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Abstract 
When the agricultural revolution took place, the biodiversity decreased and during 
the last century more than 90 % of the area of species-rich grasslands has been lost. 
Fragmentation has occurred with the area lost and insects, e.g. butterflies, suffer 
because of this. I investigated the impact that surrounding landscapes have on 
vegetation in species-rich grasslands, by using data from NILS and land use land 
cover data. I used the area of grassland, forest, water and arable land at radii from 
100 m to 40000 m. All landscape structures showed a significant effect on the 
species density, but at different ranges. Arable and forest were both positive at large 
radii. Water had a negative effect at short ranges but positive at large ranges. The 
same was shown for grassland, and that is likely explained by grassland making up a 
very small proportion of the total area. In conclusion, species density in species-rich 
grasslands can partly be explained by the surrounding landscape. These results have 
implication for reserve selection, monitoring and restoration.  
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1 Abstract 

When the agricultural revolution took place, the biodiversity decreased 
and during the last century more than 90 % of the area of species-rich 
grasslands has been lost. Fragmentation has occurred with the area lost 
and insects, e.g. butterflies, suffer because of this. I investigated the 
impact that surrounding landscapes have on vegetation in species-rich 
grasslands, by using data from NILS and land use land cover data. I used 
the area of grassland, forest, water and arable land at radii from 100 m to 
40000 m. All landscape structures showed a significant effect on the 
species density, but at different ranges. Arable and forest were both 
positive at large radii. Water had a negative effect at short ranges but 
positive at large ranges. The same was shown for grassland, and that is 
likely explained by grassland making up a very small proportion of the 
total area. In conclusion, species density in species-rich grasslands can 
partly be explained by the surrounding landscape. These results have 
implication for reserve selection, monitoring and restoration.  
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2 Introduction 

Until the mid-19th century, the landscape was shaped by subsistence food 
production. A typical farm had relatively small crop fields, large areas of 
grazed semi-open grasslands and the forests were relatively open and 
grazed by livestock (Elmhagen et al. 2015). When the agricultural 
revolution in 1900 took place, the landscape changed and today the land-
use change is thought to pose the most serious threat to biodiversity 
worldwide (Cousins et al. 2015). The agricultural revolution’s effects on 
local and landscape scales is largely dependent on differences in soil 
fertility, topography or water availability and geographical location 
(Cousins et al. 2015).  

Another problem for the biodiversity of traditionally managed grasslands 
is that the remaining grasslands often appear as isolated patches with little 
or no connectivity to other patches which can lead to dispersal limitation 
in grassland plants, that increases with increasing habitat isolation 
(Auffret 2012). During the last 50 years, because of extensive 
intensification with larger fields, more pesticides and less corp variation, 
the agricultural landscape in Sweden has undergone large changes with 
negative consequences for general diversity (Risberg 2004). During the 
last century the area of species-rich grasslands in Sweden have declined 
by 90% (Plue and Cousins 2013; Krauss et al. 2010).  

One of the most important concepts in landscape ecology is that 
landscapes are comprised of a heterogeneous mix of habitat patches, 
where habitat patches are discrete areas in which an organism obtains 
resources and/or breeds (Fahrig and Merriam 1994). Different species 
respond to their environment at different spatial and temporal scales and 
since agricultural fields are internally homogeneous and large, 
anthropogenic disturbances generally occur at the scale of the field 
(Jonsen and Fahrig 1997). 

An important aspect of biodiversity that governs the magnitude and 
efficiency of ecosystem processes and properties are the richness of 
species, functional groups or genotypes (Gamfeldt et al. 2008). 
Additionally, biodiversity is essential for providing goods and services to 
human society and thus also has economic values. Process rates in 
ecosystems, properties of ecosystems, and goods and services derived 
from ecosystems have often been summarized as ecosystem functions 
(Gamfeldt et al. 2008). Habitat fragmentation affects the species that are 
habitat specialists, whereas generalists are more strongly affected by the 
surrounding landscape diversity (Krauss et al. 2003). In addition to 
fragmentation, there is an area loss of species-rich grasslands (Cousins et 
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al. 2015) and the density of butterflies, including specialists, decreased 
significantly with decreasing habitat area (Krauss et al. 2003). Butterflies 
as herbivores in the larval stage and as potential pollinators in the adult 
stage, and vascular plants as primary producers, have ecological key 
functions in grasslands and can be considered as conservation indicators 
for terrestrial habitats (Krauss et al. 2010). So, when studying these 
indicators in the temperate zone, butterfly species richness is known to be 
high for grasslands (Krauss et al. 2003) and a significant effect of 
landscape diversity on both generalist species richness and generalist 
abundance has been shown (Jonsen and Fahrig 1997).  

Plant diversity, on the other hand, is known for that it often gets reduced 
in ecosystems that changes in land use, habitat fragmentation, nutrient 
enrichment, and environmental stress (Wilsey and Potvin 2000). What is 
not known is whether these reductions in diversity will affect energy flow 
and nutrient cycling (Wilsey and Potvin 2000). Consequently, studies of 
biodiversity of other organism groups would be welcome to assist the 
conservation of the natural heritage of species-rich grasslands. 

The past and the present is represented, but what about the future? 
Scientists believe that species in general will immigrate to track the 
environmental conditions to which they are adapted, because of the rapid 
climate change over the next century (Pearson and Dawson 2005). This 
makes the landscape surrounding the species-rich grassland interesting 
because not only are species-rich grasslands 90% less than a hundred 
years ago, they are also fragmented and threatened by climate change in 
the future. So, what landscape structure are of advantage for species to 
travel trough? Can the structure be positive or negative, or both, at 
different ranges? 

I investigated the surrounding landscape’s effect on species-rich 
grasslands at different spatial scales in southern Sweden, using species 
density data from a national monitoring system and landuse maps over 
the surrounding landscapes. Among the species-rich grasslands there was 
a variation in species density. One well documented factor for species 
density variation in grasslands is the amount of soil nitrogen (Diekmann 
2002; van Dodden et al. 2017). Therefor, I also investigated the Ellenberg 
value to see it affected the species density.  
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3 Material & methods 

3.1 NILS 
This study was based on data extracted from NILS, the National 
Inventory program of Landscapes in Sweden, launched in 2003. NILS 
consists of 631 permanent landscape squares that are inventoried on a 
five years’ rotation schedule (SLU 2007). The squares are systematically 
distributed across Sweden, each consisting of a 25 km2 area. For the 
layout of the squares, Sweden has been divided into geographical strata 
and then divided into non-overlapping 5 km x 5 km squares, based on the 
economic mapping system (SLU 2007).  

NILS collects lots of data and one data type collection started in 2006 and 
concerns biodiversity data from one or several randomly selected species-
rich grasslands within permanent landscape squares (SLU 2007). The 
species-rich grasslands that are inventoried are chosen among sites 
having their midpoint in a NILS square (SLU 2015).  

Each NILS permanent landscape square belongs to the stratum in which 
the majority of the 1 km x 1 km central square (in the 5 km x 5 km 
center) is located (SLU 2007). Sample plot inventory within a 1 km x 1 
km-square consists of 12 systematically designed sample plot blocks and 
each block consists of concentric sample plots with radiuses of 3.5 m, 10 
m and 20 m each block contains three small vegetation plots (0.25 m2) for 
detailed vegetation monitoring (SLU 2007). In semi-natural pastures and 
meadows additional sample plots are located in a regular pattern and the 
amount of sample plots depends on the size of the pasture or meadow; it 
can vary from 1-10 (SLU 2007). In addition to the regular sample plot 
method, registration of indicative vascular plants is made, according to a 
separate list, in a total of 9 small vegetation plots per block (SLU 2007). 
Three vegetation plot sticks with 28,2 cm long strings are placed 3 m 
from the center point of the sample plot (in directions of 0, 120 and 240 
degrees (SLU 2007). 

I used data from inventories between year 2007 and 2011 and, because of 
the method NILS used, the sampling plots in each species-rich grassland 
varied from 1 to 36. The stratum 1-6 were included but excluding the 
islands of Öland and Gotland. In a total, vegetation data from 329 
species-rich grasslands were included. 

3.2 GIS 
To assess the impact of the surrounding landscape, map-wise data were 
taken for three types of landuse: percent of water, forest and arable land 
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that surrounds the species-rich grassland on different radii. Grassland 
data were from the TUVA database of species-rich grasslands. As there 
was some overlap between the map data and TUVA (e.g. grassland 
classified as forest on the map), any such overlap was first eliminated. I 
used 34 radii ranging from 100 m to 40 km away from the center of each 
of the species-rich grasslands and calculated the amount of grassland, 
water, forest and arable for each site and radius.  

3.3 Species density 
The inventory of the field layer vegetation plots includes ferns, 
graminids, Ericaceae, vascular plants, mosses and lichens according to 
pre-defined species lists. In addition, typical grassland species that are 
indicative of semi-natural pastures and meadows, are also searched for 
according to a list. Totally 170 species where searched for, 70 of them 
where typical grassland species.  

I used the typical grassland species that regularly have been inventoried 
in the small vegetation plots (0.25 m2), to calculate species density. I 
summed the total amount of species from each sampling plot in each 
species-rich grassland and calculated the average amount of such species. 
Then I calculated the average of indicator plants per site. Species density 
was ln-transformed (x+1) before analyses. 

3.4 Ellenberg index 
Ellenberg’s indicator value was developed by the German ecologist 
Heinz Ellenberg and it is the most common indicator system for vascular 
plants (Diekmann 2002). Ellenberg came up with four indicator values, 
all in interest to ecologists: light, soil moisture, soil reaction/pH and soil 
nitrogen (Diekmann 2002). In this study, I used Ellenberg’s value for 
Nitrogen to calculate a site-wise Ellenberg-N index as a proxy for site 
productivity, a factor that was expected to be a confounding factor in the 
intended analyses.  

I used the species of graminids, vascular plants, ferns, herbs and shrubs, 
totally 170 species, to calculate Ellenberg-N index. I took the Ellenberg 
value, a number between 1-9, for each species recorded. Of the totally 
155 species that where found, 109 of them had a Ellenberg value. Value 1 
means that the plant is sensitive to high levels of soil nitrogen and 9 that 
nitrogen is benign for the plant. Then the average Ellenberg value for all 
species in the small vegetation plots where calculated and finally an 
average was calculated per site.  
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3.5 Statistics and data analysis 
Data handling and calculations were made in excel, while SPSS was used 
for statistical analyses (generalized linear model, normal distribution with 
identity link). The dependent variable was species density and the 
predictors where grassland, arable, forest, water and the Ellenberg-N 
index. In total, 34 analyses were conducted in SPSS, one for each radius. 

4 Results 

4.1 How does the surrounding landscape effect species density? 
The T-Value measures the size of the difference relative to the variation 
in sample data. T is the calculated difference represented in units of 
standard error and the greater the magnitude of T (it can be either positive 
or negative), the greater the evidence against the null hypothesis that 
there is no significant difference. The closer T is to 0, the more likely is 
the null hypothesis (no effect), while T > 2 or <-2 would be deemed as 
statistically significant. 

All landscape structures had a significant affect, but at different spatial 
ranges (Figure 1). Landscape type F (forest) had the strongest impact of 
all, and especially so on larger spatial scales. It was closely tracked by 
AL (arable) with also had a positive, significant effect at larger spatial 
scales. Also, W (water) had a significant negative effect at very small 
spatial scales but at larger scales it changed and became significantly 
positive. Finally, species-rich grassland had the smallest explanatory 
effect, and only significantly so at the largest spatial scales.   

Generally, all landscape types, except water, had less effect at small 
spatial ranges than at spatial ranges >1km. Also, if not including the 
shortest and longest spatial ranges, all landscape types had a more 
positive affect the larger the spatial range.   
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Figure 1. The impact different landscape types G (grassland), AL 
(arable), F (forest) and W (water) have on species density of 
species-rich grasslands at different spatial scales. The different 
landscape structures have a significant effect when the t-value is 
higher than 2 or lower than -2. If the value is higher than 0, the 
landscape structure has a positive affect, and if it is lower than 0, it 
has a negative affect. 

5 Discussion 

5.1 Surrounding landscapes  
All the tested landscape types affected species density in species-rich 
grasslands. Both arable and forest showed a positive significant effect on 
larger scales, from 1 km and more. These results are unexpected, since 
the habitats are not suitable for species-rich grasslands species. The 
species might, however, benefit from the edge zones around the forests 
and arable fields or might simply benefit from the small-scale landuse 
patterns created by geology and edafic conditions in parts of southern 
Sweden.  

Water proved to have a negative effect at small spatial ranges, which was 
expected as water, just like forest and arable land, is a non-habitat for 
grassland plants. On the other hand, water had a clear positive effect at 
larger spatial scales. Maybe shore-line habitats are proved to be 
advantageous for biodiversity (Bergman et al. in prep.). A more likely 
explanation is that the occurrence of lakes depends on the regional 
geology, which in turn also affects the landuse in southern Sweden. 
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Grasslands showed a small negative effect up to 4 km and then it 
improved and became significantly positive at very large spatial ranges. 
This was unexpected, since these grasslands have a high species density 
and look a lot like the species-rich grasslands. An explanation could be 
that the grasslands always made up a small proportion of the total area 
and therefor its positive impact on the species density could have been 
too small to show an effect on the total species-rich grasslands.  

Another aspect is that there might be a time-lag before vascular plants 
show how they got effected by changes in landscape structures (Cousins 
2009). Finally, the clear-cut phase of current forestry practices might 
provide a secondary habitat for many grassland plants (Jonason et al. 
2014), thereby making forest landuse less adverse for them. 

Pearson & Dawson (2005) argues that species need to track the 
environmental conditions to which they are adapted, because of the 
climate changes that are coming. This means that the few species-rich 
grasslands left in Sweden, and Europe, will receive new species and lose 
species already growing there. To find a new suitable place to live will be 
a challenge for the plants because of the lack of species-rich grassland. 
Therefore, the ones that are left, needs to be surrounded by a landscape 
through which dispersal is easy, or with temporary stations for the species 
to live in, before moving further.  

Overall, there where patterns shown related to all landscape types. Firstly, 
they had small effects at short spatial ranges, but the effects got higher 
the larger the spatial ranges. That shows us that the absolute short spatial 
range has less effect on the species density than the landscape scale does. 
Secondly, they all became positively significant when the spatial range 
reached a few kilometres. The landscape in southern Sweden, with its 
mixed geology, defines the local landuse (e.g. occurrence of agricultural 
land and cattle). In that sense, some areas seem particularly suited to 
carry high species density in their species-rich grasslands.  

Worth mention is that the landscape types arable and forest most likely 
correlated, especially at large spatial ranges since they are the dominant 
landscape types, and if one of them increase, the other one decrease, and 
vice versa. With this in mind, it is wisely to not interpret the largest 
spatial ranges too much.  

5.2 Ellenberg index  
The Ellenberg value had no significant effect at species density. This was 
surprising, because in the majority of studies where nitrogen is added to 
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species-rich grasslands, it leads to a sharp decline in species density (van 
Bodden et al. 2017).  

The Ellenberg index was developed by a German ecologist, therefor the 
value given to species reflects conditions in Germany and central Europe. 
Some species may be more or less sensitive to nutrients depending on 
what latitudes they grow on to survive, but on the other hand have studies 
showed that there is a consistency on Ellenberg’s value in central and 
northern Europe (Lawesson et al. 2003). Also, about 1/3 of the the 
species found in the present species-rich grassland lacked an Ellenberg 
value. These species are likely specialized to the niches existing in 
Swedish species-rich grassland and could, if they had an Ellenberg value, 
likely effect the results.  

Despite the results, there are other studies where soil nitrogen showed no 
connection to the species density (van Dodden et al. 2017). But van 
Dodden et al. (2017) believed that their unexpected results where to be 
explained by the lack of phosphorous, that caused a limitation to plant 
growth in their study system (calcareous grasslands).  

5.3 Social & ethical aspects 
A rich biodiversity can be important to avoid insect pests and diseases on 
the food we produce. The monocultures that are growing all over the 
world needs to be surrounded by lots of species, both animals, insects and 
plants, so that substantial outbreaks of insect pests will not appear. The 
large changes, with negative consequences for diversity, that Sweden has 
undergone (Risberg 2004) are the main reasons Sweden has created 16 
environmental quality objectives to work toward. The environmental 
quality objective “A rich Diversity of Plant and Animal Life” focuses on 
maintaining and increasing the biodiversity (Naturvårdsverket 2016) and 
with this study we learn more about what affects the biodiversity in 
species-rich grasslands.  
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