiology. The eyes migrate to the same side of the head and the body becomes asymmetric 

and flattened from the side (Florin 2005). One of the flatfish species, flounder (Platichthys 

flesus), has a preference for brackish water and is quite common in the Baltic Sea (Muus et al. 

1999). 

Flounders rarely grow larger than 40 cm (Muus et al. 1999). Characteristic for flounder is the 

small mouth. The skin is uneven with small bumps following the lateral line of the fish (Muus 

et al. 1999) (Fig. 1). Flounders mainly occur on sandy and clayey bottoms (Florin 2005). 

Adult flounders are located from the tidal zone to a depth of 100 meters (Muus et al. 1999). 

Juvenile flounders, however, just like juvenile turbots, use sandy shallow nursery areas and 

most of them are located at a depth of 0.2 m to 0.6 m (Martinsson & Nissling 2011).  

The juvenile phase of flounders has been shown to overlap in time and space with juvenile 

turbot (Psetta maxima), indicating interspecific competition (Martinsson & Nissling 2011). In 

the nursery areas around Gotland a dietary overlap between juvenile flounder ≥ 40 mm and 

juvenile turbot < 30 mm has been discovered (Nissling et al. 2007). Even though both prefer 

the same type of habitat, juvenile flounders, in comparison to juvenile turbot have less 

restricted requirements on its habitat (Martinsson 2011). In the Baltic Sea, it was discovered 

that juvenile flounders preferred bottoms with either sand or gravel and juvenile turbot 

preferred sandy bottoms. According to the study, juvenile flounders were more likely to occur 

than turbots in habitats with flat rocks and soft bottoms.  

 

Fig. 1.  Flounder captured outside Herrvik, on eastern Gotland. Photo: Jennie Ljungberg. 
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Flounders in the Baltic Sea  

The reproduction of flounders differs in Swedish waters when it comes to time and 

distribution. In the North Sea, Skagerrak and Kattegat, spawning occurs between February 

and April. In the Baltic Sea, however, spawning is delayed and differs between the southern, 

eastern and northern parts. Around Gotland, spawning occurs between April and June and in 

the Gulf of Finland between May and June (Florin 2005).  

 

Nissling et al. (2014) analyzed the activity and distribution of flounders in the Central Baltic 

Sea. Condition according to Fulton`s condition-index (somatic weight/length
3
 × 100) was also 

analyzed. Flounders were caught at different depths. The capturing took place between 

January and December 2012, southeast and northeast of Herrvik, Gotland, Sweden. During 

winter time, most of the flounders caught stayed at larger depths (80 m). Data from April, 

however, showed that flounders during their time of spawning are found at different depths. 

The coastal population stays close to the coast (3-20 m) and the offshore population stays 

further out at a greater depth (about 80 m). Some individuals from the coastal population did, 

however, spawn at a depth of 50-80 m. According to Nissling & Dahlman (2010) two 

different populations of flounders have evolved in the Baltic Sea. The fact that the flounders 

in the Central Baltic Sea separate during spawning in April strongly supports their conclusion 

(Nissling et al. 2014). In June most of the spawning is over and both populations stay close to 

the shore, whereas a large amount of flounders are found at a depth of 20 m. In summertime, 

i.e. June to August, the flounders stay at this depth close to the coast. When the autumn came, 

data showed that the fish slowly started to move to deeper waters. The results from this study 

strongly indicate that during most of the time, flounders from both populations live at the 

same depths but in some periods of time they do separate. 

 

Coastal spawning flounder produce demersal eggs requiring a salinity of 5-7 ‰. For flounder 

with pelagic eggs, spawning takes place offshore at 10-20 ‰ S. Coastal spawning flounder 

display a significantly higher fecundity compared to offshore flounder since more energy is 

allocated to gonad production. Because of this the growth rate of coastal flounder is slower 

compared to offshore flounder (Nissling & Dahlman 2010). Among the flatfishes in the Baltic 

Sea, only flounder and turbot successfully have dispersed up to its northernmost parts, i.e. the 

Bothnian Sea (Nissling et al. 2002; Nissling et al. 2006). Reproductive success of flounder 

with demersal eggs can be achieved as far north as the Bothnian Sea and the Gulf of Finland. 

For flounder with pelagic eggs, successful egg development may be achieved regularly on 

three places, the Sound, the Arkona Basin and the Bornholm Basin, but may also occur in the 

easternmost deep areas, the Gdansk and Gotland basins (Nissling et al. 2002).   

When investigating the reproductive success of dab (Limanda limanda), plaice (Pleuronectes 

platessa) and flounder in relation to the lower salinities of the Baltic Sea it was established 

that flounder displays the highest degree of adaptation to the brackish water (Nissling et al. 

2002). The result showed that mobility of spermatozoa of flounder with pelagic eggs occurred 

at salinities ranging from 9 to 12 ‰ and for flounder with demersal eggs at 3 to 4 ‰. 

However, the investigation showed that eggs of both populations need at least 6 ‰ S to stay 
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buoyant and to develop. It was concluded that the reproductive success of flounders is 

restricted by salinity. Even though flounders display the highest degree of adaptation to 

brackish water, low salinity can still have a negative effect on egg development (Nissling et 

al. 2002).   

For flounder with pelagic eggs the ability for the eggs to stay buoyant is of great importance 

(Nissling et al. 2002). In lower salinities, the eggs of pelagic spawning flounder will sink to 

the bottom and perish as a result of hypoxia (Muus et al. 1999).  

In a study focused on the early life stages of offshore flounder, i.e. the abundance of larvae of 

pelagic spawning flounder, in the central Baltic Sea, Eastern Gotland basin, it was discovered 

that variations in hydrological regime have an impact on the reproductive volume of flounders 

(Ustups et al. 2013). Comparisons with hydrographic observations from ICES oceanographic 

database (1970 – 2005) showed that reproduction of pelagic spawning flounder declines 

during gaps between salt water inflows. The abundance of larvae was also determined by 

stock size. Water temperature, however, did not affect the variability of eggs and larvae 

significantly (Ustups et al. 2013).  

The diet of flounders 

The feeding of flounders is very restricted during winter, and increases gradually when spring 

comes (Muus et al. 1999). Nissling et al. (2014) concluded that the condition according to 

Fulton`s condition-index of flounders is highest towards the end of summer. It is suggested 

that the condition of flounders during this period of time corresponds with the fact that 

flounders approach coastal waters in summer for feeding (Nissling et al. 2014).   

Pelagic larvae of flounders feed mainly on microscopic zooplankton (Muus et al. 1999). After 

metamorphosis, the flounder enters the first stage of the juvenile phase with a size of 

approximately 7-10 mm. They then switch diet to meiobenthic crustacea, such as harpacticoid 

copepods (Muus et al. 1999). Adult flounders are known to feed primarily on mussels (Köie 

et al. 2004).   

The diet of flounders switches as the fish increases in size (Stehlik & Meise 2000). When 

comparing the diet of juvenile flounders (size class 15-49 mm) with larger flounders (size 

class 50-299 mm) it was noticed that juvenile flounders mainly consumed amphipods, 

copepods and polychaetes of particular species. When reaching a larger size the diet contained 

various species of the same taxa. Small mussels, Mya arenaria, with shell length < 10 mm 

were occasionally found in the stomachs. Gut analysis showed that small mussels had been 

consumed whole. Fish ≥ 300 mm ate larger volumes of food and mussels.  In the stomachs, 

siphons appertain to mussels with shell length > 40 mm were found as well as particular 

species of glycerid polychaetes. 

Nissling et al. (2007) discovered that open, exposed and windy areas have a lot of amphipods 

and mysids which dominates the diet of both juvenile turbot and juvenile flounders at these 

sites. Juvenile flounders feed primarily on amphipods and juvenile turbot primarily on 
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mysids. In sheltered areas, polychaetes dominated the diet of juvenile flounder and juvenile 

sticklebacks were the primary diet of juvenile turbot (Nissling et al. 2007).  

Summers (1980) discovered that the diet of flounders differ depending on locality. The 

dominating prey of young and old flounders on mudflats in Ythan Estuary, Scotland, is the 

amphipod Corophium volutator. On the mussel beds, young and old flounders both consumed 

polychatetes and oligochaetes. Older flounders, however, also consumed blue mussels, M. 

edulis. In sites were the substratum is sandy, young flounders were shown to feed mostly on 

small crustaceans. Older flounders fed mainly on small annelids, Cardium edule, sand-eels 

and clupeids. In the stomach of both young and old flounders, mussels of the species Macoma 

balthica, M. arenaria, Cardium edule, Tellinidae and M. edulis, were found. However, the 

mussels M. balthica and M. edulis were consumed by older fish. Seasonal variations in the 

diet were found. The mussel M. balthica was one of the species predominating during winter 

time for old flounders (Summers 1980).  

The diet of different species of North American flounders was shown to be influenced by fish 

size and season (Link et al. 2002). Some of the species investigated changed their prey items 

as they grew larger. Some of the flounders were shown to have a broad diet whilst American 

plaice, Hippoglossoides platessoides, fed primarily on echinoderms (> 70%). Even though the 

fish mainly consumed echinoderms, a shift from these to other invertebrates in spring was 

discovered. Mussels and polychaetes were consumed during summer and in autumn fish eggs 

seemed to be of importance. 

Blue mussel (Mytilus edulis) 

Blue mussels are considered to be important prey for adult flounders (Kautsky 1981) as well 

as for other animals in the Baltic Sea (Bernes 2005). The blue mussel is a widely distributed 

species and appears along the coasts of Europe and North America (Karlsson & Larsvik 

2006). The shell of the blue mussel is dark blue to blackish with concentric growths lines 

(Fig. 2). In its foot, special glands secrete a protein which builds up threads, called byssus 

threads. The byssus threads help the mussels attach to hard substrate in the surrounding 

environment. In this way the mussels reduce the risk of being flushed away by currents or 

waves. The blue mussel is an epibenthic species. It usually lives in the littoral and sublittoral 

zones but has been found also in deeper waters. It can be found in marine as well as in 

brackish waters. Blue mussels are suspension feeders, filtering organic particles, especially 

phytoplankton, from the water column (Newell 1989).  



8 
 

 

Fig. 2. Blue mussels captured outside Herrvik, on eastern Gotland. Photo: Jennie Ljungberg. 

Blue mussels in the Baltic Sea 

The Baltic blue mussel is known to have a thinner shell in comparison to shells of blue 

mussels in other seas (Köie et al. 2004). This was displayed in a study on starfish predation 

where the shell of the Baltic blue mussels was completely destroyed when opened in 

comparison with the blue mussels from the North Sea, where the shell stayed complete even 

after the soft parts had been consumed (Kautsky et al. 1990).  

Blue mussels differ in size and growth rate between the Baltic Sea and the North Sea 

(Johannesson et al. 1990). The mussels usually reach a length of 10 cm but in the Baltic Sea, 

however, they only grow to a few centimeters (Köie et al. 2004).   

Kautsky et al. (1990) transported blue mussels from the Baltic Sea (6-7‰ S) to the North Sea 

(20-30‰ S) and from the North Sea to the Baltic Sea. The growth rate of the mussels that 

were transported from the Baltic Sea to the North Sea was shown to increase in their new 

environment in comparison to the control group in the Baltic Sea. One year after being 

transplanted to the North Sea, the majority of the mussels died. 90% of mussels that were 

transported from the North Sea to the Baltic Sea did, however, die almost immediately. Only 

a few of the mussels that had been transported survived. Surviving mussels were very small. 

The growth of surviving mussels was slow and similar to the native mussels of the Baltic Sea. 

In the study it was observed that the native North Sea blue mussels had a 24 % larger volume 

and 1% greater shell length than transplanted Baltic mussels. For the North Sea mussels, the 

total dry weight and shell weight were two times larger in comparison to the transplanted 

Baltic mussels.  

The number of small mussels (< 10 mm) in the Baltic Sea dominates the bottom in 

comparison to middle sized mussels (10 - 25 mm) (Kautsky 1982 b). In a study in the 

northern Baltic Sea proper, with declining salinity from west, Archipelago to east, the central 

Gulf of Finland, it was discovered that salinity is the main force influencing size, distribution 

and growth rates of blue mussels (Westerbom et al. 2002). The majority of the mussels in the 

central Gulf of Finland were small, 2-10 mm. In the Archipelago the mussels appeared with a 

higher diversity of sizes. The population of blue mussels in the central Gulf of Finland was 
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shown to have a higher density. In the population of the Archipelago area the mussels were 

more sparsely distributed. 

The nutritive value of blue mussels 

In a study that took place in the Askö area, in the northern Baltic Sea proper, it was 

established that flounder is an important predator on the blue mussel (Kautsky 1981). 

However, it has been shown that the fish do not consume blue mussels immediately after the 

mussels spawning time (Kautsky 1981), which takes place during spring when the amount of 

phytoplankton rises in the water (Kautsky 1982b). During this period, the blue mussels have a 

low nutritive value, which could be the reason why the flounder avoids them (Kautsky 1981).  

 

Phytoplankton of different groups contain various amounts of nutrition.  For mussels, this 

means that allocation of energy is diverse, depending on which type of phytoplankton the 

mussels filtrate. The composition of phytoplankton in the sea thus affects mussel growth, 

weight and length. The quality of mussels in turn affects animals that feed on them 

(Bellebaum et al. 2012). Honkoop & Beukema (1997) made a study on nutrient supply for 

mussels in the German Wadden Sea. The study contained three common mussel species, 

among them the blue mussel. The results indicate that nutrition has a large impact on mussel 

growth during periods when growth takes place. Water temperature, on the other hand, 

seemed to affect body mass of mussels continuously.  

 

The Baltic Sea is getting warmer (Bellebaum et al. 2012). A higher water temperature during 

the winter season has been shown to have a negative impact on the metabolic processes of the 

blue mussel. The mussels start filtrating for phytoplankton despite that there are very few 

plankton available at this time of the year. The mussels starve and their body mass is reduced. 

Kautsky (1982 a), discovered in a study on growth and size structure of the blue mussel in the 

Baltic Sea that starving mussels can use their energy reserves and respire away up to 78% of 

their meat biomass. Waldeck & Larsson (2013) discovered a correlation between the body 

mass of the Baltic blue mussel and water temperature in winter. The loss of biomass of 

mussels exposed to a warmer water temperature, corresponding to a mild winter season in the 

Baltic Sea, was higher (11% of the dry weight) in relation to mussels exposed to a water 

temperature corresponding to a cold winter. Honkoop & Beukema (1997) noticed in their 

study in the German Wadden Sea that loss of mussel biomass in relation to warmer water 

temperature and less availability to nutrient supply was larger during the winter season. The 

mussels exposed to this didn´t grow that well during the following spring season.   

The condition of flounders in the Baltic Sea 

Nissling et al. (2014) analyzed data on flounders caught between July and September 2012 at 

three different depths, 3 m, 10 m and 20 m outside Herrvik, on the eastern side of Gotland, 

Sweden. The size classes of the fish were; < 21 cm, 21-24 cm, 25-27 cm and > 28 cm. The 

analyses showed that the condition according to Fulton`s condition-index, is generally lower 

in larger fish than in smaller fish. Larger flounders were shown to be more slender in relation 

to their length in comparison with smaller flounders. On each depth, the condition of larger 
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flounders was lower in relation to smaller fish. There was, however, no significant difference 

in condition between depths within each size class of fish.  

 

The condition of both genders of flounders is highest during summertime. However, the 

condition of female flounders during summertime is higher in comparison with the condition 

of male flounder. Female condition is higher during feeding time in August and September 

and lower during times of spawning in April. According to Fulton condition-index, the 

condition of male flounders shows less variation during the year compared to females. During 

winter and during the spawning, the condition of male flounders is slightly lower than in 

summer and autumn. The decline in flounder condition starts in the beginning of the autumn 

when gonad production, which is a process requiring more energy for female flounder, takes 

place. The lower condition during this period of time also corresponds to the fact that the 

flounder`s food intake decline (Nissling et al. 2014).   

Aims 

The purpose of this study was to investigate if flounder diet, i.e. blue mussels, could have an 

impact on the relation between weight and length, i.e. condition according to Fulton`s 

condition-index, and thus explain the fact that larger flounders have a lower condition than 

smaller ones. The investigation of which factors that affects the condition of flounders could 

be of great interest for commercial fishery when it comes to reasonable sizes of fishes caught 

and a good yearly output. It is also valuable for the understanding of the ecology of flounder 

in the Baltic Sea. 

Hypothesis:  

 

1. The preference for large mussels is higher for large flounders than for small sized 

flounders. 

2. The ratio of dry weight to shell length, and thus the nutritive value, is lower for a large 

mussel than for a small mussel.  

3. The growth of flounders consuming small mussels is faster than of flounders 

consuming large mussels.  
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MATERIALS AND METHODS 

Two experiments were performed in this study. The experiments were performed at Ar 

Research Station at northern Gotland. In the first experiment, size preference of blue mussels 

as prey was studied. Caught and reared flounders were able to choose between large and small 

mussels. In the second experiment weight changes of flounders in relation to their diet of 

either smaller or larger mussels was investigated. In this experiment the flounders were not 

able to choose the size of mussels they were given.  

Capturing and rearing 

Flounders and mussels used in the experiment on feeding preference, were captured on 

August 22, 2013, outside Herrvik, eastern Gotland, N 57° 25, 459`, E 18° 54, 988`. 20 

flounders were caught at depths of 5-12 m with three gill-nets with, 50, 60 and 70 mm mesh 

size. Flounders used in the experiment, feeding on large or small mussels, were captured on 

August 27, at the same place. A total of 58 flounders were captured at a depth of 2-5 m. The 

mesh size used in this capture was 60 mm. All the flounders, from both catches, a total of 78 

flounders, were transported in a fish tank (1.10 m × 0.70 m).   

Two acclimatization basins (2 × 2 m width) were prepared the day before the first group of 

flounders arrived. The basins were filled with surface water from the Baltic Sea. Both basins 

were provided with running sea water, temperature 18.7°C and salinity 6.3 ‰. The basins also 

contained 2.5 buckets of sand, to make it less stressful for the fish when acclimatizing to their 

new environment. Four bricks were placed in each basin to serve as substrate for blue 

mussels. 

The first experiment, feeding preference, did not start immediately. During the first three 

days, all twenty fishes were placed in acclimatization basin number one. They were fed with 

20 blue mussels of medium size, (1-2 cm shell length). Since no one knew if flounders in 

captivity would eat, the experiment did not start until there was proof that they would. When 

the flounders in the acclimatization basin started to eat the feeding experiment could be 

performed.  

The same process was repeated in the second experiment. All the fish was placed in 

acclimatization basin number two.  They stayed in this basin for a day. During this time, two 

new basins (2 × 2 m width) were prepared and filled with sea water.  

Blue mussels were captured on August 22, 2013, outside Herrvik, with a triangular opening 

mussel trawl, with 35 cm opening sides. The mussel trawl withheld two layers of gill nets. 

The surface area contained different mesh sizes and the inner area had a mesh size of 1 cm.    

The mussels were transported in two 15 liter fish tanks. Later on the mussels were divided 

into three size classes. In the first experiment; maximum size for small mussels was defined 

as 1 cm shell length and minimum size for larger ones, 2 cm shell length. In the second 

experiment; maximum size for small mussels was defined as 0.8 cm and minimum size for 

larger ones 1.8 cm. They were kept alive in a cold room (+15°C) in three fish tanks (15 liter), 
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one for small mussels, one for large mussels and one for mussels of intermediate size. One 

aquarium was provided with flowing water from the Baltic Sea, the others with oxygen 

pumps. The temperature of the cold room was chosen to match the temperature of the surface 

water in September. 

The food used for blue mussels came from running water (phytoplankton). In aquaria with 

oxygen pumps therefore water had to be exchanged on a daily basis. For fish not being used 

in any experiment, mussels of medium size were provided as food. For fish used in 

experiments, mussels were carefully selected depending on the experiment.  

Experimental design 

The first experiment, food preference, was performed between August 22 and August 28 and 

was repeated again between September 5 and September 6. The second experiment, flounders 

feeding on small or large mussels, was performed between August 28 and September 1. This 

experiment was modified in September 1 and continued to September 5.  

Food preference of flounders 

On August 25, all 20 flounders were measured with a ruler especially designed for measuring 

fish from mouth to tail. They were divided into three size classes: small flounders (< 24 cm), 

medium sized flounders (24.1-28.9 cm) and large flounders (≥ 29 cm). Three experimental 

basins (2 × 2 m) were filled with water (about 19 °C and 6.3‰ S). Of the 20 flounders 15 

were selected randomly for the experiment. Each basin was provided with five flounders of 

the same size class. Basin number one represented small flounders, basin number two, 

medium sized flounders and basin number three, large flounders. The flounders, in all basins, 

were fed with 60 blue mussels, 30 small ones (maximum shell length 1 cm) and 30 larger 

ones (minimum shell length 2 cm). Data was collected every day. The amount of the two size 

classes of blue mussels left in the basins was counted. The ones that were eaten were noted 

and replaced with new ones. 

On September 5 this experiment was repeated, but with flounders captured on August 27. 

This time the fish were given a total of 40 mussels, 20 small ones and 20 larger ones. The 

experiment was supposed to continue for a few days but ended the following day due to 

difficulties with water flow and oxygen in the basins, bacterial attack on fish and mussels that 

died and started to decompose.  

The preference for mussels of a certain size in the feeding preference experiment was tested 

with χ2 analysis (Fowler et al.1998).  

Flounders feeding on either small or large mussels 

In the second experiment, flounders feeding on small or large mussels, flounders caught on 

August 27 were used. On August 28, an amount of 54 flounders were measured and divided 

into the same size classes as in the preference experiment. After measuring they were placed 

in small basins marked with a note on fish size; small sized flounders (< 24 cm), medium 

sized flounders (24.1-28.9 cm) and large sized flounders (≥ 29 cm). When sorted out into the 
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right size class, 12 flounders from each size class were randomly selected. Each individual 

was tagged with a Visible Implant Elastomer (VIE tags) (Northwest Marine Technology, 

n.d.), which is a silicon based material that is injected subcutaneously. The material remains 

plastic and makes it possible to distinguish the individual flounders from each other. They 

were then individually measured and weighed. Tagged flounders were moved to the larger 

basins, number one and number two. Both basins contained an amount of 18 flounders, six 

from each of the three size classes. Flounders not used in the experiment were returned to the 

acclimatization basin number two.  

The majority of mussels caught in Herrvik were smaller than 2 cm. This means that for the 

experiment on flounders feeding on either large or small mussels there were not enough 

mussels with minimum size of 2 cm. Because of this, blue mussels were sorted and divided 

into new size classes. To this experiment, small mussels were defined as < 0.8 cm shell length 

and large mussels > 1.8 cm shell length. Flounders in basin number one were fed only with 

small mussels, in this case an amount of 170 mussels, and flounders in basin number two 

were fed only with large mussels, an amount of 80 ones. The feeding process in the 

experiment was observed over time. Every day the amount of blue mussels left in the basins 

were counted and eaten mussels were replaced. Since all small mussels in basin number one 

were eaten, it was decided to raise the amount of mussels to 320, to prevent starvation of fish. 

This experiment was modified on September 1, to make it more manageable. In this part of 

the experiment both basins were supposed to contain nine fishes, three of each size class, but 

the flounders feeding on large mussels later on were counted to eight. Flounders that were 

removed were measured and weighed. In both basins they had lost a lot of weight. With this 

noted, the amount of blue mussels used in the experiment was raised. For basin number one 

an amount of 500 small mussels were given and for basin number two, 100 larger mussels 

were given. Each day data was collected, and large and small mussels left were counted. On 

September 5 all remaining 17 flounders were measured and weighed.  

The blue mussels used in the experiments did not seem to be influenced by their given 

substrate. Some attached themselves to the substrate, but most of them did not. Blue mussels 

in aquaria with running water seemed to be in better condition at the end of the experiment 

compared to blue mussels in aquaria with oxygen pump. Still the majority of mussels died 

very suddenly and very quickly in the end of experiment 2, during the last three days.  

In the second experiment, food consumption of flounders given small mussels and flounders 

given large mussels was calculated in percent.  Mann-Whitney U-test (Fowler et al. 1998) 

was used to find out if there was any significant difference in weight change of flounders 

feeding on small or large mussels.  
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Analyses of data from 2012 

Mussels in flounder stomachs 

Analyses of substance in flounder stomachs were accomplished for 36 flounders, captured 

from two locations, Herrvik, 21/8, 2012 and Botvaldevik, 28/8, 2012, both places on the 

eastern side of Gotland. The flounders were divided into three size classes, small flounders (< 

25 cm), middle sized flounders (25.1-29.9 cm) and larger flounders, (≥ 30 cm). The size 

classes were sorted out to be as close as possible to the size classes used in the other 

experiments. The average shell length of mussels eaten by each size class of flounder was 

then calculated. 

 

Kruskal-Wallis test (Fowler et al. 1998) was used to analyze if there was any significant 

difference between size classes of flounders in shell length of mussels found in the stomach.   

Weight/length ratio of blue mussels 

Calculation of the relationship between the weight and length of blue mussels, i.e. mussel 

weight/length ratio, was done with data on shell length and shell free dry weight from 2012. 

Blue mussels were collected from two locations, Herrvik, 21/8, 2012 and 15/10, 2012 and 

Botvaldevik, 28/8, 2012 and 17/10, 2012. The mussels were collected with a triangular 

opening mussel trawl, with 35 cm opening sides. Gill-net size differed in the outer area but 

was of 1 cm mesh size in the inner area. The shell length of the mussels was recorded. Shell 

free dry weight was recorded by weighing mussel meat dried in an oven for 48 h at 60°C.  

The relation between mussel weight/length ratio and shell length was tested with a regression 

analysis (Fowler et al. 1998).  
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RESULTS 

Experiments 

Food preference of flounders 

Flounders in captivity do eat when being fed. In the feeding preference experiment it was 

shown that  small flounders of the size class < 24 cm had a statistically significant preference 

for small mussels (χ
2
 test; χ

2  
= 12.5, df = 1, p < 0.01). Middle sized flounders between 24.1-

28.9 cm did not consume significantly more of any certain mussel size but the tendency goes 

towards a preference for smaller mussels, (χ
2 

test; χ
2  

 = 2.6, df = 1, p > 0.05). For larger 

flounders of size class ≥29 cm the results showed that they did not consume significantly 

more of mussels of any certain size (χ
2 

test; χ
2
 = 0.9, df =1, p > 0.05) but the tendency in this 

case goes towards larger mussels rather than small ones (Fig. 3). In the experiment it was 

observed that small flounders ingested a higher number of mussels than middle sized and 

larger flounders. On average one small flounder consumed 14.2 mussels a day, a middle sized 

flounder consumed 7.4 mussels a day and a large flounder consumed 6.6 mussels a day.  

 

 
Fig. 3. Results of food preference experiment on ingested small and larger mussels by three size classes of 

flounder. 

Flounders feeding on either large or small mussels 

Flounders of all sizes that were fed with small mussels (< 0.8 cm shell length) ingested a 

much higher amount of the mussels they were fed with in comparison with flounders of the 

same size classes that were fed with only large mussels (> 1.8 cm shell length) (Fig. 4 and 5). 

Larger mussels were almost not consumed until the last two days of the experiment (Fig. 5). 

Calculations show that flounders feeding on small mussels consumed on average 95.5 % of 

the food they were given each day whereas flounders feeding on larger mussels consumed on 

average 23.5 % of the mussels given. The result is based upon data from both parts of the 

experiment, the first part that included all 36 flounders and the second part when the amount 

of flounders was halved.  
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Fig. 4. Flounders of all size classes feeding on small mussels.  

 

 
Fig. 5. Flounders of all size classes feeding on large mussels.  

 

As the flounders in this experiment were individually tagged the weight change of each 

individual during the experiment could be measured. The results showed that both flounders 

feeding on small mussels (< 0.8 cm shell length) and flounders feeding on larger mussels (> 

1.8 cm shell length) lost weight during the experiment (Fig. 6 and 7). There was no significant 

difference in weight change between flounders feeding on small mussels and flounders 

feeding on larger ones (Mann-Whitney U-test; U = 33, n1 = 9 n2 = 8, p > 0.05). The results are 

based upon the flounders that stayed in the experiment from the beginning to the end. The 

average weight loss in flounders feeding on small mussels, was calculated to 21.50 ± 3.95 g 

and for flounders feeding on large mussels the average weight loss was 22.50 ± 6.88 g. 

Weight changes for flounders feeding on small mussels (< 0.8 cm shell length) and weight 

changes for flounders feeding on large mussels (> 1.8 cm shell length) were also calculated in 
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percent (Fig. 8 and 9). The flounders feeding on small mussels consisted of nine specimens 

and only one of them gained weight (4 g) (Fig. 6 and 8). The flounders feeding on large 

mussels consisted of eight specimens. All of them lost weight except one flounder, for which 

the weight did not change during the experiment (Fig. 7 and 9). 

  

 
Fig. 6. Individual weight of nine flounders of different size classes feeding on small mussels (< 0.8 cm) before 

and at the end of the feeding experiment. Flounders that were removed from the experiment are not included in 

the data.   

 

 Fig. 7. Individual weight of eight flounders of different size classes feeding on large mussels (> 1.8 cm) before 

and at the end of the feeding experiment. Flounders that were removed are not included in the data.  
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Fig. 8. Weight change in percent for flounders of all size classes feeding on small mussels (< 0.8 cm). Flounders 

that were removed from the experiment are not included in the data.  

  

Fig. 9. Weight change in percent for flounders of all size classes feeding on large mussels (> 1.8 cm). Flounders 

that were removed are not included in the data.  

  

-20 

-15 

-10 

-5 

0 

5 
P

e
rc

e
n

t 

Flounder size in cm 

Weight changes in % 

-16 

-14 

-12 

-10 

-8 

-6 

-4 

-2 

0 

2 

P
e

rc
e

n
t 

Flounder size in cm 

Weight changes in % 



19 
 

Analyses of data 2012 

Mussels in flounder stomachs 

Analyzes of mussels in the stomach contents of flounders, showed that all flounders, 

irrespective of size class, prefer small mussels (Fig. 10). There was no significant difference 

between the shell length of mussels found in the stomachs of the three size classes of flounder 

(Kruskal-Wallis test; H = 3.1697, p = 0.205). Small flounders (< 25 cm), however, had 

consumed mussels that were on average smaller than the mussels that larger flounders (≥ 30 

cm) had consumed, but the difference is not statistically significant (Fig. 10). The maximum 

size of a mussel ingested by a small flounder was 17.81 mm and the minimum size was 2.44 

mm. For middle sized flounder the maximum size of a mussel ingested was 17.41 mm and the 

minimum size was 2.70 mm. For larger flounder the maximum size of a mussel ingested was 

21.70 mm and the minimum size was 2.58 mm.   

 

Fig. 10. Average size (± SE) of mussels (in mm) in the stomach content of flounders of three size classes, i.e. 

small flounders (< 25 cm), middle sized flounders ( 25.1-29.9) and large flounders (≥30 cm).  
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Weight/length ratio of blue mussels 

The ratio of shellfree dry weight to shell length increased with shell length (Fig. 11-14). 

Regression analysis showed that this relation was statistically significant (p < 0.01) for all 

samples taken in October and August on both places, Herrvik and Botvaldevik.   

 

 

Fig. 11. Weight/length ratio of blue mussels from Botvaldevik in August 2012.  

 

Fig. 12. Weight/length ratio of blue mussels from Botvaldevik in October 2012.   
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Fig. 13. Weight/length ratio of blue mussels from Herrvik in August 2012. 

 

 

Fig.14. Weight/length ratio of blue mussels from Herrvik in October 2012. Only mussels > 10 mm were 

measured. 
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DISCUSSION 

Experiments 

Food preference of flounders  

In the food preference experiment, middle sized flounders (24.1-28.9 cm) and large flounders 

(≥ 29 cm) did not ingest significantly more of any mussel size. However, the tendency for 

middle sized flounders goes towards a preference for small mussels and for large flounders 

the tendency goes towards a preference for larger mussels. Small sized flounders (< 24 cm) 

did, however, show a statistically significant preference for small mussels, although it was 

observed that small flounders consumed some of the larger mussels they were given. An 

explanation for this could be that even though the mussels were sorted out into different size 

classes (length in cm) the mussels still could differ quite a lot in thickness, i.e. width and 

height. The differences in mussel thickness could be the reason why some of the larger 

mussels were ingested. The mussels have to fit into the flounder’s mouth.  

Studies on feeding ecology of flatfishes suggest that juvenile and adult fish often consume the 

same type of prey but as the fish grows the prey size increases. Studies also have shown that 

the fish when reached a larger size sometimes changes prey items completely, depending on 

species of fish (Link et al. 2002). Aarnio et al. (1996) discovered during an investigation of 

juvenile flounders that small flounders (≤ 45 mm) mainly consumed benthic meiofauna, while 

larger fish (46-101 mm) consumed benthic macrofauna. Nissling et al. (2007) noticed that 

juvenile flounders with a length of 40 mm ate a great deal of harpacticoid copepods but when 

reached a length of 45 mm they switched to amphipods. Karlson et al. 2007 investigated the 

degree of competition between juvenile specimens of the native flounder and the non-native 

round goby, Neogobius melanostomus, and noticed that the size of blue mussels consumed 

increased with fish size. The difference was, however, not statistically significant.  

Flounders feeding on either small or large mussels 

Even though studies on prey preference of flounders have shown that prey size increases with 

fish size, my results from the experiment on flounders feeding on small (< 0.8 cm shell 

length) or large mussels ( > 1.8 cm shell length) indicate that in the Baltic Sea, flounders of all 

sizes avoid consuming larger mussels. In the experiment it was noticed that flounders of all 

size classes that fed on small mussels consumed all the food they were given. Flounders 

feeding on large mussels did not eat until the end of the experiment, when they probably were 

starving. This indicates that they actively choose their prey size.  

These results are in accordance with earlier studies. Magnhagen (1985) discovered that 

juvenile flounders (size 30-54 mm), in laboratory and in field, makes active choices when it 

comes to prey selection. Juvenile flounders in captivity showed a preference for a larger size 

class of amphipods, Corophium volutator (5-7 mm). The preference for larger amphipods 

increased as prey density increased. The fish was shown to almost exclude all amphipods of 

smaller sizes from its diet. Analyses of substance in stomachs of juvenile flounders in field 

showed a preference for C. volutator of medium size (3-4 mm). In the field, small and large 
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amphipods were consumed in lower proportions in relation to their abundance (Magnhagen 

1985). The result from my experiment on adult flounders feeding on either small or large 

mussels indicates that adult flounders, just like juvenile flounders, make an active choice 

when it comes to prey selection.  

Weight changes of flounders 

All flounders lost weight regardless of the size of the mussels they were given. The weight 

loss could be a stress-related factor. A stressful environment could have affected the fish 

negatively. The flounders were kept in captivity for a certain amount of time with limited 

space to use. Problems with the basins and water flow might have affected the oxygen levels 

in the water. In the end of the experiments the flounders did not stay at the bottom as they 

normally do, instead they moved around at the surface, sipping for air, which strengthens my 

suspicion that the water flow did not work as good as it usually does. Flounders also were 

moved around a lot, i.e. weighted, measured and tagged. The fish later on were exposed to a 

bacterial attack. Another stress-related factor affecting the weight could be interspecific 

competition which was quite obvious in the basin with flounders of different sizes feeding on 

small mussels (< 0.8 cm shell length). The flounders must have been competing about the 

mussels since all of the mussels were consumed.   

Another explanation could be that the amount of food they were supplied with was not 

enough. Since flounders feeding on small mussels (< 0.8 cm shell length) ingested all mussels 

they were given, it is possible that this indicate that they were starving. It is also possible that 

it was hunger that forced flounders feeding on larger mussels (> 1.8 cm shell length) to start 

feeding towards the end of the experiment. 

Perhaps the quality of the mussels, during the last experiment, was low. In the end of the 

experiment all mussels suddenly died and started to decompose. This could have affected the 

weight of the flounders negatively due to the fact that the quality of the food they were given 

might have been low long before death. Just like the flounders, it is possible that the mussels 

might have been exposed to stress-related factors affecting the mussels negatively. An 

explanation could be that the quality of the blue mussels kept in aquaria declined as a result of 

limited food availability. Only one aquarium could be provided with a continuous flow of sea 

water. The water in the other aquaria had to be exchanged on a daily basis. It is also possible 

that crowding could have affected the health of the mussels. The effect of high density in 

aquaria could in the worst case result in accumulation of waste products.  

According to Kautsky (1982 a), keeping mussels, M. edulis, in aquaria in summertime usually 

results in death after a few months. The death of the mussels could be related to lack of food 

or high temperature. In a study that took place in Canada, the effects of extended wet-storage 

of blue mussels were investigated (Wyatt et. al. 2013). Blue mussels were kept in a 

commercial processing facility for three months, i.e. a wet-storage. Dry weight and condition 

of blue mussels declined significantly. The changes in dry weight were shown to be greater 

during summer, when comparing summer and autumn, and the condition of the mussels was 
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shown to decrease more drastically during the summer in comparison to the blue mussels 

tested during the autumn (Wyatt et. al. 2013). 

Analyses of data 2012 

The dry weight of the soft parts in relation to the shell length, and thus their nutritive value, is 

higher of larger blue mussels than that of smaller mussels. This is the normal pattern in the 

entire Baltic Sea (K. Larsson, pers. comm). Still the analysis of flounder stomach content 

showed a diet preference for small mussels (< 10 mm shell length) among each size class of 

flounders. However, the most common length of the mussels ingested by each size class of 

flounders slightly increased with fish size. This was, however, not statistically significant. 

Still all size classes studied, consumed comparatively small mussels. 

Why do the flounders in the Baltic Sea prefer small mussels? 

The shell of smaller mussels is softer and thinner and as the mussel grows the shell thickens 

(Silverin & Silverin 2007). Thus, smaller mussels might be easier to consume and digest. 

Thicker shells need longer time to process in the flounders gut. This could be the reason 

behind the popularity of smaller mussels. When consuming smaller sized mussels it is 

possible that many more could fit into the flounder’s mouth, depending on fish size. In this 

way many small mussels could make up for one larger. According to Kautsky (1982 b), in the 

Baltic Sea, small mussels (< 10 mm) highly dominate the bottom in numbers in comparison to 

middle sized mussels (10-25 mm). Smaller mussels are more common, thus possibly being 

the reason to why a higher amount of these mussels is found in the stomachs of flounders. 

Hypothesis evaluation 

My aim was to test the following statements 1) the preference for large mussels is higher for 

large flounders than for small sized flounders, 2) the ratio of dry weight to shell length, and 

thus the nutritive value, is lower for a large mussel than for a small mussel and 3) the growth 

of flounders consuming small mussels is faster than of flounders consuming larger mussels.  

As mentioned in the introduction, analyses of flounder condition in the Baltic Sea have shown 

that the condition, according to Fulton`s condition index, is generally lower in larger fish than 

in smaller fish (Nissling et al. 2014). The purpose of my study was to test if the flounder diet 

of blue mussels could be one factor determining the difference in flounder condition between 

small and larger flounders. This study indicates that flounder diet when it comes to blue 

mussels as a food item cannot be the reason for the differences in condition of small and 

larger flounders. My experiments, as well as the analyses of stomach contents, showed that 

flounders of all sizes have a preference for small sized mussels (< 10 mm). This means that 

flounders in the Baltic Sea, independent of size, mainly feed on the same size classes of 

mussels, which implies that hypothesis 1) is not correct and should be rejected.  

According to my analyses on the weight/length ratio of mussels, the ratio increases with shell 

length. Larger mussels thus have a higher weight/length ratio than small mussels. Because of 

this, hypothesis 2) should be rejected. Since there are no larger differences in the flounders 
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choice of mussel size, this cannot be the reason for the higher condition of small flounders as 

compared to larger ones.    

Hypothesis 3) could not be answered. Somehow a bacterial attack occurred and the 

experiments were cut short. Another problem leading to the ending of the experiments was the 

sudden death of the blue mussels. The mussels kept in the aquaria with a continuous water 

flow seemed to do better than the ones in aquaria with oxygen pumps. It wasn’t, however, 

possible to provide them all with a continuous water flow. The experiment did not last long 

enough to show flounder growth. In fact almost all the flounders decreased in weight during 

the experiment. 

Why do smaller flounders have a higher condition than larger ones?  

Since the diet of flounders in my experiments did not differ between small and large 

flounders, nor did it affect flounder condition, other studies in the same area might be of 

importance for the understanding of differences in flounder condition. Energy investments in 

relation to environmental surroundings have been much studied, not only in flounders but also 

in turbots.  

The Baltic Sea turbot allocates a higher proportion of energy into reproduction than other 

populations (Wallin 2014).The fact that the fish reach smaller sizes in the Baltic Sea, 

compared to other areas, is therefore both the result of difference in size at maturity, possibly 

because they allocate less energy to somatic growth and more energy to start producing 

gonads, and also the result of the fact that they continue to invest more energy in egg 

production.  

The growth of flounders increases with salinity and the flounders become larger in the 

southern parts of the Baltic Sea than in the northern parts (Gårdmark & Florin 2007).  

Flounders of the Baltic Sea, just like turbots, differ when it comes to investments in energy. 

Younger flounders invest more energy into growth and older flounders allocate more energy 

to reproduction. Similar to turbots, flounders of the Baltic Sea invest their energy differently 

in relation to the environmental surroundings. A higher salinity means higher growth rates 

and lower salinity means that more energy is allocated to reproduction. This might not be the 

complete answer to the differences between the energy content of small and large flounders 

but the knowledge of differences in flounder energy allocation might be of importance for 

understanding the factors behind the differences shown in flounder condition, i.e. weight and 

length relation of flounders.  

The condition of both male and female flounders has been shown to be low during times of 

spawning, with some differences between sexes (Nissling et al. 2014). This indicates that 

spawning is an energy demanding process. 

Gårdmark & Florin (2007) state that the growth of flounders differs between sexes. Female 

flounders are sexually mature when reaching a length of 24 cm, whereas male flounders are 

sexually mature at 21 cm (Nissling et al. 2014). This means that all flounders ≥ 24 cm are 

sexually mature (Nissling et al. 2014). Small, i.e. young, flounders do not spawn. They do not 
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allocate any energy into gonad production. Since the process of spawning is an energy 

demanding process, smaller flounders naturally will have a higher condition index than larger 

flounders. All flounders with size > 24 cm have spawned at least once. The fact that 

larger/older flounders have spent more time spawning than smaller/younger ones is a probable 

reason why larger flounders have a lower condition index (weight/length) than smaller ones. 
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