
R-05-47

Submerged macrophyte 
communities in the Forsmark area

Building of a GIS application as a tool for 
biomass estimations

Ronny Fredriksson 

University of Kalmar

December 2005

Svensk Kärnbränslehantering AB
Swedish Nuclear Fuel
and Waste Management Co
Box 5864
SE-102 40 Stockholm Sweden 
Tel 08-459 84 00 
 +46 8 459 84 00
Fax 08-661 57 19 
 +46 8 661 57 19



Submerged macrophyte 
communities in the Forsmark area

Building of a GIS application as a tool for 
biomass estimations

Ronny Fredriksson 

University of Kalmar

December 2005

ISSN 1402-3091 

SKB Rapport R-05-47

Keywords: Submerged vegetation, Macrophyte communities, GIS, Biomass 
estimation, Epifauna.

This report concerns a study which was conducted for SKB. The conclusions  
and viewpoints presented in the report are those of the author and do not  
necessarily coincide with those of the client.

A pdf version of this document can be downloaded from www.skb.se



�

Sammanfattning

Ett GIS skikt som illustrerar utbredningen av makrovegetation och associerad fauna 
på havsbottnen i SKB:s platsundersökningsområde i Forsmark skapades med hjälp av 
information från tidigare studier i området. Med hjälp av GIS skiktet kan uppskattad 
biomassa av vegetation och epifauna i olika områden beräknas.
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1	 Introduction

Within the site investigation project at Forsmark, and in earlier projects, several 
surveys regarding the submerged macrophyte communities has been performed  
/Kautsky et al. 1999, Borgiel 2004, Borgiel 2005/. In order to estimate the fate and 
circulation of toxins or radioactive matter, the knowledge of biomass distribution in 
the ecosystems is important. In this study, a GIS application was created. This product 
is meant to work as a tool for analysing the biomass and species distribution in the 
macrophyte communities.

Figure 1-1.  General overview over Forsmark site investigation area and the area limiting this 
study (Investigated area). The candidate area, where most site investigations are performed, is 
shown in red.
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2	 Material	and	methods

2.1	 Objective
The aim of this study was to compile the information from previous studies to produce a 
GIS application that both illustrates the distribution of different vegetation communities and 
also makes it possible to estimate the total biomass of the different vegetation communities 
and its associated fauna.

2.2	 Used	software
The GIS application was created by means of the software Arc View 3.3 by Environmental 
Systems Research Institute, Inc.

2.3	 In	data	
Distribution readings and quantitative data of submerged macrophyte communities and its 
associated fauna was obtained from studies by /Kautsky et al. 1999, Borgiel 2004, Borgiel, 
2005/.

Information about the macrophyte distribution in Långörsviken, located in the northern 
parts of Kallrigafjärden, was obtained from a report by Upplandsstiftelsen /Wallström et al. 
2000/.

Information about water depth and bottom substrate was available as USGS DEM file, 
produced by Geological Survey of Sweden /Elhammer and Sandkvist 2005/.

Complementary data of the covering degree of submerged vegetation was obtained from 
a study using an under water video camera /Tobiasson 2003/.

2.4	 Data	handling/post	processing
Quantitative data on macrophyte and faunal biomass were either obtained from the primary 
SKB data base SICADA or directly from reports. Samples were compiled and analysed 
according to dominating vegetation.



10

2.5	 Analyses	and	interpretations
2.5.1	 Map

Figure 2-1 shows the location of available information on submerged macrophyte 
distribution and covering degree. Arrows indicate diving transects, dots indicate survey 
transects by boat and crosses represent observations from under water filming.

Readings from diving and boat transects were categorised after dominating vegetation 
(Figure 2-2).

Figure 2-1.  The location of information available. Dots denote boat and diving transects, crosses 
denote under water video recordings. The candidate area, where most site investigations are 
performed, is shown in red.
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Figure 2-2.  Example of diving transect (line) and boat transects (dots). The south east part  
of the candidate area, where most site investigations are performed, is shown in red in the upper 
left corner.

At each reading from the diving transects it was assumed that the vegetation and covering 
degree was similar five metres on both sides at right angel from the diving direction. 
Corresponding figure for boat transects were 20 m. Polygons were then drawn according to 
these assumptions and classified according to dominating vegetation (Figure 2-3).

By means of these transects and information about water depth and bottom substrate,  
polygons were created and classified for the remainder of the studied area. Information 
about bottom substrate was not available for the whole area (Figure 2-4). The classification 
of the substrates from Geological Survey of Sweden was made from the dominating sub-
strate from the top 50 cm of the substrate (Pers. comm. Ingemar Cato, Geological Survey 
of Sweden). It is therefore impossible to know if there is a, for example, thin layer of sand 
or clay on top of an area classified as hard substrate. This could lead to an overestimated 
amount of hard substrates.
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Figure 2-3.  Example of diving transects (10 m wide) and boat transects (40 m wide) after polygons 
being drawn. Diving transect to the left in the picture. Different colours indicate different macrophyte 
communities.

The work was carried out as follows:
• Where information about the bottom substrate was available polygons were created by 

means of the substrate shape file and depth grid from Geological Survey of Sweden 
/Elhammer and Sandkvist 2005/

• The vegetation community and the covering degree on a certain depth and substrate 
combination were determined by compiled information from studies by /Kaustsky et al. 
1999, Borgiel 2004/. All observations from a certain bottom substrate were analysed to 
find the dominating vegetation within different depth ranges (Table 2-1). After determi-
ning the dominating vegetation, the covering degrees of different macrophyte classes 
within each depth range were calculated as a mean of all readings (Appendix 1).

• Areas without information about the bottom substrate, but still adjacent to areas included 
in the substrate shape file, were defined by means of the depth grid. The vegetation 
community and covering degree was defined according to adjacent polygons with 
information about both depth and substrate. 

• In areas with diving or boat transects close to one another, polygons were defined by 
joining similar observations together (Figure 2-5). The covering degree of the vegetation 
within the new polygon was calculated as a mean of the joined observations.

In areas which hadn’t been visited in previous studies, a mean of other readings on a certain 
depth was used to estimate vegetation community and covering degree.

The type of information used to define the vegetation community and covering degree was 
noted for all polygons in the GIS application. As a final step the area of the polygons was 
calculated.
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Figure 2-4.  The area where information about bottom substrate was available. Different colours 
indicate different bottom substrates. Sites of video recordings (x) are also shown.

Table	2-1.	 The	vegetation	communities	defined	depending	on	water	depth	and	
bottom	substrate.

 Substrate/Depth(m) 0 1 2 3 4 5 6 7 8 9 10- Reference
Moraine Veg<5% R-99-69, P-04-82
Bedrock Veg<5% R-99-69, P-04-82
Glacial clay Empty R-99-69, P-04-82
Clay Empty R-99-69, P-04-82
Fine sand Empty R-99-69, P-04-82
Silt Empty R-99-69, P-04-82
Sand and gravel Veg<5% R-99-69Phanerogams Red algae

Veg<5%
Veg<5%
Veg<5%
Veg<5%

Filamentous Fucus Red algae
Filamentous Fucus Red algae
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Figure 2-5.  Similar observations were joined together to form polygons. The bay here  
(in the south part of the area) is approximately 1 km from north to south.

2.5.2	 Quantitative	samples

Vegetation and faunal samples were compiled and analysed according to the dominating 
vegetation. As a final step the biomass per square metre and covering degree was calculated. 
This value was used to calculate the total biomass within each polygon by multiplying it by 
the area of the polygon and the defined total covering degree.
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3	 Results

3.1	 Map	of	macrophyte	distribution
Six macrophyte communities were identified in the Forsmark area. The identified 
communities were Phanerogams, Chara, Filamentous (brown and green) algae, Vaucheria, 
Fucus and Red algae. The distribution of the communities is shown in Figure 3-1.

Figure 3-1.  Distribution of submerged macrophyte communities in the Forsmark area. 
The candidate area is shown in red.
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3.2	 Quantitative	samples
Table 3-1 presents the calculated values for biomass per square metre and covering degree 
that were used to calculate the total biomass in the GIS application. 

Table	3-1.	 Vegetation	and	faunal	biomass	per	square	metre	and	covering		
degree	in	the	defined	vegetation	communities.

Vegetation	biomass	 Epifaunal	biomass
gdw/m2/covering	
degree

gdw/m2/covering	
degree

Vegetation M SE M SE

Filamentous 0.293 0.0404 0.502 0.2205
Red 0.737 0.2017 0.316 0.0809
Fucus 5.699 0.7331 1.069 0.3590
Vaucheria 3.956 0.1934 0.212 0.0241
Chara 1.647 0.1226 0.440 0.0574
Phanerogams 0.594 0.2262 0.524 0.2703

A source of error is that the calculations in Table 5-1 were based on a different number of 
samples (Appendix 2 and 3). Also the difference in variation regarding covering degrees 
could affect the results. For example, all Vaucheria samples were collected from areas with 
a high covering degree.

Areas with less than 5% vegetation were not included in the biomass estimation. 
More detailed results are presented in Appendix 2 and 3. 

3.3	 Structure	of	GIS	application
The structure of the resulting GIS application shape file is presented in Table 3-2.

Original results are stored in primary data bases, and these data that will be used for further 
interpretation (modelling). The data is traceable in SDE by the field note Forsmark 508.
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Table	3-2.	 Structure	of	GIS	application	shape	file.	Field	name	and	description.

Field	name Description

Id Polygon id
VegId Id for vegetation community

Veg  Name of vegetation community
Cover Covering degree for taxa giving name to the community
TotCover Total covering degree, including all taxa
Ph Covering degree of Phanerogams
Ch Covering degree of Chara
Va Covering degree of Vaucheria
Fu Covering degree of Fucus
Re Covering degree of Red algae
Gf Covering degree of Green filamentous algae
Bf Covering degree of Brown filamentous algae
Bg Covering degree of Blue green algae
Reed Covering degree of Reed
Rush Covering degree of Rush
Font Covering degree of Fontinalis
Balanus Covering degree of Balanus
Mytilus Covering degree of Mytilus
Macoma Covering degree of Macoma
Cardium Covering degree of Cardium/Cerastoderma
Other Covering degree of other taxa
Expl_Other Naming taxa included under field name ”Other”
LF 0m Last three digits of SKB LFM number for polygons derived from a boat transect
LFM5m Last three digits of SKB LFM number for polygons derived from a diving transect
P0482 Station number if polygons are derived from SKB report P-04-82
R9969 Station number if polygons are derived from SKB report R-99-69
US Polygons created by means of information from report by Upplandsstiftelsen
SGUuv ”Y” if information from under water film has been used
SGUd ”Y” if information from depth grid has been used
SGUs ”Y” if information from substrate shape file has been used
Hand ”Y” if polygon is drawn by hand
Hand_LFM Last three digits of SKB LFM number from transects determined polygon shape and/or 

covering degree
Substrat Describes substrate if information from substrate shape has been used
Reference SKB report number if vegetation community and covering degrees have been derived  

from reports
Comment Comments, if any
Vbbiocov Vegetation biomass per square metre and covering degree (gdw/m2/covering degree)
Epbiocov Epifaunal biomass per square metre and covering degree (gdw/m2/covering degree)
Area_m2 Polygon area (square metres)
Vegbio_g Total macrophyte biomass in grams
Epbio_g Total epifaunal biomass in grams
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Appendix	2

Quantitative	vegetation	samples
Table	A2-1.	 Biomass	(gdw/m2)	in	samples	from	the	Chara	community,	per	sample	and	
as	a	total.	Also	biomass	per	total	covering	degree	(gdw/m2/%).	Coverage	=	covering	
degree	of	the	taxa	giving	name	to	the	community.	Total	coverage	=	covering	degree	of	
all	taxa.

Study
Transect

Frame 4 5 6 M SE
Sampling depth 0.9             0.9              0.9                               0.9              0

Coverage 100 100 100 100 0
Total coverage 100 100 100 100 0

3000.0000.0100.0supracotcE/alleyaliPsuotnemaliF
BLUEGREEN                 0.053          0.175          0.078                           0.102        0.0374

3000.0000.0100.0.ps arohpodalC
3000.0000.0100.0.pps xirhtolU

Total filamentous    0.053          0.176          0.080                            0.103        0.0375
Chara                     Chara aspera          156.298     188.535     148.638                         164.490     12.2241
Phanerogams     Zannichellia sp.                              0.145          0.235                             0.127        0.0685

∑ 156.351    188.856     148.952                          164.720     12.2558

Per covering degree       1.564        1.889         1.490                              1.647        0.1226

Borgiel, 2005
6 Total

Table	A2-2.	 Biomass	(gdw/m2)	in	samples	from	the	Vaucheria	community,	per	sample	
and	as	a	total.	Also	biomass	per	total	covering	degree	(gdw/m2/%).	Coverage	=	covering	
degree	of	the	taxa	giving	name	to	the	community.	Total	coverage	=	covering	degree	of	
all	taxa.

Study
Transect

Frame 4 5 6 1 2 3 M SE
Sampling depth 3.6             3.6             3.6             1.3             1.3             1.3                              2.5            0.51

Coverage 100 100 100 100 100 100 100.0          0.00
Total coverage 100 100 100 110 125 110 107.5          4.03

Bryophyta BRYOPHYTA 990.0990.0100.0395.0100.0
Filamentous Leathesia difformis 0.001 0.008 0.001 0.513 0.103 0.600 0.204 0.113

Pilayella/Ectocarpus 0.001 0.200 0.034 0.033
BLUEGREEN 600.0110.0330.0100.0030.0100.0
Cladophora aegagrophila 180.0711.0522.0574.0
green filamentous 0.001 0.000 0.000
Ulothrix spp. 000.0000.0100.0

Total filamentous 0.478 0.234 0.001 0.543 0.105 0.833 0.365 0.127
Red algae Hildenbrandia rubra (spp.) 0.001 0.000 0.000
Vaucheria Vaucheria spp 340.413 358.735 371.820 412.363 568.488 484.050 422.645 35.859
Phanerogams Callitriche spp 810.0810.0011.0

Zannichellia sp. 24.525 4.030 4.808 5.560 3.896
Total phanerogams 0.110 24.525 4.030 4.808 5.579 3.891

∑ 340.893 359.561 371.932 437.431 572.623 489.690 428.688 36.616

Per covering degree 3.409 3.596 3.719 3.977 4.581 4.452 3.956 0.193

Borgiel, 2005
61 Total
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Appendix	3	

Quantitative	epifaunal	samples

Table	A3-1.	 Biomass	(gdw/m2)	in	samples	from	the	Chara	community,	per	sample	and	
as	a	total.	Also	biomass	per	total	covering	degree	of	vegetation	(gdw/m2/%).	Coverage	
=	covering	degree	of	the	taxa	giving	name	to	the	community.	Total	coverage	=	covering	
degree	of	all	taxa.

Table	A3-2.	 Biomass	(gdw/m2)	in	samples	from	theVaucheria	community,	per	sample	
and	as	a	total.	Also	biomass	per	total	covering	degree	of	vegetation	(gdw/m2	%).	
Coverage	=	covering	degree	of	the	taxa	giving	name	to	the	community.	Total	coverage	
=	covering	degree	of	all	taxa.

Study
Transect

Frame 4 5 6 1 2 3 M SE
Sampling depth 3.6              3.6             3.6             1.3             1.3             1.3                                2.5            0.51

Coverage 100 100 100 100 100 100 100.0          0.00
Total coverage 100 100 100 110 125 110 107.5          4.03

500.0500.0330.0iekhtar suipoillaCserovinraC
000.0000.0100.0100.0rolocisrevid siereN
000.0000.0100.0aretpiD rehto
600.0600.0100.0530.0 serovinrac latoT
666.2956.5056.8563.01049.41.pps aibordyHsredeef sutirteD
512.2919.4365.01552.01596.8acitlab amocaM
000.0000.0100.0eateahcogilO
043.2563.4372.6834.5084.41muiradopitna sugrypomatoP

Total detritus feeders 14.480 5.438 6.273 23.636 20.620 19.213 14.943 3.119
911.0622.0803.0813.0337.0muidraC/amredotsareCsredeef retliF
560.4220.7063.52363.01014.6airanera ayM

Total filter feeders 6.410 10.363 25.360 0.733 0.318 0.308 7.248 3.988
663.0663.0100.0591.2atatipac aitnopamiLserovibreH
130.0050.0541.0351.0argerep aeanmyL
000.0000.0100.0aretpohcirT
753.0614.0541.0551.0591.2 serovibreh latoT
000.0000.0100.0sidiriv aisylEnwonknU
000.0000.0100.0 nwonknu latoT

∑ 23.085 15.800 31.668 24.523 21.084 19.520 22.613 2.192

Per covering degree 0.231 0.158 0.317 0.223 0.169 0.177 0.212 0.024

Borgiel, 2005
61 Total
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