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Abstract 

 

The consequences of the agricultural intensification are many and include fragmentation 

of natural habitats, abandonment of small farms and traditional management, and 

increased inputs of pesticides and fertilizers. It has also lead to widespread declines in 

semi-natural grasslands and farmland biodiversity. Small remnant habitats such as 

midfield islets and road verges can harbour many species and hence be important in 

biodiversity conservation. This study investigated how plant species richness and 

richness of grassland specialists differ in three agricultural landscapes: one open 

landscape with crop fields, one with a lot of forest and one landscape with a mix of 

forests and fields. Field studies included plant inventories in the small remnant habitats. 

Species-area relationships, accumulated species curves and Jaccard similarity index 

were used to analyze the data, where total species richness and grassland specialists 

were analysed separately. It was found that the two landscapes with the most forest had 

higher species richness in midfield islets, but not in road verges, and that the 

intermediate landscape had the strongest species-area relationship. Species 

accumulation curves show the fastest species accumulation rate for midfield islets in the 

forest landscape and for road verges in the open landscape. The remnant habitats in the 

forest and intermediate landscapes were most similar to the semi-natural grassland in 

that landscape. The connectivity of the landscape, as well as the presence of semi-

natural grasslands may help to explain the results. This study shows that small remnant 

habitats could be important for biodiversity conservation in agricultural landscapes and 

that managing the landscape in a way that preserves heterogeneity may be crucial for its 

continued species richness.  
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Introduction 

 

The intensification of agriculture that has taken place after the Second World War has 

increased food crop production per unit area by 106 % between 1961 and 1999 (Stoate 

et al. 2001). The demand for food is projected to increase by 2 or 3 times by 2050, due 

to an increasing human population (Tilman et al. 2002). The intensification of 

agriculture has also lead to widespread declines in farmland biodiversity, concerning 

many different taxa; birds, mammals, arthropods and flowering plants (Benton et al. 

2003). 

The consequences of the agricultural intensification are many and include fragmentation 

of natural habitats, abandonment of small traditionally managed farms and increased 

inputs of pesticides and fertilizers (Stoate et al. 2001). Another consequence is the 

simplification of farming systems resulting in a replacement of heterogeneity with 

homogeneity, both in temporal and spatial habitat structures (Benton et al. 2003). 

Bengtsson et al. (2003) write that “The long-term conservation of biodiversity requires 

an understanding of the processes that allow species to persist in natural as well as 

human-dominated ecosystems”. Hence, management of human-dominated landscapes 

require a consideration and a combination of biodiversity conservation and agricultural 

production. 

 

Biodiversity and management 

In Europe, a large proportion of the biodiversity is still found in agricultural landscapes 

(Pykälä 2000, Fischer et al. 2008), and many species have adapted to life in habitats that 

are to some degree managed. In Sweden, the most species rich habitats are found in the 

agricultural landscape, especially in semi-natural grasslands. The traditional 

management of agricultural landscapes has created a high heterogeneity and high 

species diversity in these kinds of habitats (Ekstam & Forshed 1997), whereas the 

intensification in agriculture has caused changes in the land use, as well as 

abandonment of traditional practices and serious decline of the semi-natural grasslands 

(Benton et al. 2003, Berendse et al. 2004). It is assumed that European semi-natural 

grasslands have been reduced by 90% in the last century, and in some regions even 

more (WallisDeVries et al. 2002). As a consequence of these changes the populations of 

grasslands species have become increasingly fragmented and restricted to small remnant 

habitats such as midfield islets, ditches, field boundaries and road verges (Cousins & 

Eriksson 2002, Cousins 2006). 

Fischer et al. (2008) suggest two distinct management options –depending on the view 

of conservation management; land sparing and wildlife-friendly farming. Land sparing 

is often practiced in industrial, intensive agriculture with high yields and an aim to farm 

with maximum economic efficiency. There is a high input of fertilizers and pesticides 

and low crop diversity. Because of the efficiency of the arable fields, there are large 
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areas of land that can be set-aside for biodiversity conservation. Biodiversity is then 

preserved in nature reserves, separate from agricultural areas (Green et al. 2005).  

The contrasting option is wildlife-friendly farming where there is a lower yield per area 

unit, resulting in less land to be permanently set aside as reserves. However, 

biodiversity often occurs within agricultural areas and outside nature reserves 

(Tscharntke et al. 2005), since there are often native vegetation patches in the landscape 

and a generally high level of heterogeneity (Green et al. 2005). In wildlife-friendly 

farming, there is a great interest in the interactions between nature and agriculture, and 

an emphasis on long-term resilience of the landscape (Tscharntke et al. 2005), resilience 

meaning the system’s capacity to recover and reorganize after a disturbance (Walker & 

Salt 2006).  

 

Landscape configuration and biodiversity 

There are different ways of retaining heterogeneity in an agricultural landscape, e.g. to 

have a diversity of crops in a range of small fields, to leave scattered trees or midfield 

islets within the field and to retain habitat features along field margins or road verges 

(Benton et al. 2003, Cousins 2006, Fischer et al. 2008).The presence of non-cropped 

habitat can also help species persist in the landscape and aid in biodiversity 

conservation, as they can function as dispersal corridors or stepping stones in a 

fragmented landscape and make it possible for species to move and disperse in the 

landscape (Benton et al. 2003). 

One of the threats with the ongoing land use change in Europe is fragmentation, i.e. loss 

and isolation of species rich habitats. The danger with fragmentation is that small 

populations inhabiting small patches often are close to their extinction thresholds, and in 

need of immigration from nearby source habitats to sustain a population (Kuussaari et 

al. 2009). Whether immigration is possible or not depends on the regional species pool 

in the landscape, i.e. the species available in that region (Gerhold et al. 2008). These 

species could occur on a particular site if not limited by geographical or environmental 

constraints. It also depends on species interactions and dispersal limitations which 

determine the actual local species pool of a certain site (Roughgarden & Diamond 

1986).  

 

In a landscape, the distribution and abundance of species depend both on the 

demography in a given location, and of the movement of individuals between locations, 

i.e. their dispersal (Bullock et al. 2006). The dispersal between habitat patches is largely 

dependent on the properties of the matrix surrounding the patches (Franklin & 

Lindenmayer 2009). It has been seen in an earlier study of agricultural landscapes that 

type of landscape matrix affects the plant species richness in habitat patches (Öcklinger 

et al. manuscript). Connectivity is a property of the landscape that measures how the 
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landscape structure affects the movement of organisms. It can be based on the presence 

and arrangement of movement corridors (Merriam 1984, as referred to in Goodwin 

2003), but lately there has been an increasing appreciation of the fact that organisms 

also move through non-habitat and matrix (Goodwin 2003). Today the connectivity 

encompasses the influence of the entire landscape and how it facilitates or limits 

movement between habitat patches. Brückmann et al. (2010) found a strong effect of 

habitat connectivity on the species richness of grassland habitats, stressing the 

importance of immigration for the long-term survival of habitat specialists, in both 

small and relatively larger habitat patches. 

 

The interactions between a species and its environment are what define the categories of 

habitat specialists and generalists (Evangelista et al. 2008). There is an evolutionary 

tradeoff between being a specialist, and performing a few activities really well, and a 

generalist performing many activities reasonably well. This tradeoff leads to more or 

less specialized strategies for species (Levins 1968). Because habitat specialists often 

cannot survive beyond the boundaries of the habitat patch and the surrounding matrix 

can be regarded as hostile, increasing habitat fragmentation should reduce species 

richness of specialists more than that of generalists (Devictor et al. 2008, Brückmann et 

al. 2010). In the study by Brückmann et al. (2010) habitat area was a strong predictor 

for not only habitat specialists but also generalist species. However, they found that 

specialists lose a higher proportion of species, when habitat area is lost. Swedish semi-

natural grasslands also harbor many specialist species that will go extinct when the 

management is altered or ceases (Ekstam & Forshed 1997). 

 

 

Aim and research questions 

In this study I have chosen to investigate the importance of small remnant habitats for 

sustaining the species pool of vascular plants in agricultural landscapes. I focused on 

two kinds of habitats: midfield islets and road verges. Small remnant habitats were 

studied in three different landscapes, one open intensively managed agricultural 

landscape, one more forested agricultural landscape, and one intermediate.  

To examine small remnant habitats’ importance for sustaining the species pool of 

declining semi-natural grasslands, this study also more specifically looked at the 

grassland specialists and compared the specialists found in small remnant habitats to 

those found in previous studies in well-managed semi-natural grasslands in each 

landscape. 

The results are discussed from the perspective of how farmland biodiversity can be 

preserved on a landscape level. 
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The questions I asked were: 

- How does the openness of the landscape (forest/fields) affect the number of 

vascular plants in small remnant habitats?  

- How do the species accumulate in the different landscapes, as a larger area is 

investigated?  

- How much of the biodiversity of semi-natural grasslands is preserved in small 

remnant habitats, and how is this affected by landscape openness?  

 

Methods 

Description of study sites 

The small remnant habitats were studied in three different agricultural landscapes. The 

landscapes were of different matrix composition, ranging from an open landscape 

(mostly field cover) to closed (a lot of forest cover). All of the landscapes are situated in 

south-eastern Sweden in the county of Södermanland (Fig 1).  

The most open landscape is situated on the island Selaön. The studied area is about 10 

km
2
 and is dominated by crop field with only few semi-natural habitats left. The island 

is located in the lake Mälaren and has been densely populated since the Viking Age 

(Clemendson 1965 as referred to in Cousins 2006). The intermediate landscape, Nynäs, 

has less field area than Selön and has larger areas covered by forest. The studied area is 

also about 10 km
2
 and is situated by the coast of the Baltic Sea, about 70 km from 

Selaön.  The area is to a large extent in a nature reserve. The landscape is considered to 

be traditionally managed and less intensively used (Cousins 2006). It has more semi-

natural habitats than Selaön and since 2007 all the crops in the reserve are organically 

certified by KRAV. The Öllösa landscape is geographically located between the first 

two. It is a more closed landscape with smaller fields and a lot of forest. The studied 

area is about 14 km
2
. Some of the farms here are also organically certified by KRAV. 

The landscapes were chosen based on earlier studies and inventories (Cousins 2006, 

Cousins & Lindborg 2008, unpublished data from M. Öster and B. Martensdottir). The 

species pool is expected to be the same in all three landscapes. 

In each landscape there is a well managed semi-natural grassland (marked with a purple 

rectangle in fig 2-4). Studies have been carried out earlier in these grasslands and 

species lists from these were used in this study as a reference. Ettersta is the semi-

natural grassland located on the west side of the island Selaön, plant inventories have 

been done here by M. Öster (Unpublished data). Långmaren is the semi-natural 

grassland in the landscape of Nynäs, the plant inventory here was carried out by B. 

Marteinsdottir (Unpublished data). The semi-natural grassland in the landscape of 

Öllösa, the most closed landscape, is located in Stora Åsa. The studies here were done 

by M. Öster (Unpublished data). 
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Fig. 1. The three investigated landscapes are situated in the Swedish county of 

Södermanland. In the picture to the right, the most northern landscape is Selaön, the 

middle one is Öllösa and the one to the south is Nynäs.  

 

 

Fig. 2. The open landscape of Selaön, midfield islets are marked with yellow squares, 

road verges with pink rectangles and the semi-natural grassland Ettersta is a purple 

rectangle. 
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Fig. 3. The intermediate landscape of Nynäs, midfield islets are marked with yellow 

squares, road verges with pink rectangles and the semi-natural grassland Långmaren is a 

purple rectangle. 

 

 

  

 

 

 

 

 

 

 

Fig.4. The forest landscape of Öllösa, midfield islets are marked with yellow squares, 

road verges with pink rectangles and the semi-natural grassland Stora Åsa is a purple 

rectangle. 
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The investigated remnant habitats 

Two remnant habitats were chosen for this study: midfield islets and road verges. Road 

verges are typical small remnant grassland habitats in agricultural landscapes today. In 

Sweden they are cut at least once a year for safety reasons, because of their proximity to 

traffic. This essentially means that they are the largest regularly mowed area in Sweden 

(Milberg & Persson 1994). Because of this cutting they can be expected to hold a rather 

high biodiversity, as the disturbance and removal of dominant species allows more 

species to coexist. The species diversity in road verges is often influenced by the type of 

vegetation that surrounds it, and will have different proportions of forest and grassland 

plant species depending on this (Cousins 2006). In my study all of the road verges are 

surrounded by crop fields, which might cause the species richness to be in the lower 

range.  

Midfield islets are patches of non-cropped area surrounded by crops, often consisting of 

large stones and boulders or bedrock with a thin top soil layer (Cousins 2006). The size 

can vary greatly, from only a few square meters to about 0.5 ha (Cousins & Lindborg 

2008), however, this range of sizes is not represented in this paper, which focuses on 

smaller islets. The species occurring on midfield islets are isolated, and have sometimes 

been so for several decades (Cousins & Eriksson 2002). Midfield islets, being past 

grassland habitats, can have many valuable species and can be important in maintaining 

species richness in the landscape (Cousins & Eriksson 2002, Cousins 2006).  

 

Field work 

Midfield islets and road verges were selected in each of the three landscapes. 20-25 

midfield islets were chosen in each landscape, a total of 73 (Fig. 2-4). All midfield islets 

were situated in crop fields. The size of the islets ranged between 9 m
2
 and 900 m

2
. 

Except for the smallest islets, the area of the midfield islets was not recorded in field, 

but measured later using Google Earth Pro. The islets were also chosen so that they 

were distributed over as much of the landscape as possible, i.e. islets further apart were 

preferred. The type of crop, as well as the coordinates, was recorded. 

20-25 road verge strips were also chosen in each of the three landscapes, 69 in total 

(Fig. 2-4). The strips were 10 m long and not wider than 4 m, measured from the road 

side to the field. The investigated road verges had crop fields on both sides of the road 

and the road had a sand/dirt surface. The type of crop, the coordinates and the width of 

the road were noted.  

For each road verge-strip and each midfield islet, all vascular plants were recorded. No 

sample-squares were used, because of the small size of the habitats, instead the plants 

were recorded by walking slowly through the whole area. The bigger islets were 

covered in about an hour and the smaller ones in about 20 minutes. Approximate bare 

1 km 
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rock coverage was noted for all midfield islets. The coverage of bare rock is interesting 

because this area is subtracted from the total area of the midfield islet, as it cannot 

function as habitat for vascular plants, and should therefore not be included in the 

habitat area. The bare rock coverage was approximated to the nearest 10 % (20, 30, 40 

and so on.), and if lower than 10 %, counted as zero. The field work was carried out in 

the summer of 2010 between June 29
th

 and July 23
rd

.  

 

Statistical analyses 

Background 

Different methods can be used to study the plant species diversity in a landscape. 

Comparing the actual numbers of species, species richness or as percentages of a 

species pool, between landscapes is fairly common. The number of species found in the 

habitats can be compared to the area of the habitats in a general linear model (GLM) 

that shows to which degree the number of species is dependent on the area of the 

habitat, and whether there is a significant species-area relationship (SAR). When 

examining SARs, there is an important distinction to be made depending on whether the 

data is from island-like habitats, or from continuous areas (Smith 2010). As discussed in 

Smith (2010), some would say that the islandSAR is the only true SAR, others add 

sample squares that are or are not physically connected indifferently. Small remnant 

habitats can have both properties, midfield islets being typical island-like habitats and 

road verges, field boundaries and ditches being a continuous area.  

 

Another method is to construct a species accumulation curve. The species accumulation 

curve plots the cumulative number of observed species as a function of survey effort 

(Mao et al. 2005). The survey effort can be measured in both area and time. To study 

the accumulated number of species as a larger area is investigated has been used as a 

way of comparing species assemblages, and to study variations in local or regional 

patterns of species richness. Because the species accumulation curves are often 

compared visually, the results we get from them are quite subjective (Mao & Li 2009).  

 

The species composition of two different sites, for example a well-managed semi-

natural habitat and small remnant habitats, can be compared using different similarity 

indexes. The Jaccard similarity index is the one most widely used, it is defined as 

  where c is the number of species shared by both sites and (a ∪ b) is the 

total number of species found in the two sites. The index tells us whether there is a high 

or low similarity between the two sites, thus a high value would indicate that many 

species are found in both. 
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Design 

 

To answer my questions, I used four different analyses: ANOVA, GLM, Species 

accumulation curves and Jaccard similarity index. For the statistical analyses I used the 

program MATLAB R2010b and the statistics program R 2.9.0.   

An ANOVA analysis was done in R to compare the remnant habitats between the 

landscapes. The ANOVA shows if the between sample variance is significantly larger 

than the within sample variance for the studied landscapes. If it is, then a TukeyHSD 

test shows where the differences lie. 

A general linear model (GLM) and a regression analysis were used to examine the 

species-area relationships, to see whether the number of species in each habitat was 

dependent on the area of the habitat. The values for both area and species richness were 

log10 transformed, to linearize the relationships.  

Accumulated species curves were created in MATLAB. The graphs were made to show 

the accumulating number of species as more habitats (a larger area) are investigated. 

The graphs were constructed by randomly selecting one habitat as a starting point, then 

all species in this habitat were subtracted from all other habitats and another one was 

randomly selected. The habitats are thus added in a random order and only the new 

species are added to the curve. This process is then repeated in a Monte Carlo 

simulation with 10 000 iterations, creating 10 000 curves. A mean curve is then drawn 

by calculating a mean y-value for 1000 values on the x-axis. This was done for midfield 

islets and road verges in each of the three landscapes.  

A separate analysis was also made for a subset of all species, the grassland specialists. 

Grassland specialists were classified according to Table S3 in Krauss et al. 2010, as 

species dependent on or clearly favouring semi-natural grasslands in Sweden. The same 

kinds of analyses were done as for the total species number (ANOVA, GLM and 

accumulated species curves).  

To compare the grassland specialists found in midfield islets and road verges with the 

species found on semi-natural grasslands in the same landscape, species lists from M 

Öster and B. Marteinsdottir were used (Unpublished data). The inventories of the semi-

natural grasslands were compared to the grassland specialists from this study, using the 

Jaccard similarity index. 
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Results 

Species richness 

A total of 239 vascular plant species were found in the midfield islets and road verges in 

this study. Of these, 37 were grassland specialists. Of all habitats, the midfield islets of 

Nynäs had the highest total species number and midfield islets of Öllösa had the highest 

richness in grassland specialists (Table 1). See species lists (Appendix 1) for the full 

details on what species were found in the landscapes.  

There was a significant difference in species richness of the remnant habitats between 

Selaön and Nynäs for both midfield islets and road verges when including all species 

and also for road verges when including the grassland specialists only (Table 2): Nynäs 

having the higher species richness. There was also a trend pointing towards a higher 

number of grassland specialists in the midfield islets in Nynäs compared to Selaön.  

Differences can also be seen in species richness between the road verges of Selaön and 

Öllösa, both for total species richness and for grassland specialists, Öllösa has a higher 

mean species richness per road verge strip (Table 2), but Selaön has a higher total 

species richness when all road verges are combined (Table 1). There are no significant 

differences between Öllösa and Nynäs in the species richness of the remnant habitats, 

however, differences can be seen when looking at the total species richness of road 

verges and when looking at the species richness of grassland specialists (Table 1).  

When dividing the species number by the actual area of habitat, Öllösa has the highest 

number in midfield islets and Selaön has the highest in road verges. Öllösa also has the 

highest number when both habitats are combined (0.04). This number represents the 

number of new species that is added to the species pool for every m
2
 that is investigated. 
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Table 1. Habitat area, species number, relative species richness and number of 

grassland specialists in midfield islets and road verges in the three different landscapes. 

For midfield islets, the area of habitat has been modified by subtracting the area of bare 

rock. 

Landscape Habitat Habitat area 

(m
2
) 

Species 

number 

Species 

number/ 

habitat area 

Grassland 

specialists 

Selaön Midfield 

islets 

4811 152 0.03 29 

Nynäs Midfield 

islets 

5416 160 0.03 29 

Öllösa Midfield 

islets 

3697 159 0.04 31 

Total Midfield 

islets 

13924  223 0.02 35 

Selaön Road verges 413 112 0.27 23 

Nynäs Road verges 700 114 0.16 29 

Öllösa Road verges 576 102 0.18 25 

Total Road verges 1689 167 0.10 32 

 

 

Table 2. P-values from Tukey HSD test show where there are significant differences in 

species richness between remnant habitats in the three landscapes. The analysis was 

done both for total species richness and grassland specialists only. Significant results 

marked in bold.  

Landscapes All species 

midfield islets 

All species 

road verges 

Grassland specialists 

midfield islets 

Grassland specialists 

road verges 

Öllösa – 

Nynäs 

0.209 0.756 0.141 0.391 

Selaön – 

Nynäs 
0.012 < 0.001 0.082 < 0.001 

Selaön – 

Öllösa 

0.424 < 0.001 0.962 < 0.001 
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Species-area relationships 

Total species richness 

The regression analysis showed that the number of species on midfield islets was 

dependent on habitat area to different degrees in the different landscapes, but all had 

significant positive relationships (Table 3). The amount of variation in species richness 

that can be explained by the area of the habitat (R
2
) was smallest on Selaön (open 

landscape), (Fig. 5a). It was largest in Nynäs (intermediate landscape), (Fig. 5b), where 

as much as 91 % of the variation in species richness could be explained by the area of 

the habitat. In Öllösa (forest landscape) (Fig. 5c) dependence on area was also large 

(Table 3). 

 

Table 3. Results from regression analysis and GLM on midfield islets and road verges 

in three different landscapes, including all species. Significant results marked in bold. 

Landscape Habitat R
2 
value P-value 

Selaön Midfield islets 0.4648 < 0.001 

Nynäs Midfield islets 0.9086 < 0.001 

Öllösa Midfield islets 0.7345 < 0.001 

Selaön Road verges 0.1323 0.074 

Nynäs Road verges 0.5195 < 0.001 

Öllösa Road verges 0.0292 0.447 

 

 

 

 

 

 

 

 

Fig. 5. Regression analysis of the midfield islets in three different landscapes, including 

all species. Plotting log10 transformed species number against log10 transformed area 

(m
2
). a) Selaön b) Nynäs c) Öllösa.  

a) b) c) 
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In contrast to midfield islets, the regression analysis on the road verges show that the 

species richness is explained very little by the area of the habitat (Table 3), and only 

Nynäs has a significant relationship. As can be seen in figures 6 a-c, there was very 

little variation in the area investigated for each road verge strip, and thus not much can 

be read from these graphs. However, as for the midfield islets, Nynäs has the highest 

dependence of species richness on area of habitat. 

 

 

 

 

 

 

 

Fig. 6. Regression analysis of the road verges in three different landscapes, including all 

species. Plotting log10 transformed species number against log10 transformed area 

(m
2
). a) Selaön b) Nynäs c) Öllösa.  

 

Grassland specialists 

The regression analysis for midfield islets including grassland specialists only, shows 

significant positive relationships for all landscapes and the highest dependence of 

species richness on the area of the habitat is in Nynäs (Table 4, Fig. 7 b). For road 

verges, there are significant species-area relationships only in Selaön (Table 4, Fig. 8 a).  

Table 4. Results from regression analysis and GLM on midfield islets and road verges 

in three different landscapes, including only grassland specialists. Significant results 

marked in bold. 

Landscape Habitat R
2 
value P-value 

Selaön Midfield islet 0.3185 0.003 

Nynäs Midfield islet 0.7955 < 0.001 

Öllösa Midfield islet 0.5234 < 0.001 

Selaön Road verges 0.4367 < 0.001 

Nynäs Road verges 0.1212 0.112 

Öllösa Road verges 0.1032 0.144 

a) b) c) 
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Fig. 7. Regression analysis of the midfield islets in three different landscapes, including 

only grassland specialists. Plotting log10 transformed species number (+1) against 

log10 transformed area (m
2
). a) Selaön b) Nynäs c) Öllösa.  

 

 

 

 

 

 

 

Fig. 8. Regression analysis of the road verges in three different landscapes, including 

only grassland specialists. Plotting log10 transformed species number against log10 

transformed area (m
2
). a) Selaön b) Nynäs c) Öllösa. 

 

Species accumulation 

Total species richness 

The mean accumulated species curves for the midfield islets, including all species, can 

be seen in fig. 9 a. Öllösa has a steeper curve than the other two, indicating that species 

are accumulating faster per square meter investigated. The curves seem to be levelling 

off just slightly, which is an indication that the whole species pool is not represented 

and the increase in species number will continue. Nynäs has a higher total species 

number than Selaön, but the two curves seem to run parallell and thus have about equal 

rate of species accumulation. 

c) b) a) 

c) b) a) 
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The mean accumulated species curves for the road verges, including all species, can be 

seen in fig. 9 b. The results are quite different from those of the midfield islets. Nynäs 

has the highest species number (114) but reaches it much later than Selaön (112), and 

thus Selaön seems to have a faster species accumulation rate. Öllösa is rather parallell to 

Nynäs with a similar species accumulation rate and a lower species number.  

 

 

 

 

 

 

 

 

Fig. 9. Mean accumulated species curves, based on 10 000 iterations each, for the three 

different landscapes including the total species number. Selaön, the open landscape is 

drawn in blue, Nynäs, the intermediate landscape, in red and Öllösa, the forest 

landscape, in green. a) Midfield islets b) Road verges. 

 

Grassland specialists 

The mean accumulated species curves for the midfield islets, including only the 

grassland specialists, can be seen in fig. 10 a. Similar to the total species richness, 

Öllösa has a steaper curve than the other two, indicating that the specialist species are 

here accumulating faster per square meter investigated, it also has the highest number of 

grassland specialists. All curves seem to be levelling out more or less, and more than the 

curves including all species. Nynäs accumulates species faster than Selaön in the first 

1000 square meters, but starts to level off early. 

The mean accumulated species curves for the road verges, including only the grassland 

specialists, can be seen in fig. 10 b. Nynäs has the highest species number and also 

levels out early, probably there are not many grassland specialists left to find in road 

verges in this landscape. Also Öllösa has a steap curve accumulation curve initially and 

levels off early. Selaön seems to be approaching Öllösa in species number and there is 

clearly a need to investigate a larger area in this landscape. 

The number of grassland specialists in Öllösa was greater in the midfield islets, than in 

the semi-natural grassland Stora Åsa. No other small remnant habitat in the other 

landscapes reaches the same specialist species richness as the semi-natural grasslands, 

b) a) 
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but some are close. The Öllösa road verges are 3 species away and when the two small 

remnant habitats are combined both Selaön and Nynäs are also close to reaching the 

species richness of the semi-natural grassland. 

 

 

 

 

 

 

 

 

Fig. 10. Mean accumulated species curves, based on 10 000 iterations each, for the 

three different landscapes including only the grassland specialists. Selaön, the open 

landscape is drawn in blue, Nynäs, the intermediate landscape, in red and Öllösa, the 

forest landscape, in green. The thin horizontal lines show the species richness of 

grassland specialists of the semi-natural grassland in each landscape. a) Midfield islets 

b) Road verges.  

 

Species similarity 

The similarity in species composition, regarding grassland specialists, between the 

semi-natural grassland and the small remnant habitats were lowest in the most open 

landscape of Selaön, and highest in the intermediate landscape of Nynäs, (Table 5). 

Öllösa has the highest similarity between semi-natural grassland (Stora Åsa) and 

midfield islets. Looking at the species numbers, Öllösa has more grassland specialists in 

the midfield islets than in the semi-natural grassland. The highest similarity is between 

the road verges and the semi-natural grassland (Långmaren) in Nynäs. 

 

 

 

 

 

a) 

b) a) 
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Table 5. Number of grassland specialists in the semi-natural grasslands (results from 

Marteinsdottir and Öster) and the similarity to the small remnant habitats in this study 

tested with Jaccard similarity index. A high percentage indicates a high similarity 

between remnant habitat and semi-natural grassland. 

Semi-natural grassland Grassland specialists Mid-field islets Road verges 

Ettersta (Selaön) 33 38 % 27 % 

Långmaren (Nynäs) 34 50 % 54 % 

Stora Åsa (Öllösa) 28 51 % 47 % 

 

Discussion 

General trends in species richness 

The results found in this study suggest that the landscape matrix to a large extent affects 

the species richness and composition of small remnant habitats. However, the species 

richness of the landscapes is quite different depending on what type of small remnant 

habitat we look at. For midfield islets, the landscapes with more forest, that is Nynäs 

and Öllösa, have the highest total species richness, whereas in road verges Selaön and 

Nynäs have a higher species richness than Öllösa. The species richness was also 

compared between the individual habitats of the landscapes and the results from the 

ANOVA shows that Nynäs has a significantly higher total species richness than Selaön, 

per investigated plot. Similar results were found in an earlier study by Cousins (2006) 

where she compared a modern agricultural landscape (represented by Selaön) with a 

traditional agricultural landscape (represented by Nynäs). She found that road verges in 

a traditional landscape had 54 % higher species richness per investigated plot.  

It has also been seen in another study (Öcklinger et al. manuscript) that type of 

landscape affects the overall plant species richness. They investigated semi-natural 

grassland patches and found that the species richness was the highest in a forest matrix, 

intermediate in mixed and lowest in the arable matrix. In my study significant 

differences have been found between Nynäs and Selaön (intermediate and open) and 

also for road verges with differences between Selaön and Öllösa (open and closed).  

The number of grassland specialists are similar in midfield islets in the different 

landscapes, but Öllösa has a slightly higher number than the other two. In contrast, the 

road verges in Nynäs has the highest number of grassland specialists; 29, followed by 

Öllösa and Selaön. The comparison of the individual habitats shows that there is a 

significant difference only in road verges, where both Nynäs and Öllösa have a higher 

species richness than Selaön.  

Overall, the total species richness vary very little between landscapes, although very 

different amounts of areas where investigated. Although the combined habitat area for 
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midfield islets in Nynäs was 46 % larger than in Öllösa, Nynäs had 160 species and 

Öllösa had 159. The small variation could be because in landscapes with a large 

investigated area, the species numbers have already been “saturated” at a lower area, 

and hence additional investigated area does not add new species to the total species 

number. If this is the case, then the relative species richness that is achieved by dividing 

the total species number by the total area investigated, is not a very good measurement 

of species richness. For example, Selaön had a much smaller area investigated for the 

road verges, hence when the species number is divided by this small number it leads to 

a high number of species per square meter.  

Some habitats, especially the road verges, are more clumped in some landscapes than in 

others (Fig 2-4). The proximity of the habitats to each other suggest that they are more 

similar, thus adding a smaller number of new species per investigated habitat. This 

could be one explanation for the higher number of species in Selaön (widely spread 

road verges in landscape) compared to Öllösa (clumped road verges in landscape), as 

we would normally expect the landscape with the more forest (as previous grassland) to 

have a higher species number (Lindborg et al. 2005).  

 

Species-area relationships in different landscapes 

The regression analysis shows that both the midfield islets and the road verges in Nynäs 

have the strongest species-area relationships (highest R
2
 value), regarding total species 

number. Nynäs also has the highest R
2
 value for midfield islets when only including the 

grassland specialists. The habitat area seems to have a large influence on how many 

species exist in the Nynäs small remnant habitats, and this could be explained by the 

landscape matrix. With more forest than Selaön, and more semi-natural grasslands, it is 

a very heterogeneous landscape and dispersal between habitat patches could therefore 

be facilitated. If the species are not as limited by dispersal, it can be expected that the 

area or the quality of the habitat is what limits the species richness (Roughgarden & 

Diamond 1986). In a more open agricultural landscape like Selaön, there are also other 

factors affecting the species richness, such as higher dispersal limitation because of 

more hostile matrix and larger areas to cross. 

The regression analysis of the road verges are difficult to interpret since there is a very 

small variance in the sizes of the habitats. There is a significant relationship only in 

Nynäs when including all species and only in Selaön when including only grassland 

specialists. The road verge’s species-area relationship is of course also affected by the 

fact that the road verge strips investigated are not separate and isolated habitats, but a 

connected linear habitat. It seems strange that the species-area relationship looks like it 

would be reversed in the Öllösa road verges, including only grassland specialists (Fig. 

8c), but the relationship is not significant. 
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Species accumulation in different landscapes 

When the accumulated species curves are compared between landscapes, there are some 

differences that can be expected depending on e.g. the connectivity of the landscape and 

presence of natural habitats. For example, the intermediate landscape, Nynäs, with 

intermediate coverage of forest and fields, probably has the highest biodiversity, 

because landscape heterogeneity is generally positive for local species richness (Benton 

et al. 2003). It can also be that the forest habitat is positive for plant species richness 

especially since many forest-dominated landscapes have previously been grasslands and 

may harbour remnant populations of grassland species (Lindborg et al. 2005). The open 

landscape can be expected to have the smallest number of species as the many fields can 

reduce plant dispersal (Cousins et al. 2003). 

The accumulated species curves show very interesting results. Here as well as in the 

regression analysis the habitats behave differently depending on landscape type. Thus, 

the species richness and composition found in remnant habitats is both dependent on 

landscape openness and type of remnant habitat.  

For example, midfield islets in Öllösa have the steeper accumulation curve, indicating a 

faster total species accumulation rate. Selaön and Nynäs have quite similar curves 

running parallel and from the graph one could draw the conclusion that if only a larger 

area had been investigated in Selaön there should have been a further accumulation of 

species. Thus, not too much can be read into the different species numbers of Selaön 

and Nynäs (152 and 160), as the numbers would probably be more similar if a similar 

area had been investigated. 

In road verges Selaön has the faster species accumulation rate, and Nynäs and Öllösa 

seem to run parallel, with Nynäs reaching the highest species number of the two. The 

accumulation curves of Nynäs and Öllösa start to level of, something that is not as clear 

in Selaön. The explanation could be that a smaller area was investigated in Selaön, 

combined with the fact that the road verges there are widely spread out over the 

landscape. With habitats widely spread a faster species accumulation curve can be 

expected as the habitats are probably more different from each other that those of higher 

proximity. As a smaller area was investigated here than in the other landscapes, the 

point where the accumulation curves levels off has probably not been reached. 

When including only the grassland specialists, all accumulation curves show a more 

clear inclination of leveling off, especially in the road verges. This is probably because 

a smaller subset of the species pool is included and there is a larger chance of having 

found all the grassland specialists in the small remnant habitats. In midfield islets 

similar results can be seen as for the total species number; Öllösa has a higher species 

accumulation rate and ends up having the highest species number, Selaön and Nynäs are 

very similar but Nynäs has a faster accumulation rate initially to then level off quite 

early. Also in the road verges, Nynäs seem to be leveling out early, probably because of 

the high connectivity of the landscape and the comparably small limitations to dispersal. 
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The same can be seen in the Öllösa road verges, but Selaön seems to be continuing 

rising.  

When the species accumulation curves are compared to the number of grassland 

specialists in semi-natural grasslands in each landscape it is evident that small remnant 

habitats play a large role in preserving this kind of species. In Öllösa there are actually 

more grassland specialists in midfield islets than in the well-managed semi-natural 

grassland, this is surprising and is discussed further below.  

 

Species similarity between habitats 

The Jaccard similarity index shows that both Nynäs and Öllösa have high similarity 

between the species composition of semi-natural grassland and small remnant habitats. 

There is still a relatively large amount of semi-natural grasslands left in Nynäs despite 

the general decline in these kinds of habitats in recent years (WallisDeVries et al. 

2002). This, together with the high landscape heterogeneity, could explain the similarity 

as there are source habitats and hence lower dispersal limitations. In Öllösa, that has the 

highest forest cover, the high similarity could be explained in the same way as the 

accumulation of species in general, that many forests-habitats have previously been 

grasslands and still harbour grassland species (Lindborg et al. 2005). Selaön has a large 

proportion of field cover and this could lead to dispersal limitations for grassland 

specialists, there are also not as many semi-natural grasslands left here, reducing the 

source from which the species can disperse.  

The facts that there is an overlap between the species composition of semi-natural 

grasslands and remnant habitats, and that the specialist’s numbers can sometimes be 

higher in the small remnant habitats than in the grasslands, show that the midfield islets 

and the road verges could help preserve grassland specialists in the landscape: 

sometimes even after the original habitats is altered or destroyed. Their major function, 

though, would be as temporal refugees or as stepping stones for further dispersal in the 

landscape, as small habitats often are dependent on immigration (Kuussaari et al. 2009). 

There are also grassland specialists present in the remnant habitats that have not been 

found in the semi-natural grasslands used as comparison in this study. This could mean 

that the species disperse from elsewhere or have been locally extinct in the grassland. 

The small remnant habitats seem to be important in maintaining the grassland 

specialists in the landscape’s regional species pool. The number of grassland specialists 

in the different landscapes could also be correlated, not only to how much grasslands 

are left today, but also to how much grasslands have been present historically (Helm et 

al. 2006).  
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Farmland management  

The concepts of land sparing and wildlife-friendly farming were presented in the 

introduction of this paper. It is clear from this study that the capacity for biodiversity 

conservation in the agricultural landscape depends to a large part on the matrix 

composition of that landscape. The landscapes with most forest often have more species 

in the small remnant habitats. But it is interesting to see that even in the open, more 

intensively used landscape, there can be many species, and in road verges there is also a 

fast accumulation rate of species over area. This landscape would be considered to be 

closer to the land sparing management than to the wildlife-friendly farming, and even 

here, the heterogeneity that is left probably contributes a lot to the species richness of 

the landscape. If there is a further intensification of the agriculture these small remnant 

habitats might be lost, and even if they are not, the connectivity between them might be 

reduced which would result in local extinctions not being compensated for by 

immigration.  

In Öllösa, the most forested landscape, there are some small farms that have changed 

their production to grow only organically certified crops. This might not affect the 

biodiversity of the remnant habitats in the short term, but more “environmentally-

friendly” and less intense agriculture would probably be better for the long term plant 

species richness. Nynäs also has organically certified crops since a couple of years back, 

and most of the landscape is located in a nature reserve. Thus, the landscape has a dual 

purpose, agricultural production combined with biodiversity conservation. The high 

heterogeneity of the Nynäs landscape is probably what makes it so species rich, and this 

heterogeneity is protected from agricultural intensification by the nature reserve.    

Often there is no management choice to be made, whether to choose the land sparing or 

wildlife-friendly farming, because the properties of the landscape chooses for you. 

However, if a lot of biodiversity is present in the agricultural landscape, measures 

should be taken to ensure its continued protection. This can be done by appreciating the 

sources of heterogeneity that are present and not subjecting the landscape to further 

intensification.  

 

Study limitations 

The reason for the very different sizes of the areas investigated is that the areas where 

measured digitally in Google Earth Pro, after all data were already collected. It was not 

until then it was possible to see how large the investigated area was. Should a similar 

study be done, I would recommend at least getting an approximate area for the habitats 

in field and adding them up as you go, to avoid getting large differences in the areas 

investigated between landscapes. My focus was to get approximately the same number 

of habitats, but perhaps it would have been more relevant to get a similar total area 

investigated.  
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The species accumulation curves were created in MATLAB using a script as described 

in the method. Repeating the random addition of the habitats 10 000 times and then 

creating a mean curve should be the most accurate way to describe the accumulation of 

species. It might however not be the only way and there is a possibility it could have 

been done differently.  

The focus of this study was to investigate the species richness as a result of 

fragmentation and dispersal in the landscape. The quality properties of the habitats, such 

as moisture, pH, nutrients and biotic interactions, will of course also affect the species 

richness and this has not been investigated in my study.   

 

Conclusions 

The landscapes with most forest, Nynäs and Öllösa generally had higher species 

richness, as measured both by total species number and by comparing the small 

remnant habitats. The exception was road verges, where Selaön had the highest total 

species number. When looking only at the grassland specialists, there were only 

significant differences in the road verges, where Nynäs and Öllösa had a higher 

richness of specialists than Selaön. Nynäs has the strongest species-area relationship, 

probably because of the heterogeneity of the landscape, facilitating dispersal.  

The rate of accumulation of species depends both on the landscape type and on the 

remnant habitat type. For midfield islets Öllösa had the faster species accumulation rate 

and for road verges it was Selaön. One of the reasons for the high accumulation rate in 

Selaön could be the spatial location of the habitats. The same can be seen in road verges 

when only grassland specialists are included, Selaön has a steep accumulation curve but 

the total species number is much lower than for the other landscapes.  

Species numbers, species accumulation curves and the Jaccard similarity index all 

indicate that small remnant habitats could play a large role in preserving grassland 

specialists. In Öllösa there are more grassland specialists in midfield islets than in the 

well-managed semi-natural grassland, and both Öllösa and Nynäs have high similarity 

between the small remnant habitats and the semi-natural grassland. There are also 

grassland specialists present in the remnant habitats that have not been found in the 

semi-natural grasslands. 

Larger areas are needed to be investigated to draw final conclusions on how species are 

accumulated in the different landscapes. It is, however, evident that the landscape’s 

openness affects the accumulation rate, as well as total species numbers. Small remnant 

habitats can definitely be of importance in biodiversity conservation, for species 

richness in general and grassland specialists in particular. Preserving species in 

agricultural landscapes will be of increasing importance in the future, especially when 

the species are dependent on management to some degree. Agricultural landscapes in 



 How important are small remnant habitats for biodiversity in the agricultural landscape? 

27 

 

Sweden are still species rich, and a management that preserves the heterogeneity of the 

landscape is needed to avoid future declines in farmland biodiversity. 
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Appendix 1 

Species lists from midfield islets and road verges in the three landscapes; Selaön (S), 

Nynäs (N) and Öllösa (Ö). Unknown species are excluded from this table. 

 

 Midfield islets Road verges Both habitats 

Species S N Ö All S N Ö All S N Ö 

Acer platanoides x x x x x   x x x x 

Achillea millefolium x x x x x x x x x x x 

Achillea ptarmica   x x   x x   x 

Agrimonia eupatoria  x  x x   x x x  

Agrostis capillaris x x x x x x x x x x x 

Agrostis gigantea x x  x x x  x x x  

Alchemilla sp      x  x  x  

Alisma plantago-aquatica  x  x      x  

Allium oleraceum x x  x x x  x x x  

Alnus glutinosa x   x     x   

Alopecurus geniculatus  x x x      x x 

Alopecurus pratensis x x x x x x x x x x x 

Anchusa arvensis x x  x x x  x x x  

Anchusa officinalis     x x  x x x  

Angelica sylvestris   x x       x 

Anthemis tinctoria x   x x   x x   

Anthoxanthum odoratum x x x x  x x x x x x 

Anthriscus sylvestris x x x x x x x x x x x 

Anthyrium filix-femina x x  x     x x  

Arabis glabra x   x     x   

Arctium lappa  x  x x   x x x  

Arctium tomentosum     x   x x   

Arenaria serpyllifolia x x x x   x x x x x 
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 Midfield islets Road verges Both habitats 

Species S N Ö All S N Ö All S N Ö 

Arrhenatherum elatius x x  x x x  x x x  

Artemisia vulgaris x x x x x x x x x x x 

Asplenium sp x   x     x   

Atriplex patula x  x x   x x x  x 

Avena sativa x  x x  x x x x x x 

Barbarea vulgaris x  x x     x  x 

Betula pendula x x x x x  x x x x x 

Bidens tripartita  x x x  x  x  x x 

Bromopsis inermis     x   x x   

Bromus hordeaceus     x   x x   

Calamagrostis canescens  x  x      x  

Calluna vulgaris   x x       x 

Campanula persicifolia x x  x x   x x x  

Campanula rotundifolia x x x x x x  x x x x 

Capsella bursa-pastoris x x x x x x  x x x x 

Carex hirta   x x  x  x  x x 

Carex spicata x x x x x x  x x x x 

Carum carvi  x  x      x  

Centaurea cyanus x  x x x x x x x x x 

Centaurea jacea x x x x  x x x x x x 

Cerastium fontanum x x x x x  x x x x x 

Chaenorhinum minus  x  x      x  

Chelidonium majus x x  x     x x  

Chenopodium album x x x x x x x x x x x 

Chenopodium polyspermum  x x x   x x  x x 

Cirsium arvense x x x x x x x x x x x 
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 Midfield islets Road verges Both habitats 

Species S N Ö All S N Ö All S N Ö 

Cirsium vulgare x x x x   x x x x x 

Consolida regalis x   x x   x x   

Convallaria majalis x   x     x   

Convolvulus arvensis x x x x x x x x x x x 

Corylus avellana  x  x x   x x x  

Crataegus sp  x  x      x  

Crepis tectorum x   x  x  x x x  

Cystopteris fragilis x x  x     x x  

Dactylis glomerata x x x x x x x x x x x 

Daucus carota x   x     x   

Deschampsia cespitosa x x x x  x x x x x x 

Deschampsia flexuosa x x x x x x x x x x x 

Dianthus deltoides x  x x x  x x x  x 

Dryopteris carthusiana x   x     x   

Dryopteris filix-mas x x x x  x  x x x x 

Elytrigia repens x x x x x x x x x x x 

Epilobium angustifolium   x x       x 

Epilobium montanum x x x x  x x x x x x 

Equisetum arvense x x x x x x x x x x x 

Equisetum pratense     x   x x   

Equisetum sylvaticum  x x x      x x 

Erophila verna  x x x      x x 

Erysimum cheiranthoides x x x x  x x x x x x 

Euphorbia helioscopia  x x x  x x x  x x 

Fallopia convolvulus x x x x  x x x x x x 

Festuca ovina x x x x  x x x x x x 
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 Midfield islets Road verges Both habitats 

Species S N Ö All S N Ö All S N Ö 

Festuca pratensis x x x x x x x x x x x 

Festuca rubra x x x x x x x x x x x 

Filipendula ulmaria  x x x  x x x  x x 

Filipendula vulgaris x x x x x x  x x x x 

Fragaria vesca x x x x x x x x x x x 

Fraxinus excelsior x  x x  x  x x x x 

Fumaria officinalis x x x x x x x x x x x 

Galeopsis speciosa  x x x  x x x  x x 

Galeopsis tetrahit x x x x  x x x x x x 

Galium album x x x x x x x x x x x 

Galium aparine x x x x x x x x x x x 

Galium boreale x  x x x  x x x  x 

Galium verum x x x x x x x x x x x 

Geranium pyrenaicum x   x     x   

Geranium sp x x  x     x x  

Geum rivale   x x x   x x  x 

Geum urbanum x x x x x  x x x x x 

Gymnocarpium dryopteris  x  x      x  

Helictotrichon pratensis x  x x     x  x 

Hesperis matronalis x   x     x   

Hieracium umbellatum  x x x  x  x  x x 

Hordeum vulgare x x x x x x  x x x x 

Humulus lupulus x   x     x   

Hylotelephium telephium x x x x  x  x x x x 

Hypericum maculatum   x x  x x x  x x 

Hypericum perforatum x x x x x x x x x x x 
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Species S N Ö All S N Ö All S N Ö 

Juncus articulatus  x x x   x x  x x 

Juncus bufonius  x  x      x  

Juncus conglomeratus  x x x  x  x  x x 

Juncus effusus  x x x  x x x  x x 

Juniperus communis x x x x  x  x x x x 

Knautia arvensis x   x     x   

Lamium album x x x x x   x x x x 

Lamium confertum x  x x  x x x x x x 

Lamium purpureum x x x x x x x x x x x 

Lamium sp   x x x   x x  x 

Lapsana communis x x x x x x x x x x x 

Lathyrus pratensis x x x x x x x x x x x 

Leontodon autumnalis  x x x  x x x  x x 

Lepidium sp x   x     x   

Leucanthemum vulgare x x x x x x x x x x x 

Linaria vulgaris  x  x      x  

Lolium perenne x x x x x x x x x x x 

Lotus corniculatus   x x  x x x  x x 

Luzula multiflora   x x   x x   x 

Malus sp x   x     x   

Matricaria suaveolens x x x x x x x x x x x 

Medicago lupulina     x  x x x  x 

Melica nutans   x x       x 

Moehringia trinervia     x   x x   

Myosotis arvensis x x x x x x x x x x x 

Myosotis scorpioides x x  x     x x  
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Species S N Ö All S N Ö All S N Ö 

Pastinaca sativa     x   x x   

Persicaria lapathifolia  x x x  x x x  x x 

Persicaria maculosa  x x x  x  x  x x 

Persicaria sp x   x     x   

Phleum pratense x x x x x x x x x x x 

Phragmites australis  x  x x   x x x  

Picea abies x x  x     x x  

Pilosella lactucella x   x     x   

Pilosella officinarum x x  x  x  x x x  

Pimpinella saxifraga  x x x  x x x  x x 

Pinus sylvestris x  x x x x  x x x x 

Plantago lanceolata  x  x  x  x  x  

Plantago major x x x x x x x x x x x 

Plantago media  x x x      x x 

Poa annua x x x x x  x x x x x 

Poa compressa  x x x x  x x x x x 

Poa nemoralis x  x x   x x x  x 

Poa pratensis x x x x x x x x x x x 

Poa supina x  x x x  x x x  x 

Polygonatum odoratum x x  x     x x  

Polygonum aviculare x x x x x x x x x x x 

Polypodium vulgare x x  x     x x  

Populus tremula x x  x     x x  

Potentilla anserina       x x   x 

Potentilla argentea x x x x x x x x x x x 

Potentilla erecta   x x       x 
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Species S N Ö All S N Ö All S N Ö 

Potentilla reptans  x x x x x x x x x x 

Potentilla sp     x   x x   

Primula veris x x x x     x x x 

Prunella vulgaris  x x x x   x x x x 

Prunus avium x  x x     x  x 

Prunus padus x  x x     x  x 

Prunus spinosa x x x x     x x x 

Pteridium aquilinum   x x       x 

Quercus robur x x x x     x x x 

Ranunculus acris x x x x x x x x x x x 

Ranunculus repens  x x x  x x x  x x 

Ranunculus scleratus  x  x      x  

Rhinanthus minor      x  x  x  

Ribes alpinum x  x x x   x x  x 

Ribes uva-crispa x x x x     x x x 

Rosa sp x x x x x x  x x x x 

Rubus idaeus x x x x x x x x x x x 

Rubus saxatilis x x x x x  x x x x x 

Rumex acetosa x x x x  x  x x x x 

Rumex acetosella x x  x x x  x x x  

Rumex crispus   x x x x x x x x x 

Rumex longifolius x x x x x x x x x x x 

Rumex sp   x x   x x   x 

Sagina procumbens x   x     x   

Salix caprea x x  x x   x x x  

Salix sp x  x x  x x x x x x 
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Sambucus nigra  x  x      x  

Sambucus racemosa x   x     x   

Schoenoplectus lacustris  x  x      x  

Scleranthus annuus x x x x x x  x x x x 

Scrophularia nodosa x x x x     x x x 

Secale cereale x x x x x  x x x x x 

Sedum acre x x x x     x x x 

Sedum telephium x   x     x   

Senecio sylvaticus x x x x     x x x 

Senecio viscosus x x x x     x x x 

Solanum dulcamara      x  x  x  

Sonchus arvensis x x x x  x x x x x x 

Sorbus aucuparia x x x x x   x x x x 

Spergula arvensis  x x x  x x x  x x 

Stachys palustris  x  x      x  

Stellaria graminea x x x x x x x x x x x 

Stellaria media x x x x   x x x x x 

Tanacetum vulgare   x x  x x x  x x 

Taraxacum sect. Ruderalia x x x x x x x x x x x 

Thlaspi arvense x x x x x x x x x x x 

Thlaspi caerulescens x x x x x x  x x x x 

Tilia cordata   x x x   x x  x 

Tragopogon pratensis x x x x x x x x x x x 

Trifolium arvense x  x x  x  x x x x 

Trifolium aureum x x x x x x  x x x x 

Trifolium hybridum  x x x x x x x x x x 
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Trifolium medium  x x x x   x x x x 

Trifolium montanum x   x x   x x   

Trifolium pratense x x x x x x x x x x x 

Trifolium repens x x x x x x x x x x x 

Tripleurospermum perforatum x x x x x x x x x x x 

Triticum aestivum x x x x x x x x x x x 

Tussilago farfara x x x x x  x x x x x 

Urtica dioica x x x x x x x x x x x 

Vaccinium myrtillus x  x x     x  x 

Vaccinium vitis-idaea   x x       x 

Verbascum nigrum   x x       x 

Veronica arvensis x x x x x x x x x x x 

Veronica chamaedrys x x x x x x  x x x x 

Veronica officinalis x x x x x  x x x x x 

Vicia cracca x x x x x x x x x x x 

Vicia faba  x  x      x  

Vicia sepia   x x   x x   x 

Vicia sp  x x x x x x x x x x 

Vicia tetrasperma x x x x x x x x x x x 

Vincetoxicum hirundinaria  x  x      x  

Viola arvensis x x x x x x x x x x x 

Viola sp x x  x  x  x x x  
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