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Abstract 

Semi-natural grasslands with traditional management are known to be very species-rich, with many plant 

species strongly associated with the habitat. The last century’s decline of semi-natural grasslands, as a 

result of land use change and abandonment, has made the remaining semi-natural grassland a high 

concern for conservation. Since management can be costly and the available resources often are limited, 

it is important to use the most beneficial management method for preserving and enhancing the 

biodiversity. One semi-natural grassland type of certain interest around the Baltic region are coastal 

grasslands. In this study, I investigated vascular plant species occurrence in ten managed coastal 

grasslands located in the Stockholm archipelago. The effect of recent land-uplift and future sea level rise 

on the ten coastal grasslands were analyzed as well. A major part of all ten grasslands had been subjected 

to the process of isostatic land-uplift the past 100 years. Five of the grasslands were currently managed 

by grazing and the other five were managed by traditional mowing. There was no significant difference 

in alpha and gamma diversity between the two management types. Though, higher biodiversity values, 

such as more different species found in total, higher amount of species typically linked to meadows and 

pastures, less succession species and more red-listed species, were found in the traditionally mowed 

grasslands. Furthermore, a sea level rise with 40 cm the next 100 years in the region would lead to loss 

of plant species diversity in the investigated coastal grasslands. One major concern is the limited areas 

upwards on the coastal grasslands for species to migrate to in the future, which is expected to primarily 

affect species associated with meadows and pastures. The study highlights the importance of open and 

managed grassland areas further up the coastal grasslands for local species to migrate to, if the sea level 

would rise as predicted by future climate scenarios. Albeit weak the results of this study indicate that 

traditional mowing generates higher biodiversity values compared to grazing, hence it should be the 

preferred management method in coastal grasslands in the Stockholm archipelago. 
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Introduction  

Semi-natural grasslands in Sweden are known to be very species-rich, holding large amounts of 

different plant species (Cousins & Eriksson 2001; 2002). This is especially true for semi-natural 

grasslands with long management continuity, where the repeated removal of biomass, either by 

grazing or traditional mowing, have disfavored competitive and tall-growing species, giving many 

species the opportunity to coexist (Eriksson & Cousins 2014). The agricultural intensification in 

Europe during the 20th century have led to large landscape changes, resulting in a major decline of 

semi-natural grasslands and other habitats associated with traditional management (Kienast 1993; Ihse 

1995; Poschlod and Bonn 1998, Hooftman & Bullock 2012, Cousins et al. 2015). In Sweden today, 

there are estimates that only 10 % of the semi-natural grasslands that existed 200 years ago remains, 

mainly due to change of land use and abandonment (Hansson & Fogelfors 2000, Eriksson & Cousins 

2014). The introduction of modern agriculture and the landscape changes that followed have resulted 

in a decline of biodiversity, causing many species associated with traditional agriculture to decrease or 

end up on the verge of disappearing (McKinney & Lockwood 1999, Sandström et al. 2015). A great 

part of the species found in the IUCN Red list of Threatened Species; the global list for evaluating 

plant and animal species’ conservation status, are species strongly linked to traditional agriculture and 

the remaining grasslands (Wilson et al. 2012, Tscharntke et al. 2005, Sandström et al. 2015). The last 

century’s great decline in biodiversity has made the remaining semi-natural grasslands a high concern 

for conservation (Eriksson & Cousins 2014). 

One type grasslands that is of certain interest is coastal grasslands. In the Baltic Region, coastal 

grasslands have been created by the process of glacial isostatic adjustment (Eriksson & Cousins 2014) 

since the ice-sheet started retreating from the area about 10 000 years ago (Björck 1995), meaning that 

new land is continuously rising from the sea, temporarily favoring grassland habitats until trees 

colonize and forest follows (Eriksson & Cousins 2014). It is suggested that these temporarily open 

grasslands, along with grazing wildlife and natural forest fires, may have functioned as original 

prehistorical habitats for plant species found in today’s semi-natural grasslands (Auffret and Cousins 

2017, unpublished ms). Historically, coastal grasslands have often been used for agricultural purposes 

and served as grazing areas for livestock and for hay-making (Eriksson & Cousins 2014).  

Previous studies of plant species diversity on coastal grasslands (also referred to as coastal meadows 

in literature) have mainly focused on the difference between grazed and non-grazed (or abandoned) 

grasslands. Dupré and Diekmann (2001) found that grazed sites were more species-rich than 

abandoned sites, at least on a small scale. The same pattern was found by Jutila (1997), except for the 

area closest to the seashore, where the plant species richness was higher in the non-grazed sites. 

Cousins and Auffret (2017, unpublished ms.) found that grazing resulted in higher alpha and beta 

diversity in coastal grasslands, and drew the conclusion that grassland management is necessary to 

maintain high plant species diversity in coastal grasslands, both at a local and at a landscape scale. 
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However, all these studies have in common that they only focus on grazing as a management type. 

Traditional mowing as a management method have not been given much, or if any, attention in 

studies, regarding its effect of plant species richness in coastal grasslands.  

Coastal grasslands in the Baltic region are listed in the EU habitat directive (92/43/EEC) as a priority 

habitat (Boreal Baltic coastal meadows, code 1630). Their current conservation status in Sweden, 

assessed by the European Environment Agency, is listed as Unfavorable-Bad, meaning that the habitat 

is in serious danger of disappearing, at least on a regional scale (EUNIS 2017). The main reason for 

this is the same as for most semi-natural grasslands, as already mentioned; inappropriate land use and 

particularly the abandonment of traditional agriculture.  

A future threat to the coastal grasslands and their plant species diversity is climate change and the 

subsequent sea level rise (Strandmark et al. 2015), which is predicted in many future climate scenarios 

(e.g. by the World Bank 2012 and IPCC 2014). Rising sea levels due to climate change will reverse 

the process of isostatic land-uplift in the Baltic sea. This is expected to have great negative impact on 

the shore plants relying on the continuous formation of new land in the coastal zone (Strandmark et al. 

2015). The opportunity for shoreline plant species to migrate upwards may be limited because the 

most favorable habitats are often concentrated, by the process of wave movements and land-uplift, to 

the lowest parts of the shore (Aggemyr and Cousins 2012). With rising sea levels, many already small 

and isolated coastal grasslands will become even smaller and the connectivity between them will 

decrease, leading to a decline of many species associated with coastal grasslands (Löfgren and Jerling 

2002; Cousins et al. 2015). The so-called coastal squeeze, between rising sea levels and man-made 

structures such as coastal settlements, is also a concern of the future coastal grasslands. It limits the 

area upwards for species to migrate to when the sea level is raised, making coastal habitats and their 

biodiversity more exposed to climate change than other inland habitats (Strandmark et al. 2015).    

Drastic landscape changes have occurred the past 100 years on the islands within the area covered in 

this study (Jerling & Nordin 2007). The main reason for this is land use change, with decreasing 

grassland management and forest exploitation, resulting in larger forest cover and less open areas, 

which have affected the plant species diversity (Löfgren & Jerling 2002, Aggemyr & Cousins 2012). 

Löfgren and Jerling (2002) found that almost all of the species that had disappeared from the islands, 

during the past 100 years, were species linked to open habitats or management. They also found that 

most of the species with increased occurrence on the islands, were species connected to a more closed 

tree canopy. Aggemyr and Cousins (2012) found that islands that had been used for grassland 

management 100 years ago had higher amount of extinct species. The last century’s grassland 

abandonment, have made coastal grasslands to function as important refuge habitats for management-

dependent plant species linked to semi-natural grasslands (Strandmark et al. 2015). With a subsequent 

reduction of open areas during the past 100 years, this should also apply for the still open coastal 

grasslands located on the islands within the study area.  
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The overall objective of this study was to investigate the plant species diversity on traditionally 

managed coastal grasslands in the Stockholm archipelago. The more specific aim was to answer the 

following four questions: (1) Are managed coastal grasslands important for the conservation of local 

plant diversity on islands in the Stockholm archipelago? (2) Does the plant species diversity and 

composition differ between grazed (by livestock) and traditionally mowed coastal grasslands? (3) How 

does the plant species composition found on coastal grassland-areas existing 100 years ago differ from 

the species composition found on coastal grassland-areas created with the isostatic land uplift during 

the last century? (4) How will future climate scenarios with predicted sea level rise affect the coastal 

grasslands and their plant diversity?    

In order to answer these questions, plant species data was collected from managed coastal grasslands 

on islands in the Stockholm archipelago. Also, historical orthophotos and maps combined with modern 

orthophotos and a digital elevation model were used in order to estimate the effects of land uplift as 

well as future sea level rise on the coastal grasslands.   

 

Methods 

Study area  

The study area is part of the Blidö archipelago, Norrtälje municipality, and covers an area of ca 

140km² (midpoint 59°36’ N, 18°59’ E) situated in the north part of the Stockholm archipelago. The 

current isostatic adjustment in the study area is 4 mm per year. The reason for choosing this area was 

that previous plant surveys had been carried out in the same area, but with different goals than to 

investigate coastal grasslands. Local associations and the municipal nature conservation unit were 

contacted in order to find suitable coastal grasslands that were currently managed in the area. In total, 

ten managed coastal grasslands were found in the area, situated on the islands Blidö, Norröra, 

Söderöra and Svartlöga (fig. 1). All ten coastal grasslands had clearly calcareous influenced soils. 

Five of the ten coastal grasslands were grazed by cattle or/and sheep and the other five were managed 

by traditional mowing. The grazed grasslands had low grazing intensity, either with few animals 

grazing large areas or with animals grazing only during some periods of the vegetation season. The 

traditionally mowed sites are mowed every year in late summer. The hay from the mowing is kept on 

the grasslands for a short while, in order to let the plants seed off, before it is removed to avoid 

fertilization and to keep the soil nutrition poor. All the ten coastal grasslands included in the study 

have been managed for at least 10 years, but many of them have been managed for longer. For 

example, the two sites located within the nature reserve Linkudden, on the south of Blidö, have been 

kept open by management since the beginning of the 20th century. 

With an isostatic land-uplift of 4 mm per year in the study area, the land is expected to have risen from 

the sea with about 40 cm during the last 100 years. A land-uplift-model, showing which of the current 
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land that has a height of 40 cm and less above today’s sea level, was created in ArcMap (ESRI 2016, 

version 10.5), using a digital elevation model (DEM) with 2 m resolution. To estimate where the 

location of the shoreline was 100 years ago, the land-uplift-model was compared with old orthophotos, 

from the 1940s and 1960s, and new orthophotos from 2015 (Lantmäteriet 2015, image resolution: 

0.25m). The old orthophotos were rectified in ArcMap before being compared with the land-uplift-

model.  

The sea level in the Stockholm region is predicted to rise with about 40 cm (effect of isostatic land-

uplift included) until the year 2100, due to climate change (SMHI 2011). The ongoing isostatic land-

uplift in the region counteracts the sea level rise to some extent, making the effective sea level rise 

lower than the estimated total global sea level rise for the next 100 years (SMHI 2011). The effect of a 

40 cm sea level rise in the study area will be that the land created during the last 100 years once again 

will end up below sea level. 

 
Figure 1. Study area and the location of the ten investigated coastal grasslands in the Blidö 

archipelago, Sweden. Small map to the left: GSD-Översiktskartan, 1:100 000 – 500 000, 

©Lantmäteriet. Right hand side: GSD-Fastighetskartan, 1:5 000 – 20 000, ©Lantmäteriet. 
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Species data  

The occurrence of vascular plant species in the ten coastal grasslands were investigated in the summer 

of 2017, between the 10th and the 23rd of July. I applied the same field method for collecting plant 

species data in this study as Auffret and Cousins (unpublished ms 2017).  

At each of the ten grasslands, all vascular plants 

species were recorded within twelve 1x1m-plots 

that were placed along a transect. The transect 

were running perpendicular to the shoreline 

with the high water line crossing through it at 

some point (fig. 2). The high water line was 

defined to be the line where Ranunculus acris 

(Tall buttercup) ceased to grow (due to the 

occurrence of saltwater), combined with the 

accumulation of up-washed reed and seaweed 

debris. Two plots were placed on each side right 

by the high water line and the remaining plots 

were placed 2, 4, 8 and 16 meters away from 

the high water line in both seaward and 

landward direction. Additionally, one plot was 

placed right by the water edge (or the area 

closest to the water with a vegetation cover) and 

one plot were placed furthest away from the 

water in the upper end of the coastal grassland, 

resulting in a total of twelve plots along each 

transect. All plots were randomly placed across 

a 20-meter width at each measuring level in the 

transect (fig. 2). Additionally, to identify any 

plant species not found in the plots I walked 

slowly, approximately 30 min/ha, across the 

grassland.         

The plant species found in the ten surveyed coastal grassland were placed into four groups based on 

their characteristics and what kind of habitat they usually prefer to grow in (see Appendix C). The four 

groups were: meadow/pasture species, coastal-/Molinia grassland species, marsh/water species and 

succession species. Meadow and pasture species are species that prefer dry to mesic open grasslands 

that are managed. Coastal- and Molinia grassland species are species that prefer to grow in wetter 

open grasslands, either close-by the sea or lakes. These wet grasslands are managed in the same way 

Figure 2. Placement of the 12 plots at each investigated 

coastal grassland in Stockholm archipelago. Each plot is 

x-meter from the high water line and referred to as 

either up or down from the h. w. l., except for the plot 

closest to water and the plot closest to forest. All plant 

species within each plot was recorded.  
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as meadows and pastures. Marsh and water species are not management-dependent, unlike the 

coastal- and Molinia grassland species, and prefer wet conditions. Succession species are competitive 

and often tall-growing species that benefits highly when the management of open grasslands 

decreases, e.g. Phragmites australis (Common reed), Alnus glutinosa (Alder) and Filipendula ulmaria 

(Meadowsweet). The species that did not fit into any of the four groups were placed together in a 

group called Other species. These species are mainly species that usually grows in other habitats, for 

example in forests or as weeds in crop fields. But it could also be species that are very general in their 

distribution and therefore could not be placed in just one of the four specific groups. The species were 

placed in the groups using combined information about the different plant species written by 

Naturvårdsverket (2011, Vägledning för svenska naturtyper i habitatdirektivets bilaga 1), 

ArtDatabanken (2017, Artfakta) Anderberg and Anderberg (1996, Den virtuella floran), Stenberg and 

Mossberg (2007, Svensk fältflora), Hedström et al. (2004, Ohävdsarter i betesmark) and Ekstam & 

Forshed (1992, Om hävden upphör).    

Analysis 

Grazing vs. traditional mowing  

Mean number of species per plot, hereinafter referred to as alpha diversity, and mean number of 

species per site, hereinafter referred to as gamma diversity, at the five grazed sites were compared with 

the corresponding values from the five traditionally mowed sites. All values were normally distributed 

when tested in the Shapiro-Wilk Normality Test and unpaired t-tests were performed in order to find 

significant differences in alpha and gamma diversity between the two different types of management.  

The plant species occurrence in the five grazed sites was also compared with the plant species 

occurrence in the five traditionally mowed sites. This in order to find differences both in the amount of 

species and the set of species between the two management types. The amount of species belonging to 

each of the four characteristics/habitats groups for each plot level was calculated for all sites, and both 

for the grazed and mowed sites separately.  This was also calculated for the total species found at all 

sites, respectively for the grazed and mowed sites separately. 

Old and new land 

The estimated shoreline 100 years ago was used to estimate which part of the grasslands that was 

created during the last 100 years and which part of the grassland that was land back then. The land 

area that was created during the last century due to the isostatic land-uplift is hereinafter referred to as 

new land and the land area that was land 100 years ago is hereinafter referred to as old land. The plots 

(of the 12 investigated plots at each grassland) that lay on land created during the last century is 

hereinafter called new-land-plots and the plots that lay on land that was land 100 years ago is 

hereinafter called old-land-plots. Some of the ten coastal grasslands were steeper than others, and had 

therefore less new-land-plots and more old-land-plots. The plot furthest away from water lay on old 
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land in all ten grasslands. The reason for identifying which of the plots that lay on new land and which 

that lay on old land was to see if some of the plant species were only found in new or old land. All 

values were normally distributed when tested in the Shapiro-Wilk Normality Test, and to find out if 

there was a significant difference between the mean number of species found in the old-land-plots and 

new-land-plots, a one-way ANOVA test was carried out.  

Future scenario with sea level rise 

To be able to estimate the effect of a future 40 cm sea level rise on the ten coastal grasslands and their 

plant species diversity, the species found in the new-land-plots was compared with ones found in old-

land-plots. This since all new-land-plots will disappear if the sea level is raised by 40 cm. Thus, 

species found only in new-land-plot could therefore be considered to be disappearing species.  

The effects of future sea level rise on plant species diversity on the coastal grasslands was also 

estimated in another way. This estimation was based on the uniqueness of each plot and what effect 

each plot had on the total species richness. For example, how many species are only found in the plots 

closest to the water, which will disappear if the plots end up below sea level? However, the 

disappearing of the different plot levels does not fully correspond to a real sea level rise, since the ten 

coastal grasslands differs in terms of gradient and size. Although, it gives us some estimation of the 

total species loss if the sea level raise. 

Modern orthophotos (Lantmäteriet 2015, image resolution: 0.25m), in-field observations of the terrain 

and the land-uplift-model (used as a sea level rise-model in this case) was analyzed together (in 

ArcMap) in order to see if the species found in the survey would have the opportunities to migrate 

upwards the coastal grasslands in a future scenario with 40 cm sea level rise. The open area above the 

coastal grassland, which had to be managed in the same way as the coastal grassland itself, was plotted 

and the distance from the plot at the 16 m level above the high water line to the point where the 

grassland or management ceased, or/and the forest took over, was estimated using the measure tool in 

ArcMap.  

Using the estimated distance, together with the inclination of each grassland, I then evaluated which 

plots, and the species found within them, that would disappear completely and which plots and species 

that would be able to “climb up” in each of the ten coastal grasslands. This was made in order to 

analyze the effect of limited migrating areas on the total plant species diversity in the coastal 

grasslands, in a future scenario with 40 cm sea level rise. I estimated that the species disappearing first 

due to limited migrating areas upwards, would be the species found in plots further away from the 

water. This since the species found in plots closer to water probably would migrate upwards and 

replace these species, and with a limited migrating area upwards, the species found in the plots further 

up would probably disappear. This was the case for all sites with limited migrating areas upwards, 

except for the site Svartlöga 1 (no. 5 in Fig.1). This site was relatively steep in its higher parts (from 
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the plot 4m up and upwards), and therefore I made the estimation that species found in all plots below 

(except for the plot closest to water) and just above the high water line would disappear in a future 

scenario with 40 cm sea level rise.   

 

Results 

A total of 158 different vascular plant species were found in the survey. One hundred eleven species 

were found in the grazed sites and 127 species were found in the traditionally mowed sites. The plot 

with the highest number of species, 22 different species, was found in a mowed site. The plot with the 

lowest number of species, 5 different species, was also found in a mowed site. Four red-listed species 

were found in the survey, Blysmus rufus (NT), Carex pulicaris (VU), Primula farinosa (NT) and 

Serratula tinctoria (NT) (ArtDatabanken 2017). Blysmus rufus was found in both grazed and mowed 

sites, but the other three species were only found in mowed sites.   

Grazing vs. traditional mowing  

The ten sites had a mean±sd of 12.5±3.8 different plant species per plot (alpha diversity). The five 

grazed sites had a mean±sd of 12.3±3.3 species per plot and the five traditionally mowed sites had a 

mean±sd of 12.7±4.2 species per plot (Table 1). The unpaired t-test showed that there was no 

significant difference in alpha diversity between the grazed and the mowed sites (two-tailed P-value = 

0.512, t = 0.658, df = 118, standard error of difference = 0.684).        

For all ten sites, the mean±sd value of the total plant species found at each site (gamma diversity) was 

56.6±7.2. Grazed sites had a mean±sd value of 53.4±3.85 different plant species per site and 

traditionally mowed sites had a mean±sd 59.40±8.82 different plant species per site (Table 1). The 

unpaired t-test showed that there was no significant difference gamma diversity between grazed and 

mowed sites (two-tailed P-value = 0.201, t = 1.394, df = 8, standard error of difference = 4.303). 

Table 1. Alpha and gamma diversity for all, grazed and mowed sites with standard deviation values. 

 Mean species/plot Mean species/site 

Sites α-diversity ±SD γ-diversity ±SD 

All 12.5 3.8 56.4 7.2 

Grazed  12.3 3.3 53.4 3.9 

Mowed 12.7 4.2 59.4 8.8 
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Coastal- and Molinia grassland species were the most common of the four species groups in all sites, 

and also for grazed and mowed sites separately. Mowed sites had a higher share of meadow and 

pasture species while grazed sites had higher share of other species (Table 2). When comparing the 

species unique to mowed sites with species unique to grazed sites, the mowed sites had an even greater 

share of meadow and pasture species than grazed sites. Also, the mowed sites had 16 more exclusive 

species in total (species unique to mowed sites) than the grazed sites had (Table 2).   

 

Table 2. Table showing the amount of species found and the share of the four groups of species types, 

plus other species, in percentage for the total species found and for each management type separately.   

  Share of species types in % 

Sites Species 
found 

Meadow/ 
pasture 

Coastal-/ 
molinia grassland 

Marsh/water Succession Other 

All 158 27.8% 34.2% 7.0% 7.0% 24.1% 

Grazed sites 111 25.2% 36.0% 7.2% 8.1% 23.4% 

Mowed sites 127 28.3% 38.6% 7.1% 7.1% 18.9% 

Species found  

Both in grazed 
and mowed sites 

80 25.0% 43.8% 7.5% 8.8% 15.0% 

Only in grazed 
sites 

31 25.8% 16.1% 6.5% 6.5% 45.2% 

Only in mowed 
sites 

47 34.0% 29.8% 6.4% 4.3% 25.5% 
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When it comes to the different plot 

levels, a clear tendency is that the 

coastal- and Molinia grassland 

species are overrepresented in the 

plots closest to water, but as you go 

further away from the water, more 

species from the meadow and 

pasture group (and to some extent 

also species from the other group) 

take over (fig. 3). However, the 

meadow and pasture species come 

in earlier at the plot levels further 

down in the mowed sites compared 

to the grazed sites. Also, the share 

of succession species is smaller in 

the mowed sites than in the grazed 

sites (fig. 3). 

 

The number of species tends to 

increase with increasing distance 

from the water (fig 4.). The same 

pattern is seen amongst the meadow 

and pasture species. The number of 

coastal- and Molinia grassland 

increases up to the plot level 4m 

down, but above that plot level the 

species decreases slightly with 

increased distance from the water (fig 4.). Similar patterns (as in fig 4.) appeared when analyzing the 

species found in grazed and mowed plots separately (fig. 5). At most plot levels, more different 

species were found in the mowed sites compared to the grazed sites. The mowed sites had also more 

different meadow and pasture species at most plot levels, as well as more different coastal- and 

Molinia grassland species, compared to the grazed sites (fig. 5).

Figure 3. The share of the four different plant species type 

groups plus other species, at each plot level for all sites, 

grazed sites and mowed sites, based on data from 10 coastal 

grasslands in the Stockholm archipelago. 
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Figure 4. Line chart of the number of different species found at each plot level, combined for all ten 

coastal grasslands. The three lines represent all species (gray line), all meadow and pasture species (green 

line) and all coastal- and Molinia grassland species (blue line) found in the ten coastal grasslands.    

 

Figure 5. Line chart of the number of different species found at each plot levels for the grazed and the 

mowed sites separately in coastal grasslands. The lines represent all species (gray lines), all meadow and 

pasture species (green lines) and all coastal- and Molinia grassland species (blue lines). The solid lines 

represent the grazed plots and the dotted lines represent the mowed plots.     

0

10

20

30

40

50

60

70

80

Closest
to

water

16m
down

8m
down

4m
down

2m
down

1m
down

1m up 2m up 4m up 8m up 16m
up

Closest
to

forest

N
u

m
b

er
 o

f 
d

if
fe

re
n

t 
sp

ec
ie

s

Plot levels

All species Meadow and pasture species Coastal and Molinia grassland species

0

10

20

30

40

50

60

Closest
to water

16m
down

8m
down

4m
down

2m
down

1m
down

1m up 2m up 4m up 8m up 16m up Closest
to forest

N
u

m
b

er
 o

f 
d

if
fe

re
n

t 
 s

p
ec

ie
s 

Plot levels
All species-GRAZED All species-MOWED

Meadow and pasture species-GRAZED Meadow and pasture species-MOWED

Coastal and Molinia grassland species-GRAZED Coastal and Molinia grassland species-MOWED



14 
   

Old and new land 

The estimated shoreline 100 years ago showed that approximately 17 of the investigated 120 1x1m plots 

were above water at that time. Thus, these 17 plots were regarded as old plots. The remaining 103 plots 

were below water 100 years ago and were regarded as new plots. The old plots had a mean±sd of 

13.8±3.0 different plant species per plot. Ninety-five different species were found in the old plots, 

whereof 27 were found in in old plots exclusively (Table 3). The new plots had a mean±sd of 12.3±3.8 

different species per plot. Hundred-twenty different species were found in the new plots whereof 52 were 

found in new plots exclusively (Table 3). A one-way ANOVA test showed that there was no significant 

difference between the mean number of species found in old and new plots (P-value = 0.137, F-ratio 

value = 2.238, df = 119). There was a higher amount of species in both old and new mowed plots 

compared with the grazed plots (Table 3).  

The new plots had a greater share of coastal- and Molinia grassland species while the old plots had a 

greater share of meadow and pasture species, when compared against each other (fig 6). Both the old and 

new mowed plots had a slightly greater share of meadow and pasture species compared to the grazed 

plots (fig 6). The species found exclusively in old plots consisted mainly of meadow and pasture species 

(e.g. Hypericum maculatum and Plantago lanceolata) while the species found exclusively in new plots 

were mainly coastal- and Molinia grassland species (e.g. Plantago maritima and Parnassia palustris) (fig 

6). 

Table 3. Number of plant species found in old and new survey plots. 

Age and management  No. of species 

Old plots (17) 95 

Grazed old plots 57 

Mowed old plots 72 

Old plots exclusively 27 

New plots (103) 120 

Grazed new plots 83 

Mowed new plots 94 

New plots exclusively 52 

Found in both old and new plots 68 
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 All Grazed Mowed Exclusively* 

Old 
plots 

    

New 
plots 

    

 
Figure 6. The share of the four different species-type-groups plus other species in 17 old and 103 new 

plots for all, grazed and mowed sites including the share of the groups for species only found in old or 

new plots separately. *Species found exclusively in old plots or exclusively in new plots.   

Future scenario with sea level rise 

Over the next 100 years, the sea level is predicted to rise with 40 cm in the study area. A sea level rise of 

40 cm in the investigated coastal grasslands would mean that the same area that was below water 100 

years ago will end up under water once again. This would mean that 103 of the 120 investigated plots 

would disappear, leading to the disappearing of 52 species (35.4% of all species found within plots in the 

total survey), that were only found in the new plots. The biggest species loss is seen amongst the coastal- 

and Molinia grassland species and the marsh and water species (Table 4). For example, all sites with the 

red-listed plant species Blysmus rufus and Primula farinosa would disappear.  

Table 4. The total amount of species found in plots, the number of disappearing species with a future sea 

level rise of 40 cm and the share of species loss for all plots and for the four different species-type-groups 

plus other species.    

Species type Total species 
found in plots* 

No. of disappearing 
species 

Species loss 

All 147 52 35.4% 

Meadow/pasture 39 6 15.4% 

Coastal-/molinia grassland 53 29 54.7% 

Marsh/water 11 5 45.5% 

Succession 11 1 9.1% 

Other 33 11 33.3% 

*The species found outside plots are excluded. 

 

Meadows/pastures Coastal-/Molinia grassland Marsh/water Succession Other (eg. Forest)
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The estimation of how many species that would disappear if each plot level would disappear below water, 

due to future sea level rise, is shown in figure 7. The amount of disappearing coastal- and Molinia 

grassland species is bigger than the amount of disappearing grassland and pasture species for each 

disappearing plot level. This is not very surprising, since the plots further up from the water, closer to the 

forest, had a greater amount of meadow and pasture species and the plots further down, closer to the 

water, had a greater amount of coastal- and Molinia grassland species (fig. 3). 

  

Figure 7. Chart visualizing the number of species disappearing in all ten coastal grasslands if the plot 

level disappeared due to future sea level rise. The disappearing species is shown for all found species, and 

also for the meadow/pasture species and the coastal-/Molinia grassland species separately. The number of 

species shown is the species found within plots (species only found outside plots are excluded).   

 

The opportunity for species to migrate upwards in a future scenario with 40 cm sea level rise differed 

between the ten coastal grasslands. Some of the coastal grasslands have large open areas above them for 

species to migrate to (site 1, 2 and 10, Table 5), while others have very limited migrating areas (site 6, 7 

and 8, Table 5). The total amount of species disappearing due to limited migrating areas upwards is 26 

species, leading to a species loss of 16.5% in total. Of these 26 species is five meadow and pasture species 

(leading to a 11.4% loss of the total meadow and pasture species) and ten coastal- and Molina grassland 

species (leading to a 18.5% loss of the total coastal- and Molina grassland species). Two of the four red-

listed species found in the survey are amongst the 26 disappearing species (Carex pulicaris and Primula 

farinosa), as well as four of the five orchids found in total (Dactylorhiza incarnata, Epipactis palustris, 

Platanthera bifolia and Platanthera chlorantha).     
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Table 5. Table showing the approximated size of the open managed coastal grassland and the 

approximated distance from the plot at the 16 m level above the high water line to the point where the 

grassland or management ceased, or/and the forest took over, at each of the ten coastal grasslands in the 

Stockholm archipelago. The table also shows how many of the 12 survey plots, at each of the ten sites, 

that will disappear with a 40 cm sea level rise, which is predicted in the study area the next 100 years.  

Site 

no. 

Site name Approximated 

size of the open 

managed area of 

each site 

Approximated 

distance from the 

plot 16m up to the 

forest 

Number of survey plots at 

each site that will disappear 

with ~40 cm sea level rise  

1 Linkudden 1 ~ 0.5 ha ~ 50 m 11 

2 Linkudden 2 ~ 0.7 ha  >100 m 11 

3 Källviken 1 ~ 0.4 ha ~ 20 m 10 

4 Källviken 2 ~ 0.5 ha ~40 m 10 

5 Svartlöga 1 ~ 0.1 ha <5 m 8, very steep in the higher parts 

6 Svartlöga 2 ~ 0.1 ha <10 m 11 

7 Svartlöga 3 ~ 0.9 ha <5 m 10 

8 Norröra ~ 0.5 ha ~ 40 m 10 

9 Söderöra ~ 0.3 ha <5 m 11 

10 Rådmansholmen ~ 1,1 ha ~ 50 m 11 

 

 

Discussion 

In this study, plant species occurrence on five grazed and five traditionally mowed coastal grassland was 

investigated. A total of 158 different plant species, whereof four red-listed species, were found in the field 

survey. Over 60 percent of all species found were species associated with some kind of management. A 

third of all species found were species typical for managed coastal- and Molinia grasslands and more than 

a quarter of the species found were species associated with dryer meadows and pastures. The mean 

number of species found within each plot were 12.5±3.8. Both the total number of species found and the 

mean number per plot in managed sites were higher in this study compared to the study conducted by 

Auffret and Cousins (2017, unpublished ms), who found a total of 137 different plant species in the field 

survey and a mean number of 10.8±4.8 species per plot in managed sites, using the same sampling 

method. The grassland management have decreased significantly on the islands during the last century 
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(Jerling & Nordin 2007), making the few existing coastal grasslands, where grassland management is still 

present, very important in order to offer refuge habitats for the grassland flora. The relatively high rate of 

species associated with management and the fact that some red-listed species were found in this survey 

indicates that managed coastal grasslands are important for conserving the local plant diversity in the 

Stockholm archipelago.   

Five of each management category might seem as a bit statistically insufficient, but since all the ten sites 

have similar physical conditions and are relatively close to each other, they most probably have species 

from the same regional species pool, and therefore it is still valuable results. A regional species pool is 

defined to be the set of species, available to colonize a target site, within in a region with very similar 

physical conditions and climate (Pärtel et al. 1996). Another important consideration about the study 

design, is the fact that I sampled all managed coastal grasslands within the study area, resulting in a fully 

covered study at the local scale. Though, one way to improve this study would have been to include five 

non-managed (or abandoned) coastal grasslands within the study area. This in order to tell the real impact 

of management on the local plant species diversity and composition. However, by comparing the survey 

results from the managed coastal grasslands of this study with the results from the abandoned coastal 

grassland in the study made by Auffret and Cousins (2017, unpublished ms), whose study area covered 

the study area of this study, it is still possible to get an indication of the management impact. Auffret and 

Cousins found a mean number of 4.6±2.6 different species per plot in 10 abandoned sites. This is to 

compare with the clearly higher mean number of 12.5±3.8 species per plot in the 10 managed coastal 

grasslands in this study. Thus, the results of this study is in agreement with the results of the study made 

by Auffret and Cousins (2017, unpublished ms) and shows that grassland management generates high 

plant species diversity in coastal grasslands.  

Grazing vs. traditional mowing 

The results from this study suggest that traditionally mowed coastal grasslands in the Stockholm 

archipelago holds higher biodiversity values than grazed coastal grasslands. Although no significant 

difference was found in alpha and gamma diversity between the two management types, 16 more species 

were found in mowed grasslands in total and three of the four found red-listed species were only found in 

mowed grasslands. Mowed grasslands had a slightly greater share of species linked to meadows and 

pastures, while grazed sites had a slightly greater share of succession species. When comparing the 

species unique to mowed sites and species unique to grazed sites, the mowed sites had an even greater 

share of meadow and pasture species and the grazed sites had an even greater share of succession species. 

At the different plot levels, meadow and pasture species come in earlier at the plot levels further down in 
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the mowed sites compared to the grazed sites. Also, when looking at the different plot levels, it is even 

clearer that the share of succession species is greater in the grazed sites.   

Traditional management like mowing and grazing are important to keep the remaining semi-natural 

grasslands open and to preserve the species associated to them (Valkó et al. 2012). Management can be 

costly and the available resources are often limited. Therefore, is it important to use the most beneficial 

management method for preserving and enhancing the biodiversity. The result from this study indicates 

that traditional mowing, in coastal grasslands in the Stockholm archipelago, is more beneficial for plant 

species linked to meadows and pastures. In order to tell if this also applies to coastal grasslands in 

general, further investigations have to be performed on plant species diversity and composition in coastal 

grasslands with different management in other study areas. The results from this study is put into context 

and compared with the current literature made on the effects of different management methods in other 

types of semi-natural grasslands. This since no other studies comparing the impact of grazing and 

traditional mowing in coastal grasslands were found. Tälle et al. (2016) compared the current scientific 

literature made on the effects of grazing and mowing on grassland biodiversity and found that grazing had 

a more positive outcome on the conservation values in general. Though, the differences found were 

generally small to moderate in most cases and the effect varied between different grassland types. In 

Sweden however, mowing as a long-term management method have been proved to have a more positive 

effect on plant species richness when compared to grazing (Tälle et al. 2015). Tälle et al. (2015) also 

found that mowed grasslands had a greater number of species that indicates good management, while 

grazed grasslands had a greater number of nitrogenous species, which agrees with the results from this 

study. They also found that grazing intensity affects the vegetation and that low-intensity grazing on 

semi-natural grasslands should be avoided.  

It is not completely clear which mechanisms affects the difference in species diversity between grazing 

and mowing. However, grazing may result in higher amounts of nutrients in the grasslands, as nutrition is 

brought back to the ground through animal feces, while mowing, through continuously removal of 

biomass, is keeping the ground nutrient poor (Tälle et al. 2015) Low amounts of nutrients disfavors 

competitive and tall-growing species (Eriksson & Cousins 2014) and this may explain why the results of 

this study indicates that mowing generates higher diversity values in coastal grasslands compared to 

grazing. This may also be the reason for the higher amount of succession species found in the grazed 

grasslands in this study. Furthermore, a low grazing intensity may result in a more closed canopy and 

more tall-growing plant species, which reduces the available light, resulting in a decrease of plant species 

diversity (Tälle et al. 2015). 
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When comparing the costs of each management method, mowing is usually more cost-effective compared 

to grazing. Mowing is generally more easily accessible, while grazing often involves a larger work effort, 

including animal care, transportation and provision of fences (Török et al. 2011). In Sweden, 

compensatory allowances for biodiversity enhancing and preserving farming activities such as grazing 

and traditional mowing can be paid by the Board of Agriculture, as a part of EU’s Rural development 

program 2014-2020 (Jordbruksverket 2016). Although the results of this study suggest traditional mowing 

as the most preferred management method for enhancing plant species diversity on coastal grasslands, 

any of the two management methods are most likely to prefer if the only other option is abandonment.  

Old and new land 

The comparison between old and new land (coastal grassland-areas existing 100 years ago vs. coastal 

grassland-areas created with the isostatic land uplift during the last century) showed that 95 different 

species were found in old-land-plots (i.e. above the sea level 100 years ago) and 120 different species 

were found new-land-plots (i.e. below the sea level 100 years ago). The old plots had a visibly higher rate 

of species associated with dryer meadows and pastures, while the new plots had a visibly higher rate of 

coastal- and Molinia grassland species. This was especially true when comparing the species exclusively 

found in old plots and exclusively found in new plots. This is not so surprising, since the conditions in the 

newer plots often tend to be moist, while the conditions at older plots further up the coastal grasslands 

tend to be drier. Also, the newer plots probably have soils with higher concentrations of salt, which is a 

stressing factor for many terrestrial plant species. Many seashore plants have adapted abilities to excrete 

salt from leafs or roots, which are adaptations that many terrestrial plant species lack (Jerling 1999). 

Furthermore, the number of different species found increased with increasing distance from the water. 

The same pattern was seen amongst the meadow and pasture species, while the coastal- and Molinia 

grassland species had the opposite pattern. These results can possibly indicate that it takes some time for 

seeds from meadow and pasture species to disperse and germinate in land-uplift grasslands. This delay 

time might result in an opportunity for succession species to establish on the land-uplift grasslands before 

the meadow and pasture species get a chance, especially if the grasslands are not managed. This 

indication should increase the importance of management on coastal grasslands in order to favor plant 

diversity and function as refuge habitats for meadow and pasture species. The results also raise the 

importance of connecting larger grassland areas in order to increase the dispersal of species, which 

indirectly favors the plant species diversity on the coastal grasslands.  
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Future scenario with sea level rise  

The sea level is predicted to rise with 40 cm in the study area over the next 100 years. According to the 

results in this study, approximately 52 species (35 % of all species found within plots in the total survey) 

will disappear from the investigated coastal grasslands if the sea level is raised with 40 cm. The biggest 

species loss is seen amongst species associated with wet grassland conditions when using this estimation 

method. Though, what was not taken into consideration when using this estimation method, is the fact 

that species associated with wetter conditions probably will be able to move upwards when the land there 

become moist due to rising sea levels. Species that are more likely to be negatively affected by rising sea 

levels are the species that thrive in the dryer areas of the coastal grasslands, thus species associated with 

meadows and pastures. Because of this, I investigated the opportunity for species to migrate upwards at 

the ten coastal grasslands included in the study. This in order to evaluate the consequences of rising sea 

levels together with limited migrating areas upwards. The results showed that the conditions of migrating 

areas differed between the ten sites. Some coastal grasslands had large open and managed areas above 

them for species to migrate to, while others had next to nothing. The effect of this on the species 

occurrence were that approximately 26 of the 147 plant species found within plots would disappear 

because of limited migrating areas upwards. The disappearing species included two redlisted species; 

Carex pulicaris (VU) and Primula farinosa (NT), and four nationally protected orchids; Dactylorhiza 

incarnata, Epipactis palustris, Platanthera bifolia and Platanthera chlorantha. The results of this study 

highlight the importance of keeping areas above the coastal grasslands open and managed to ensure the 

future survival of many species found in coastal grasslands. If there are not enough open and managed 

areas above the coastal grasslands for species to migrate to when the areas further down become too wet 

and saline, many species will most likely disappear from the coastal grasslands. This is very alarming, 

since coastal grasslands also function as important refuge habitats for many threatened meadow and 

pasture species. Therefore, would a decline of coastal grasslands, due to climate change and rising sea 

levels, be even more devastating to the biodiversity.   

Conclusions 

The results of this study enlighten the importance of considering different kinds of management when 

implementing conservation measures for plant species diversity in coastal grasslands. The results suggest 

that traditional mowing as a management method is more beneficial than grazing for plant species 

diversity, especially for plant species typically linked to meadows and pastures, in coastal grasslands in 

the Stockholm archipelago. Therefore, traditional mowing should be the preferred management method 

for preserving and enhancing plant species diversity in coastal grasslands in the Stockholm archipelago. 

The results of this study also predict that future climate change and the subsequent sea level rise will have 
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a negative impact on the plant species diversity in coastal grasslands. Thus, it raises the importance of 

management in areas further up the coastal grasslands if the sea level would rise in the future as predicted.  
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Appendix A – Species lists 

All species (158) Grazed sites (111) Mowed sites (127) 

   
Achillea millefolium Achillea millefolium Achillea millefolium 

Agrostis capillaris Agrostis stolonifera Agrostis capillaris 

Agrostis stolonifera Alchemilla sp. Agrostis stolonifera 

Alchemilla sp. Alnus glutinosa Alchemilla sp. 

Allium scorodoprasum Alopecurus geniculatus Allium scorodoprasum 

Alnus glutinosa Angelica sylvestris Alnus glutinosa 

Alopecurus geniculatus Anthoxanthum odoratum Alopecurus pratensis 

Alopecurus pratensis Betula pendula Angelica sylvestris 

Angelica sylvestris Blysmus rufus Anthoxanthum odoratum 

Anthoxanthum odoratum Bolboschoenus maritimus Blysmus rufus 

Betula pendula Briza media Bolboschoenus maritimus 

Blysmus rufus Calamagrostis stricta Briza media 

Bolboschoenus maritimus Caltha palustris Calamagrostis stricta 

Briza media Carex disticha Calluna vulgaris 

Calamagrostis stricta Carex flacca Caltha palustris 

Calluna vulgaris Carex flava Carex distans 

Caltha palustris Carex leporina Carex extensa 

Carex distans Carex nigra Carex flacca 

Carex disticha Carex pallescens Carex nigra 

Carex extensa Carex panicea Carex pallescens 

Carex flacca Carex sp. Carex panicea 

Carex flava Carex spicata Carex pulicaris 

Carex leporina Carex viridula var. pulchella Carex viridula var. pulchella 

Carex nigra Carex viridula var. viridula Carex viridula var. viridula 

Carex pallescens Cerastium fontanum Centaurea jacea 

Carex panicea Cirsium palustre Centaurium littorale 

Carex pulicaris Cynosurus cristatus Centaurium pulchellum 

Carex sp. Dactylis glomerata Cirsium palustre 

Carex spicata Dactylorhiza incarnata Cynosurus cristatus 

Carex viridula var. pulchella Dactylorhiza latifolia Dactylis glomerata 

Carex viridula var. viridula Danthonia decumbens Dactylorhiza incarnata 

Centaurea jacea Deschampsia cespitosa Danthonia decumbens 

Centaurium littorale Dianthus deltoides Deschampsia flexuosa 

Centaurium pulchellum Eleocharis uniglumis Eleocharis quinqueflora 

Cerastium fontanum Elymus caninus Eleocharis uniglumis 

Cirsium palustre Elytrigia repens Elytrigia repens 

Cynosurus cristatus Equisetum arvense Epipactis palustris 

Dactylis glomerata Equisetum palustre Equisetum arvense 

Dactylorhiza incarnata Eriophorum angustifolium Eriophorum angustifolium 
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All sites Grazed sites Mowed sites 

   
Dactylorhiza latifolia Festuca aurundinacea Festuca aurundinacea 

Danthonia decumbens Festuca rubra Festuca pratensis 

Deschampsia cespitosa Filipendula ulmaria Festuca rubra 

Deschampsia flexuosa Fragaria vesca Filipendula ulmaria 

Dianthus deltoides Galium album Fragaria vesca 

Eleocharis quinqueflora Galium aparine Galium album 

Eleocharis uniglumis Galium boreale Galium boreale 

Elymus caninus Galium palustre Galium palustre 

Elytrigia repens Galium uliginosum Galium uliginosum 

Epipactis palustris Galium verum Galium verum 

Equisetum arvense Geranium columbinum Geum rivale 

Equisetum palustre Geranium sanguineum Glaux maritima 

Eriophorum angustifolium Geum rivale Glechoma hederacea 

Festuca aurundinacea Glaux maritima Helictotrichon pubescens 

Festuca pratensis Glechoma hederacea Hieracium sect. Tridentata 

Festuca rubra Helianthemum nummularium Hierochloë odorata ssp. baltica 

Filipendula ulmaria Hepatica nobilis Holcus lanatus 

Fragaria vesca Hierochloë odorata ssp. baltica Hypericum maculatum 

Galium album Holcus lanatus Juncus articulatus 

Galium aparine Hypericum maculatum Juncus gerardii 

Galium boreale Juncus articulatus Juniperus communis 

Galium palustre Juncus conglomeratus Lamium album 

Galium uliginosum Juncus gerardii Lathyrus linifolius 

Galium verum Lathyrus pratensis Lathyrus palustris 

Geranium columbinum Leontodon autumnalis Lathyrus pratensis 

Geranium sanguineum Linum catharticum Leontodon autumnalis 

Geum rivale Luzula multiflora Linum catharticum 

Glaux maritima Lychnis flos-cuculi Luzula multiflora 

Glechoma hederacea Lycopus europaeus Lychnis flos-cuculi 

Helianthemum nummularium Lysimachia vulgaris Lycopus europaeus 

Helictotrichon pubescens Lythrum salicaria Lysimachia vulgaris 

Hepatica nobilis Melampyrum nemorosum Lythrum salicaria 

Hieracium sect. Tridentata Melica nuntans Melampyrum nemorosum 

Hierochloë odorata ssp. baltica Mentha aquatica ssp. litoralis Mentha aquatica ssp. litoralis 

Holcus lanatus Molinia caerulea Mentha arvensis 

Hypericum maculatum Myosotis scorpioides Molinia caerulea 

Juncus articulatus Ophioglossum vulgatum Myosotis arvensis 

Juncus conglomeratus Parnassia palustris Myosotis scorpioides 

Juncus gerardii Phragmites australis Myrica gale 

Juniperus communis Pinus sylvestris Odontites litoralis 

Lamium album Plantago lanceolata Ophioglossum vulgatum 
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All sites Grazed sites Mowed sites 

   
Lathyrus linifolius Plantago maritima Origanum vulgare 

Lathyrus palustris Platanthera chlorantha Parnassia palustris 

Lathyrus pratensis Poa pratensis Peucedanum palustre 

Leontodon autumnalis Poa supina Phalaris arundinacea 

Linum catharticum Polygala amarella Phleum pratense 

Luzula multiflora Polygala vulgaris Phragmites australis 

Lychnis flos-cuculi Potentilla anserina Pilosella officinarum 

Lycopus europaeus Potentilla erecta Pinguicula vulgaris 

Lysimachia vulgaris Primula veris Plantago lanceolata 

Lythrum salicaria Prunella vulgaris Plantago major 

Melampyrum nemorosum Ranunculus acris Plantago maritima 

Melica nutans Ranunculus sp.  Platanthera bifolia 

Mentha aquatica ssp. litoralis Rumex acetosa Poa pratensis 

Mentha arvensis Rumex acetosella Polygala amarella 

Molinia caerulea Samolus valerandi Potentilla anserina 

Myosotis arvensis Schoenoplectus tabernaemontani Potentilla argentea 

Myosotis scorpioides Scutellaria galericulata Potentilla erecta 

Myrica gale Sesleria uliginosa Potentilla reptans 

Odontites litoralis Stellaria graminea Potentilla sp. 

Ophioglossum vulgatum Stellaria palustris Primula farinosa 

Origanum vulgare Trifolium pratense Primula veris 

Parnassia palustris Trifolium repens Prunella vulgaris 

Peucedanum palustre Triglochin maritimum Ranunculus acris 

Phalaris arundinacea Triglochin palustre Ranunculus flammula 

Phleum pratense Urtica dioica Rhinanthus minor 

Phragmites australis Valeriana officinalis Rhinanthus serotinus 

Pilosella officinarum Veronica chamaedrys Rubus saxatilis 

Pinguicula vulgaris Veronica sp. Rumex acetosa 

Pinus sylvestris Vicia cracca Rumex longifolius 

Plantago lanceolata Vicia sativa ssp. Nigra Samolus valerandi 

Plantago major Viola sp. Satureja vulgaris 

Plantago maritima  Scutellaria galericulata 

Platanthera bifolia  Serratula tinctoria 

Platanthera chlorantha  Sesleria uliginosa 

Poa pratensis  Stellaria graminea 

Poa supina  Taraxacum balticum 

Polygala amarella  Taraxacum sp. 

Polygala vulgaris  Trifolium pratense 

Potentilla anserina  Trifolium repens 

Potentilla argentea  Triglochin maritimum 

Potentilla erecta  Triglochin palustre 
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All sites  Mowed sites 

   
Potentilla reptans  Tripolium vulgare 

Potentilla sp.  Urtica dioica 

Primula farinosa  Valeriana officinalis 

Primula veris  Vicia cracca 

Prunella vulgaris  Viola canina 

Ranunculus acris  Viola sp. 

Ranunculus flammula   

Ranunculus sp.    

Rhinanthus minor   

Rhinanthus serotinus   

Rubus saxatilis   

Rumex acetosa   

Rumex acetosella   

Rumex longifolius   

Samolus valerandi   

Satureja vulgaris   

Schoenoplectus tabernaemontani  

Scutellaria galericulata   

Serratula tinctoria   

Sesleria uliginosa   

Stellaria graminea   

Stellaria palustris   

Taraxacum balticum   

Taraxacum sp.   

Trifolium pratense   

Trifolium repens   

Triglochin maritimum   

Triglochin palustre   

Tripolium vulgare   

Urtica dioica   

Valeriana officinalis   

Veronica chamaedrys   

Veronica sp.   

Vicia cracca   

Vicia sativa ssp. Nigra   

Viola canina   

Viola sp.   
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Appendix B – Number of species per plot for each site 
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Appendix C – The species grouping, based on characteristics and preferable 

habitats   

Meadow and pasture species 
(44) 

Coastal- and Molinia 
grassland species (54) 

Water and marsh species (11) 

Achillea millefolium Agrostis stolonifera Caltha palustris 

Agrostis capillaris Alopecurus geniculatus Carex nigra 

Alchemilla sp. Blysmus rufus Equisetum palustre 

Alopecurus pratensis Bolboschoenus maritimus Eriophorum angustifolium 

Anthoxanthum odoratum Calamagrostis stricta Lycopus europaeus 

Briza media Carex distans Lythrum salicaria 

Carex pallescens Carex extensa Myosotis scorpioides 

Carex spicata Carex flacca Myrica gale 

Centaurea jacea Carex flava Peucedanum palustre 

Cynosurus cristatus Carex leporina Ranunculus flammula 

Dactylorhiza latifolia Carex panicea Schoenoplectus tabernaemontani 

Danthonia decumbens Carex pulicaris Succession species (11) 

Dianthus deltoides Carex viridula var. pulchella Alnus glutinosa 

Festuca pratensis Carex viridula var. viridula Angelica sylvestris 

Fragaria vesca Centaurium littorale Carex disticha 

Galium album Centaurium pulchellum Cirsium palustre 

Galium boreale Eleocharis quinqueflora Deschampsia cespitosa 

Galium verum Eleocharis uniglumis Filipendula ulmaria 

Helianthemum nummularium Epipactis palustris Lysimachia vulgaris 

Helictotrichon pubescens Festuca rubra Phalaris arundinacea 

Holcus lanatus Galium palustre Phragmites australis 

Hypericum maculatum Galium uliginosum Rumex longifolius 

Lamium album Geum rivale Urtica dioica 

Lathyrus pratensis Glaux maritima Other species (38) 

Leontodon autumnalis Hierochloë odorata ssp. baltica Allium scorodoprasum 

Luzula multiflora Juncus articulatus Betula pendula 

Phleum pratense Juncus conglomeratus Calluna vulgaris 

Pilosella officinarum Juncus gerardii Carex sp. 

Plantago lanceolata Lathyrus palustris Cerastium fontanum 

Plantago major Linum catharticum Dactylis glomerata 

Platanthera bifolia Lychnis flos-cuculi Deschampsia flexuosa 

Platanthera chlorantha Mentha aquatica ssp. litoralis Elymus caninus 

Poa pratensis Mentha arvensis Elytrigia repens 

Poa supina Molinia caerulea Equisetum arvense 

Polygala vulgaris Odontites litoralis Festuca aurundinacea 

Potentilla reptans Ophioglossum vulgatum Galium aparine 

Primula veris Parnassia palustris Geranium columbinum 
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Prunella vulgaris Pinguicula vulgaris Geranium sanguineum 

Rhinanthus minor Plantago maritima Glechoma hederacea 

Rhinanthus serotinus Polygala amarella Hepatica nobilis 

Satureja vulgaris Potentilla anserina Hieracium sect. Tridentata 

Serratula tinctoria Potentilla erecta Juniperus communis 

Veronica chamaedrys Primula farinosa Lathyrus linifolius 

Viola canina Ranunculus acris Melampyrum nemorosum 

 Samolus valerandi Melica nutans 

 Scutellaria galericulata Myosotis arvensis 

 Sesleria uliginosa Origanum vulgare 

 Stellaria palustris Pinus sylvestris 

 Taraxacum balticum Potentilla argentea 

 Triglochin maritimum Potentilla sp. 

 Triglochin palustre Ranunculus sp.  

 Tripolium vulgare Rubus saxatilis 

 Valeriana officinalis Rumex acetosa 

 Dactylorhiza incarnata Rumex acetosella 

  Stellaria graminea 

  Taraxacum sp. 

  Trifolium pratense 

  Trifolium repens 

  Veronica sp. 

  Vicia cracca 

  Vicia sativa ssp. Nigra 

  Viola sp. 
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