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Abstract 

 

This study takes up a local issue in the village of Lekhyttan, where Johan Molin is concerned 

about the freshwater pearl mussels (Margaritifera margaritifera) situation. He is a landowner 

and wonders what the situation is for the mussels and what he himself possibly can do, to 

hopefully improve their situation.  

 

This paper looks at the different aspects on why the mussels are distributed as they are in the 

stream and trying to understand why new recruitment is poor in the Lekhyttan Stream.  

Dividing the area into two zones, east (that has a population of mussels) and west (which has 

none), makes it easier to analyse which type of habitat they prefer. Why the mussels can be 

found in one zone and not in the other can be due to several different factors.   

 

The factors investigated were: 1) bottom structure, 2) trout (Salmo trutta) - spawning area and 

mature trout habitat as the trout play an important role in the mussels lifecycle,  

3) surrounding vegetation, 4) predation from signal crayfish (Pacifastacus leniusculus) and 5) 

water quality checked with a pH and iron test – from the inflows of ditches and pipes. 

 

There was a significant difference between the two zones in the bottom sediment structure: 

the west zone had a high percentage of stone, whilst the east zone consisted of finer materials 

and had far more suitable habitat areas for the trout (both in spawning as well as for larger 

trout). Tests from the inflowing water in the west zone had water with low and high pH levels, 

as well as high iron contents. These inflows need to be fixed with a pond and reed filtration 

bed, as well as a recommendation on cutting back the number of crayfish that can be a 

potential threat to juvenile mussels. Following these recommendations will hopefully improve 

the situation locally for the Lekhyttan freshwater pearl mussel and maybe even lead to new 

recruitment. 
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Introduction 
 
One third of the Swedish freshwater pearl mussel (Margaritifera margaritifera) population 

has disappeared in the last 50 years (Eriksson et al. 1998). Human activities such as pearl 

fishing (until it was banned in 1994), water regulation and management, building of dams and 

agricultural activities, have led to the huge decline in freshwater pearl mussel populations as 

well as the decline in its host fish species like the young juvenile salmon (Salmo salar) and 

trout (Salmo trutta) (Young 1991, Waller et al 2000, Cosgrove and Hastie 2001.)  The 

Swedish Red List and The World Conservation Union (IUCN 1996) both consider the 

freshwater pearl mussel as a vulnerable species.   

 

The freshwater pearl mussel is a mollusk, and a good indicator of the water quality. It requires 

a very high standard of both water quality and living conditions. The water should be clear, 

well oxygenated, fast flowing, low in nutrition’s with a stable pH value of around 6-7, (WWF 

2005). The bottom sediment should be clean and consist of a fine size of grain, enough for the 

mussels to be able to burrow down in. There they sit with 1/3 of its shell sticking out of the 

sediment and filter the water for food, which consists of microscopic organic particles. They 

prefer a water depth of 30-40 cm (Hastie et al. 2000), which does not freeze in the winter and 

has a maximum temperature of 24 degrees Celsius in summer.  Populations of freshwater 

mussels have been found in four hundred different water systems in Sweden, from Skåne in 

the South to Lapland in the North (WWF 2005).  

 

The freshwater pearl mussels can live for more than 100 years (Ziuganov et al 2000) and has a 

complicated lifecycle. The mussels become mature between the ages of 12-20 years old 

(Young and Williams 1984). In June, the males release sperm that the females inhale to 

fertilize the eggs.  In late August to September, the females discharge their glochidia larvae’s 

in the water (Moorkens 1999). The glochidia larvae resemble small mussels that follow the 

water flow, attach themselves to salmon or trout host’s (Young & Williams 1984). Only the 

ones that attach themselves to the host’s gills survive. The transportation on the host is 

essential for the mussels in reaching new locations within the water system. The glochidia 

release themselves from their host after 10 months and fall to the bottom sediment to develop 

into mussels. There they lay in the sediment for 5 to 8 years. It is during this stage that they 

are most sensitive to environmental conditions, before they are large enough to be visible to 
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the human eye (a size of approximately 1-2 cm). Only 1 glochidia larvae out of 100 000000 

will become a mussel (WWF 2005).  

 

Why freshwater pearl mussels are located only in certain areas and not in others are yet to be 

answered. Different factors such as water conditions, depth, flow (Hastie et al. 2000), 

sedimentation and disturbance (Diane et al 1999) as well as when the glochidia larvae leaves 

its hosts, plays a major role in the creation of the irregular distribution pattern. Most 

populations lack visible new recruitment. Several factor can be involved when recruitment is 

poor, such as pollution from heavy metals (Naimo 1995), climate changes (Hastie et al. 2003), 

and erosion of banks, leading to fine particles such as soil and sand which silts up the bottom 

of the stream.  The last factor restricts the available water current which can cause problems 

for the filtering mussels (Box & Mossa 1999). Erosion often occurs when stones or trees are 

removed from the embankment. These features are also suitable home habitats for the trout. In 

removing the trees and stones one also reduces the trout number in the water system (Sandell 

et al. 1995).    

 

Another threat to new recruitment of freshwater pearl mussels is the “alien” species the signal 

crayfish (Pacifastacus leniusculus). This introduced species is a greater threat to small 

mussels than the native noble crayfish (Astacus astacus) because they are more likely to 

choose the mussels for food (Hylander 2004). 

 

Both the Swedish Environmental Protection Agency (Naturvårdsverket) and WWF have 

established programs to create an environment more suitable for the freshwater pearl mussels 

so that new recruitment may proceed (Naturvårdsverket 2005 & WWF 2005). Both theses 

programs also involve all groups of society i.e. landowners, forestry company’s etc., to work 

together in helping to protect the mussel. Advice is given in areas such as the building of 

ditches, to prevent fine silt particles of soil and sand as well as potential hazardous materials 

like metal, to enter into the water system.  

 

The purpose with this study is to understand, how different features play a roll and have an 

impact on the freshwater pearl mussel population in the Lekhyttan Stream, in the village of 

Lekhyttan. The focus of this study is on the following questions: 

1) What habitat in the Lekhyttan Stream is the most suitable for the freshwater pearl 

mussels in the village of Lekhyttan?   
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2) What threats are there to the freshwater pearl mussels in the Lekhyttan area?    

 

 
 
 
Material and Methods 

  

Like most waters in Sweden, the Lekhyttan Stream has only a population of large sized 

mussels and new recruitment of small mussels is yet to be found. The Lekhyttan Stream is 

situated in the west part of Närke in the Commune of Lekeberg and it is 9150 meters long. It 

runs from lake Leken - eastwards through Igeltjärnen - then southeast thought the village of 

Lekhyttan - continues then eastwards to Hidinge were it joins up with the Garphytte Stream 

before flowing into Svartån.  The landscape surrounding the stream in the north is mainly 

forest, but as the stream flows southeastwards the landscape becomes more agricultural.  

The stream has a population of 26 500 freshwater pearl mussels according to The County 

Administrative Board of Örebro 2004 (Länsstyrelsen Örebrolän). 

 

Johan Molin is a landowner in the village of Lekhyttan and has the main part of the Lekhyttan 

Stream flowing through his land. The study area is restricted to his land, a stretch of the 

stream, which is approximately 1140 meters long, and it is adjacent to areas/fields where the 

landowner keeps his horses (fig. 1). 

 

 

West 
Zone 

East 
Zone

Main 
Road 
Bridge 

Mussel 
Area

Figure 1. Zoning of the Lekhyttan Stream. 
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The study area was divided into two zones, the East Zone where mussels where located and 

the West Zone without any known mussels. The divider between the two Zones is the main 

road bridge in the village of Lekhyttan. 
 

Each zone is approximately 570 meters long, and divided into 15 areas with 37 meters 

spacing. A random sampling was used and a 20-sided dice was rolled (5 times for Zone West 

and 4 times for Zone East) to decide which areas were going to be checked for randomization. 

Area 15 in the East Zone was not chosen at random because it is an area with mussels. For 

this reason it is ideal as a comparison and a reference to what type of sediment they live in.  

 

For the East side: areas 4, 7, 11, 12 were randomly selected and area 15 picked (fig. 3).  For 

the West side: areas 2, 4, 8, 9 and 13 where randomly selected (fig. 4).      
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Figure 2. East Zone divided into 15 areas 
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Figure 3. West Zone divided into 15 areas 

 

Comparisons of data from the two zones was made, to see if there was a significant difference 

of habitats, such as bottom sedimentation, natural threats of predation, vegetation difference 
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and surrounding area features, as well as the water temperature. This should hopefully give an 

indication as to why the mussels are having difficulties in recruitment in the Lekhyttan 

Stream.   

 

To check if the bottom sediment was significantly different in the West Zone compared to the 

East Zone a one-way ANOVA test was carried out. A 1 m x 1 m square wooden frame grid 

was used when inspecting the bottom to decide in percentage (rounded off to the nearest 5 %) 

how the bottom structure was made up. The Swedish Environmental Protection Agency 

guidelines for bottom sediment was used, with Silt at 0.002-0006 mm, Sand 0.06-2 mm, 

Gravel 2-60 mm and Stone 60-600 mm. The selected areas also had the water depth and 

temperature recorded.  

 

Predation from signal crayfish may be one of the problems to the recruitment. The same 

technique as when choosing random bottom sedimentation areas, was also used for picking 

areas to investigate crayfish abundance. A two-way ANOVA test was done on the crayfish 

samples from the two zones, to see if there was a significant difference between the randomly 

selected areas. The crayfish was lured out with a piece of dead fish and a small hand net was 

used to collect them in. They were categorized into three different size groups: small < 5 cm, 

medium 5-9 cm and large > 9 cm, as well as counted.  

 

As young trout’s are needed as hosts for the glochidia larvae, it is important that the stream 

has large mature trout that can reproduce. They need a place in the stream to live in, all year 

round.  I used a habitat guide, as used by the Swedish Sports Fishing Federation (Ekologisk 

Fiskevård 1998), to asses the possibilities for trout abundance.  The mature trout need an area 

deeper then 0.8 m, with a cover of tree roots or stones. The trout are very territorial, so only 

one fish can live in each 0.8 m deep by 1 m2 spot.   

 

To highlight where silt may enter the stream, I indicated places where water is washing away 

the embankment (erosion risk areas) as well as areas where horses have trampled down the 

embankment on a map from each zone, to see if this has an effect on why the mussels can be 

found in the East Zone and not in the West Zone. 

 

The stream and other inflowing water i.e. ditches and pipes, was checked for iron and pH 

levels by the use of a Dupla Test for iron (<0.05mg/l low, 0.05-0.1mg/l Optimum >0.2 mg/l 
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Critical) and Tetra test for pH (<6 Too acid, 6-7.5 Good, >7.5 too alkaline). This was to see if 

any potential threats of water quality exist to the mussels and to be able to recommend 

improvement if this is required, The water inflows have also been added onto a feature map. 

 

A vegetation inventory of plants and trees, using the DAFOR scale was used to describe the 

abundance of the vegetation in the two different zones along the stream.  This technique is 

often used to record the abundance of different plant species in a quadrant and the scores are 

as following: Dominant 5, Abundant 4, Frequent 3, Occasional 2 or Rare 1. 

 

 

 

 

Results 

There was a significant difference in the bottom structure between the two Zones one-way 

ANOVA (F = 3.17, d.f = 39, p = 0.041) test. The sediment in the areas in the East Zone has a 

much more dominance of the finer grained material, with gravel and sand levels nearly double 

in percentage  (Table 1) compared to the areas in the West Zone, which consists of a 

significant percentage of stone material, except for Area 13. The temperature of the water of 

the stream was not different (median 9°Celsius in both zones). 
 

Table 1.  The means and S.E for silt, sand, gravel and stone from the randomized areas in the East Zone and 

West Zone as well as the mean and S.E for the water depth and temperature. 
 

 East Zone West Zone 
Silt 12 % + 2.5 7 %+ 1.2
Sand 31 % + 6.3 17 %+ 8.9
Gravel 38 % + 8.0 14 %+ 3.7
Stone 15 % + 5.8 60 % + 10.5
Water depth 40 cm + 7.4 19 cm + 5.6
Temperature 9.4°C + 0.25 8.6 °C + 0.25
 

Table 2.  Total number of Erosion risk-, mature trout- and spawning areas - comparisons between the different 

Zones, East Zone (figure 5) and West Zone (figure 6).  
 

Features East Zone West Zone
Erosion 22 16
0.8m Hole for trout 24 11
Likely spawning areas 11 5
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One can see from Table 3, that the East Zone, with higher number of holes and spawning 

areas, is a much more suitable area for trout compared to the West Zone. The number of 

erosion areas are slightly higher in the East Zone (fig. 5) where there is fewer stones to hold 

back the water currents from washing away the embankment, compared to the West Zone 

(fig. 6). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 4. East Zone with features shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. West Zone with features shown  
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Table 3. Water quality checks regarding pH and iron levels of all flowing water in the Two Zones, features are 
shown on figures 5 and 6. 
 

Zone Water Sources p.H Level
Iron Level Based on 
Dupla Test 

West  Ditch1 6.0 Optimum to Critical 
 D2 7.5 Optimum 
 D3 6.0 Optimum 
 D4 6.0 Critical 
 D5 6.0 Optimum 
 Pipe1 5.0 Optimum 
 The Lekhyttan Stream 6.5 Optimum 
East D1 6.0 Optimum 
 D2 6.5 Optimum 
 The Lekhyttan Stream 6.5 Optimum 

 
 
The Stream has a pH value of 6.5, which is a very good level for the fresh water pearl 

mussels. In the West Zone there is a significant difference between the pH values of inflowing 

water from P1, which has a reading of 5, compared to ditch D5, which is a lot more alkaline 

(Table 3). Both of these represent a threat to the water quality of the stream, as they both 

stand out from the rest of the water tests. 

 
Table 4. Vegetation list from the zones East &West with the name of  the plants in both English and Latin. 

Nummbers shown are the rank given based on the DARFOR scale. 

Plant name: English, (Latin) East West 
Norway Spruce (Picea abies L. H.Karst) 1 4 
Common Dog-Violet (Viola riviniana Rchb) 2 3 
Common water moss (Fontinalis antipyretica) 3 1 
Bird Cherry (Cerasus padus L.) 4 4 
Marsh Marigold (Caltha palustris L) 4 3 
Silver Birch (Betula pendula Roth) 4 3 
Wood Anemone (Anemone nemorosa L) 5 5 

 

 

Vegetation between the two different zones does not differ to any large extent, except for the 

Norway Spruce (Picea abies (L.) H.Karst) that is a rank 4 in the West Zone but only a rank 1 

in the East Zone (Table 4). 

 

With a two-way ANOVA test (F = 6.8, d.f = 28 p = 0.004) a significant difference between 

the crayfish sizes between the East Zone and the West Zone could be found. The number of 

crayfish in the stream is very evenly distributed along the whole stretch with the mean value 

of all the crayfish in the East Zone as 1.47 and the West Zone 1.73 (Table 5).     
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Table 5.  Crayfish mean from the two zones with standard error showing 
 

 

Zone Big 9 cm >  
Medium  
5 cm - 8 cm 

Small   
< 5 cm 

Total for  
Each Zone 

East Mean 0.4 +0.25 1.6  +0.51 2.4 +0.94 1.47 +0.40
West Mean  0.6 +0.4 1.8 +0.77 2.8  + 0.37 1.73 +0.39
 

 
 
 
 
Discussion 

  

Earlier studies have shown that the bottom structure and depth of a water system (Hastie et al. 

2000), plays a major role in where the freshwater pearl mussels are distributed. The difference 

between the bottom structure in the East Zone (with mussels) and the West Zone (without) are 

a little surprising, with more silt in the East Zone that can cause problems for the mussels 

(Box & Mossa 1999). The West Zone consisted of a high percentage of stone, which is not 

suitable for new recruitment to settle on. It is only area 13 in the West Zone, which could be 

considered suitable with the reference to the bottom structure. 

 

The technique to choose areas randomly, with the usage of a 20-sided dice, was a good and 

fair one due to randomization. Even though some of the areas randomized were rather close 

together, like area 8 and 9 in the West Zone. A bigger problem is the variations in the Zones 

themselves, with regard to the bottom structure. But the samples taken, give a good indication 

of the Zones as a whole. If more time were available to spend on this project, more areas 

would be checked. One could then possibly find more areas in the West Zone, which have 

more suitable bottom structure for the freshwater pearl mussels. 

 

As the mussels need hosts (Young and Williams 1984,Young 1991, Moorkens 1999) for their 

glochidia larvae, it was important to investigate the trout population in the study area. The 

most commonly used method is when calculating fish population in an area. All electro 

fishing needs consent from the County Board and unfortunately I did not have the equipment 

or time, so another method had to be used.  The most suitable method for this situation was 

the habitat guide by the Swedish Sports Fishing Federation, (Ekologisk Fiskevård 1998). The 

method gave a good assessment of the trout population in the study area. This gave an 

indication that the trout population is sufficient to be host for the glochidia larvae. 
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Erosion levels in both of the Zones were quite high, even if it was slightly less in the West 

Zone. This is because the embankment consisted of more stones, compared to the soft black 

sandy soil in the East Zone. It is important to retain a large number of trees in the East Zone, 

as it is their roots, which holds the embankment together, but some areas will still need extra 

support.  

 

The signal crayfish is an alien species introduced by humans. But it has become more or less 

an accepted replacement to the native noble crayfish, as the crayfish pest has killed most of 

the native populations (The Swedish Museum of Natural History 2006).  Predation to 

freshwater pearl mussels from signal crayfish (Hylander 2004) is potentially more serious 

than from the noble crayfish. Because of this an investigation was carried out in establishing 

the number of signal crayfish in the two zones.  

 

There was a small significant difference in crayfish sizes, but their number were nearly the 

same in both of the zones. There was a high presence of the signal crayfish in the whole 

stream and I would recommend a controlled fishing of this species, which hopefully would 

help to keep their numbers down. 

 

As Young (1991) has mentioned, human activity has directly or indirectly affected the 

freshwater pearl mussel’s situation, due to flooding and agricultural activities. The West Zone 

has both ditches and pipe water systems. From two of these ditches in the West Zone, levels 

of iron were recorded at an unacceptable high level and two other water inflows had a very 

low and an unusually high pH level, respectively. After further investigation into these two 

water inflows it turned out that one comes from an agriculture area once used for growing 

different crops, and one has a connection to an over flow from a separate sewage system 

coming from one of the houses in the village. All these water inflows aught to follow the 

Swedish Environmental Protection Agency (2005) recommendations, for when one constructs 

ditches. That means that a pond or natural filtration system i.e. reed bed should be included, to 

take away unsuitable particles before the water reaches the stream.  

 

As the investigation and testing was carried out in early May, the East Zone had a lot less 

cover from trees, which had not reached full foliage. Because of this the temperature in the 

water was fractionally warmer from the direct sunshine when the test was carried out, 
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compared to the West Zone, which had a large amount of Norway Spruce, which are 

evergreen and give a constant cover from the sun. The vegetation list is also affected by 

different seasons. 

 

My recommendation to the landowner is to first of all attend to the ditches, as they are the 

biggest threat to the mussel population at this moment. Secondly he should try to make the 

embankments more stable, by the placing of large stones to stop erosion. Thirdly, he should 

cut back on the Signal crayfish population, to give the juvenile mussels a chance to grow to a 

mature age and reproduce. The fourth step could be, to add some new gravel to the West 

Zone, if one wants to create a better chance for a new mussel population to establish 

themselves there. These recommendations will hopefully help the situation for the Lekhyttan 

Freshwater Pearl Mussels and maybe even give them a better chance for new recruitment.    
 

Further studies on what effects grazing animals have on the freshwater pearl mussels, in 

sedimentation levels and direct physical interaction by trampling is needed, as I could not find 

any good data on the subject. 
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