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Abstract 
The benthic animals have important roles in benthic communities. Indicator organisms can tell things 
about a lakes status. Many of them are sensitive to acidification but there are also tolerant taxa. 
Some prefer eutrophic environments. The benthic fauna can therefore decide a lakes status since 
some species prefer different environments. 
The focus of this study was to compare benthic fauna within the littoral in the lakes Sidsjön and 
Vintertjärnen. They are situated a little south of Sundsvall, central Sweden and belong to the water 
system of Selångersån. The comparison was done at eight random locals in each lake at two 
occasions, during early and late summer to analyze if the benthic fauna differed between the two 
lakes and if it changed through the season. Five of the locals in each lake were protected and had 
soft bottoms and the remaining were exposed locals with hard bottom. 
Sidsjön is bigger than Vintertjärnen and has more variated bottom types so the biodiversity should be 
higher in Sidsjön. I also expect that the number of taxa should decrease during the later occasion due 
to hatchings. 
Three statistical analyses were done to see if these hypotheses were right or if they should be 
rejected. The two first analyses were ANOVA analyses, two-way with replication. The first ANOVA 
was for number of taxa and the second was for number of animals. The third analysis was a DCA 
analysis with the variables lakes, bottom types and emergent plants.  
ASPT index and Eq was also calculated and pH was measured during autumn for the lakes.  
The conclusion is that the there is no difference between the lakes but a significant effect when it 
comes to seasons according to the first ANOVA analysis. The second ANOVA analysis show that the 
lakes are not differing, that no factor is significant and there are no interactions. According to the 
DCA analysis there are differences between lakes and occasions when it comes to the variables.  
Keywords: benthic fauna, biodiversity, lake, heterogeneity, phenology 
 

Sammanfattning 
I benthossamhällen har bottenlevande djur viktiga roller. Indikatororganismer kan berätta saker om 
en sjös status. Många är känsliga för försurning men det finns också toleranta taxa. Vissa föredrar 
näringsrika förhållanden. Bottenfaunan kan därför bestämma en sjös status eftersom vissa arter 
föredrar olika miljöer. 
Den här studiens fokus var att jämföra bottenfaunan inom litoralen i sjöarna Sidsjön och 
Vintertjärnen. De är belägna lite söder om Sundsvall, centrala Sverige och tillhör Selångersåns 
avrinningsområde. Jämförelsen var gjord på åtta slumpmässiga lokaler i varje sjö vid två tillfällen, 
under tidig sommar och sensommar för att analysera om bottenfaunan ändrades. Fem av lokalerna i 
varje sjö var skyddade och hade mjukbotten och resten exponerade med hårdbotten.  
Sidsjön är större än Vintertjärnen och har mer varierade bottentyper så den biologiska mångfalden 
borde vara högre i Sidsjön. Jag förväntar mej att antalet taxa kommer att minska under det senaste 
tillfället med tanke på kläckningar. 
Tre statistiska analyser gjordes för att se om hypoteserna var rätta eller skulle förkastas. De två första 
analyserna var två tvåvägs ANOVA analyser med replikering. Den första ANOVA analysen var för 
antalet taxa och den andra för antalet djur. Den tredje analysen var en DCA analys med variablerna 
sjöar, bottentyper och övervattensväxter.  
ASPT index och EK räknades även ut och pH mättes under hösten för sjöarna. 
Slutsatsen är att det inte är någon skillnad mellan sjöarna men att det finns en signifikant effekt när 
det kommer till säsongerna enligt den första ANOVA analysen. Den andra ANOVA analysen visar att 
sjöarna inte skiljer sig åt, att ingen faktor är signifikant och det inte är interaktioner. Enligt DCA 
analysen så är det skillnader mellan sjöarna när det kommer till variablerna. 
Nyckelord: bentisk fauna, biologisk mångfald, sjöar, heterogenitet, fenologi 
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1 Introduction 

In this study the benthic fauna within the littoral in the two lakes Sidsjön and Vintertjärnen is the 
main focus but water vegetation in the lakes and the fauna of birds and fishes are also important and 
information about that is also given but more briefly.  

1, 1 Environmental objectives and a definition of a lake  

Sweden has 16 environmental objectives and 5 of them are important for lakes, these objectives are 
a rich plant- and animal life, flourishing wetlands, living lakes and streams, no eutrophication and 
only natural acidification (Environmental objectives portal 2014). A lake is deep enough to have an 
open area without vegetation in the middle (Karlsson 1984).There are in Sweden two main types of 
lakes when it comes to nutrient status. A lake is either oligotrophic or eutrophic. The first type has 
normally a catchment area dominated by coniferous forests, heaths and mires. The second type is 
normally situated in fertile areas near the coast (Bernes 1994). In addition to these broad categories 
there are more classifications (Nurnberg 1996, Table 1).  

1.2 Classification of lakes 

According to Nurnberg (1996) there are four classification statuses (Table 1; Nurnberg 1996). 
Table 1. Statuses for lakes 
Table 1. Statuses for lakes 

Parameter Oligotrophic Mesotrophic Eutrophic Hypertrophic 

Total P (µg liter-1) <10 10-30 30-100 >100 

Total N (µg liter-1) <150 350-650 650-1200 >1200 

1, 3 Acidity and pH 

In Sweden metamorphic rocks (gneiss) and igneous rocks (granite) are most prevalent in a major part 
in the country. They are hard and acidic. Calcareous rocks for example limestone and dolomite are 
prevalent in the western fjell region. In general old bedrock such as gneiss and granite are harder 
than younger bedrock such as for example limestone (Rydén et al 2003). Precambrian bedrock are 
dominating in Sweden and have a small buffer capacity against pollutants that acidify. Sedimentary 
rocks are common on the continent and can neutralize acid inputs due because they weather far 
more easily then Precambrian rocks (Bernes 1994). 
The degree of acidity in lakes can be classified into five classes (Table 2; Anon 1999). 
Table 2. Condition and pH-value 
Table 2. Condition, pH-value 

Class Term pH 

1 Near neutral >6,8 

2 Weakly acid 6,5-6,8 

3 Moderately acid 6,2-6,5 

4 Acid 5,6-6,2 

5 Very acid 5,6 
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1, 4 Bottom types 

In this study there will be a distinction between hard bottoms and soft bottoms. Hard bottoms are 
exposed since they are less protected to wind due to that vegetation is less. Soft bottoms are 
bottoms where vegetation can grow more easily. They are protected bottoms due to that they are 
more protected from wind than hard bottoms. According to Karlsson (1984), two main types of soft 
bottoms can be classified. Bottoms that consist of peat or bottoms that not do that.  
There are different kinds of peat that can be composed of different materiel.  
The other main bottom type consists of two subtypes, either oozy bottoms or muddy bottoms.  
Oozy bottoms are formed by different kinds of detritus, coarse detritus and fine detritus. These 
bottoms are typical for lakes with no or very low amounts of humus. The colour is often grayish 
green but can also be black, brown or reddish. The opposite of oozy bottoms are muddy bottoms, 
the main component is coagulated humus that is precipitated from strongly humus-rich waters. The 
humus is often interspersed with detritus and normally not pure.   
Bottoms are covered of different types of sediments. These sediments can consist of organic or 
inorganic material that comes from inflows. Material can also be carried by the wind or be supplied 
through runoff from the surrounding terrain (Karlsson 1984).  

1, 5 Bottom living animals 

The benthic zone on the bottom of for example a lake consists of inorganic and organic sediments. It 
is inhabited by organisms and their communities, the benthos (Campbell et al 2006).The benthic 
fauna consist of for example crustaceans, dragonfly nymphs, leeches, mayfly nymphs, mosquito 
larvae and snails (Kaufmann & Cleveland 2008). Many benthic animals feed mainly on detritus 
(Campbell et al 2006). The decomposers play important roles and can increase the food energy that 
is available. (Kaufmann & Cleveland 2008). Benthic animals are very important food for both birds 
(Batzer et al 1993 & Segerstråle 1954). The animals are also important food for fishes (Brönmark & 
Hansson 2005; Bydén et al 2003 & Segerstråle 1954). 
If organisms are used as indicators for pollutants then they are biomonitors (Manahan 2010). 
Macroinvertebrates in benthic communities are very important biomonitors and usage of them in 
biomonitoring is extensive (Rosenberg & Resh 1993), 
Many of them are sensitive to acidification. Benthic living animals that have a shell containing 
calcium are most sensitive. Bivalves, crustaceans and gastropods will be seriously affected even if the 
acid condition drop to moderately acid (Bernes 1994). Wandering pond snail (Radix ovata) is a 
common species in Europe and is classified as least concern according to the IUCN threat status 
(Encyclopedia of life 2014). It is as molluscs very sensitive to acid conditions. Other sensitive species 
are leeches and mayfly nymphs and most of the beetles (Bernes 1994).The nymph of big mayfly 
(Ephemeroptera vulgata) is for example very sensitive to acidification and cannot stand a pH that is 
below 5, 5 (Bydén et al 2003). Mayfly nymphs can be used as indicators that show whether the 
health of the ecosystem is good (Dodds 2001).  
There are also other indicator species and tolerant species. (Table 3; Andersen 1977). 
Table 3. Indicator organisms 
Table 3. Indicator organisms 

Clean water organisms: Trichoptera, Plecoptera 

Tolerant species: Asellus. Chironomus, Erbobdella, Tubifex 

Chironomids (non-biting midges) have larvae that can be used to classify a lakes status. Larvae in the 
genus Chironomus are red and contain hemoglobin. They are found in eutrophic lakes and can 
breathe in moderate low oxygen conditions (Karlsson 1984). According to Saether (1979) different 
chironomid species and their communities in Nearctic and Palearctic regions prefer different trophic 
statuses (Saether 1979).  
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1, 6 Phenology for benthic living animals 

The definition of phenology is about organism’s behavior through the season (Townsend et al 2003). 
Groom et al (2005) mention that Factors such as for example changes in the seasonal temperature or 
lunar tides normally cases the timing of occurring events (Groom 2005). Short life cycles (annual or 
shorter) are common for many bottom-living animals and community structure has a high seasonal 
variability (Mandaville 2002). Mayflies live only during a few days, do not feed and reproduce during 
a short period (Dodds 2002). The majority of the species in temperate regions hatches from late 
afternoon to the first hour of darkness. This pattern is due to lower predation risks in temperate 
regions compared to tropic regions (Flanagan & Marshall 1980). 
Adult mayflies were found in one of the lakes (Figure 1). 

 
 
 

Figure 1. Photo of a big mayfly (Ephemeroptera vulgata) that was found in one of the studied lakes. 
The nymphs of this species live three years in sand bottoms (Bydén et al 2003). 
The majority of Sweden’s dragonflies hatch from early summer to late summer. There are two 
periods of hatchings, the species that fly during early summer hatch in May to June. During July to 
August there are species hatching that fly during late summer (Strand et al 2009). 

1, 7 Biodiversity and heterogeneity 

In a study like this where the main focus is benthic fauna, the concepts biodiversity and 
heterogeneity are important.   
The variety of living organisms and number of living organisms is termed biodiversity. It cover also 
ecosystems and not only animals and microorganisms. When diversity within ecosystems is the focus 
then the term ecosystem diversity is used (Kaufmann & Cleveland 2008).  
Species diversity is all the occurring species. It can be measured in two ways. Individuals and their 
distribution among species is termed species evenness. It measure if individuals represent a few of 
many species that are present or if they are evenly distributed among occurring species.  
Species richness is the number of occurring species. There is a positive relationship when it comes to 
area and the species present. The number of species increases with the environments size. This 
environment can be for example an island or a lake (Kaufmann & Cleveland 2008). Species richness 
can be divided into three big components. They are Alpha richness, beta-richness and gamma-
richness. If it will be a change in the composition of species among communities or through habitats, 
then it is beta-richness (Groom et al 2005). This diversity will be the focus for this study. 
When communities and species richness are considered, spatial scales are important. They can be 
either regional or local and depend on biogeographical and ecological processes that are 
predominating. Important factors within regional areas are for example fluctuation in distribution of 
species or speciation.  Competition, parasitism and predation are factors that are important in local 
areas. It is important to distinguish the scales from each other. If the local habitat is taken as an 
example, generally the scale will be increased if the taxa in question have a bigger body size and a 
larger home range (Cornell & Lawton 1992).  
Another concept that is related to biodiversity is heterogeneity. It defines mosaics of land; it is not 
dependent of scale and represents the spatial complexity of how the mosaic is. Different patches 
have different qualities of biodiversity (Farina 1998). Soft bottoms have a higher biodiversity than 
hard bottoms (Bärzinger 2001). Nymphs of Sialis sp prefer soft bottoms (Yakovlev 2009). Bottoms 
with much plant materiel have the highest biodiversity with many occurring taxa.  Some taxa such as 
Asellus aquaticus, Ephemeroptera and Helobdella stagnalis are only found on sediments that are rich 
of organic matter (Poznańska et al 2009). According to Bärzinger (1995) bottoms with reed beds has 
the highest biodiversity when it comes to number of taxa. (Bärzinger 1995). 
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 1, 8 Factors that influence biological diversity 

The littoral is a species rich habitat that supports diverse and large populations of bottom living 
animals. Climate and seasonal influences are important factors that make it to a habitat that is highly 
variable. The heterogeneity of bottom substrates and vegetation also provide benthic fauna 
microhabitats with diverse fauna (Mandaville 2002).  
According to Weatherhead & James (2001) the three most important factors that controlled 
abundance and distribution of macroinvertebrates are biomass of macrophytes, detritus and 
substrate (Weatherhead & James 2001). Smith et al (1987) list the type of bottom substrate and 
waves as the most important factors for fauna and flora. These factors and others affect both the 
quality and quantity of both zoobenthos and macrophytes (Smith et al 1987). Occurring birds in a 
lake can also tell whether a lake is oligotrophic or eutrophic.  Arctic loon, for example (Gavia artica) is 
a fish-eater that prefers clear waters and feed in oligotrophic lakes. During the last two decades 
there has not been any significant decline in reproductive success or population size. It is classified as 
“care demanding” in the red list of threatened and rare species (Eriksson 1994). The fish fauna also 
tell things about acidification (Bernes 1994). A very sensitive species to acidification is the roach 
(Rutilus rutilus), when the pH is just below 5, 5, it will have reproduction disturbances (Almér et al 
1974). 

1, 9 Taxon 

The smallest taxonomic unit that can be ensured when it comes to identifying of animals is called a 
taxon regardless if it is identified to species, genera or a higher taxonomical level (Söderberg & 
Norrgrann 2001). It can be difficault for a non-expert to identify many benthic animals to the level of 
species (Mandaville 2002) Species in some families are hard to identify. Dragonflies have nymphs 
that are problematic to identify (Sahlén 1985). Mayflies have also nymphs that are hard to identify 
(personal communication Jourhavande biolog 2013-10-09). Special knowledge is often required when 
mites should be identified (Gärdenfors et al 2004). Water mites can be hard to identify down to 
species level (Olsson & Svedberg 1999).If a rapid bioassessment should be done it is according to 
Somers et al (1998) enough to collect 100 animals. It is not better to sample 200 or 300 animals when 
results of ANOVA and CA analyses should be interpreted since the gain is small (Somers et al 1998)   

1, 10 ASPT and Eq 

When it comes to the status of a lake, an ASPT index (average score per taxon) can be used. 
There are five classification classes of ASPT (Table 4; Anon 1999). 
Table 4. Five classification classes for ASPT 
Table 4. Condition, fauna index, littoral zone in lakes (exposed shore) 

Class Term ASPT-index 

1 Very high index >6,4 

2 High index 5,8-6,4 

3 Moderately high index 5,2-5,8 

4 Low index 4,5-5,2 

5 Very low index <4,5 

If you have an ASPT value then the ecological quality quota (Eq) can be calculated by using a 
reference value for the specific Illies ecoregion (Table 5: Anon 2007). 
Table 5. Reference values and classes 
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Table 5 Reference values and classes 

Type Status ASPT Ecological quality quota (Eq) 

Illies ecoregion 14  
Central plains 

Reference value 5,85 

Uncertainty (SD of Eq) 0,057 

High ≥0,95 

Good ≥0,70-<0,95 

Moderate ≥0,50-<0,70 

Unsatisfactory ≥0,25-<0,50 

Bad <0,25 

Illies ecoregion 22 
Fenno-scandian shield   

Reference value 5,80 

Uncertainty (SD of Eq) 0,070 

High ≥0,90 

Good ≥0,70-<0,90 

Moderate ≥0,45-<0,70 

Unsatisfactory ≥0,25-<0,45 

Bad <0,25 

Illies ecoregion 20 
Borealic uplands 

Reference value 5,60 

Uncertainty (SD of Eq) 0,130 

High ≥0,60 

Good ≥0,45-<0,60 

Moderate ≥0,30-<0,45 

Unsatisfactory ≥0,15-<0,30 

Bad <0,15 

1, 11 The important role of aquatic plants 

Many organisms have water plants as their habitat (Anon 4913). Blindow et al (2001) mentions that 
Helobdella stagnalis, a predatory leech use the vegetation for foraging behavior. Ranatra linearis and 
Zygoptera nymphs (other predatory species) use also the vegetation for food seeking (Brönmark & 
Hansson 2005). Macrophytes are also important food since they can in shallow or small lakes be the 
most important photosynthetic organisms (Doods 2002). Plant composition and distribution is 
influenced by sediment structure. Reed has big dispersion problems on rocky bottoms (Rydin et al 
1999). Rydin et al (1999) mention different water plants. The following species, can occur in 
oligotrophic lakes: bottle sedge (Carex rostrata), water horsetail (Equisetum fluviatile), tufted 
loosestrife (Lysimachia thyrsiflora), bogbean (Menyanthes trifoliata), common reed (Phragmites 
australis) and common club-rush (Schoenoplectus lacustris). Outside these plants, floating leaved 
rooted plants such as yellow water-lily (Nuphar lutea), white water-lily (Nymphaea alba) and 
pondweed (Potamogeton sp) are occurring. Oligotrophic lakes have a lower biodiversity than 
eutrophic lakes and the characteristic species are few (Rydin et al 1999).Changes in the environment 
as for example acidification and eutrophication affect plant diversity and their distribution. Species 
and plant communities can therefore be used as indicators that show the condition of the ecosystem 
(EPA report 4913). Thick belts of Phragmites australis indicates eutrophication (Bydén et al 2003). 
The reed grows densely in shallow water (Brönmark & Hansson 2005). A higher content of nutrients 
improve the growth conditions and this vegetation becomes a problem when it overgrow lakes and 
decrease also recreational purposes (Hansson & Fredriksson 2003). Schoenoplectus lacustris also 
thrive in eutrophic conditions (Bernes 1994). When it comes to oligotrophic signs, populations of 
Sphagnum sp are occurring near most oligotrophic lakes that has mires near the shoreline (Grahn 
1985). They are favored by acid conditions (Bernes 1994). Creeping Spearwort (Ranunculus reptans) 
is also characteristic for oligotrophic waters. It grows either in shallow water on sandy bottoms or on 
regulated shores (Den virtuella floran 2013). 
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1, 12 Anthropogenic impact 

Outlets can be divided into two classes, natural or affected depending on their function for spawning 
or for wandering. Affected outlets are outlets where abilities have been decreased for animals. The 
major cause to that is a dam (Söderberg & Norrgrann 2001). Aroviita & Hämäläinen (2008) mention 
that regulation is one of the biggest anthropogenic disturbances in lakes. It is used for either control 
of flood or for production of power (Aroviita & Hämäläinen 2008).Fluctuations of the lake level can 
both have direct and indirect effects to the community of macroinvertebrates. The direct effect is 
physical disturbance and the indirect effect is the macrophytes distribution (Weatherhead & James 
2001). According to Smith et al (1987) regulation with low fluctuations of the water level does not 
need to be so harmful (Smith et al 1987). Houses near the shoreline can also have a potential 
damage to both animals and plants. Many factors affect how big the damage is. A couple of examples 
are for example if there are any recreational activities going on and if the houses are used during the 
whole year. It is important to know about fish stockings when a lake is about to be inventoried. It is 
also important to know if a lake has been treated or is being treated with rotenone (Söderberg & 
Norrgrann 2001). 

1, 13 Purpose 

The purpose of this study is to compare the benthic fauna in two lakes during two occasions. The first 
occasion is during early summer and the second occasion is during late summer. This will be done on 
both exposed sites with hard bottom and protected sites with soft bottom. The lakes, Sidsjön and 
Vintertjärnen are situated in Selångersåns drainage area near Sundsvall in the county of 
Västernorrland, central Sweden. This is the main focus but water vegetation in the lakes will also be 
mentioned and also the fauna of birds and fishes. This is due to that water vegetation is important 
for benthic living animals and that both birds and fishes are important predators.  
The questions are: 

  Will there be changes in the benthic fauna within and between the two lakes Sidsjön 
and Vintertjärnen during early summer and late summer? 

 How much will the benthic fauna differ between exposed and protected sites? 

 How much will the fauna change during the season? 
The hypotheses is that Sidsjön will have a higher biodiversity than Vintertjärnen due to its bigger size 
and more varied bottom types. The lake will therefore have a higher heterogeneity.    
The benthic fauna will change during the occasion because of hatchings but it should not be such a 
big change. Some species has nymph periods during several years so smaller nymphs will be found. It 
is also expected that locals with soft bottom will have a richer fauna than locals with hard bottoms 
since the biodiversity is higher on soft bottoms.  
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2 Study area 

The surroundings of the lakes are diverse (Figure 2). 
 
 
 
 
 
 
 
 

Figure 2. Map showing Sidsjöns and Vintertjärnens tributaries and the lakes surroundings. Green is 
forests, orange is habitation and yellow agricultural field.  
The lakes seem to be used for different purposes. Vintertjärnen seem only to be used by those that 
live there when it comes to activities such as bathing and fishing. Much more activities can be done 
at Sidsjön that is much more heavily affected both winter and summer. People from the city use 
Sidsjön for recreation.  

2, 1 Study area tables 

There are anthropogenic impacts around the lakes (Table 6; SMHI). 
Table 6. Anthropogenic impact for the lakes 
Table 6. Anthropogenic impact for the lakes 

Lake Outlet Red listed 
species 

Rotenone 
treatment 

Stocking 
of fish 

Fishing Bathing 
places 

Other 
activities 

Cottages 

Sidsjön Natural Yes No Yes Yes Yes Yes Yes 

Vintertjärnen Affected ? No No Yes No No Yes 

Vintertjärnen has an effected outlet (Figure 3). 
.  
 
 
 
 

Figure 3. Photo of Vintertjärnens heavily affected outlet which periodically dries out during summer. 
Information about the lakes location and area are important (Table 7 VISS 2013). 
Table 7. Lake ID and area of the lakes 
Table 7. Lake ID and area for the lakes 

Lake Lake ID Area (km2) 

Sidsjön 691928–157631 0,35 

Vintertjärnen 691625–157414 0,15 

Statuses and old measurements are other important parameters (Table 8; VISS 2009, Anon w.y). 
Table 8. Statuses for the lakes and old measurements from 2003-08-26  

 

 

 

Table 8. Statuses for the lakes and old measurements from 2003-08-26 

Lake Chemical 
status 

Ecological 
status 

Problems 
with 
acidification 

Problems with 
eutrophication 

Problems with 
environmental 
toxins 

Total 
Nitrogen 
 mg/l 

Total 
phosphorus  
µg/l 

Sidsjön Achieves 
not good 

Good No No Yes 0,45 21 

Vintertjärn Achieves 
not good 

Moderate No No Yes 0,4 8 
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3 Method and material 

The study was done in the two lakes Sidsjön and Vintertjärnen. Samplings were done during early 
summer and late summer 2013. See appendix 4 for detailed information about the sampling sites.  
This study focus on the benthic fauna but it is also important to know things about the other fauna 
and flora. Referring to appendix 3 (The lakes) for information about that. References are also given to 
appendix 1 (Example of a protocol for the lakes) since protocols were used for data collection and to 
appendix 2 (Environmental variables) because these variables were used for ordination.    
Sample sites were randomly decided (Figure 4). 

 
 
 
 
 
 
 
 
 
 
 

Figure 4. Other maps that show how sample sites were chosen and labelling of sites, e is an acronym 
for exposed and p an acronym for protected. 

3, 1 The sampling sites 

Eight sample sites were randomly chosen by doing four lines. The first was drawn from the northwest 
end to the southeast end. The second was drawn from the northeast end to the southwest end. The 
third was drawn from the middle of the north end to the middle of the south end. Finally, the last 
was drawn from the middle of the west end to the middle of the east end. 
The wideness of each sampling site was estimated to 10 meters and sampling started in the shallow 
water along the shoreline and ended when the water became knee-deep. The length of sample sites 
varied due to depth.  
All samples from Sidsjön were from different depths but samples from Vintertjärnens northern end 
were taken from one depth due to the deepness. At each sample site, 5 subsamples were taken 
every 2 meter within a distance of 10 meters, resulting in 40 samples per lake and season.  

3, 2 Exposed and protected samples 

The sample sites were classified as either hard bottom or soft bottom. Bottoms consisting of 
inorganic materiel from gravel to stones were classified as hard bottoms and the soft bottoms 
consisted of organic material. Some of the samples were so called exposed sample and from hard 
bottom. The other samples were from soft bottoms and called protected samples because they are 
from a place that is more sheltered from the wind due to the vegetation. The protected samples 
were in dominance, there were totally 5 samples per lake and occasion that were protected samples 
(25 subsamples) and 3 samples per lake and occasion (15sub-samples) that were exposed samples.  
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3, 3 Methods for animal sampling 

3, 3, 1 Methods that cover benthic animals in the lake 

There were two methods for sampling benthic animals. The first method is for benthic animals. It is 
SIS method SS028191 (Anon 2010). 
Sediments were whirled up with the feet to increase the catch of animals. One meter long pulls were 
after that done in each direction. This was repeated five times because samplings were collected on 
different and shallower deeps when sampler moved backwards. The used bag net had a round 
opening and meshes with a diameter of 2 millimeter. After that the bag net was rinsed in the water. 
A plastic tray was used to empty out the material. This was done gradually and bigger substrates 
were taken away after it had been clear that it did not contain any animals. The rest of the materiel 
in the bag net was rinsed into the plastic tray. The sample volume was reduced to 0, 5 liter. 
The second method was collecting of mollusks. This was done as one protected sample for each lake. 
During half an hour bottom material was calmly and methodically searched after mollusks that later 
were identified. 

3, 3, 2 Methods for aquatic plants and shore-living plants 

The method for aquatic plants was observations of aquatic plants within each sampling site. 
Occurring plants were written down in protocols and texts for each sampling site. Referring to 
appendix 1 and appendix 4.  
The method for shore-living plants was other observations of shore-living plants within each 
sampling site. The observations started on the shoreline and ended a couple of meters above. 
Occurring plants were written down in protocols and texts for each sampling site. References to 
appendix 1 and appendix 4. The methods here are similar to those found in (Anon 2010). 

3, 3, 3 Methods for macrofauna 

Three methods were used here. The two first methods were for birds respectively fishes and the last 
was observations of outlets. 
The method for bird life was to do observations along the lakes. This was done several times during 
different seasons. Most visits were done during winter and spring but few visits were also done 
during summer and autumn.  
The method for fish fauna was to find information about occurring fishes, both native and stocked 
and the municipality of Sundsvall was used to get information about that. 
The method for outlets were observations of outlets and each outlet was classified as natural or 
affected. 

3, 4 Methods within the laboratory 

3, 4, 1 Method for benthic animals 

Animals were picked out without microscopic means or assistance in the laboratory. Caught animals 
were after that preserved in 70 % alcohol. A stereoscope was used to identify species that were 
unknown. Easier identifiable animals were identified with books or known before. The used 
identification literature were (Olsson & Svedberg 1999) and (Scharff 1999). Pictures of benthic 
animals were taken at the laboratory. Expert help was also needed once. 
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3, 5 Method for pH 

The method for pH was to do one measurement near the shoreline for each lake and one water 
sample was collected with a small plastic jar. This was only done once during the autumn 2013. The 
water samples for pH were measured at the laboratory after about an hour because measurements 
should be done as soon as possible.  

3, 6 ASPT index and Eq 

ASPT index (average score per taxon) was calculated for the lakes Sidsjön and Vintertjärnen 
according to (Anon 1999). Every occurring family or class when it comes to Oligochaeta is given a 
number of its tolerance. Sensitive species has high values and tolerant species low values.  
These numbers are after that added and divided with the number of occurring taxa. A high ASPT 
index is better than a low value since it show abundance of species with special requirements.   
The Eq was calculated by dividing ASPT with the reference value for the ecoregion according to (Anon 
2007). It is good to have a high value since Eq measure status. 

3, 7 Statistical analyses 

Two types of statistical analyses were done in this study, two ANOVA (two-way with replication) 
analyses and a DCA analysis. The ANOVA (analysis of variance analysis) analyses were done in Excel 
2010 with standard mode. There were two factors, lakes and occasions and number of taxa 
respectively number of taxa were analyzed.  
DCA (Detrended correspondence analysis) is a common and widely used ordination method within 
ecology. DCA was used since it was appropriate for this kind of materiel that contained beta diversity 
and that needed to be ordinated along gradients. DCA uses standard deviation and is appropriate 
since samples included taxa from two lakes and two occasions. 
One DCA was done with version 5 of the ordination program PC-ORD. The program DECORANA 
(acronym for Detrended correspondence analysis) in the ordination program PC ORD was used, rare 
species were not down weighted and the axes were rescaled since it is a detrended correspondence 
analysis and not a correspondence analysis. The ordination was presented as 3 classifications of 
sample sites. Classifications were lakes, bottom types and emergent vegetation. 
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4 Results 

A reference is given to appendix 5 (Species list for the lakes) for information about taxa occurrence 
for the lakes. Referring also to appendix 6 (Taxa occurrence for the lakes locals) and to appendix 7 
(Comparison of the lakes) where information about benthic fauna and lakes can be found.  
Many orders were found during samplings (Figure 5). 

 
 
Figure 5. Represented orders in per cent for the lakes and their occasions. S and V is Sidsjön and 
Vintertjärnen and e and l is early and late. 
The order Isopoda (isopods) was highly represented in both lakes during the occasions. The species 
water hog louse (Asellus aquaticus, the only occurring isopod had nearly 60 % occurrence for Sidsjöns 
later occasion. It was expected that it should have a high occurrence but not so high. Another thing is 
that the occurrence of mayfly nymphs (Ephemeroptera) decreased during the occasions. It was quite 
expected due to the hatchings during early summer. The order Amphipoda (amphipods) had only an 
occurrence in Sidsjön. 

4, 1 Taxa for Sidsjön 

A total of 271 benthic animals were collected from Sidsjön. 194 of them were collected during the 
first occasion and 77 were collected during the last occasion. Reference to appendix 5 for more 
information about found taxa. Totally 20 taxa were found. 20 taxa were found during the early 
occasion and 12 taxa were found during the late occasion. 
Apart from this result, an adult big mayfly (Ephemeroptera vulgata) was found near the shoreline 
within local 7 during the first occasion. 
One species was found during the mollusk seek in Sidsjön at the local 3. That was the species 
wandering pond snail (Radix ovata) (Figure 6). 

 
 
 
 
 
 
 

Figure 6. Photo of a Radix ovata shell, the only found mollusk species. 
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4, 2 Taxa for Vintertjärnen 

A total of 227 benthic animals were collected from Vintertjärnen. 118 of them were collected during 
the first occasion and 109 were collected during the late occasion. Reference to appendix 5 for more 
information about found taxa. There were totally 14 taxa found. 12 taxa were found during the early 
occasion and 10 taxa were found during the late occasion. Chironomus sp and Hydrophilidae were 
only found during the later occasion. 
No species was found during the mollusk seek that was at local 5. 

4, 3 Comparison of the lakes 

An ANOVA (two-way with replication) was done for average taxa (Table 9). 
Table 9. ANOVA (two-way with replication) showing average taxa. 
Table 9.  ANOVA (two-way with replication) showing average taxa 

Source of v. SS Df MS F P-value F-crit 

Occasion 22,78 1 22,78 4,81 0,03 4,19 

Lakes 1,53 1 1,53 0,32 0,57 4,19 

Interactions 16,53 1 16,53 3,49 0,07 4,19 

Within 132,37 28 4,72    

       

Total 173,21 31     

The interpretation of the ANOVA is that it is no difference between the lakes but it is a significant 
effect when it comes to the occasion. There are no interactions. 
Average taxa per local and error bars with standard deviation was done for the lakes with their 
respective occasions (Figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Average taxa per local and error bars showing standard deviation for the lakes and their 
occasions. S is short for Sidsjön and V is short for Vintertjärnen and e respectively l are early and late. 
There was no significant difference between the lakes and occasions according to the result. This was 
unexpected due to Sidsjöns larger area and more varied bottom types. 
Another ANOVA (two-way with replication) was done for average number of animals (Table 10). 
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Table 10. ANOVA (two-way with replication) showing average number of animals. 
Table 10. ANOVA (two-way with replication) showing number of animals 

Source of v. SS Df MS F P-value F-crit 

Occasion 496,12 1 486,12 3,94 0,05 4,19 

Lakes 60,50 1 60,5 0,48 0,49 4,19 

Interactions 364,50 1 364,5 2,90 0,09 4,19 

Within 3 518,75 28 125,66    

       

Total 4 439,87 31     

The interpretation of the second ANOVA is that no factor is significant and that the lakes are not 
differing and there are no interactions 
Average number of animals per local and error bars with standard deviation was done for the lakes 
and their occasions (Figure 8). 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Average animal per local for the lakes and their different occasions with error bars that 
show standard deviation. S is short for Sidsjön and V is short for Vintertjärnen and e respectively l are 
early and late. 
It was an almost statistically significant difference between occasions at least for Sidsjön. This is 
mainly due to that a lower number of animals were collected in Sidsjön at the second occasion.  
Average number of taxa per lake and error bars with standard deviation was done for both exposed 
and protected locals (Figure 9). 
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Figure 9. Average number of taxa for the lakes protected and exposed locals with error bars showing 
standard deviation. S and V are for Sidsjön respectively Vintertjärnen, e and l are for the occasions 
(early and late) and p and e are for protected respectively exposed. 
Protected locals (locals with soft bottom) tends to have a higher average of taxa then exposed locals 
(locals with hard bottoms) when it comes to the lakes. It may indicate that benthic fauna is richer on 
soft bottoms than hard bottoms. However it is not a significant difference due to lack of samples. 
Average number of animals per lake and error bars with standard deviation was done for exposed 
and protected locals (Figure 10). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Average number of animals for the lakes protected and exposed locals with error bars 
showing standard deviation. S and V are Sidsjön respectively Vintertjärnen, e and l are for occasions 
(early and late) and p and e are protected respectively exposed. 
The pattern when it comes to average number of animals is nearly the same as for Figure 9 that 
showed average number of taxa. The average number of animals tends to be higher on locals 
consisting of soft bottom (protected locals) and lower on locals consisting of hard bottoms (exposed 
locals) but the difference is not statistically significant. Once again it is a lack of samples. 
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4, 4 ASPT index and Eq 

ASPT was measured for the lakes Sidsjön and Vintertjärnen (Table 11). 
Table 11. ASPT index for the two lakes. 
Table 11. ASPT indices for the lakes 

Taxa for Sidsjön ASPT number Taxa for Vintertjärnen ASPT number 

Asellidae 3 Asellidae 3 

Baetidae 4 Baetidae 4 

Caenidae 7 Caenidae 7 

Chironomidae 2 Chironomidae 2 

Coenagrionidae 8 Coenagrionidae 8 

Corixidae 5 Dytisidae 5 

Erpobdellidae 3 Erpobdellidae 3 

Gammaridae 6 Hydrophillidae 5 

Glossiphoridae 3 Libellulidae 8 

Hydrophillidae 5 Limnephillidae 7 

Leptophlebidae 10 Nepidae 5 

Libellulidae 8 Sialidae 4 

Limnephillidae 7   

Nepidae 5   

Notonectidae 5   

Sialidae 4   

Total 85 Total 61 

ASPT 5.31 ASPT 5,08 

ASPT show tolerance for pollutants. According this result, Sidsjön has a slightly higher value but there 
were certainly more species then those that were sampled so the relevance can be questioned. A 
higher value was expected due to Sidsjöns bigger area and more heterogeneous bottoms. 
Vintertjärnen has a more homogenous bottom. However ASPT indicate tolerance so it is important to 
think of that. ASPT index is also only one index among other indices. 
Eq was measured for the lakes Sidsjön and Vintertjärnen (Table 12). 
Table 12. Eq (Ecological quality quota) for the lakes 
Table 12. Eq for the lakes 

Eq for Sidsjön Eq for Vintertjärnen 

5,31/5.80=0,92 5,08/5.80=0,88 
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4, 5 Ordination for the lakes 

4, 5, 1 DCA analysis 

The ordination separated data along 2 axes with gradient lengths of 3,369 sd units and 2,030 sd 
units.  
Three classifications are presented. The first classification is lakes (Figure 11). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. The classification lakes during two occasions. Dark addition signs show taxa. Triangles 
show locals, Sidsjön is represented by red triangles and Vintertjärnen by green triangles.  
There was a clear turnover of species according to the data. Species that only were found in 
Vintertjärnen are on the left side and species that only were found in Sidsjön are on the right side. 
Dytiscidae and Ranatra linearis were only found in Vintertjärnen during samplings. Gammarus sp and 
Leptophlebia sp were only found in Sidsjön during samplings. Hydrachnidia had the biggest 
occurrence in Vintertjärnen and Asellus aquaticus had big occurrences in both lakes. The sample 
locals of Vintertjärnen are in general more situated to the left then the locals of Sidsjön. There are 
clear differences among the lakes when it comes to both locals and species according the ordination.  
The next classification is bottom types (Figure 12). 
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Figure 12. The classification bottom types during two occasions. Dark addition signs show taxa. 
Triangles show bottom types, exposed locals with hard bottom is represented by green traingles and 
protected locals with soft bottom is represented by red triangles.  
It is hard to do an interpretation but the two locals that differs most are exposed locals with hard 
bottom. They are situated in the ordinations upper part since the standard deviation is high. 
The last classification is emergent plants (Figure 13). 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. The classification emergent plants during two occasions. Dark addition signs show taxa. 
Triangles show amounts of emergent vegetation. Locals with the lowest amount of vegetation is 
represented by red triangles, locals with an intermediate amount of vegetation is represented by 
green triangles and locals with the highest amount of vegetation is represented by lighter greener 
triangles.  
It is hard to do an interpretation but the two locals that are lacking emergent vegetation differ from 
the others. There is no clear difference between intermediate amounts of emergent vegetation and 
high amounts of emergent vegetation when it comes to species composition. 

4, 6 pH measurements 

pH was measured the 8th of November 2013 near the shoreline. The water temperature was for both 
samples measured to 9, 8 degrees at the laboratory. pH for Sidsjön was measured to 6.4 and the pH 
of Vintertjärnen was measured to 6, 7. 
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5 Discussions 

5, 1 Benthic fauna 

Benthic animals are important for the biodiversity and have important roles in the ecosystem.  
Many of them are important detritivores (Kaufmann & Cleveland 2008). Quite much or much plant 
materiel could be seen in some of the samples. There were also many species that mainly feed on 
detritus found in samples (Bydén et al 2003). For example Asellus aquaticus was a very abundant 
species that dominated quite many samples and had a high occurrence. Bottom-living animals play 
another role as food for other animals (Brönmark & Hansson 2005; Bydén et al 2003 & Segerstråle 
1954).  
 
The bottom type is important for benthic animals. The results showed that it tends to be a higher 
number of taxa on protected locals than exposed locals. Bärzinger (2001) showed that benthic fauna 
were richer on soft bottoms then hard bottoms. Poznańska et al (2009) showed also that soft 
bottoms with much plant materiel had the highest biodiversity and that some species only were 
found on organic rich sediments. That was in many cases true for the Asellus aquaticus, 
Ephemeroptera and Helobdella stagnalis. Poznańska et al (2009) showed that the Asellus aquaticus 
prefer soft bottoms and were only found on organic-rich sediments. In this study this species was 
found on both hard and soft bottoms. 
The found species in the lakes seem not to be so dependent on bottom type. Sialis lutaria was the 
only species that only was found on soft bottom, it prefer soft bottoms according to Yakovlev (2009).  
There were few taxa that only were found at locals with hard bottoms, in Sidsjön 2 Gammarus sp 
were found and in Vintertjärnen 1 Ranatra linearis was found at an exposed local.  
 
Amount of plant materiel and vegetation seem to be more important than bottom type. 
Water vegetation is also included in this study. Aquatic plants are very important for benthic-living 
animals (Brönmark & Hansson 2005; Blindow et al 2001 & Anon 1999). According to Doods (2001) 
aquatic plants are important food. Blindow et al (2001) mention that the predatory leech Helobdella 
stagnalis uses vegetation for a foraging behavior. It was during this study also found where 
vegetation was dense. Brönmark & Hansson (2005) mention also that other predatory species such 
as Ranatra linearis and Zygoptera use vegetation when they seek after food. They were found where 
vegetation was quite dense. That makes sense because they feed there. Water plants can give 
benthic animals protection and predatory species can also feed there and find good hiding places.  
 
When it comes to the number of taxa and animals, more taxa and animals were found in Sidsjön than 
Vintertjärnen. Sidsjön had during the first occasion 20 taxa and 12 taxa during the second occasion.  
During the second occasion quite many taxa of hemipterans and leeches were not a part of samples. 
Vintertjärnen had during the first occasion 14 taxa and during the second occasion 12 taxa. 
There were a total of 271 benthic animals sampled in Sidsjön, 194 of them were found during the 
first occasion and 77 benthic animals were found during the second occasion. A total of 227 benthic 
animals were sampled in Vintertjärnen. 118 of them were found during the first occasion and 109 
were found during the second occasion. It is normal that number of taxa and animal’s decreases 
from the early occasion to the later occasion due to hatchings of taxa such as damselflies, dragonflies 
and mayflies during early summer. Hatched animals were seen. The number of benthic animals 
decreased during the occasions. There are however no significant differences in the result when 
average number of taxa and animals are compared.   
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If a comparison should be done to Söderbergs & Norrgranns inventory (2001) few taxa were found 
for both of the lakes. The low numbers of found taxa in the samples can be due to possible 
anthropogenic disturbance. Both lakes has anthropogenic impacts that could disturb the ecosystem. 
Sidsjön is for example regulated. That is one of the biggest impacts that can be seen in a water 
ecosystem according to Aroviita & Hämäläinen (2000). The outlet of Vintertjärnen dried out during 
the summer and that could have decrease biological diversity. Söderberg & Norrgrann (2001) 
mention that it is a higher biodiversity where a creek flow out. 
 
According to Somers et al (1998) the number of animals that were found during samples are enough 
for doing a rapid bioassessment. Species sensitive to pollutants that require clean water such as 
Trichoptera were found. Anderssen (1977) mention that Trichoptera can be used as an indicator 
organisms. Ephemeroptera were also found in the lakes. They are sensitive to acidification according 
to Bernes (1994) and Doods (2001) mention that nymphs can be used as indicators to see if the 
ecosystem health is good. Species that are tolerant to pollutants such as Asellus aquaticus, 
Chironomus sp and Helobdella stagnalis were found. They are typical tolerant organisms according to 
Andersen (1997). Asellus aquaticus was very abundant in both lakes. In fact is was the most abundant 
species and had an occurrence of nearly 60 % in samples taken during Sidsjöns second occasion. 
According to Bydèn et al (2003) it is an important decomposer. Quite much or much plant materiel 
was seen in many of the samples so Asellus aquaticus is benefited from that. There were also some 
Chionomus sp that prefer eutrophic conditions. Karlsson (1984) mention that this genera is typical for 
eutrophic lakes however there were not so many larvae in samples.   
Both sensitive and tolerant species were found in samples in both of the lakes.  
 
Sidsjön had the highest ASPT index with 5, 3 and its value is within the classification moderately high 
index. Vintertjärnen had an index of 5, 1 and is within the classification low index. There are certainly 
more taxa in the lakes then those that were caught so the ASPT index would probably differ. If more 
animals and taxa had been found during the samplings then ASPT index had probably been more 
precisely. For example, an adult Ephemeroptera vulgata was seen during the first occasion and a 
nymph in the sample would have increased the ASPT index. At the same, ASPT index for Sidsjön 
would be decreased if the Lephophlebidae sp nymph was not seen in the lake and only 1 nymph was 
found. The ASPT index is however only one index among others indices that classify the benthic 
fauna. Another important index is Shannon diversity index. 
As a complement to ASPT, Eq was calculated for the lakes. With an Eq value of 0, 92, Sidsjön is within 
the classification high. Vintertjärnen had an Eq value of 0, 88 and is within the classification good.  
 
Sidsjön is bigger than Vintertjärnen and has more varied bottom types. More taxa and number of 
benthic animals were found in Sidsjön. That was expected due to the lakes bigger area (Kaufmann & 
Cleveland 2008) and a higher heterogeneity of habitats (Farina 1998). However samplings were few 
and it could have been less or more taxa depending on that. More samplings give a more precise 
result. The result support not that Sidsjön has a richer fauna when average number of taxa and 
average number of animals are compared. There is not a significant difference despite Sidsjöns larger 
area and higher heterogeneity.    

5, 2 Human impact 

Human impact near and around the lakes may have decreased biological diversity. Both of the lakes 
are heavily affected but in different ways. Sidsjön is important for recreation with activities. Many 
activities can be done near the lake but these activities seem not to affect the fauna so much. The 
biggest threat seems to be the affected outlets. Sidsjön is regulated with Sidsjödammen, a little 
further down in the outlet. The outlet can sometimes have low water but it seem not to dry out. 
Vintertjärnens outlet is heavier affected. It dries out during the summer. The northernmost part of 
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the lake was earlier built up with big stones that should hinder flooding further north where some 
houses are situated. It is a sad sight to see the completely dried out outlet. This could have decreased 
the biological diversity drastically since outlets are important, especially for fish but also for benthic 
animals. Söderberg & Norrgrann (2001) mention that. The focus of this study is on benthic animals 
but it is also important to know about other things that can decrease biological diversity. Sidsjön is 
stocked with rainbow trout (Oncorhynchus mykiss) and char (Salvelinus alpinus). Fortunately the lake 
is not treated with rotenone and that is neither the case for Vintertjärnen that is not stocked at all. In 
Sidsjön, Gavia arctica sometimes can be seen, it is according to Eriksson (1994) very sensitive when it 
comes to disturbances. This species was only seen once so it may be disturbed by the many activities 
around the lake.  

5, 3 pH 

 The pH is one of the most important factors for biological diversity in a lake due to that many species 
are sensitive to low pH values. According to (Anon 2001) Sidsjön has a relatively stable pH that is 
moderately acid and the buffer capacity can be classified as good. During the autumn 2013, pH was 
measured in both lakes at the shoreline. The water samples had a temperature of 9, 8 degrees at the 
laboratory. The pH in Sidsjön (6, 4) was lower than the pH of Vintertjärnen and showed that the 
water was moderately acid. Vintertjärnen had a higher pH (6, 7) and can be classified as weekly acid. 
These lakes may be slightly acidified but they seem not to have problems with acidification. These 
values can have a natural explanation due to bedrock. According to VISS that is a good source, these 
lakes have not problems with acidification.  

5, 4 Analyses 

The focus of this study was to see whether there were changes in the benthic fauna between the 
lakes and between occasions. This study could have been improved by taking more samples that 
would have led to a more precise result.    

5, 5 Water vegetation 

Rydin et al (1999) mention that the occurring species are found in oligotrophic lakes. However  
the lakes have some signs that can show eutrophication. Sidsjön have thick belts of Phragmites 
australis. Bydén et al (1999) mention this as a sign of eutrophication. There are also some 
Schoenoplectus lacustris. The biggest difference among the lakes is that reed is not occurring in 
Vintertjärnen so Sidsjön seem to be more eutrophic then Vintertjärnen. According to the municipality 
of Sundsvall, the lake Sidsjön is oligotrophic and it has not problems with eutrophication according to 
ViSS. It is the same for Vintertjärnen according to VISS. The vegetation is more typical for oligotrophic 
conditions and the lakes lack some species that are abundant in eutrophic lakes. The lakes will 
therefore be classified as oligotrophic in the protocols. 

5, 6 Biodiversity 

The bottom-living animals that this study focused on are only a part of the biodiversity. Benthic living 
animals are eaten by animals and uses aquatic plants as a habitat. Birds and fishes are therefore 
important as well as the water vegetation. When it comes to the bird fauna Gavia arctica sometimes 
can be observed in Sidsjön. It shows that Sidsjön has a big biodiversity. Rutilus rutilus is occurring in 
both of the lakes. Almér et al (1974) mention that this species is sensitive to acidification. The lakes 
have a higher biodiversity than expected with species that are worth to protect. There are certainly 
more species then those that were seen during occasions and those that were sampled. 
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Appendices 

Appendix 1: Example of a protocol for the lakes 
Sidsjön sample site 1 early summer 

Water area data 

Main river area:  Municipality  

County:  WGS84 decimal (lat, lon)  

Sampling data 

Date:  Methodology:  

Sampler:  Sample surface (m2)  

Purpose:  Number of samples:  

Local data 

Local length:  Maximum depth:  

Local width :  Turbidity:  

Measured/estimated  Oligotrophic/Eutrophic:  

Labeling of the local:         

Bottom substrate and water vegetation ( dominating types and coverage ) 

Inorganic materials 1:  Vegetation type 1:  

Inorganic materials 2  Vegetation type 2:  

Inorganic materials 3  Vegetation type 3:  

Fine sediment:    

Shore zone 0-5 m 

Vegetation type:  Dominating species:  

Vegetation type:  Dominating species:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 

Appendix 2: Environmental variables 
Occasions for the lakes Sidsjön 
and Vintertjärnen 

Bottom type (%) Emergent vegetation (%) 
vascular plants 

Floating leaved plants (%) 
pondweed, yellow water-lily Hard bottom Soft bottom 

gravel stone Fine sediment 

Early Sidsjön 1 >50 5-50 - <5 - 

Late Sidsjön 1 >50 5-50 - <5 - 

Early Sidsjön 2 - - >50 5-50 - 

Late Sidsjön 2 - - >50 >50 5-50 

Early Sidsjön 3 - - >50 - - 

Late Sidsjön 3  - - >50 >50 5-50 

Early Sidsjön 4 >50 - - - - 

Late Sidsjön 4 >50 - - - - 

Early Sidsjön 5 - - >50 5-50 - 

Late Sidsjön 5   >50 >50 5-50 

Early Sidsjön 6 - - >50 5-50 - 

Late Sidsjön 6 - - >50 >50 5-50 

Early Sidsjön 7 >50 - - - - 

Late Sidsjön 7 >50 - - - - 

Early Sidsjön 8 - - >50 5-50 - 

Late Sidsjön 8 - - >50 >50 5-50 

Early Vintertjärnen 1  >50 - 5-50 - 

Late Vintertjärnen 1 - >50 - >50 5-50 

Early Vintertjärnen 2 - >50 . 5-50 - 

Late Vintertjärnen 2 . >50 - >50 5-50 

Early Vintertjärnen 3 - >50 - 5-50 - 

Late Vintertjärnen 3 - >50 - 5-50 - 

Early Vintertjärnen 4 - - >50 5-50 5-50 

Late Vintertjärnen 4 - - >50 5-50 5-50 

Early Vintertjärnen 5 - - >50 5-50 - 

Late Vintertjärnen 5 . . >50 5-50 - 

Early Vintertjärnen 6 - - >50 5-50 - 

Late Vintertjärnen 6 - - >50 5-50 - 

Early Vintertjärnen 7 - - >50 5-50 - 

Late Vintertjärnen 7 - - >50 >50 5-50 

Early Vintertjärnen 8 - - >50 5-50 - 

Late Vintertjärnen 8 . . >50 >50 - 

  
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 



 

 

 

Appendix 3: The lakes 

Sidsjön 
Human impact for Sidsjön 
Most of the habitation is situated in the west and east of the northern part of the lake. 
There are many activities that can be done around the lake. A path goes round the lake and is used 
by many both during the summer and the winter. There are several tables and trash bins and also 
some barbecue places near the path.  During the summer people run or walk around the lake and 
during the winter there are skiing tracks near the path. People are also skiing on the lake and some 
drive scooters. Many fish in Sidsjön from the many bridges. One of them is handicapped accessible 
and situated in the south end of the lake. The fishing in Sidsjön is free and there are two fishing 
contests during the winter. One of them is for angling and to decrease the population of Esox lucius. 
Fykes are also put into Sidsjön during the spring. The outlet is important for spawning fish. It is a dam 
below the outlet that hinders fish to go up from the creek Sidsjöbäcken. The regulation of Sidsjön has 
a big human impact for the lake. According to the management plan (2001), Sidsjön is dammed with 
one meter by the regulation dam. The water level would sink with nine decimeters if the dam should 
be removed. Then the shoreline should move about five to twenty meters from where it is now. 
There would then be many consequences. By removing the dam wandering Salmo trutta could go up 
the stream to Sidsjön but there are other things that stop a removal.  According to a judgment it is 
not necessary to remove the water gate. The area has a very important value for recreation so it 
would be unacceptable to remove the dam. Another very important thing is the stocking of char and 
rainbow trout. Both of them are competitors to the native trout and could then spread downwards 
or upwards in the streams. 

 
The lake 
Sidsjön is surrounded by agricultural land in the west and forests in the east. The tree vegetation 
closely to the lake is dominated by deciduous trees but there are also some Picea abies. It is a clear 
water lake with mostly low shores, Sidsjöbäcken and Vackra bäcken are Sidsjöns biggest creeks. 
Mårtensbäcken is the biggest of the smaller creeks. The dominating emergent plant is Phragmites 
australis. It covers the shore along a big part of the lake with thick belts. Schoenoplectus lacustris has 
a big occurrence near the southwest end has been passed. Its occurrence continues further north. 
Some Equisetum fluviatile and Carex rostrata can be seen here and there along the lake. Comarum 
palustre occur where Schoenoplectus lacustris begin its occurrence. Further out floating-leaved 
rooted plants can be observed. Nymphaea lutea has the biggest occurrence and can be seen in 
almost the whole lake where the depth is favorable. Some kind of Potamogeton sp is observed where 
Schoenoplectus lacustris begins. Other species can be found near the water such as for example 
Ranunculus reptans, Caltha palustris and Calamagrostis sp. Sidsjön has a bird sanctuary area near the 
southwest end. 
 Many people feed birds in the northeast side of the lake during the winter near the outlet. During 
early April many mallards (Anas platyrhynchos) and two pairs of goldeneyes (Bucephala clangula) 
were seen near “Ankeborg”. In middle of April many gulls have arrived from their hibernation places. 
There were mostly black-headed gulls (Chroicocephalus ridibundus) but also common gulls (Larus 
canus) and some lesser black-backed gulls (Larus fuscus) A pair of common merganser (Mergus 
merganser) were also observed a week after that.  In the end of April there were mostly gulls but still 
some mallards. The whole lake had open water in the beginning of May. Most of the occurring 
species, for example mergansers had then moved to other waters. Some mallards and gulls could still 
be seen but it is a clear pattern. The number of individuals and species decrease during spring. A 
male mandarin duck (Aix galericulata) was seen one day in middle of May. That was unexpected. 
Common tern (Sterna hirundo) had then also arrived and was seen fishing. Two arctic loons (Gavia 
artica) were also seen in the middle of the lake later when spring became summer. They can 



 

 

 

sometimes be seen according to the management plan. The mallard is the commonest waterfowl 
that nest but goldeneyes and gulls were also seen nesting this year. Four fish species are naturally 
occurring, Esox Lucius, Lota lota, Perca fluviatilisis and Rutilus rutilus. Two species are stocked. They 
are Oncorhyncus mykiss and Salvelinus alpinus.  
 

Vintertjärnen 
Human impact for Vintertjärnen 
The suburb area Vintertjärnen is situated south of the lake. The north end of the lake was built up 
with big stones after a flood. The bottom is also covered with big stones there and it is the only area 
where hard bottom can be found. It is known as the pier with recreational activities such as bathing 
and fishing. This lake has according to the environmental office earlier probably been two smaller 
lakes. It is dammed with two big stumps in the middle. The outlet has also been changed and dries 
often out during the summer.  
 
The lake 
Vintertjärnen is mostly surrounded by marshes and different species of Sphagnum sp are common 
here. The marshes are situated near the south end of the lake, in the middle of the east side and in 
the northwest side. There are also forests that are mixed with both conifers and deciduous trees. The 
emergent vegetation is dominated by Carex rostrata, and Equisetum fluviatile. Near the shoreline 
there are also some Menyanthes trifoliata and Lysimachia thyrsiflora occurring here and there and a 
stand of Schoenoplectus lacustris in the north end. A few Calla palustris can be seen at the north end 
of the lake in the shallow water. There is some Myrica gale occurring in the south end.  
The dominating species of floated leaved rooted plants is Nuphar lutea but Potamogeton natans is 
occurring in the north end of Vintertjärnen.  
During early spring flying whooper swans (Cygnus Cygnus) were observed. There is a mountain with 
cliffs at the lakes west side and ravens (Corvus corax) were heard and were also seen flying over the 
lake. No birds are hibernating in Vintertjärnen due to the ice. The bird fauna seem not to be as rich as 
Sidsjön. Following species has been seen during spring and summer. Common gull (Larus canus), 
common tern (Sterna hirundo), goldeneye (Bucephala clangula), mallard (Anas platyrhynchos) and 
whooper swan (Cygnus Cygnus). No waterfowl species was seen nesting. There are three fish species 
occurring according Tuna östra fiskevårdsområde. They are Esox Lucius, Perca fluviatilis and Rutilus 
rutilus.  
 

 
 
 
 
 
 
 

 

 

 

 



 

 

 

Appendix 4: Sampling in the lakes 

Sampling in Sidsjön  
Sample site 1 
Sample site 1 is situated on the northeast side of the lake. It is situated at Coordinates (WGS84 
decimal) 62,377 206, 17.279893. The place ended about 10 meters from a bridge due to big stones in 
the water. The area is about 10 x 15 meter with a hard bottom dominated with gravel, mostly smaller 
than a diameter of about 2 cm. There were a little bigger stones here and there mixed with the 
gravel and some even bigger stones. Vegetation of Carex rostrata grew out a couple of meters in the 
water but the area was only partly covered. The vegetation looked like that during early summer. 
Reed had replaced the Carex rostrata during late summer. No vegetation is growing near the water 
on the hard ground that consists of gravel and stones. The sampling ended when the water became a 
little deeper than knee deep. During the first occasion there was not so much plant material in the 
sample but during the second occasion it was quite much plant material in the sample. No turbidity 
was seen during samplings. 
 
Sample site 2 
Sample site 2 is situated below a sign. Sample site 2 has the coordinates, 62,377 693, 17.278082. 
There is a slope and a path down to the shoreline. This local started below a bird cherry and ended 
below an alder.  This area is about 10 x 10 meter and as a soft bottom dominated by mud. During 
early summer much Carex rostrata grew in the water. During the later occasion Phragmites australis 
and Schoenoplectus lacustris were dominating. No bottle sedge was then seen in the water. Yellow 
water lilies grew a couple of meters out. The vegetation a couple of meters from the water consisted 
in the beginning of the summer of grass and some Caltha palustris.  This vegetation was later 
replaced by Phragmites australis and Schoenoplectus lacustris. Some sedges was growing further 
away from the water. The sampling ended at a depth that was about two decimeters deeper than 
knee deep. During the first occasion it was quite much plant material in the sample and it was also 
that during the second occasion, especially old reed. During the samplings there was low turbidity. 
 
Sample site 3 
Sample site 3 is situated in the northwest end below stairs and a slope with grass and herbs. It is 
situated at the coordinates 62,377 509, 17.276559. This site starts near the fringe of black currant 
bushes and end at a birch that hang out over the water. This local is about 10 x 15 meters big with 
soft bottom that has dead plant materiel such as for example reed. This sampling ended when the 
water was a little deeper than knee deep. No emergent vegetation was seen during the first 
occasion, at the second occasion there were Phragmites australis and some Nuphar lutea occurring.    
The closest area of the shoreline consisted in the beginning of the summer of a dead reed layer on 
the ground. It did not differ so much during the later occasion. During the first occasion it was not so 
much plant material in the water. It was during the second occasion much plant material and it was 
also a smell from the water. The turbidity was quite high during the first occasion and big during the 
second occasion. 
 
Sample site 4 
Sample site 4 is situated a little north from where the creek Mårtensbäcken flow out. This site has 
the coordinates 62,374 703, 17.274711. It started about 10 meters from a bridge and ended near the 
edge of emergent plants. The ground near the shoreline consisted of small gravel and sand, no 
vegetation was seen during both occasions. The local was about 10 x 20 meters during the first 
sampling but only about 10 x 3 meters during the second sampling. The former shallow lake area had 
become a shore area due to the warm weather. A couple of meters out it is an edge with deep water. 
The bottom is mostly covered by small gravel and some sand. The sampling ended when the depth 



 

 

 

became a little deeper than knee deep. During both occasions it was much plant material in the 
samples, for example alder cones and also alder leafs. During both occasions turbidity was quite high. 
Shoals of juvenile roaches were observed during the last occasion 
 
Sample site 5 
Sample site 5 is situated below a bench at the coordinates 62,369 552, 17.269738. This sampling 
started near a bridge and continued 10 meters north to a stone. This local was about 10 x 15 meters. 
The sampling ended when the water became knee deep. During the first occasion emergent 
vegetation mostly consisted of Schoenoplectus lacustris and some Equisetum fluviatile.  
Schoenoplectus lacustris was the only over water plant that was found during the middle of the 
summer. Nuphar lutea was also growing in the water. The surroundings had vegetation that 
consisted of grass and many dandelions. Some Caltha palustris were growing a little closer the water. 
The vegetation towards the lake consisted of Equisetum fluviatile and some marsh cinquefoil during 
the beginning of the summer. During the first occasion it was quite much plant material in the 
sample. A common stretch spider was observed then. During the second occasion it was much plant 
material in the sample. Turbidity was high during both occasions.  
 
Sample site 6 
Sample site 6 is situated in a marsh. It has the coordinates 62,369 335, 17.276033. It began a couple 
of meters below a small tree and ended 10 meters north. This local is about 10 x 15 meters big and 
has a soft bottom that is sometimes very loose. Sampling ended when the water depth was knee 
deep. During the first occasion Carex rostrata is the dominating emergent vegetation but there are 
also Equisetum fluviatile and Nuphar lutea. The emergent vegetation covered a part of the sampling 
area during the second sampling. There is some plant material on the bottom. A smell was noticed. 
During the first occasion it was not so much plant material in the sample. During the second occasion 
it was quite much plant material in the sample. During both samplings turbidity was high. A common 
raft spider was observed during the first occasion. 
 
Sample site 7 
Sample site 7 is situated at the bathing place a couple meters from the generator house. This sample 
site has the coordinates 62,369 988, 17.277495. This local is about 10 x 5 meter with a mixed bottom 
consisting of small gravel and some sand. The sampling ended when water became knee deep. This 
local end with a small stand of Carex sp. Some Nuphar lutea occur but were outside the sampling 
area. It was further out in the water a slope with deeper water and the bottom was very loose. The 
area closest to the shore is covered with gravel and there are some vegetation of Carex sp and Juncus 
sp. A few stones on the ground are within the area. During both occasions there were almost no 
plant materials in the sample. Turbidity was moderate at both of the locations. Ephemeroptera 
vulgata was observed during the first occasion. 
 
Sample site 8 
Sample site 8 is situated a couple of meters north from the path that go to the area with houses that 
are situated east of Sidsjön. It is situated at the coordinates 62,373 937, 17.283447. The bottom of 
this about 10 x 5 meter big local is soft with mud and contains much dead plant materiel. The 
sampling ended after about 10 meters when it was knee deep. Emergent vegetation consisted during 
the first occasion of much water horsetail. During the second occasion reed was dominating and 
there was also some water horsetail. Common club-rush is a little further out dominating. Yellow 
water-lily is also occurring. On the ground there are grasses at both sides of the path and a dead 
layer of reed further down near the shore. During the second occasion a high Phragmites stand was 
growing there. It was during both occasions much plant material in the sample. Turbidity was high 
during the occasions. 



 

 

 

Sampling in Vintertjärnen 
Sample site1 
Sample site 1 is situated in the northeast part and has the coordinates 62,351 001, 17.237549. It is a 
stony slope down to the water. This sampling place is about 1 x 10 meter big with a hard bottom 
covered with big stones. It was a couple of decimeters at the edge and about knee deep after 1 
meter and the sampling ended then. Equisetum fluviatile was growing in the water and Nuphar lutea 
could be seen a little further out. During the second sampling the vegetation was dominated by 
Equisetum fluviatile and Carex rostrata. Apart from that Potamogeton natans was also observed. 
Small birches and sallow are growing further up this sample site. Bog arums were growing near the 
water in the west part of the sampling area. Quite much plant material was in the samples during 
both the first and the second sampling. During the first occasion it was no turbidity and it was low 
turbidity during the second occasion. Odonata and Zygoptera were seen during the first occasion. 
 
 Sample site 2 
Sample site 2 is situated in the northern part near the outlet. It has the coordinates 62,351 062, 
17,236857. There is a slope down to the water with varied vegetation, mostly trees such as Alnus 
incana and Betula pubescens. This local is about 10 x 2 meter and is not as deep as the first local. The 
bottom is covered with stones and it is knee deep after 2 meter. The water vegetation was during the 
first occasion dominated by Carex rostrata and Menyanthes trifoliata was also growing. There were 
more species during the second sampling. Schoenoplectus lacustris was also seen then and Nuphar 
lutea and Potamogeton natans were occurring further out. During the first and the second occasion 
there was little plant material consisting of algae in the sample. No turbidity was seen during the 
occasions. During the first occasion Odonata and Zygoptera were observed. 
 
Sample site 3 
Sample site 3 is situated in the northwest end and has the coordinates 62,351 026, 17.236025.  This 
local is about 1 x 10 meters big with a bottom that is stony. It is a couple of decimeters deep at the 
edge and knee deep 1 meter out. The water vegetation consisted during the first occasion mostly of 
Carex rostrata and Menyanthes trifoliata that was dominating.  
Above the site there were for example small Salix sp and Picea abies. Taraxacum vulgare was also 
seen. During the second occasion there were also Comarum palustre, Equisetum fluviatile and 
Lysimachia thyrsiflora occurring. There was a little of algae in the sample during both occasions. 
During the occasions it was no turbidity. 
 
Sample site 4 
Sample site 4 is situated in the middle of the west part of Vintertjärnen; a little more than 10 meters 
below a wrecked car in a deciduous forest dominated area. Sample site 4 is situated at coordinates 
62,345 897, 17.230387. This local has a soft bottom and it is about 10 x 2 meters big. Logs are laying 
in the water near the site and it is also an islet. The water was knee deep 2 meters out and the 
sampling stopped when yellow water-lilies were reached. The water vegetation consists of mostly 
Carex rostrata and Equisetum fluviatile during the first occasion. Equisetum fluviatile was dominating 
at the last occasion and there was also many Menyanthes trifoliata. Nuphar lutea grow a few meters 
out. Wood horsetail is the dominating plant a couple of meters from the water. Rubus idaeus can 
also be found quite near the water. Much plant material was in the samples during the occasions. No 
turbidity was seen during occasions.  A Libellula quadrimaculata was observed during the first 
occasion. 
 
Sample site 5 
Sample site 5 is situated in the southwest end of the lake and has the coordinates 62,343 939, 
17.231044. The local is about 10 x 2 meters big. The bottom is muddy. Sampling ended after about 2 



 

 

 

meters when the water became knee deep.  Many plants are growing in the water, Carex rostrata 
dominate in the west and Equisetum fluviatile in the east. There were also Lysimachia thyrsiflora and 
Menyanthes trifoliata occurring. Nuphar lutea was also abundant but further out 
Alnus incana, Equisetum silvaticum and Frangula alnus dominated near the shore. There were also 
Betula pubescens and Picea abies growing. During both occasions it was much plant material in the 
sample. During the occasions turbidity was low.  A small adult Trichoptera was seen during the first 
occasion. 
 
Sample site 6 
Sample site 6 is situated below a red house. It has the coordinates 62,343 879, 17.231342.  This local 
has a muddy bottom and is about 10 x 3 meters big. Sampling ended when the water became knee 
deep. Carex rostrata was the dominating water plant during the first occasion but it was not so much 
emergent vegetation. Lysimachia thyrsiflora and Menyanthes trifoliata are dominating during the 
second occasion. Nuphar lutea can be seen further out. The dominating tree species is Betula 
pubescens. Plants such as Equisetum silvaticum and Vaccinium myrtilus are also occurring. During the 
second occasion Equisetum silvaticum becomes more abundant. It was during the first occasion 
much plant material in the water and very much plant material during the second occasion. The 
turbidity was low during samplings.  An adult alderfly (Sialis lutaria) was observed during the second 
occasion. 

 
Sample site 7 
Sample site7 is situated in a marsh and starts with a small islet and end with another islet. It has the 
coordinates 62.34 388, 17.232058. This local was during the first occasion about 10 x 2 meters big 
and about 10 x 3 meters big during the second occasion. The sampling ended when the water 
became knee deep. The bottom is muddy. The water became strongly colored and a smell was 
noticed during sampling. During the first occasion emergent vegetation was dominated by Equisetum 
fluviatile. During the second occasion, water horsetail still dominated but there were also Comarum 
palustre and Lysimachia thyrsiflora occurring. There was also a couple of Myrica gale in the water 
and some Nuphar lutea. The area closest to the water was during the first occasion dominated by 
Equisetum fluviatile. At the second occasion it was a dominance by Comarum palustre and Equisetum 
fluviatile. There are some small trees about five meters from the water, mostly Alnus sp and Salix sp. 
It was quite much plant material in the sample during the first occasion and much plant material 
during the second occasion. During both occasions turbidity was high.  
 
Sample site 8 
Sample site 8 was situated below a road and a forest in a marshland and has the coordinates 62,347 
187, 17.235526. This local start with a dead Betula pubescens and continue 10 meters south. 
Sphagnum sp is the dominating vegetation but there are also Carex rostrata, Comarum palustre and 
Myrica gale growing near the water. Quite much Carex rostrata and Comarum palustre dominate the 
water flora but there were also some Myrica gale. This local has a very muddy bottom and is about 
10 x 4 meters big. The water has a brownish color and the sampling stopped at knee deep water. 
During the first occasion it was quite much plant material in the sample and it was also that during 
the second occasion. Turbidity was high during both occasions. 

 
 



 

 

 

Appendix 5: Species list for the lakes 
Families and species Found in Sidsjön Found in Vintertjärnen 

Asellidae   

Asellus aquaticus yes yes 

Baetidae   

Baetis sp yes yes 

Caenidae   

Caenis sp yes yes 

Chironomidae   

Chironomus sp yes yes 

Coenagrionidae   

Coenagrion sp yes yes 

Corixadae   

Micronecta sp yes no 

Sigara sp yes no 

Culicidae   

Unknown species yes yes 

Dytisidae   

Unknown species no Yes  

Erbodellidae   

Erpobdella octoculata yes yes 

Gammaridae   

Gammarus sp yes no 

Glossiphoniidae   

Glossiphonia complanata yes no 

Helobdella stagnalis yes no 

Hydrachnidia   

Unknown species yes yes 

Hydrophilidae   

Unknown species yes no 

Leptophlebiidae   

Leptophlebia sp yes no 

LIbellulidae   

Unknown species yes yes 

Limnephilidae   

Limnephilus sp yes no 

Limnephilus stigma yes no 

Nepidae   

Ranatra linearis no yes 

Notonectidae   

Notonecta glauca yes no 

Sialidae   

Sialis lutaria yes yes 

 



 

 

 

Appendix 6: Taxa occurrence for the lakes locals 
Families and species Se1 Se2 Se3 Se4 Se5 Se6 Se7 Se8 Sl1 Sl2 Sl3 Sl4 Sl5 Sl6 Sl7 Sl8 

Asellidae                 

Asellus aquaticus 17 7 15 1 4 9 0 4 4 1 12 0 5 13 0 9 

Baetidae                 

Baetis sp 3 10 22 0 1 15 0 12 1 0 0 0 0 7 0 0 

Caenidae                 

Caenis sp 3 7 5 0 1 0 0 0 3 0 0 0 0 0 0 0 

Chironomidae                 

Chironomus sp 4 0 0 1 0 0 1 0 3 0 1 0 0 1 0 0 

Coenagrionidae                 

Coenagrion sp 0 1 0 0 2 0 0 0 0 0 0 0 0 1 0 0 

Corixadae                 

Micronecta sp 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 

Sigara sp 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Culicidae                 

Unknown species 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 

Dytisidae                 

Unknown species 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Erbodellidae                 

Erpobdella octoculata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Gammaridae                 

Gammarus sp 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

Glossiphoniidae                 

Glossiphonia complanata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Helobdella stagnalis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Hydrachnidia                 

Unknown species 1 3 1 0 0 0 0 4 0 0 0 0 0 1 0 2 

Hydrophilidae                 

Unknown species 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Leptophlebiidae                 

Leptophlebia sp 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

LIbellulidae                 

Unknown species 0 1 1 0 0 0 0 0 0 2 2 0 0 0 0 0 

Limnephilidae                 

Limnephilus sp 0 5 5 0 2 8 0 2 0 0 3 0 0 0 0 0 

Limnephilus stigma 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Nepidae                 

Ranatra linearis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Notonectidae                 

Notonecta glauca 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Sialidae                 

Sialis lutaria 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 1 

 



 

 

 

Families and species Ve1 Ve2 Ve3 Ve4 Ve5 Ve6 Ve7 Ve8 Vl1 Vl2 Vl3 Vl4 Vl5 Vl6 Vl7 Vl8 

Asellidae                 

Asellus aquaticus 6 5 4 17 2 2 1 1 1 0 3 2 7 8 9 4 

Baetidae                 

Baetis sp 3 0 0 1 0 2 0 0 1 0 0 0 0 0 2 3 

Caenidae                 

Caenis sp 0 3 0 1 1 0 1 0 0 0 0 0 0 0 0 0 

Chironomidae                 

Chironomus sp 0 0 0 0 0 0 0 0 0 0 0 1 0 5 0 1 

Coenagrionidae                 

Coenagrion sp 1 0 0 0 0 0 0 1 2 0 1 0 0 0 0 4 

Corixadae                 

Micronecta sp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sigara sp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Culicidae                 

Unknown species 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0 0 

Dytisidae                 

Unknown species 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Erbodellidae                 

Erpobdella octoculata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Gammaridae                 

Gammarus sp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Glossiphoniidae                 

Glossiphonia complanata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Helobdella stagnalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hydrachnidia                 

Unknown species 5 1 10 7 9 5 1 7 2 0 2 0 2 1 3 3 

Hydrophilidae                 

Unknown species 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Leptophlebiidae                 

Leptophlebia sp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

LIbellulidae                 

Unknown species 2 0 0 1 0 0 0 1 1 0 0 1 0 0 2 7 

Limnephilidae                 

Limnephilus sp 2 0 3 1 0 1 0 2 2 0 1 3 2 10 2 1 

Limnephilus stigma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nepidae                 

Ranatra linearis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Notonectidae                 

Notonecta glauca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sialidae                 

Sialis lutaria 0 0 0 0 1 0 1 0 0 0 0 0 2 4 2 0 

 



 

 

 

Appendix 7: Comparison of the bottoms and its fauna 

Sidsjön and Vintertjärnen had both hard and soft bottoms however Vintertjärnen had only a hard 
bottom in the north end within locals 1 to 3.Sidsjön had also three hard bottoms. Locals 1, 4 and 7 
were hard bottom sampling sites. The hard bottom in Vintertjärnen consisted of bigger stones than 
Sidsjön. Small gravel interspersed with some sand was found on two locals in Sidsjön but not in 
Vintertjärnen. Both of the lakes have muddy soft bottoms. As earlier mentioned, the heterogeneity 
will be higher for Sidsjön.  
Following orders were found in the lakes. 
Acari was identified down the family Hydrachnidia. They were occurring in both Sidsjön and 
Vintertjärnen but had a higher abundance in Vintertjärnen. The found species were a couple of 
millimeters big, mostly red with black spots but a few black ones were also found. There are many 
species with differing ecologies. The color differs also. Water mites can be black, green or red and are 
sometimes patterned (Bydén et al2003).Most of them are carnivores or parasites (Dodds 2002). 
Amphipoda was identified down to the genus Gammarus. Amphipods were only found in Sidsjön. 
Gammarus look like a small, flattened and short shrimp (Bydén, Larsson & Olsson 2003). Two species 
of the genera are occurring in Sweden. G.lacustris and G.pulex has caused problems due to 
taxonomy. G.lacustris is mostly found in stagnant waters in northern Sweden. G.pulex prefers flowing 
waters and is mostly found in the southern parts of the country. Both are mostly found in eutrophic 
regions and are important food for fishes and waterfowls. They are sensitive to acidification 
(Segerstråle 1954). They mostly feed on dead plant materiel but can also eat dead animals or even be 
predatory (Brönsmark & Hansson 2005). 
Anisoptera nymphs that belonged to the family Libellulidae were found in both Sidsjön and 
Vintertjärnen. Both small and large nymphs were found. The nymphs are big, long-legged predators 
that live in the littoral. Most of them are not sensitive to acidification (Bydén et al 2003). 
Coleoptera was represented by two families Dytiscidae (Dytiscid beetles) and Hydrophilidae (water 
scavenger beetles). Dytiscidae was not found in Sidsjön. They are predatory and can be found in 
different kinds of waters (Persson et al 2009). Most of the scavenger beetles crawl on substrates such 
as stones or water plants. Some of them are good swimmers (Brönsmark & Hansson 2005). 
Diptera was abundant with the family Culicidae (mosquitos that are biting) and the genus 
Chironomus (non-biting midges). Diptera was found in both lakes. Larvae that belong to Culicidae are 
detritivores (Schäfer et al 2006). Species from the genus Chironomus depend on oxygen and eat 
detritus but also small animals and plants (Henrikson & Oscarson 1985). They are important as fish 
food (Brönmark & Hansson 2005). 
Ephemeroptera was represented by nymphs in both Sidsjön and Vintertjärnen.  
Several species were found in Sidsjön and Vintertjärnen. In Sidsjön three genera were found. They 
were Baetis, Caenis and Leptophlebia. Mayfly nymphs are important as fish food in the littoral or in 
streams. Their food is often algae or detritus. Their acidification sensitivity differs much between 
them. Caenis (small square gill mayflies) are often very small and square gilled. They are very 
sensitive to acidification and cannot be found below pH 5, 5 (Bydén et al 2003). Most of mayfly 
nymphs live on the bottom but some as for example the genus Ephemeroptera live in the sediment 
(Brönmark & Hansson 2005).  
Hemiptera was at least identified to genera. Small water boatmen were identified as species that 
belonged to the genus Micronecta. They were only caught in Sidsjön. Notonecta Glauca was caught) 
in Sidsjön. Notonecta glauca, the commonest backswimmer in Sweden is tolerant and can be found 
in small to big waters. This predatory species is cannibalistic and live near the surface (Svensson et al 
2010). Ranatra linearis was caught in Vintertjärnen and that was unexpected. This species is breath 
air and swim poorly. It is predatory and not sensitive to acidification (Bydén et al 2003). Sigara was 
found in Sidsjön but not in Vintertjärnen. These water boatmen swim fast with the help of their big 



 

 

 

legs. Some of them are predatory (Bydén, Larsson & Olsson 2003). They are common in the shallow 
littoral zone (Doods 2002). 
Isopoda was found in both Sidsjön and Vintertjärnen. The only found species was Asellus aquaticus 
(water hoglouse) but was the dominating species. A water hoglouse has a flat and jointed body with 
big antennas and many legs. It eats dead material, facilitates degradation and is therefore important. 
They decrease below pH 5 and can be very abundant when a lake is limed. This species is strongly 
benefited if it is big amounts of organic material (Bydén et al 2003). This species is important as food 
for other animals and can change its color through pigmentation (Hageby et al 2005). 
Megaloptera was abundant in both Sidsjön and Vintertjärnen with the species Sialis lutaria, an 
alderfly. It was more abundant in Vintertjärnen than Sidsjön. Nymphs of Sialis sp are common in 
small lakes. They are predatory and tolerate a wide range of pH and are favored by high pH values 
(Yakovlev 2009). The nymphs are mostly occurring in cold waters with a rich supply of oxygen but can 
be found in a variety of waters (Dodds 2002). They live in the sediment and are buried down 
(Brönmark & Hansson 2005).  
Pharyngobdellida was found in both Sidsjön and Vintertjärnen. The found species was Erpobdella 
octoculata and it had the biggest occurrence of the leeches. This species tolerate acidification better 
than other species of leeches. (Mossberg & Nyberg 1979) It is predatory and feed mostly on caddisfly 
nymphs and chironomid larvae (Brönmark & Hansson 2005). 
Rhynchobdellida was also found in Sidsjön with the two species Glossiphonia complanata and 
Helobdella stagnalis. The latter one is the commonest species in the country of Västernorrland 
(Söderberg & Norrgrann 2001). These two species suck blood and body fluids from amphibians, 
fishes or gastropods (Gärdenfors et al 2004). 
Trichoptera was with the genus Limnephilus abundant in both of the lakes. Limnephilus stigma was 
only caught in Sidsjön. The nymphs live in houses that they build. Most of them feed on algae or 
dead material. They have a varying resistance to acidification (Bydén et al 2003). Nymphs of 
caddisflies are important fish food (Brönmark & Hansson 2005).  
Zygoptera was abundant in both Sidsjön and Vintertjärnen. The nymphs belonged to the family 
Coenagrionidae and the genus Coenagrion. Damselfly nymphs are much thinner than dragonfly 
nymphs. They are predatory and often numerous in the littoral zone. Nymphs of damselflies are not 
sensitive to acidification (Bydén et al 2003).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


