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Abstract 
 
Rich fens are calcareous and nutrient poor wetlands with a rich flora of orchids, sedges 
and mosses. As many as one hundred plant species are rich fen specialists. Many 
wetlands have been drained historically, and transformed to agricultural land or 
production forests. Today rich fens cover only 2-3% of the total mire area in Sweden. 
Rich fen is a rare and valuable habitat also from a European perspective and is protected 
in the Natura 2000-network. To increase and maintain the biodiversity and ecosystem 
services rich fens can offer, it is important to increase the rich fen area by restoration and 
management. Rich fen restoration can be carried out in different ways. In this report the 
restoration method of top soil removal is investigated. The method has never been tested 
before in Sweden and therefore it is important to evaluate the suitability of the method for 
further conservation work.  
 
Before restoration, the study area had been drained, used as arable land and pasture, and 
finally become abandoned and overgrown by tall eutrophic herbaceous vegetation. An 
excavator dug away the layer of nutrient rich top soil and then the site was left for 
spontaneous development. Adjacent to the restored area, there is a small remnant of rich 
fen. Monitoring of the restored area was performed during the first five years after the 
restoration. I repeated the monitoring after ten years, and analyzed the long-term 
succession of plants and snails, in comparison with the status in the reference fen.  
 
The vegetation in the restored parts is approaching the one in the reference fen. For 
example, the number of rich fen specialists has increased steadily. However, the 
colonization of bryophytes is slow. They cover at most 20 % in the restored parts, while 
80 % in the reference fen, possibly because of dispersal limitation and the fact that the 
restored area is drier than the reference fen. More species of herbs can be found in the 
restored parts than in the reference fen. Another difference is the high cover of bare soil 
in the restored areas, compared to none in the reference fen. Some trees and bushes are 
growing in the area, primarily birch (Betula pubescens) and different species of Salix. 
The land snails have successfully colonized the restored areas. After two years the same 
number of species was found in the restored area, as in the reference fen. The total 
number of species found in the restored areas was 26, compared to 29 in the reference 
fen, among them three rare rich fen indicator species.   
 
The results show how the restored site has developed from bare mineral soil to a rich fen 
site, approaching the species composition of the reference fen. Several species of rich fen 
specialists among vascular plants, bryophytes and land snails have established in the 
restored areas. The small rich fen close to the restored area functions as a source from 
where plants and animals can spread. Overall the restoration shows very positive results, 
going from bare soil to rich fen vegetation in only ten years.  
 
Key words: rich fen, restoration, top soil removal, succession, land snails 
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Introduction 
 
Large areas of wetlands, including rich fens, have been drained historically in Europe. In 
some countries only a few percent of the original wetland areas remains today (Joosten 
1997; Emanuelsson 2009). In Sweden as much as two million ha of peatlands have been 
drained to improve agriculture and forestry (Rydin et al. 1999). Sweden is probably the 
country within the European Union with the largest area of rich fens today, 
approximately 100-150 000 ha (Sundberg 2004, 2006).    
 
Importance of restoration 
All ecosystems have several functions, which give people benefits such as clean air and 
water, pollination, food and recreation. The ecosystem services are of most importance to 
human well-being (Millenium Ecosystem Assessment 2005). Wetlands in general offer 
many ecosystem services such as water purification, biodiversity maintenance and 
mitigation of high water flow, not to forget recreational, aesthetical and cultural values 
(Mitsch and Gosselink 2007). Peatlands also offer carbon sequestration which is 
important from a climate change perspective (Kimmel and Mander 2010). Since so many 
wetlands have been lost, the remaining ones function as refugia for species that cannot 
survive in other parts of the landscape (Horsák and Cernhorsky 2008).   
 
To increase both the number of species and the genetic diversity it is important to have 
several sites of a certain habitat in a region. If a species disappears from one area it can 
recolonise it, if it exists nearby. Genetic diversity strengthens a species, both by higher 
individual fitness among individuals and by increasing the adaptability to environmental 
changes. More living space for a species often leads to more individuals that can 
contribute to the genetic diversity (Höglund 2009).  
 
Since a loss of biodiversity also means a reduction of the functions of the ecosystem, it is 
most important to restore lost and degraded ecosystems (Wilson 1992). In cases where it 
is not possible to restore an area to the same conditions as before, it is better to call it 
creation or recreation, instead of restoration (Mitsch and Gosselink 2007; Rydin and 
Jeglum 2008). When restoring an ecosystem it is important to know what the goal with 
the restoration is and make up a strategy. First the source of degradation must be 
removed, second the physical environment can be restored and as a third step the biota 
can establish at the site (Hunter and Gibbs 2007).    
 
A majority of the Swedish rich fen sites are affected by drainage and overgrowth. Yet 
only a small number of rich fens have been restored hydrologically and the need of 
resumed management is high. Restoration actions are crucial for the conservation status 
of rich fens (Sundberg 2006). Top soil removal has never been used previously in 
Sweden for rich fen restoration and it is important to evaluate the method for further 
conservation work (Dan Nilsson, personal communication).  
 
Succession and dispersal 
After clearing an area from vegetation the succession starts. The establishment of species 
and the competition between them starts, until the species composition eventually 
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stabilize (Pickett et al. 1987). The first species composition is influenced by chance, but 
with time it will be determined by abiotic site conditions (Verhagen et al. 2001). If the 
hydrology or the management practices of a site change, the succession will develop 
towards another community (Fojt and Harding 1995). Succession is a complex 
demographic process with a strong relation to both biotic and abiotic factors, for example 
species availability, environmental stress, competition and herbivory (Pickett et al. 1987). 
The conservation of rare plant species and valuable habitats is often a matter of keeping 
the succession in a certain state (Jensen and Meyer 2001).  
 
A site can have a bank of dormant seeds that represents an accumulation of many years 
seed dispersal. Many species can survive during a long time under unfavorable conditions 
as seeds in the soil (Grime et al. 2007). After top-soil removal most of the seed bank has 
been removed, and seed dispersal is the main factor for the establishment of new 
vegetation. The recruitment of seeds must come from the surrounding, dispersed by wind, 
water or animals (Verhagen et al. 2001). Bryophytes can spread over vast distances by 
spores, but they also commonly disperse vegetatively, which is important for short 
distance dispersal (Frahm 2008; Hallingbäck and Holmåsen 2000). 
 
Rich fen 
A fen is a mire with an inflow of mineral enriched water from the surrounding mineral 
soil. The water table is generally close to the surface which may lead to anaerobic 
conditions and formation of peat. A rich fen is rich in calcium, with a pH around 6-8, but 
nutrient poor. These conditions have given the rich fens a specialized and species rich 
flora, which often consists of orchids, sedges and bryophytes (Rydin et al. 1999). Among 
vascular plants and bryophytes in Sweden as many as 100 species are rich fen specialists 
(Sundberg 2006). Rich fens are often divided into the categories moderately rich fen and 
extremely rich fen. The extremely rich fens have a higher calcium concentration in the 
water and more vascular plants (Rydin et al. 1999). 
 
Approximately there are 100 000 – 150 000 ha of rich fens today in Sweden, out of which 
more than 55 000 ha in Jämtland (Sundberg 2006). Rich fens can be found in calcareous 
areas, in the northern part of Sweden, mainly in Jämtland and Norrbotten, and in the 
southern part of Sweden in Uppland, Östergötland, Västergötland, Skåne and on the 
Baltic islands of Öland and Gotland (Rydin et al. 1999; Sundberg 2006). 
 
Abiotic conditions 
To prevent fen degradation and habitat loss several different actions can be taken. 
Restoration in different ways, as well as mowing and grazing to prevent overgrowth are 
common actions (Gärdenfors 2010). The forest industry should show more concern for 
wetlands in the forestry, and they should fill in old ditches, that actually do not improve 
forest productivity (Gärdenfors 2010). In fen restoration, it is important to improve the 
abiotic conditions in the area, such as rewetting and reduce nutrient availability 
(Klimkowska et al. 2009). Removal of top soil solves both problems (Rasran et al. 2007). 
Ditch blocking is another way of rewetting the area, but should be made in combination 
with other actions to restore former drained fens (Mälson et al. 2010).  
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Vascular plants 
An efficient way to eliminate dominant vegetation and its seed bank is by top soil 
removal (Rasran et al. 2007). Some target species have limited dispersal capacity, or does 
not exist in the surroundings. In those cases it might be necessary to introduce propagules 
to the site (Klimkovska et al. 2009) by transplanting seedlings or mature plants, or 
sowing seeds (Mitsch and Gosselink 2007). A way to spread seeds is by hay transfer from 
species rich fens to the restored area. It is a cheap method and easily carried out, that has 
been shown to lead to successful colonization of target species (Rasran et al. 2007). This 
should be made from different donor sites at different times of the year to get viable seeds 
from as many species and plants as possible (Klimkowska et al. 2010). To reach and 
maintain a favorable conservation status, continuous management such as mowing and/or 
grazing may be important (Rasran et al. 2007). The removal of biomass prevents 
overgrowth by tall herbs and woody species and decrease nutrient availability 
(Emanuelsson 2009). Trampling by grazing animals creates suitable micro-sites for 
seedlings to establish, makes it easier for new species to enter the site and weakly 
competitive species to persist (Klimkowska et al. 2009). For degraded fens with a low 
level of disturbed hydrology and nutrient levels it may be enough to introduce mowing 
and/or grazing (Klimkowska et al. 2010).  
 
Bryophytes 
Bryophytes are an important group in rich fens and should be included in fen restoration 
(Graf and Rochefort 2010). Since bryophytes take up water and nutrients via the leaves, 
they respond quickly to environmental changes such as anthropogenic acidification and 
eutrophication (Kooijman 1992). They are also good indicators of hydrological changes, 
water chemistry and trophic status (Mälson and Rydin 2007). Bryophytes are important 
for water balance, energy flow, nutrient cycling and carbon storage in the ecosystem 
(Graf and Rochefort 2010).  
 
After a restoration with good results regarding vascular plants, still species of rich fen 
bryophytes, previously found at a site may be absent (Kooijman et al. 1993). This may be 
due to dispersal limitations or substrate degradation (Mälson and Rydin 2007). The 
reintroduction of rich fen bryophytes can be performed by spreading short vegetative 
fragments of the target species. Since the relative humidity is important for mosses, some 
kind of cover that creates a favorable micro-climate will improve the reestablishment. 
The cover can consist of e. g. straw, tall herbaceous plants or garden gauze (Mälson and 
Rydin 2007; Graf and Rochefort 2010). In general the most suitable water level for 
regeneration of rich fen bryophytes is just below the surface (Graf and Rochefort 2010). 
To weaken the competition from dominant species in the field layer, some kind of 
disturbance is important to improve the reintroduction of bryophytes (Mälson and Rydin 
2007). 
  
Land snails  
Several land snail species are connected to rich fens, some of them rare and protected 
within the European Union (von Proschwitz 2006). One example is the species Vertigo 
geyeri, which prefers open, calcareous fens and meadows. The species can be found 
mainly in calcareous areas in Scandinavia (von Proschwitz 2003).  



 6 

 
Most land snails are herbivores, mostly feeding on plant litter. Snails in oligotrophic 
biotopes are feeding on tree-leaf litter, since they contain calcium as citrate, a suitable 
form for snails (Wäreborn 1969). Calcium is crucial for snails, both to form their shell 
and for other physiological processes (Horsák et al. 2007; Juřičkova et al. 2008). Main 
factors for diversity and distribution of terrestrial snails are calcium content in the foerna 
layer and soil moisture (Wäreborn 1969). The abundance and species richness of snails 
are higher in calcareous areas (Horsák et al. 2007; Juřičkova et al. 2008). Competition 
plays a minor role for the formation of the snail community (Horsák and Cernohorsky 
2008). 
  
Too intensive and long periods of grazing by livestock have negative effect on the species 
richness and abundance of snails. Grazing reduces the litter layer and the number of 
niches (Boschi and Baur 2006). Snails have a low ability to migrate longer distances on 
their own (Horsák et al. 2007). Their active dispersal is between a few decimeters up to a 
few meters (Juřičkova et al. 2008). Colonization rates to new sites depend on the 
connectivity to source sites (Knop et al. 2010). The dispersal capacity of a species has 
effect on the gene flow within a population (Popov and Kramarenko 2004). Small snails 
can disperse attached to leaf litter blowing in the wind, or attached to animals (Juřičkova 
et al. 2008).  
 
Threats 
In Sweden only 2-3% of the total area of mires consists of rich fens. Historically rich fens 
have been used as meadows and pastures, but the practices ceased during the 20th century 
(Sundberg 2006). Many wetland areas, among them the rich fens, were drained in the 19th 
and 20th century to create new agricultural land or to increase productivity in the forestry 
(Emanuelsson 2009). Today the legislation concerning drainage is much more restricted 
(Gärdenfors 2010) and drainage is forbidden in parts of Sweden (Skogsstyrelsen 2011). 
 
There are several other threats though, that might cause degradation and loss of rich fens, 
such as acidification, eutrophication, old ditches and overgrowth by trees and bushes 
because of lack of management. The ongoing climate change may result in warmer and 
drier conditions in the south of Sweden. This will improve the conditions for trees and 
bushes and more fens may need management to not become overgrown (Sundberg 2006). 
Habitat fragmentation is an ongoing threat that leads to reduced connectivity within the 
landscape. Small and isolated fragments hold in general fewer species than larger and less 
isolated areas. One reason for that, is that it is more difficult for the species to disperse 
between the isolated fragments (Hunter et al. 2007).  
 
Protection and actions 
In 2006, the Swedish Environmental Protection Agency published an action plan for the 
habitat rich fen (Sundberg 2006). Action plans have been working well to improve the 
conservation status for many species (Gärdenfors 2010). In Sweden there are government 
initiated “environmental objectives” and the purpose is to solve the big environmental 
issues (Regeringskansliet 2004). Two of the environmental objectives are clearly related 
to the rich fens - Thriving Wetlands and A Rich Diversity of Plant and Animal Life. The 
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Swedish Environmental Protection Agency is responsible for the objectives 
(Environmental Objectives Secretariat 2010).  
 
Natura 2000 is a network within the European Union protecting valuable habitats from a 
European perspective (European Commission 2010b). The network consists of sites with 
habitats listed in the Habitats Directive (European Commission 2010a). Several rich fen 
habitats are included, i.e. 7210-40 and 7160, and selected sites should be protected 
(European Commission 2007). Another indication of the importance of rich fen 
protection is the, so called, Red List. The International Union for Conservation of Nature 
has established criteria for categorizing species into different classes depending on how 
threatened they are. The Red List does not give any legal protection for the listed species, 
but it makes it easier to analyze and describe their status and their risk of extinction 
(Gärdenfors 2010). As many as 160 species connected to rich fens are on the Swedish red 
list (Sundberg 2006).    
 
Aims 
The aims of this project are to describe and analyze the situation, regarding vascular 
plants, bryophytes and snails, at a rich fen site restored by top soil removal ten years ago. 
I explore successional and spatial changes during ten years after the restoration both in 
the restored area and in a reference fen. Additionally, I discuss the method used to restore 
the area and also try to predict the future development and give some advice concerning 
the management of the site. In this work I intend to answer the following questions: 
 
Did the vegetation in the restored area approach the one in the reference fen? 
Are there spatial vegetation differences in the restored area?  
Have the land snails dispersed to the restored area? 
Is it a successful restoration method? 
 
 
Materials and methods 
 
Study site 
The study site is a spring-fed calcareous fen, situated 105 m above sea level, in the 
county of Östergötland, between Mjölby and Motala, on the North side of road 206, 3 km 
North of the small community Skänninge (SWEREF99: 6475200, 503029, Figure 1). The 
closest meteorological station is Malmslätt, outside Linköping, ca 30 km East of 
Lagmansro. The mean temperature of January is 2ºC and of July 17ºC and the average 
precipitation is 548 mm per year (SMHI 2010a). The restored area is sloping towards 
Northeast, with a difference in altitude of 185 cm.   
 
The surrounding landscape is a mixture of agricultural landscape and forest. The study 
area of 0.6 ha is surrounded by road 206, a pasture, an abandoned field and a gravel road. 
The site is quite wet and some parts are covered by bushes and small trees (see pictures in 
Appendix 2). The study area is divided into sections (Figure 2). The reference fen is a 0.1 
ha intact rich fen. The test area is a small area, 0.05 ha, where the first trial of the 
restoration method was performed in 1995. The large area is where the second, larger  
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Figure 1. Maps illustrating the location of the study site. © Lantmäteriet Gävle 2010. Medgivande I 
2010/0058.  
 
 

 
Figure 2. Aerial photograph of the study site that illustrates the reference fen, the test area and the large 
area. The letter codes show the positions of permanent plots used in the inventories. © Lantmäteriet Gävle 
2010. Medgivande I 2010/0058.  
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restoration took place in 2000. The large area, 0.5 ha, is divided into two parts, the nearby 
and the distant large area, according to their distance to the reference fen. In the distant 
large area new, additional plots were established in 2010. 
 
Restoration method 
The restoration was performed stepwise. First trees and bushes were manually cleared. 
Then an excavator removed 3-4 dm of the organic top soil, down to the greyish, calcium-
rich mineral soil. The cost for the clearance and the excavator was in total 76 000 SEK. 
Added to this, the price for leasing the land adds a cost of circa 700 SEK per year and 
hectare (Dan Nilsson, personal communication).  
 
Sampling of plants 
An inventory of the study site was done in 1999, before the restoration (Calluna 2000). 
The large area was covered to a large extent by Filipendula ulmaria but also by Agrostis 
stolonifera, Cirsium arvense and Cirsium palustre (Figure 3). For a complete species list 
and cover see Appendix 1, for a picture of a nearby area, similar to what it looked like 
before the restoration, see Appendix 2. The reference fen is dominated by brown mosses 
and a small brook is running through the area. Some red-listed vascular plants and 
bryophytes are found; Blysmus compressus, Crepis praemorsa and Philonotis calcarea.  
 
The field work was initiated on 9th of June 2010, when the measurements of pH and 
conductivity were performed and the water level loggers were positioned. During July 5th 
– 12th the inventory of plants and mosses were made. Additional visits where made 24th 
September and 20th – 22nd October. 
 
During the period 2001-2005, annual inventories of vascular plants, in August, and of 
bryophytes, in November, were made in the permanent plots, A-X (Figure 2). The 
reinventory of the site in 2010 was performed in the same plots. A plot consists of five  
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Figure 3. Vegetation cover 1999: the most abundant plant species, plant litter and bare soil in plot 1 (white) 
and plot 2 (grey). 
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subplots (0.25 m2) in a row, forming a rectangular area of 0,5×2,5 m. The plots are 
arranged in rows, perpendicularly following a transect. In the reference fen and in the test 
area there are four plots each, and in the nearby large area there are 16 plots (Figure 2). In 
total there are 24 plots and 120 subplots.   
 
Since the permanent plots cover only a small part of the restored area, I established eight 
additional permanent plots, AA-HH (Figure 2), in the furthest part away from the 
reference fen. They where placed randomly and investigated with the same method as the 
other plots. I also added an organism group, stoneworts (Characeae), to the sampling, by 
collecting ten samples from the study site.   
 
Each of the five subplots within the plots was investigated separately. Each plant species 
was recorded as presence/absence, as in previous inventories. To get a better picture of 
the area in 2010, also frequency and cover were estimated. The frequency was measured 
as presence/absence within 16 quadrats in the frame for each subplot. The cover was 
estimated visually for each subplot with the aid of a small 1×1 dm frame.   
 
Environmental variables 
For each subplot the level of humidity, the amount of bare soil and the presence of plant 
litter were estimated. The level of humidity was measured according to a subjective scale, 
where 0 was not humid and 3 was most humid. For bare soil and plant litter, both the 
frequency and the cover were estimated.  
 
pH and conductivity were measured with a pH meter (WTW pH/Cond 340i) and a 
conductivity meter (YSI 30 Salinity, Conductivity, Temperature Modell 30/10 FT SN: 
95H36735) at two occasions, the 9th of June and the 24th of September, 2010. The first 
time the measurements were made in six small bodies of water in the reference fen and 
ten in the restored area. The second time samples of water were taken from two bodies of 
water in the reference fen and two in the restored area, to be analyzed in the lab.  
 
To measure the water level, two 1 meter loggers (WT-HR Waterlevel/Temperature 
Datalogger TruTrack Ltd) were used, one in the reference fen and the other in the centre 
of the restored area. A hole was bored in the soil where a well (a perforated plastic pipe) 
was inserted. The logger was positioned inside the plastic pipe and left from the 9th of 
June to the 24th of September, 2010, recording water level every eight hour.  
 
Indicator species 
According to Sundberg (2007) a rich fen should have at least ten rich fen indicator 
species that cover at least 20% of parts of the area. To get a measure of both the number 
of rich fen indicator species and their frequency, I counted “weighted” rich fen indicator 
values. By taking the frequency for each species and plot, and then sum the total value for 
each area and year, a combined measure of the abundance of rich fen species was created.  
 
The number of plants of eight indicator species was counted within the subplots. Both 
positive and negative indicator species was included, indicating the conservation status of 
the site. Depending on the species, the number of stems or the number of rosettes were 
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counted. Positive indicator species were Dactylorhiza incarnata, Epipactis palustris, 
Eriophorum latifolium, Pinguicula vulgaris and Primula farinosa while negative 
indicator species were Cirsium arvense, Filipendula ulmaria and Taraxacum sp. 
 
Ellenberg’s indicator values 
Many plants are found in a particular ecological niche, tolerating a certain range of for 
example light, moisture, soil chemistry and nutrients. Ellenberg’s indicator values scale 
the flora in different gradients (Hill et al. 1999). Four different Ellenberg indicator values 
were used in this study; light, moisture, soil reaction (pH) and nutrients. The category 
light is on a scale from 1 to 9, from deep shade to full light, where 7 indicates plants that 
prefer well lit places, but that can occur in partial shade. Moisture goes from 1 to 12, 
from extreme dryness to submerged conditions, where 7 indicates constantly moist, but 
not wet soil. Soil reaction represents pH, but the scale does not match the pH values. The 
scale goes from 1 to 9, where 1 indicates extreme acidity and 9 calcareous or other high-
pH soils, while 6 indicates neutral soil conditions. Nutrients go from 1 to 9, from 
extremely infertile sites to extremely nutrient rich conditions, three indicating an infertile 
site while five indicates intermediate fertility (Ellenberg et al. 1991; Hill et al. 1999).  
 
For each year and plot the weighted Ellenberg values were calculated. The weighted 
value is obtained by multiplying the frequency of the species with the Ellenberg value. 
When comparing all the weighted values for a plot, over several years, this can give a 
picture of environmental changes at the site.  
 
The values used were the presence/absence information of a species, for each year and 
plot. To get a frequency measure the total number of presences for each plot was divided 
by five, the number of subplots in each plot. The frequency value was multiplied with the 
Ellenberg value, to get a weighted Ellenberg value. All Ellenberg values per year and plot 
were summed, and divided by the total frequency for that year and plot, to get the 
weighted Ellenberg value.   
 
Inventory of land snails 
The site houses several species of rare snails, for example species within the genus 
Vertigo. Several Vertigo-species are included in EU’s list of valuable species, for which 
special areas of conservation shall be established (European Commission 2007).  
 
Inventories of land snails were performed on annual basis, in October or November, 
during 2001-2010. Two different methods were used (Ted von Proschwitz, personal 
communication). During 2001-2005 sampling was made according to the Valovirta-
methodology (Götmark et al. (2008). Shortly, it means that large sampling squares are 
randomly placed on a permanent transect line. Thereafter smaller squares, 20×25 cm, are 
subjectively chosen within the larger area. Plant litter samples, containing snails, are 
taken in the squares. Since this sampling method is quite complex and time consuming, a 
simplified but comparable method was used 2006-2010, with the same number of 
samples.  
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In the simplified and more time saving method, 20 squares, also 20×25 cm, are placed on 
the transect line, with even distance. From these squares, plant litter is taken for sieving. 
The simplified method fulfils the need of repeatability and the possibility to make 
comparisons through statistical analysis. The size and number of squares are the same in 
both methods and therefore the results should be comparable. In both cases the squares 
are in direct connection to the permanent transect line. The only difference is that in the 
first method, the squares’ absolute positions are different among the years.  
 
The optimal amount of plant litter, collected from the squares, is 1.5 – 2 l in the fraction 
that is passing through the sieve. That fraction is brought inside to slowly air-dry. The dry 
samples are divided into fractions and the snails are manually identified under a 
magnifying glass. The search for snails must be made in a rigorous manner, and is very 
time consuming, since they are small and difficult to find. Many species are only a couple 
of mm in length and their juvenile stages are even smaller.  
 
Statistical analyses 
To analyze vegetation changes between the years and to study the importance of species, 
an ordination analysis was made for each year and area, using the values of 
presence/absence for the species found. A Detrended Correspondence Analysis, DCA, 
was made in CANOCO for Windows 4.5 (ter Braak and Smilauer 2002), by segments, 
without transformation of data. From the values for axis 1 and 2, a diagram was drawn 
from the mean values of the years and plots.  
 
For correlations between the DCA-axis, the weighted Ellenberg values and rich fen 
indicator species, I inserted a graph of vectors representing the different variables. A test 
of Pearson’s correlation between the DCA-axis, and the variables was made in Minitab 
15 (Minitab 15 Statistical Software 2007). The central point in the graph represents the 
average position of the plots for the different areas and years.  
 
To study changes in the vegetation composition the plant species were divided into 
ecological groups (Appendix 3). To test the significance of changes for the ecological 
groups, a Mann-Withney U test, a non-parametric significance test, was made in the 
program R 2.3.1 (R Development Core Team 2006).  
 
An analysis of the relation between the succession of snail species and their specific 
ecological requirements was made according to three habitat variables; openness, calcium 
and moisture in the scale 1-3. Calculation of the weighted values was done by 
multiplying the number of living individuals, for each year and area, with the values for 
the species specific environmental requirements. The value was then divided by the total 
number of individuals for each year and area, to get the weighted value. A regression 
analysis was done in Minitab 15 (Minitab 15 Statistical Software 2007).  
 
Nomenclature 
Nomenclature follows Dyntaxa, a Swedish taxonomic data base published by the 
Swedish Species Information Centre (2010). 
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Results 
 
Environmental variables 
The pH values ranged from 7.1 to 8.3. The pH was almost the same in the reference fen 
and the restored area, 7.7 and 7.9, respectively on the 9th of June. The average 
conductivity measured at the same occasion was 70.0 mS/m and 78.7 mS/m in the 
reference fen and the restored area, respectively. The average conductivity measured the 
24th of September was 35.0 mS/m and 39.4 mS/m in the reference fen and restored area, 
respectively.  
 
The water level in the reference fen was steady around 25 mm below the moss surface 
(range; 7 to 44 mm). The water level in the restored area fluctuated much more, and 
ranged between 12 and 348 mm below the soil surface, with the lowest level during a dry 
period in July (Figure 4).   
 
General description 
The most frequent vascular plants in 2010 were Epipactis palustris (0.53), Juncus 
alpinoarticulatus (0.33) and Eleocharis quinqueflora (0.32) in the reference fen, and 
Carex lepidocarpa (0.48), C. panicea (0.34) and C. flacca (0.45) in the restored areas. 
The most frequent bryophytes were Campylium stellatum (0.81), Scorpidium cossonii 
(0.52) and Bryum pseudotriquetrum (0.18) in the reference fen, and Pellia endiviifolia 
(0.21), Calliergonella cuspidata (0.16) and Philonotis calcarea (0.15) in the restored 
areas.  
 
Indicator species 
In 2001 the nearby large area had at least 5 rich fen indicator species, and in 2010 the 
number was 24 species (Table 1). The distant large area had 18 rich fen indicator species 
in 2010. Three rich fen species were found only in the restored area; the vascular plants 
Blysmus compressus, Parnassia palustris and the bryophyte Riccardia sp. and three 
species were found only in the reference fen; the vascular plant Dactylorhiza incarnata, 
and the bryophytes Ctenidium molluscum and Scorpidium cossonii.  
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Figure 4. Water level between 15th of June and 23rd of  September in 2010. The water level was measured 
as depth below the soil surface, in the reference fen (black) and the restored area (grey). The small-scale 
variations represent differences between morning, 8 am (higher) and afternoon, 4 pm (lower).  



 14 

Table 1. Rich fen indicator species found in the near large area in order of first observation. Species with an 
asterisk are indicating an extremely rich fen.  
            

  
First 
found   

First 
found 

Blysmus compressus* 2001  Plagiomnium elatum 2004  
Carex flacca* 2001  Cratoneuron filicinum* 2005  
Carex lepidocarpa* 2001  Eleocharis quinqueflora 2005  
Juncus articulatus 2001  Eriophorum latifolium 2005  
Triglochin palustris 2001  Fissidens adianthoides 2005  
Philonotis calcarea* 2002  Parnassia palustris 2005  
Aneura pinguis 2003  Primula farinosa* 2005  
Bryum pseudotriquetrum 2003  Succisa pratensis 2005  
Campylium stellatum 2003  Juncus alpinoarticulatus 2010  
Linum catharticum* 2003  Palustriella falcata* 2010  
Moerckia hibernica 2003  Polygala amarella 2010  
Epipactis palustris* 2004  Schoenus ferrugineus 2010  
Campyliadelphus elodes* 2004         

 
The analysis of weighted rich fen indicator values (Figure 5) shows a positive trend, 
between 2001 and 2010, in the restored areas, while there is a decrease in 2010 for the 
reference fen. 
 
There are changes with time of the indicator species; of those indicating positive as well 
as those indicating negative status. In 2010, compared to 2001, Epipactis palustris has 
increased at all sites (Figure 6). Taraxacum sp. has decreased in the restored areas. 
Eriophorum latifolium has increased in the test area and decreased in the reference fen. In 
2010 the number of indicator species in the distant large area was counted and three of 
the indicator species were found. The number of Primula farinosa and Epipactis palustris 
in the area were 25 plants each and of Taraxacum sp. three plants.  
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Figure 5. Rich fen indicator values. The values for the reference fen (squares), the test area (triangles), the 
nearby large area (diamonds) and the distant large area (circle), for the years 2001-2005 and 2010. The 
values of the y-axis are the total sum of the frequency of rich fen indicator species for each area. 
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Cover of plants  
Vascular plants had the highest cover in the distant large area, (average 41%, Figure 7). 
Bryophytes covered 78% in the reference fen, but only 9-21% in the other areas. There 
was no bare soil in the reference fen, while there was 46% in the near large area. Plant 
litter had the highest cover in the test area (53%) and lowest in the reference fen (19%). 
 
There were small trees and bushes growing in the area. The most frequent were Betula 
pubescens and different species of Salix with a cover of 1 - 8%. In the reference fen, the 
test area and the distant large area, coverage of B. pubescens was 3 - 6%. In the distant 
large area there were also Salix shrubs with a cover of 5%.    
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Figure 6. Total number of plants of positive and negative indicator species in a) the reference fen (4 plots), 
b) the test area (4 plots) and c) the nearby large area (16 plots). The positive indicators are Dactylorhiza 
incarnata (open squares), Epipactis palustris (open triangles), Eriophorum latifolium (open circles), 
Pinguicula vulgaris (diamonds) and Primula farinosa (crosses) while the negative indicators are Cirsium 
arvense (filled squares), Filipendula ulmaria (filled triangles) and Taraxacum sp. (filled circles). Note the 
log-scale of the y-axes.  
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Figure 7. The cover of vascular plants, bryophytes, bare soil and plant litter in 2010 for the reference fen 
(white), the test area (light grey), the nearby large area (dark grey) and the distant large area (stripes). Bare 
soil was not present in the reference fen. 
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Figure 8. Vegetation composition divided into ecological groups. Data are shown for the years 2001, 2005 
and 2010 for the reference fen, the test area and the near large area. For the distant large area there are data 
only for 2010.  
 
Ecological groups 
In the restored areas, more rich fen species and sedges but less other bryophytes could be 
seen with time (Figure 8). The restored areas had more other herbs and other sedges, but 
less rich fen bryophytes than the reference fen. However, the Mann-Whitney’s U test, 
showed no significant changes among ecological groups.     
 
Ellenberg’s indicator values 
The Ellenberg values for nutrients, of the reference fen and the restored areas indicated an 
infertile site, while before restoration the values indicated intermediate fertility (Figure 
9).The other Ellenberg values were similar among the years and areas: the average values 
for light was 7.5 (6.8 – 7.7), for moisture 7.6 (7.2 – 8.1), and for soil reaction 6.3 (5.6 – 
6.8).  
 
DCA of plants 
The detrended correspondence analysis of vascular plants and bryophytes showed that the 
vegetation development continuously tends towards the reference fen (Figure 10). The 
test area was restored five years earlier than the other areas, and showed higher similarity 
to the reference fen.  
 
Stoneworts 
Ten samples were taken, four from the reference fen, three from the test area and three 
from the large area. Eight of the samples were Chara contraria, and one each of C. 
vulgaris and C. virgata. Chara contraria was found in all areas, whereas C. vulgaris and 
C. virgata were found only in the reference fen and in the test area, respectively. 
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Figure 9. Weighted Ellenberg’s indicator values for nutrients. Bars  show the average values (mean ± SEM) 
for all years and plots in the restored areas and the reference fen, while only the average for 1999 is 
presented for the area before restoration. 
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Figure 10. DCA-plot showing the development in time for the reference fen (squares), the test area 
(triangles), the nearby large area (diamonds), the distant large area (circle), the corresponding plots before 
restoration (crosses and hatched lines). Filled symbols represent year 2010. For the distant area there are 
data only for 1999 and 2010. The explanatory power of axis 1 and 2 are 28.7% and 13.6%, respectively. 16 
plant species are presented; Betula pubescens, Bryum pseudotriquetrum, Campylium stellatum, Carex 
flacca, C. lepidocarpa, C. panicea, Cirsium palustre, Eleocharis quinqueflora, Epipactis palustris, 
Equisetum palustre, Filipendula ulmaria, Juncus articulatus, Scorpidium cossonii, Taraxacum sp., 
Triglochin palustris and Tussilago farfara. Below are vectors indicating the correlations of the axis with 
weighted Ellenberg values for light (L), moisture (F), soil reaction (R) and nutrients (N) and for rich fen 
indicator species (I). Vector lengths are proportional to their correlation, where one unit represents 100% 
correlation. All correlation values for axis 1 are significant, but none for axis 2. 
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Land snails  
Both the number of species and individuals fluctuated much between the years (Figure 
11). In the reference fen, a total of 29 species of snails were found, while there were 26 
and 19 species in the near large area and the distant large area, respectively. For a 
complete species list see Appendix 4. The three rarest species for this part of Sweden 
(Östergötland), and which are also rich fen indicators, Pupilla pratensis, Vertigo 
angustior and Vertigo geyeri, were found in all subareas of the site. The analysis of the 
snails, according to their ecological requirements (Appendix 4), shows a development, in 
the restored area, towards species demanding open and calcium rich habitats (Figure 12).  
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Figure 11. The number of species (a) and individuals (b) of living snails in the reference fen (squares), the 
near large area (diamonds) and the distant large area (circle). Also presented is the total number of species, 
including both living and dead specimens, in the distant large area (open circle). Note the different scales of 
the y-axes.   
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Figure 12. The weighted ecological requirements of openness (circle) and calcium (square) of snail species 
in the reference fen (open), the near large area (black) and the distant large area (grey) during all years from 
2001 to 2010. The values for 2009 for the distant large area are cumulative values for 2001-2010, 
consisting of the dead snail individuals found during the inventory in 2010. The regression lines present the 
statistically significant trends for calcium (continous line) and openness (hatched) for the nearby large area.  
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Discussion 
 
Environmental variables 
The pH (7.1 - 8.3) and conductivity were very high, which clearly indicates that the site is 
an extremely rich fen. This is also reflected by the plant species, such as Schoenus 
ferrugineus and Epipactis palustris (Sundberg 2007). Also the stoneworts reflect 
calcareous conditions, since two out of three species found at the site (Chara contraria 
and C. vulgaris) have a preference for calcareous water (Blindow et al. 2007).  
 
The water level in the reference fen was very stable during the measured season. This 
might be because the spring close to the fen feeds it with groundwater, resulting in a high 
level of the water table. The reference fen also has a layer of peat that can hold water in 
dead plant cells and pores (Grip and Rodhe, 2003). The water table in the restored area 
fluctuated much and reflects the weather conditions, for example the unusually warm and 
dry weather in July (SMHI 2010b). The fluctuating water table in the restored area can 
affect the establishment and survival of plants and may structure the species composition. 
Kooijman et al. (1993) discussed that severe droughts might have consequenses for 
bryophyte survival, but in general they can cope with short periods of dry conditions. The 
general trend in mires is an increasing tree height with increasing distance to the water 
table (Rydin and Jeglum 2008). It is possible that the lower water table during summer 
can facilitate the growth of trees and bushes at the restored site. 
 
Vegetation development and composition 
In the restored areas there were more rich fen species in 2010 than in 2001, which 
indicates a development towards a rich fen vegetation. This is confirmed by the DCA of 
vascular plants and bryophytes. The test area that was restored five years earlier showed 
more similarity than the large areas, indicating a successional advantage. According to 
Verhagen et al. (2001) the first colonizing species are rather influenced by chance, than 
by the abiotic conditions at the site. As time proceeds the site conditions will determine 
the vegetation composition (Verhagen et al. 2001). Among the negative indicator species, 
e.g. Taraxacum sp., a sharp decline can be seen with time, which could be an example of 
the initial random establishment of species the first years.   
 
The study of indicator species shows that the development of the restored areas goes 
towards rich fen vegetation, with less negative indicators, such as Taraxacum sp., and 
more rich fen indicator species such as Epipactis palustris. There was a drastic decrease 
of the rich fen indicator Eriophorum latifolium in the reference fen. According to 
Mattiasson (2008) E. latifolium prefers open habitats, and a decrease might be caused by 
the lack of management of the area. But the reference fen has not been managed before 
and there are no visible signs of overgrowth in the reference fen. The number of 
flowering stems can vary a lot between the years (Mattiasson 2008). Since the decrease 
might be a natural variation it would be interesting to make further inventories of the site. 
 
The expected climate change, towards warmer and drier conditions (Sundberg 2006), 
means a risk of the fen to become overgrown by trees and bushes, especially in 
combination with ceased management (Emanuelsson 2009). In 2010 the mean cover of 
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woody species at the study site was 1-8%, which means that trees and bushes can 
establish and grow well in the area. When visiting the site I observed some relatively 
dense aggregations of small trees and bushes outside the permanent plots. Removal of 
trees and bushes should be carried out to maintain the area as a rich fen site.  
 
The Ellenberg’s indicator values for moisture and light were similar among the years and 
areas, reflecting similar conditions at the site. What differed were the values for nutrients, 
reflecting intermediate fertility before the restoration and an infertile site after the 
restoration. Removing the nutrients is one of the main factors for a successful restoration 
(Verhagen et al. 2001), in this case by top soil removal.  
 
When comparing the cover in 2010 for vegetation, bare soil and plant litter, respectively, 
some differences can be seen among the different areas. In the reference fen the cover of 
vascular plants was the lowest, while the bryophytes had the highest cover. According to 
Kooijman et al. (1993) a good establishment of vascular plants does not necessarily mean 
a good establishment of bryophytes. It may be due to dispersal limitations or substrate 
degradation (Mälson and Rydin 2006). Kooijman et al. (1993) made a transplant 
experiment of the bryophyte Scorpidium scorpioides to a rich fen site from where the 
species had disappeared. They found the habitat to be suitable since the transplanted 
shoots grew and dispersed at the site. Their conclusion was poor dispersal capacity rather 
than unsuitable habitat. Sundberg (in press) found a strong reestablishment of bryophytes 
on moist, but not inundated soil, in a rich fen site restored by shrub removal and mowing. 
Drier conditions disfavor bryophytes, which might explain the higher frequency of 
vascular plants in the restored area (Sundberg et al. 2006).  
 
Since bryophytes are an important constituent of rich fens (Graf and Rochefort 2010) it 
would be interesting to transplant dispersal limited bryophytes, e.g. Scorpidium cossoni, 
at the beginning of a restoration of a similar site. But there is also a value in leaving a site 
for free development, for studies of spontaneous vegetation succession.  
 
Land snails 
Land snails are characterized by their low active dispersal ability (Giokas et al. 2010), but 
already after two years the number of species was the same in the reference fen and the 
restored areas. Land snails, especially small species, can disperse long distances attached 
to animals or by wind attached to leaf litter, if there is a source site to spread from 
(Kirchner et al. 1997, Hunter and Gibbs 2007), such as the reference fen at this site. 
 
The species composition of land snails fluctuated in the reference fen, as well as in the 
restored area. In general, the variation among the number of individuals is determined by 
the precipitation and hydrology within a season, since snails prefer moist conditions 
(Horsák and Cernohorsky 2008). Another explanation may be the colonization effect; 
when a species enters a pristine area it can increase in numbers rapidly, because of the 
lack of competitors (Ricklefs 2001). The availability of calcium is an important factor for 
land snails, directly connected to reproduction and survival (Iglesias and Castillejo 1999). 
The species composition at the restored site tends towards species requiring open and  
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calcium rich habitats. Since Salix litter contains calcium in a suitable form for the snails 
(Ted von Proschwitz personal communication), it is important to keep some Salix-bushes 
at the site. 
 
Dispersal 
In 2001 at least 5 rich fen species of vascular plants and bryophytes were found in the 
nearby large area, and 12 species in total including the test area. The fact that the number 
of rich fen indicators steadily increased and accumulated, indicates that local dispersal is 
important. At least two of the species; Juncus articulatus and Carex flacca are known to 
build up large banks of long persistent seeds in the soil (Grime et al. 2007). It is possible 
that the disturbance from the removal of top-soil activated seeds and spores in the 
diaspore bank buried below the top soil (Grime et al. 2007; Sundberg, in press). Some 
bryophytes do not produce spores often; instead they disperse vegetatively (Frahm 2008). 
This might be the case for Scorpidium cossonii, one of the rich fen bryophytes most 
common in the reference fen, but not present in the permanent plots at the restored area. 
The research team was actively searching for sporophytes of S. cossonii at several 
occasions at the site, but could not find any. It was present in the restored area only in 
connection to a brook running from the reference fen. This could mean that it is spread 
vegetatively with the water. As Kooijman et al. (1993) found, the closely related species 
Scorpidium scorpioides could establish well and spread with water at a site where it had 
been absent, when fragments were introduced.   
 
Future development 
The fact that some rare species are thriving at the study site does not mean that they are 
out of risk. In general, smaller populations have lower genetic variation than larger 
populations. This makes it more difficult for the population to adapt to new conditions 
and makes the population more prone to genetic drift and inbreeding. Both the individual 
fitness and the population adaptability decline (Höglund 2009). Since the study site holds 
species with small populations, it is important to prevent the negative effects mentioned 
above. Different actions can be taken, such as enlarging the rich fen habitat at the study 
site, restore more former rich fen sites in the region and facilitate the exchange of genes 
between the different sites (Hunter and Gibbs 2007, Höglund 2009).  
 
Conclusion 
The vascular plants and the land snails have reestablished successfully. To improve the 
situation for bryophytes in the restored areas, transplantation of target species could be 
made from the reference site. In the future it would be interesting to make further 
investigations of bryophyte transplantation. Removal of trees and bushes should be 
carried out to prevent overgrowth. Only some Salix-bushes should be spared, to improve 
the situation for the land snails. My results show how the restored site has developed 
from bare soil to a rich fen site, approaching the species composition of the reference fen.  
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Appendix 1 
 
The species list, and for some species also the cover, for the study site in 1999, before the 
restoration took place. The cover measurements were done in two big circles with 5 plots 
per circle. An additional inventory was made, without cover measurements (Ekologiska 
kunskapsgruppen Calluna 2000). The species list is a compilation of the two inventories.  
 

Species list 1999 Average cover (%) 
  Circle 1 Circle 2 
Agrostis canina   
Agrostis gigantea   
Agrostis stolonifera 6.5 0.9 
Alopecurus pratensis 0.1 0 
Angelica sylvestris 0.3 0.1 
Anthriscus sylvestris 0 0.2 
Argentina anserina   
Caltha palustris 0.1 0.1 
Carex canescens 0 0.8 
Carex flacca   
Carex sp. 0.1 0 
Cirsium arvense 0.1 1.8 
Cirsium palustre 1.9 0.2 
Cirsium vulgare   
Deschampsia cespitosa 0.8 0 
Equisetum palustre 0.1 0.2 
Filipendula ulmaria 68.0 75.0 
Galium palustre 0 0.1 
Galium uliginosum 0 0.1 
Geum rivale 1.1 0.9 
Glechoma hederacea   
Juncus alpinoarticulatus/articulatus 0.1 0 
Juncus effusus 0.1 0 
Lathyrus pratensis   
Peucedanum palustre 0.2 0 
Ranunculus acris 0.4 0 
Ranunculus repens 0.1 0.9 
Ranunculus sect. auricomus 0.2 0 
Rumex acetosa 0.1 0 
Stellaria graminea   
Stellaria palustris 0 0.1 
Taraxacum sect. ruderalia 0.4 0.1 
Urtica dioica   
Veronica chamaedrys   
Vicia cracca 0.3 0.1 
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Appendix 2 
 
Pictures from the site illustrating the different areas, a nearby area similar to what the site 
looked like before the restoration, a water level logger and examples of subplots.  
 

                  
Picture 1: Reference fen towards north east,            Picture 2: Test area towards north east,  
July 2010.                July 2010.  
 

                  
Picture 3: Nearby large area towards north east,           Picture 4: Distant large area towards north  
July 2010.               east, July 2010. 
 

                                            
Picture 5: The site after the top soil removal,         Picture 6: A nearby area, similar to what it 
June 6th 2001. Photo: Sebastian Sundberg.            looked like before the restoration, July 2010.          
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Picture 7: A subplot in the near large area with            Picture 8: One of the two water 
high cover of bare soil, July 2010.                               level loggers, July 2010. 
              
 

 
Picture 9: A subplot in the near large area with  
high cover of sedges, July 2010. 
 

 
Picture 10: A subplot in the distant large area  
with high cover of birch and herbs, July 2010. 



Appendix 3 
 

A species list of frequency (% of presence in subplots) for vascular plants and bryophytes, 1999-2005 and 2010. Cover measurements 
(%) are added for 1999 and 2010. Vascular plants and bryophytes are divided into ecological groups according to; grasses (G), other 
bryophytes (OB), other herbs (OH), other sedges (OS), rich fen bryophytes (RB), rich fen herbs (RH), rich fen sedges (RS) and woody 
species (W). 
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Vascular plants                             

Agrostis canina G        10 20 30 15 10     3 29 14  24   20    
Agrostis gigantea                         40    
Agrostis sp. G        20         5 1 19         
Agrostis stolonifera G               40 0.9 4 3 10 31 1   100 6.5   
Alchemilla sp. OH                 4 3 1 1        
Alopecurus pratensis                         20 0.1   
Angelica sylvestris OH 5 5  5           20 0.1   3 4 6 1 0.01 80 0.3 8 0.1 
Anthriscus sylvestris                40 0.2   1         
Argentina anserina OH        40 15 20 15 20     21 20 31 30 24 18 0.1 40  33 0.2 
Betula pubescens W 65 75 90 75 75 70 4.2 30 25 35 25 35 35 5.7   19 6 30 24 18 21 0.3   28 3.3 
Bistorta vivipara OH 10 10 10 5                        
Blysmus compressus RS           5 5 10 0.3   1           
Briza media G      5 0.1      5 0.3              
Caltha palustris OH         5 10     20 0.1    1 1 1 0.003 20 0.1 8 0.2 
Campanula rotundifolia OH          5  5                
Carex canescens                20 0.8            
Carex dioica OS 40 75 70                   4 0.1   3 0.03 
Carex flacca RS 65 60 65 30 50 15 0.2 55 55 90 65 50 40 0.6   33 21 43 54 43 56 0.7 20  93 2.2 
Carex lepidocarpa RS 90 95 90 90 95 75 1.6 35 40 50 60 60 80 3.1   9 9 8 14 19 48 1.5   23 1.1 
Carex nigra OS                      1 0.003   23 5.4 
Carex panicea OS 80 80 80 80 50   60 60 50 65 55 65 1.1   30 34 26 48 48 64 1.1   88 1.7 
Carex panicea/flacca     5  15 0.2      45 0.9      1 3 66 8.5   83 13.7 
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Carex sp. OS                  4   1 1 0.01 40 0.1 3 0.5 
Centaurea jacea OH                          3 0.1 
Cerastium fontanum OH            5      3  3        
Cirsium arvense                100 1.8        20 0.1   
Cirsium palustre OH 10 25 45 25 20 15 0.3 55 90 65 65 50 40 0.6 40 0.2 15 69 54 63 43 15 0.2 100 1.9 70 2.1 
Cirsium vulgare                         20    
Cirsium sp.                    5         
Comarum palustre OH 5                           
Crepis paludosa OH      5 0.1      5 0.1    1 8         
Crepis praemorsa OH             5 0.2              
Dactylorhiza incarnata RH 5 5 10 5  5 0.1                     
Deschampsia cespitosa G        5 5  5      4 4 4 10 8   80 0.8   
Deschampsia flexuosa G 10 10 20 10 10              1         
Eleocharis quinqueflora RH 70 90 95 95 90 60 1.5  30 25 30 25 30 0.8       6 14 0.8     
Epilobium angustifolium           5                  
Epilobium palustre                   3 6         
Epilobium sp.                   1 1         
Epipactis palustris RH 75 75 70 75 75 75 2.5 20 20 30 35 25 45 0.8  0.2    4 1 13 0.2  0.1 25 0.3 
Equisetum arvense OH        80 65                   
Equisetum palustre OH 50 50 45 40 30 45 0.5 30 45 100 85 55 100 0.5 40  96 100 81 83 68 89 4.2 20  30 0.2 
Eriophorum angustifolium OS 25 35 15  30    15 15           1       
Eriophorum latifolium RS 10 30  5  5 0.1      35 3.5       4 13 1.0   2.5 0.0 
Filipendula ulmaria OH   10     10 15 5 30 15 5 0.03 100 75 5 10 8 13 9 3 0.04 100 68 7.5 0.2 
Fraxinus excelsior W          5           1       
Galium palustre OH   5 5           20 0.1 3           
Galium sp. OH                 1           
Galium uliginosum OH 5 5 5 5 10 10 0.03   5   10 0.03 20 0.1      1 0.003   2.5 0.01 
Geranium sp. OH                          2.5 0.03 
Geum rivale                60 0.9        100 1.1   
Glechoma hederacea                20             
Glyceria fluitans G   5                  1       
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Juncus alpinoarticulatus RS      80 1.5      85 1.4        73 0.9 20 0.1 78 0.7 
Juncus articulatus  RS 95 100 90 80 100 25 0.3 100 100 85 95 100 20 0.1   73 85 83 98 94 4 0.1   7.5 0.1 
Juncus effusus OS                      1 0.01 20 0.1   
Juncus conglomeratus OS                          13 0.2 
Lathyrus pratensis OH               20  3 1 3     80  15 0.1 
Leontodon autumnalis OH    5     5   10         1       
Leucanthemum vulgare OH            5     1 1 3 3 5 3 0.1     
Linum catharticum RH 45 30 50 45 40 45 0.1     5 5 0.01     5 1 4 8 0.02     
Mentha arvensis OH        15 25 20 20 10 15 0.1    1 1 4 5 4 0.01   38 0.2 
Molinia caerulea G 100 95 95 90 70 75 2.9    5 10 15 1.2              
Myosotis scorpioides                   1          
Parnassia palustris RH            20         1       
Peucedanum palustre                         80 0.2   
Phragmites australis G                     1 4 0.1     
Picea abies W 5 5                   1       
Pilosella officinarum                   1          
Pinguicula vulgaris RH 55 50 45 15 10 45 0.5      10 0.1              
Pinus sylvestris W 5     15 0.04 5     5 0.01   10 1 6 1 1 3 0.6   5 0.1 
Plantago lanceolata                    4         
Plantago major OH        5 5 5 5                 
Poa palustris G                 1           
Poa trivialis                     1        
Polygala amarella RH    20  20 0.1      5 0.03        3 0.01     
Polygala sp.    5                         
Polygonum aviculare                    1         
Potamogeton natans OH        10 5          1         
Potentilla erecta OH 70 65 70 50 50 55 0.3   5 5         3 1     2.5 0.01 
Primula farinosa RH 55 45 35 40 30 30 0.1              5 6 0.2   20 0.1 
Prunella vulgaris OH         5 10  20        3 15 5 0.1   20 0.3 
Prunus sp.                    1         
Ranunculus acris OH     15      5      3   8 4   80 0.4 2.5 0.01 
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Ranunculus repens OH        10 15 20     60 0.9 13 11 20     20 0.1   
Ranunculus sceleratus OH                 1           
Ranunculus sp. OH        5       20   1      60 0.2   
Rumex acetosa                         20 0.1   
Salix aurita                     13        
Salix cinerea W            5      1  1 14 6 0.04   15 0.8 
Salix myrsinifolia W                  1 9   50 0.04     
Salix pentandra W     10 10 0.5     10     50 24 10 29 23 5 0.2     
Salix repens W 45 45 40 35 25 25 0.8 15 15 20 25        4 1 1       
Salix sp. W 5 25 15 35  15 0.04 35 30 25 30 15 45 0.2   48 38 21 35 5 31 0.3   80 4.0 
Schoenoplectus lacustris OS 20       5 10 15 25 25  0.7     1   5      
Schoenoplectus tabernae-

montani OS            15                
Schoenus ferrugineus RS                      5 0.04     
Sonchus arvensis                    5         
Sorbus intermedia                    1         
Stellaria graminea                         20    
Stellaria palustris                40 0.1            
Succisa pratensis RH 35 35 40 30 25  0.7    5          5 1    2.5 0.1 
Taraxacum sp. OH 70 55 20 65 15   75 55 45 55 20   60  64 53 41 41 16 1 0.003 100  5 0.1 
Trifolium medium OH             5          0.01     
Trifolium pratense            5   0.03    1  1        
Trifolium repens OH         5 10  5     5 6 5  4       
Trifolium sp. OH      45       30   0.1 3     73   0.4 5 0.03 
Triglochin palustris RH 70 70 80 15 30  0.1 50 70 85 70 70 25 0.1   1 13 39 59 68 28 0.2   15 0.04 
Tussilago farfara OH        45 60 55 35 40  0.3   43 43 51 70 63  0.4   73 2.6 
Typha latifolia OH     5   5 5         6 5 4 4     2.5 0.3 
Urtica dioica                40             
Vaccinium uliginosum OH 5                           
Vaccinium vitis-idaea OH 5                           
Veronica beccabunga OH                 4 5 1 1 1       
Veronica chamaedrys OH            10         1   20    
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Veronica officinalis                    1         
Vicia cracca OH               40 0.1 13     3  80 0.3 7.5 0.1 
Vicia sp. OH                 3      0.01   5 0.1 
Viola palustris           5                  

Bryophytes                             
Akrokarp                  8 11 5         
Pleurokarp  5                    1       
Protonema                  4 3  4        
Aneura pinguis RB 70 75 75 90 90 15 0.1 10 10 20 20 35 15 0.1     3 9 14 10 0.03   15 0.04 
Barbula convoluta OB        30 30 20 5 15     14 10 8 9 10       
Barbula sp. OB                 1  4         
Brachythecium 
salebrosum OB      45 3.9 20 20 20 20 25 15 0.2      4 8 8 0.2   30 1.3 
Brachythecium sp. OB                 1   1        
Bryum klinggraeffii OB        30 45 30 25 20     18 46 53 44 36       
Bryum pseudotriquetrum RB 75 75 80 85 80 60 1.8 30 35 50 55 65 60 4.2     5 13 30 45 2.3   48 1.7 
Bryum sp. 1 OB 5 5 5 10 10              4 6 5       
Bryum sp. 2 OB     5   10 5 15 10 10     5 5 5 3        
Bryum sp. 3 OB        10 5        5 5 1 3 4       
Calliergonella cuspidata OB 55 55 60 65 65 5 0.1 10 15 20 25 30 30 4.7      3 4 11 0.3   35 9.0 
Campyliadelphus elodes RB 60 75 75 85 90 15 0.04 5 10 10 10 10        1 3 5 0.5   5 0.03 
Campylium stellatum RB 105 105 105 105 105 100 55.1  5 20 25 30 45 1.4     1 5 4 20 1.1   40 4.1 
Chiloscyphus 
pallescens/polyanthus OB 5 5 15 25 25                       
Cratoneuron filicinum RB    5 5                6 9 0.3   5 0.5 
Ctenidium molluscum RB 10 10 10 10 10 5 1.2                     
Dicranella heteromalla OB        15         5   1 1       
Dicranella schreberiana OB        15   10 15     5   3 3       
Dicranella sp. OB      5 0.01 15  15       5 5 21 3 3 8 0.02     
Dicranella varia OB        15         5   18 21       
Didymodon fallax OB        25   5 5                
Didymodon sp. OB    5 5   25                    
Didymodon tophaceus OB        25   10 15                
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Fissidens adianthoides RB 50 50 60 60 65 55 2.3              1 5 0.1   2.5 0.01 
Funaria hygrometrica OB        15 20 10 10 5     14 29 25 26 19       
Hygroamblystegium tenax OB 5                           
Hypnum cupressiforme OB        5 5                   
Leiocolea gillmanii/ 

bantriensis RB 5           5                
Lophocolea minor OB        5 5 5 5 5                
Moerckia hibernica RB 5 5 15 15 20 5 0.01   25 20 25       4 1  1 0.003     
Orthotrichum anomalum OB  5 5 5                        
Palustriella falcata RB 30 35 35 50 45 20 0.2               1 0.2   2.5 0.1 
Pellia / Moerckia   5 15         5                
Pellia endiviifolia OB        30 40 50 60 70 55 3.0    4 13 18 34 60 3.8   83 1.6 
Philonotis calcarea RB 30 35 40 50 45 30 0.4 10 25 50 45 45 65 2.1    3 3 6 11 11 0.2   50 2.8 
Plagiochila sp. OB 25 25 25 25 25 15 1.0                   2.5 0.01 
Plagiomnium elatum RB 35 35 35 40 50 35 1.7 5 5 5 10 5 10 0.6      1 1 4 0.01   25 0.2 
Plagiomnium sp. RB                 4  1         
Pleurozium schreberi OB                 1           
Pohlia sp. OB                 1   1        
Preissia quadrata RB 15 25 30 25 10 20 0.2 15 15 15 15 15 15 0.1              
Riccardia sp. RB        5                    
Schistidium sp. 1 OB 5 5 5 5 5                       
Schistidium sp. 2 OB 5 5 5 5 5                       
Schistidium sp. 3 OB 5 5 5 5                        
Scorpidium cossonii RB 75 75 80 80 80 80 10.8                     
Weissia sp. OB                    1 3       

Characeae                               
Chara sp.             20         10 35 4.4   2.5 0.03 



Appendix 4 
 
A complete species list of land snails found at the study site, presenting the number of individuals (living/dead) of snails during 2001 
to 2010. The snail species are categorized according to their environmental requirements for moisture (M), calcium (C) and openness 
(O). Moisture; *** = strongly hygrophile, ** = moderately hygrophile and * = indifferent (or slightly xerophile). Calcium; *** = 
strongly calciophile/calcium favored, ** = moderately calciophile and * = not strongly calciophile (or indifferent). Openness; *** = 
require open biotope, ** = slightly open biotope (or edge zone) * = closed biotopes (forest) or indifferent.  
 

 Group Reference fen Near large area Distant  

                        
large 
area 

Species M C O 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2010 
Carychium minimum  *** ** ** 1/2 1/2 0/2 2/10 1/1 1/0 8/17 1/2 0/4 1/3   0/2 1/3 3/30 1/3 22/33 1/0 1/19 0/4 1/6 
Carychium tridentatum ** ** *  0/2  9/0 1/1 1/4 2/5 0/1 1/1 1/0    0/1 11/13 0/1 12/15 0/1 8/5 1/0 0/1 
Cepaea hortensis  * * **  0/1  0/3 0/1 0/1 0/1 0/1 1/0 2/0   1/1 0/1 0/1  0/1 0/1 2/1 2/0  
Clausilia pumila  *** *** ** 6/1 7/4 1/0 15/2 21/6 10/1 27/7 20/9 18/3 4/4  3/2 17/5 39/12 11/7 1/0 28/19 3/2 52/17 19/8 2/0 
Cochlicopa lubrica * * * 3/2 3/4 6/4 0/3 1/4 2/0 3/6 0/1 0/3 0/1  2/4 1/0 1/6 0/8 0/5 2/2 1/3 1/0 0/1 0/1 
Cochlicopa lubricella  * ** **     2/0          3/1 0/1 0/2 1/2  0/1  
Discus rotundatus  * * * 0/1 2/0      1/0       1/0  1/0 3/0    
Euconulus fulvus  * * *  1/0 1/1 1/0  0/1 2/0 0/1  0/1   1/2  1/0 0/1 3/0     
Euconulus praticola  *** ** ** 24/10 15/12 7/3 5/13 11/9 1/2 33/22 3/7 6/0 13/21 1/2 8/11 6/15 9/9 22/14 4/2 28/29 1/4 2/7 3/6 2/4 
Euomphalia strigella  * ** **   1/0                   
Fruticicola fruticum  ** ** ** 1/2 5/5 9/5 11/12 10/13 2/2 7/7 2/8 4/9 0/9  1/1 12/8 20/18 16/12 0/2 3/17 6/8 4/8 2/7 0/1 
Galba truncatula *** * * 5/1 0/1  1/0  1/0   0/1  7/0   1/0 2/10 1/0 3/4 0/1 0/2 10/4 1/7 
Helicigona lapicida  * * * 2/0                     
Nesovitrea hammonis * * * 0/1 1/4 0/6 1/6 0/7 0/1 0/11 1/2 0/2 4/5 0/1 4/11 0/1 0/6 1/12 1/3 2/3 0/1 0/1 0/1 0/3 
Nesovitrea petronella  ** * *    0/1 0/2  1/0   0/1            
Oxyloma elegans  *** ** *** 7/2 142/35 108/21 1/0 2/2 3/1 4/0 0/2 0/2 1/2 3/7 2/1 9/10 10/21 28/40 3/3 3/15 1/1 1/7 0/6 0/4 
Punctum pygmaeum  ** * * 6/3 8/6 0/1 3/3 4/1 1/2 15/11 0/2 6/4 2/0  1/2 2/7 6/3 25/6 1/0 21/23 1/1 31/15 3/2 3/5 
Pupilla pratensis  *** *** *** 5/2 38/3 100/2 2/0 0/1 1/0 0/1 0/1 0/2 0/1 2/0 1/0 2/1 5/13 58/22 1/0 13/10 3/5 1/3 0/2 3/8 
Succinea putris *** * *  21/1 60/15 0/1 5/1 0/1 0/2 0/1 0/1 0/1   5/2 9/3 16/25 0/2 5/10 0/1 1/0 1/0 2/2 
Trochulus hispidus * * ** 5/0 15/6 6/3 1/1 0/1 0/1  0/1  1/0   0/1 4/6 7/10 0/1 0/1 0/1  1/0 0/4 
Vallonia costata * ** **   1/2 1/1  2/1 1/0  0/1    1/1 1/1 0/3 1/0 5/4 0/1 1/1 0/1  
Vallonia pulchella  ** ** *** 0/1 0/9 2/2 1/5 0/1 0/5 2/1 0/2 0/1 2/1   1/0 0/9 1/16 1/1 3/17 1/1 0/1 0/2 2/6 
Vertigo angustior   *** *** *** 2/0 6/5 6/1 4/2 3/3 8/2 39/30 1/2 15/2 4/2  1/1 51/14 26/9 51/24 1/3 165/109 17/4 98/87 210/17 5/8 
Vertigo antivertigo  *** ** ** 6/0 2/2 8/2 3/2 2/1 2/0 1/1 0/2 1/0 0/1 4/0 4/0 8/10 18/2 16/2 3/1 37/9 2/0 2/2 43/9 7/8 
Vertigo geyeri  *** *** *** 3/0 0/1 0/1 0/3 0/3  1/0  0/1 1/0         1/0 3/0 20/3 
Vertigo pygmaea  * ** *** 6/1 11/3 14/6 3/2 1/1 2/0 5/4 1/1 5/2 2/2   1/1 10/3 16/19 14/1 51/27 0/2 21/20 61/46 34/44 
Vertigo substriata  ** ** ** 0/1   1/0             3/0     
Vitrea crystallina  ** * * 0/1 1/1 0/1 3/7 5/6 0/1 7/2 0/2 2/2 1/5  1/0 0/2 1/1 1/2 0/1 2/3 0/1 1/0 1/0 1/0 
Vitrina pellucida * * *  2/0 0/2  0/1  0/1  0/2 2/0   0/1 2/0 3/5    0/1   



 


