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Abstract

Benthic macrofauna, plant associated macrofauna and benthic vegetation were sampled 
and analyzed from two shallow lakes within the site investigation area of Forsmark.
The sampling was done in August and September 2004 as an activity performed within 
the site investigation at Forsmark. 

The aim of the study was to survey two lakes in the Forsmark area, Lake Bolundsfjärden 
and Lake Fiskarfjärden, concerning:
• The distribution, biomass, density and functional groups of benthic and plant  

associated macrofauna.
• The distribution and biomass of benthic vegetation.

The results of the study will be a part of the data to describe characteristics and function of 
the aquatic ecosystems in the investigation area. 

The samples were taken from two different habitats in each lake, littoral zone 1 and littoral 
zone 3 /1/:
• Littoral zone 1: The littoral habitat with emergent and floating-leaved vegetation. This 

habitat is developed in wind-sheltered, shallow areas where the substrate is soft and 
allows emergent and floating-leaved vegetation to colonise.

• Littoral zone 3: The littoral habitat with submerged vegetation. This habitat is found 
in deeper areas of the lakes, where light enough to sustain photosynthetic primary 
production penetrates down to the sediment. As the lakes in the Forsmark area generally 
are very shallow and have clear water, this is a common habitat that covers large parts of 
the bottom areas.

Benthic macrofauna was sampled with an Ekman grab sampler. Plant associated 
macrofauna and benthic vegetation were sampled by a diver equipped with a scraper and an 
open iron frame with an attached net bag.

In both Lake Bolundsfjärden and Lake Fiskarfjärden, the benthic fauna is probably 
dominated by carnivores (Tanypodinaes). The bottoms of the lakes are nearly totally 
covered with benthic vegetation and have an extremely high plant biomass, consisting 
mostly of Stoneworths (Chara spp). The ecological status of the lakes is fairly similar, 
but these types of lakes are not common in Sweden.
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Sammanfattning

Bottenfauna, växtassocierad fauna och undervattensvegetation insamlades och analyserades 
från två grunda sjöar inom platsundersökningsområdet i Forsmark. Provtagningen utfördes 
under perioden augusti 2004 till och med september 2004. Provtagningarna ingår som en 
del i platsundersökningen i Forsmark.

Syftet med undersökningen var att i sjöarna Bolundsfjärden och Fiskarfjärden kartlägga:
• Bottenfaunans och den växtassocierade faunans utbredning, biomassa, abundans och 

funktionella grupper.
• Undervattensvegetationens utbredning och biomassa.

Resultaten från undersökningen är en del av de data som skall beskriva det akvatiska 
ekosystemets utmärkande egenskaper och funktion i platsundersökningsområdet.  
Proverna togs från litoralzon 1 och 3 /1/. 
• Litoralzon 1: Strandnära habitat med framträdande flytbladsvegetation. Habitaten finns i 

vindskyddade, grunda områden med löst bottensubstrat.
• Litoralzon 3: Strandnära habitat med undervattensvegetation. Habitatet återfinns i mindre 

grunda områden där ljuset är tillräckligt för att skapa fotosyntetisk aktivitet ända ner till 
botten. Sjöarna i Forsmarksregionen är både grunda och klara. Habitatet är därigenom 
vanligt och täcker stora delar av sjöbottnarna.

Provtagning av bottenfaunan utfördes med Ekmanhämtare. Provtagningen av den 
växtassocierade faunan och undervattensvegetationen utfördes av en dykare utrustad 
med skrapa och en öppen metallram med vidhängd nätpåse. 

Båda sjöarnas bottenfauna bestod till stor del av karnivorer (Tanypodinaes). Sjöarnas  
bottnar är nästan helt täckta av kransalger (Chara spp) och har en extremt hög 
växtbiomassa. Sjöarnas ekologiska status är ganska snarlika men sjötypen bedöms som 
ganska ovanlig i Sverige.
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1 Introduction

This document reports the results gained by sampling benthic macrofauna, plant associated 
macrofauna and benthic vegetation in two shallow lakes. This is one of the activities 
performed within the site investigation at Forsmark. The work was carried out in accordance 
with Activity Plan AP PF 400-04-63. In Table 1-1, controlling documents for performing 
this activity are listed. The Activity Plan is SKB’s internal controlling document.

The aim of the activity was to survey the composition of benthic and plant associated 
macrofauna and benthic vegetation in two lakes within the Forsmark investigation area, 
Lake Bolundsfjärden and Lake Fiskarfjärden (Figure 1-1). The samplings were performed 
in two different habitats in each lake, littoral zone 1 and littoral zone 3 (Figure 1-2 and 
Figure 1-3) /1/. Areas with reeds were excluded in this survey. The results will be part of the 
data describing the function of the ecosystems in the investigation area. The field study was 
performed during August to September 2004. All data generated were stored in the database 
SICADA and are traceable by the activity plan (AP PF 400-04-63).

Table 1-1. Controlling documents for performance of the activity.

Activity plan Number Version

Undersökning av bottenfauna och bottenvegetation  
i sjöar och grunda havsvikar

AP PF 400-04-63 1.0

Method descriptions

See References /1, 3, 4/

Figure 1-1. Location of investigated lakes.
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Figure 1-2. Sampling points in Lake Bolundsfjärden.

Figure 1-3. Sampling points in Lake Fiskarfjärden.
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2 Objective and scope

The aim of this activity was to survey two lakes concerning the following, in order to enable 
characterization of the aquatic ecosystems of the site investigation area:
• Distribution, biomass, density and functional groups of benthic and plant associated 

macrofauna.
• Distribution and biomass of benthic vegetation. 

Samples were taken from Lake Bolundsfjärden and Lake Fiskarfjärden. The samples were 
collected from two different habitats in each lake.
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3 Equipment

3.1 Description of equipment/interpretation tools
3.1.1 GPS

The sampling point position was given from a Garmin 176C GPS /2/. 

3.1.2 Depth gauge

Divers used a calibrated depth gauge with an average accuracy of ± 0.1 m. For water depth 
measurements from ship, an echo sounder with an accuracy of ± 0.5 m was employed.

3.1.3 Ekman grab sampler and sieve

An Ekman grab sampler with a sampling area of 0.0225 m2 (size 0.15×0.15 m) was used to 
sample benthic macrofauna (Figure 3-1). The samples from the Ekman grab sampler were 
sifted in the field through a sieve with a mesh size of 0.5×0.5 mm.

Figure 3-1. Sampling with an Ekman grab sampler.
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3.1.4 Scraper, frame and net bag

A diver equipped with a scraper and an open iron frame (size 0.2×0.2 m) with an attached 
net bag was used to sample plant associated macrofauna and benthic vegetation (Figure 3-2 
and Figure 3-3).

Figure 3-2. The sampling gear for plant associated macrofauna and submerged vegetation.

5-7 cm

Scraper
(simple, ’’flexible’’ metal)

10-15 cm

Sampling gear

20 cm

5-6 cm

20 x 20 cm frame
of iron

Net bag, attached to frame

Net of synthetic material, water permeable,
with mesh size of max 0.5 cm20 cm

Origin from Kautsky H 1993
modified bu Huononen R 2005

5-7 cm
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3.1.5 Laboratory equipment

In the laboratory, the organisms were sorted out from the material using a magnifying 
glass and a stereo microscope. The latter was used also for species identification. However, 
for some species a light microscope was used. Drying of organisms was done in 60°C in a 
desiccator. The biomass was measured on an analytical balance with an accuracy of ± 0.1 mg.

Figure 3-3. Frame.
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4 Execution

4.1 General
Samples of benthic macrofauna, plant associated macrofauna and benthic vegetation were 
collected during August and September 2004 in two shallow lakes, Lake Bolundsfjärden 
and Lake Fiskarfjärden (Figure 1-1). The sampling was done from two different habitats 
in each lake, littoral zone 1 and littoral zone 3 (Figure 1-2 and Figure 1-3) /1/. The extent 
of the investigation is described in Table 4-1. The identification codes, samplings points, 
sampling type and the coordinates are presented in Appendix 1. While sampling, field notes 
were taken at each sample site. Field notes are to be found in SICADA and are traceable by 
the activity plan number. Analyses are presented as tables in Appendix 2. Selected data are 
presented in tables (Table 5-1 to Table 5-6).

Table 4-1. The extent of the investigations.

Organism Parameters Performance Number of sample/lake Reference

Benthic macrofauna Species

Biomass

Functional

groups 

Density

Ekman  
grab sampler

5 Sample/littoral zone 1

5 Sample/littoral zone 3

/3/

Plant associated 
macrofauna

Species

Biomass

Functional  
groups 

Density

Frames  
0.20×0.20 m

5 Sample/littoral zone 1

5 Sample/littoral zone 3

(In the same frame as sub-
merged vegetation) 

/4/

Benthic vegetation Species

Biomass

Frames  
0.20×0.20 m

5 Sample/littoral zone 1

5 Sample/littoral zone 3 (In 
the same frame as plant 
associated macrofauna)

/4/

4.2 Preparations
Prior to the field investigations, the sampling equipment and diving gear was checked.

A field protocol was copied on plastic papers for field notes.

The GPS-units were calibrated at a special reference point in the area. The accuracy had to 
be within ± 5 m to be accepted.
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4.3 Execution of field work
4.3.1 Sampling points

Within each lake and littoral zone, five sampling points were randomized for Ekman grab 
sampling and five sampling points for frame sampling (the same frame point was used 
for plant associated macrofauna and benthic vegetation). The position was then identified 
using a GPS. Sometimes the randomized point ended up in an area with reed (Phragmites 
australis). The point was then moved the shortest distance as possible to an area free from 
reed (see Appendix 1).

4.3.2 Sampling of benthic macrofauna with Ekman grab sampler

The sampling of benthic macrofauna was performed from a boat with an Ekman grab 
sampler according to the Swedish industrial standard SS 02 81 90 /3/. One sample was 
taken at each sampling point. Each sample was sifted through a sieve and transferred into 
an individually marked plastic can with lid. The samples were preserved in 70% ethanol and 
transported to the laboratory. Field notes embrace: date, time, performer, coordinates, water 
depth, bottom structure and submerged vegetation cover in percentage.

4.3.3 Sampling of plant associated macrofauna and benthic  
vegetations with frames

Sampling of plant associated macrofauna and benthic vegetation was performed by a diver 
equipped with a scraper and an open iron frame with an attached net bag. One sample was 
taken at each sampling point. Quantitative samples were collected by frames (Figure 3-2 
and Figure 3-3). The diver placed the frame at a given sampling point by throwing the 
frame randomly on the bottom. The entire content within the frame was scraped into a 
bag attached to one open side of the frame. The technique applied was mainly1 according 
to Swedish Environmental Protection Agency method standards /4/. The field notes taken 
by the diver under the water included: water depth, bottom structure and submerged 
vegetation cover in percentage. The remaining notes taken at the surface concerned: date, 
time, performer and coordinates. After termination of the field activity, the samples were 
transferred to plastic bags and frozen for later sorting in the lab.

4.4 Data handling/post processing
After termination of the activity, the field/dive protocols were quality checked by 
the responsible personnel. Data from diving measurements and estimates, as well as 
background data, are incorporated in the database at SKB (SICADA).

4.5 Analyses and interpretations
4.5.1 Macrofauna analysis

Analysis of benthic and plant associated macrofauna was performed by Christina Ekström, 
Ekströms Hydrobiologikonsult. The sorting and measuring of biomass was performed by 
Cecilia Journath, Sveriges Vattenekologer AB. The method applied was in compliance with 
Swedish industrial standard SS 02 81 90 /3/.

1  See Chapter 4.6 Nonconformities. 
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If possible, the animals were determined to species level using stereo and light microscopes. 
The samples were analysed by sorting each species separately. The biomass was then 
measured as dry weight (DW) on an analytical balance after drying in 60°C to constant 
weight (at least 2 weeks). The biomass is given in g dry weight m2, including shells  
when present.

4.5.2 Vegetation analysis

Sorting, measuring and analysis of benthic vegetation were performed by Cecilia Journath 
and Micke Borgiel, Sveriges Vattenekologer AB. The technique was according to Swedish 
Environmental Protection Agency method standards /4/. 

If possible, the plants were determined to species levels using stereo and light microscopes. 
The samples were analysed by sorting each species separately. The biomass was then 
measured as dry weight (DW) on an analytical balance after drying in 60°C to constant 
weight (at least 2 weeks). The biomass is given in g dry weight m2. 

4.6 Nonconformities
The applied sampling technique with frames was mainly according to method standards /4/ 
but the sampling points positions were not following transects. Within each lake and littoral 
zone, five sampling points were randomly placed for frame sampling. For sampling with 
both Ekman grabber and frames, the randomly placed sampling point sometimes ended up 
in an area with reed (Phragmites australis). The point was then moved the shortest distance 
as possible to an area free from reed (see Appendix 1).



19

5 Results

Analyses are present as tables in Appendix 2. Selected data are presented in the tables below 
(Table 5-1 to Table 5-6). 

5.1 Lake Bolundsfjärden
5.1.1 Benthic macrofauna

When sampling benthic fauna in Lake Bolundsfjärden, zone 1, one large Anodonta was 
found. If the sampled Anodonta is included in the count, the biomass in littoral zone 1 
increases from 0.33 gDW/m2 to 59 gDW/m2 and the filter feeders biomass increases from 
11% to 99%. Therefore, Table 5-1 and Table 5-4 contain both combinations, one including 
the Anodonta and one excluding it.

Littoral zone 3 has the larger number of taxa and the highest density of benthic macrofauna 
(Table 5-1). If the only specimen of large Anodonta is included, littoral zone 1 shows the 
highest biomass value (Table 5-1). However, if the Anodonta is excluded, littoral zone 3 
displays the highest amount of biomass (Table 5-1).

If the large Anodonta is included, the biomass of littoral zone 1 is totally dominated by filter 
feeders (Table 5-4). If the Anodonta is excluded, littoral zone 1 is dominated by carnivores 
(Table 5-4). Littoral zone 3 is dominated by omnivores (Table 5-4).

5.1.2 Plant associated macrofauna

Littoral zone 1 is characterized by the highest number of taxa and the highest density 
and biomass of plant associated macrofauna (Table 5-2). Both littoral zone 1 and 3 are 
dominated by carnivores (Table 5-5 ).

5.1.3 Benthic vegetation

Table 5-3 demonstrates that the highest biomass value is represented by littoral zone 3, 
whereas littoral zone 1 displays the largest number of taxa. Both littoral zone 1 and 3 are 
dominated by Stoneworths (Chara spp), see Table 5-6.

5.2 Lake Fiskarfjärden
5.2.1 Benthic macrofauna

Littoral zone 1 is characterized by the largest number of taxa and the highest density and 
biomass of benthic macrofauna (Table 5-1). Both littoral zone 1 and 3 are dominated by 
carnivores (Table 5-4).
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5.2.2 Plant associated macrofauna

Littoral zone 1 shows the largest number of taxa and the highest density and biomass 
of plant associated macrofauna (Table 5-2). Littoral zone 1 is dominated by carnivores 
(Table 5-5). Littoral zone 3 is dominated by filter feeders (Table 5-5).

5.2.3 Benthic vegetation

Littoral zone 1 exposes the highest biomass value for benthic vegetation (Table 5-3). Equal 
number of taxa were found in both littoral zones (Table 5-3). Both littoral zone 1 and 3 are 
dominated by Stoneworths (Chara spp), see Table 5-6. 

5.3 Tables
5.3.1 Tables with general view

Table 5-1. Number of different benthic macrofauna taxa, density and biomass in 
different littoral zones. Within each lake and littoral zone, five replicates were taken 
with an Ekman grabber. Values in parenthesis represent samples excluding one large 
Anodonta. The values represent a calculated mean value.

Lake Bolundsfjärden Taxa Density 
(number/m2)

Biomass 
(gDW/m2)

Littoral zone 1 13 (12)  2,871 (2,862) 58.55 (0.33)

Littoral zone 3 16 11,938  0.80

Lake Fiskarfjärden Taxa Density 
(number/m2)

Biomass 
(gDW/m2)

Littoral zone 1 14 6,089 0.96

Littoral zone 3 12 1,778 0.19

Table 5-2. Number of different plant associated macrofauna taxa, density and biomass 
in different littoral zones. Within each lake and littoral zone, five replicates were taken 
with a frame. The values represent a calculated mean value.

Lake Bolundsfjärden Taxa Density 
(number/m2)

Biomass 
(gDW/m2)

Littoral zone 1 43 13,095 2.06

Littoral zone 3 27  7,220 2.00

Lake Fiskarfjärden Taxa Density 
(number/m2)

Biomass 
(gDW/m2)

Littoral zone 1 30 8,210 0.90

Littoral zone 3 22 5,870 0.59
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Table 5-3. Number of different benthic vegetation taxa and biomass in different littoral 
zones. Within each lake and littoral zone, five replicates were taken with a frame. The 
values represent a calculated mean value.

Lake Bolundsfjärden Taxa Biomass (gDW/m2)

Littoral zone 1 3  97.85

Littoral zone 3 2 681.12

Lake Fiskarfjärden Taxa Biomass (gDW/m2)

Littoral zone 1 3 219.35

Littoral zone 3 3  85.77

5.3.2 Tables with particular view

Table 5-4. Density and biomass of different functional groups of benthic macrofauna 
in different littoral zones. Within each lake and littoral zone, five replicates were taken 
with an Ekman grabber. The values represent a calculated mean value. Values in 
parenthesis represent samples excluding one large Anodonta.

Lake Bolundsfjärden 
Littoral zone 1

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders    27 (18)    24  0.93 (0.62) 58.55 (0.03) 131  99.50 (10.63)

Herbivores     0  0.00 (0.00)  0.00 (0.00)   0.00 (0.00)

Carnivores 1,084 1,206 37.77 (37.89)  0.18 (0.18) 0.20   0.30 (55.31)

Omnivores   551   479 19.20 (19.25)  0.03 (0.03) 0.03   0.05 (9.81)

Detrivores 1,209 1,471 42.11 (42.24)  0.08 (0.08) 0.06   0.13 (24.25)

Sum Animals 2,871 (2,862) 3,103 100.00 58.84 (0.33) 131 100.00

Lake Bolundsfjärden 
Littoral zone 3

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel 
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders    187    238   1.56 0.09 0.13  10.62

Herbivores     27     24   0.22 0.03 0.03   3.76

Carnivores  1,200  1,169  10.05 0.13 0.14  16.15

Omnivores  6,791 11,159  56.89 0.41 0.64  50.66

Detrivores  3,733  5,032  31.27 0.15 0.178  18.81

Sum Animals 11,938 16,921 100.00 0.80 0.939 100.00

Lake Fiskarfjärden 
Littoral zone 1

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel 
density (%)

Biomass 
(gDW/m2)

Biomass 
(SD)

Rel 
biomass (%)

Filter feeders    62    97   1.02 0.02 0.04   2.42

Herbivores     9    20   0.15 0.003 0.006   0.28

Carnivores 2,364 1,644  38.83 0.81 1.15  84.66

Omnivores 1,138   773  18.69 0.03 0.02   3.65

Detrivores 2,516   906  41.31 0.09 0.04   8.99

Sum Animals 6,089 1,878 100.00 0.96 1.16 100.00
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Lake Fiskarfjärden 
Littoral zone 3

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders    27    60   1.50 0.01 0.01   2.87

Herbivores     0   0.00 0.00   0.00

Carnivores   596   568  33.50 0.11 0.14  58.79

Omnivores   373   475  21.00 0.03 0.03  18.16

Detrivores   782   739  44.00 0.04 0.04  20.18

Sum Animals 1,778 1,743 100.00 0.19 0.20 100.00

Table 5-5. Density and biomass of different functional groups of plant associated 
macrofauna in different littoral zones. Within each lake and littoral zone, five replicates 
were taken with a frame. The values represent a calculated mean value.

Lake Bolundsfjärden 
Littoral zone 1

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders    275    232   2.10 0.14 0.11   6.65

Herbivores    390    322   2.98 0.31 0.29  15.12

Carnivores  2,005  1,317  15.31 0.93 0.85  45.16

Omnivores  2,700  3,416  20.62 0.32 0.28  15.37

Detrivores  7,725  8,360  58.99 0.36 0.37  17.70

Sum Animals 13,095 12,076 100.00 2.06 1.23 100.00

Lake Bolundsfjärden 
Littoral zone 3

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders   500   439   6.93 0.14 0.11   7.10

Herbivores   310   369   4.29 0.46 0.66  23.18

Carnivores   905   343  12.53 0.94 1.33  47.23

Omnivores 1,595 2,362  22.09 0.15 0.23   7.45

Detrivores 3,910 4,480  54.16 0.30 0.33  15.05

Sum Animals 7,220 5,136 100.00 2.00 2.14 100.00

Lake Fiskarfjärden 
Littoral zone 1

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders   285   197   3.47 0.12 0.06  13.78

Herbivores   130    74   1.58 0.19 0.26  21.37

Carnivores 2,470 1,351  30.09 0.36 0.21  40.40

Omnivores   285   102   3.47 0.03 0.01   3.52

Detrivores 5,040 3,047  61.39 0.19 0.08  20.93

Sum Animals 8,210 4,214 100.00 0.90 0.36 100.00
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Lake Fiskarfjärden 
Littoral zone 3

Animal trophic  
groups

Density 
(ind/m2)

Density 
(SD)

Rel  
density (%)

Biomass  
(gDW/m2)

Biomass 
(SD)

Rel  
biomass (%)

Filter feeders   650   428  11.07 0.23 0.07  39.49

Herbivores    50    40   0.85 0.04 0.07   6.74

Carnivores 2,230 1,536  37.99 0.20 0.11  33.47

Omnivores   635   413  10.82 0.04 0.01   6.23

Detrivores 2,305 1,322  39.27 0.08 0.04  14.07

Sum Animals 5,870 2,566 100.00 0.59 0.15 100.00

Table 5-6. Biomass of different plant groups of benthic vegetation in different littoral 
zones. Within each lake and littoral zone, five replicates were taken with a frame. 
The values represent a calculated mean value.

Lake Bolundsfjärden  
Littoral zone 1

Plant groups
Biomass  
(gDW/m2)

Biomass  
(SD)

Rel 
biomass (%)

Chara spp 80.85 127.46 82.62

Potamogeton spp 17.00  38.02 17.38

Other phanerogams  0.00  0.00

Sum Plants 97.85 119.40 100.00

Lake Bolundsfjärden  
Littoral zone 3

Plant groups
Biomass  
(gDW/m2)

Biomass  
(SD)

Rel  
biomass (%)

Chara spp 679.84 871.69  99.81

Potamogeton spp   1.27   2.84   0.19

Other phanerogams   0.00   0.00

Sum Plants 681.12 100.00

Lake Fiskarfjärden  
Littoral zone 1

Plant groups
Biomass  
(gDW/m2)

Biomass  
(SD)

Rel  
biomass (%)

Chara spp 205.35 409.00  93.62

Potamogeton spp  13.64  25.54   6.22

Other phanerogams   0.36   0.81   0.16

Sum Plants 219.35 401.66 100.00

Lake Fiskarfjärden  
Littoral zone 3

Plant groups
Biomass  
(gDW/m2)

Biomass  
(SD)

Rel 
biomass (%)

Chara spp 84.22 136.84  98.19

Potamogeton spp  1.55   2.58   1.81

Other phanerogams  0.00   0.00

Sum Plants 85.77 136.76 100.00
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6 Summary and discussions

In both Lake Bolundsfjärden and Lake Fiskarfjärden, the benthic fauna is probably 
dominated by carnivores (Tanypodinae). The bottoms of the lakes are nearly totally 
covered with benthic vegetation and have an extremely high plant biomass, consisting 
mostly of Stoneworths (Chara spp). The ecological status of the lakes is fairly similar, 
but these types of lakes are not common in Sweden.

Lake Bolundsfjärden

Benthic macrofauna: Littoral zone 3 has the largest number of taxa and the highest density.
If the only sampled large Anodonta sp is included, littoral zone 1 has the highest biomass 
whereas if the Anodonta sp is excluded, littoral zone 3 has the highest biomass. If the large 
Anodonta sp is included, littoral zone 1 is totally dominated (biomass) by filter feeders. 
If the Anodonta sp is excluded, littoral zone 1 is dominated by carnivores. Littoral zone 3 
is dominated by omnivores.

Plant associated macrofauna: Littoral zone 1 has the largest number of taxa and the highest 
density and biomass. Both littoral zone 1 and 3 are dominated by carnivores.

Benthic vegetation: Littoral zone 3 exhibits the highest biomass. The highest number of 
taxa was found in littoral zone 1. Both littoral zone 1 and 3 are dominated by Stoneworths 
(Chara spp).

Lake Fiskarfjärden

Benthic macrofauna: The largest number of taxa as well as the highest density and biomass 
was found in littoral zone 1. Both littoral zone 1 and 3 are dominated by carnivores.

Plant associated macrofauna: Littoral zone 1 has the largest number of taxa and the highest 
density and biomass. Littoral zone 1 is dominated by carnivores and littoral zone 3 by filter 
feeders.

Benthic vegetation: Littoral zone 1 shows the highest biomass. Equal numbers of taxa were 
found in both littoral zones. Both littoral zone 1 and 3 are dominated by Stoneworths  
(Chara spp).

Uncertainties

A large part of the samples often consists of carnivores. For example, the biomass of the 
benthic fauna in littoral zone 1 in Lake Fiskarfjärden comprises 85% carnivores (dominated 
by Tanypodinae), Table 5-4 and Appendix 2. A closed ecosystem is normally characterized 
by a much smaller share of carnivores.
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The high proportion of carnivores among macrofauna in the investigated lakes may be 
caused by one or several of the following factors:
• The results of the analysis do not represent a closed ecosystem.
• Certain species of insects have gone from being water living larva to flying insects and 

by doing so, they are not represented in the water ecosystem of the lakes at the time of 
sampling.

• Certain species are omnivores, making it difficult to group them into the correct 
functional groups. At the same time, there is little knowledge concerning what kind of 
food the species prefer.

• The Tanypodinaes are often freely swimming predators and eat, among other things, 
zooplankton (zooplankton and phytoplankton are not included in the samples).

• The first larva stage of Tanypodinaes might belong to the herbivores.
• Small organisms (< 0.5 mm) are sifted out when sampling.

The estimations of biomass must for some time be considered as uncertain. The reason 
for this is that large mussels (Anodonta sp) have a considerably higher biomass than the 
other species. When sampling benthic fauna in Lake Bolundsfjärden and zone 1, one large 
Anodonta was found. For example, if the sampled Anodonta is included in the count, the 
biomass in littoral zone 1 increases from 0.33 gDW/m2 to 59 gDW/m2. 

The lakes seem to have an extremely high plant biomass consisting of mostly Stoneworths 
(Chara spp). It is also possible that patchiness is frequent. Five frames per littoral zone 
might therefore be on the low end to make an accurate survey of the lakes.
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