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1 Abstract 

The decrease of semi-natural grasslands in Europe during the last decade 

has made several previously common species rare or declining in 

numbers. One of these species is the endangered field gentian Gentianella 

campestris, which has been proposed as an important indicator species 

for semi-natural grasslands. Previous studies have highlighted the 

importance of consistent management and shown how local conditions 

affect the species. Less is known about how the population is affected by 

isolation and changes in the surrounding landscape, both of which are 

potential consequences of habitat loss.This study utilized long term 

citizen science data on the population changes to explore if local and 

regional factors, such as connectivity could explain the rapid decline and 

local extinctions that the field gentian population in Östergötland, 

Sweden, has experienced since the beginning of the 1990’s. Generalized 

linear models showed that the declining field gentian population can 

partly be explained by changes in the surrounding landscape which has 

led to decreased connectivity of semi-natural grasslands. The study also 

indicate that there is a need for future management plans to consider the 

surrounding landscape on a distance of 1-3 km from field gentian 

localities as this scale seems to be the most important. 

2 Introduction 

Fragmentation of the landscape is one of the major threats to biodiversity. 

Not only does habitat loss lead to species extinction on a local scale, but 

on a meta-population level as well (Hanski 1994). A habitat type that has 

experienced a substantial decrease in Europe over the last decade is semi-

natural grasslands and as a consequence several species has become rare 

or declined in numbers (Fuller 1987, Beaufoy et al. 1994, Pain and 

Pienkowski 1997). Many of the species that once were a common feature 

in the agricultural landscape are now red-listed (Artdatabanken 2015).  

 The field gentian, Gentianella campestris is one of these species. It 

is a biannual herb that is strongly linked to semi-natural grasslands and 

occurs primarily in the mountainous regions of Central Europe 

(ArtDatabanken 2007). The field gentian has been pointed out as a good 

indicator and umbrella species for nutrient poor semi-natural grasslands 

(Lennartsson & Oostermeijer 2001, ArtDatabanken 2007, Lennartsson 

2015) and can therefore be used as a conservational tool to protect other 

species with similar demands on their environment. It has faced a serious 

decline in its entire geographical range (Lennartsson 2002) and is 

currently classified as endangered (ArtDatabanken 2015). It has been 

argued that the main cause of the decline is habitat loss (Lennartsson 

2002). The field gentian has disappeared from around 90% of its previous 



 5 

localities in Sweden since the late 18
th

 century (Lennartsson & Svensson 

1996). At the same time, the area of semi-natural grasslands in Sweden 

has decreased around 90%, most of which has been converted to arable 

land or forest (Hansson & Fogelfors, 2000). A study of extinction 

thresholds (Eriksson and Kiviniemi, 1999) found that the Scandinavian 

field gentian metapopulations is likely to experience further decline and 

perhaps even regional extinctions in the near future. Previous studies 

have highlighted the importance of consistent management and shown 

how local conditions affect the species (Lennartsson et al. 1997, 1998, 

Lennartsson 2000, Lennartsson & Oostermeijer 2001). Less is known 

about how the population is affected by isolation and changes in the 

surrounding landscape, both of which are potential consequences of 

habitat loss. Apart from the apparent extinction risk a population might 

experience after habitat loss, fragmentation at a landscape scale might 

also prevent colonization as the distance between potential habitats 

increases. The isolation could also have a negative effect on the 

bumblebees (Kearns et al. 1998) which the field gentians depend on for 

pollination (Lennartsson 2002) and thus limit gene flow. A Swedish study 

by Lennartsson (2002) showed that local fragmentation (within 

localities), primarily caused by juniper shrubs, strongly reduced the 

viability of field gentian populations. The author argues that this is the 

result of reduced pollination which both induces inbreeding depression 

and reduced seed set.  

The county of Östergötland, has one of the highest densities of semi-

natural grasslands in Sweden (Jordbruksverket 2008) that combined with 

large quantities of citizen science data collected by Floraväkteriet gives a 

unique opportunity to study the mechanisms behind the decrease of the 

field gentian. The aim of the study was to explore if connectivity and 

local management could explain the rapid decline and local extinctions 

that the field gentian population in Östergötland, Sweden, has 

experienced since the 1990’s. 

3 Material & methods 

3.1 Study species 

The field gentian, Gentianella campestris 

(Figure 1) is a strictly biennial herb that 

primarily occurs in semi-natural grasslands 

due to its dependence on consistent 

management (ie. grazing or mowing, 

Lennartsson 2000). It is one of six species of 

Gentianella in Sweden and occurs from 

Figure 1. Gentianella campestris 
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Småland to Västerbotten and Jämtland (Naturhistoriska riksmuseet 1998, 

ArtDatabanken 2007).  

 The field gentian germinates in spring and forms a small rosette the 

first summer. It overwinters as a bud and a taproot and flowers in early 

July or mid August the following year, depending on phenologic variety 

(Lennartsson 2015, Wettenstein 1895 cited in Lennartsson et al. 1998). 

The flowers are bluish-purple or white, have four petals and produce 

around 500-1100 seeds (Lennartsson, 2015). The plant stem is about 5-20 

cm high (ArtDatabanken 2007). The only known pollinator is 

bumblebees and the species has no vegetative propagation but it is highly 

selfing (Lennartsson and Oostermeijer 2001). 

 A study by Milberg (1994) showed that the species has a very 

short-lived seed bank and is therefore highly dependent on continuous 

seed production. Other studies have shown that grazing or mowing can 

have a positive impact on the reproduction of G. campestris as it induces 

overcompensation in the seed production (Lennartsson et al. 1997, 1998). 

However, grazing throughout the growing season may significantly 

increase the risk of extinction, compared to traditional management with 

mowing in July and autumnal grazing (Lennartsson & Oostermeijer 

2001).  

 The species is strongly linked to nutrient poor, species-rich 

seminatural grasslands and can therefore serve as an indicator species 

(Lennartsson & Oostermeijer 2001, ArtDatabanken 2007). The Swedish 

red-list highlights loss of management as one of the main threats for the 

field gentian population (ArtDatabanken 2007). Loss of management can 

quickly affect the population as accumulating plant litter shades the 

seedlings and increases the mortality. This might be the factor that limits 

recruitment the most (Lennartsson & Oostermeijer 2001). Another effect 

of management loss is increased vegetation height, which in the 

summertime can hamper the rosette development (Lennartsson & 

Oostermeijer 2001).   

3.2 Study sites 

The study was carried out in the county of Östergötland, which has one of 

the highest densities of semi-natural grassland in Sweden 

(Jordbruksverket 2008). The majority of the grasslands are grazed by 

cattle, mainly beef cattle, but also a lot of dairy cattle compared to other 

counties (Jordbruksverket 2008). 

 The municipalities for field data collection were selected because 

of their geographical location within an area with a history of recent large 

land use changes and shifts in management regimes. This was done to 

maximize the chance of recording the effect of land use changes in the 

data. Field data were collected in the municipalities of Linköping, 
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Mjölby, Ödeshög, Boxholm, Kinda, Ydre. In the beginning of each 

flowering period the localities with the most recent finding of field 

gentian were visited first in order to confirm that the flowering had 

begun. Data was collected from the localities where Floraväkteriet 

Östergötland monitors the field gentian population (see 3.3 Data 

collection). A locality usually consisted of all pastures or meadows 

around a farm. Some localities thus had more than one area of field 

gentians within the locality. There were also some localities that had 

more than one type of management (grazing animal or mowing), either 

within the same pasture or spread across the locality. In an effort to limit 

the effect of choice on the data, all localities within a municipality were 

visited before moving on to the next one when possible. This might 

enhance any spatial autocorrelation but it ensures that localities that are 

hard to reach and/or isolated are not under sampled. In total 30 localities 

were visited, which constituted of 38 pastures and meadows.  

3.3 Data collection 

The study is based both on newly collected data on field variables as well 

as already existing data on the population and the landscape. Occurrence 

of field gentians and local population sizes between the years 1993-2015 

was based on citizen science data from Floraväkteriet in Östergötland. 

 Two databases from the Swedish board of agriculture were used 

for the spatial analyses; the TUVA database and Blockdatabasen. The 

TUVA database was used to study high quality grasslands and consists of 

field data from all the meadows and pastures in Sweden collected 

between the years 2002-2004 (Jordbruksverket 2014). Only grasslands 

that are currently in use were selected from the data set.  

 Blockdatabasen is a dataset that contains yearly information on 

land where farmers have received subsidies for agriculture (eg. EU CAP, 

Jordbruksverket 2010) that was used to study agricultural grasslands in 

general. Three years were chosen; 1999, 2008 and 2015 to cover the 

change from the founding of Blockdatabasen to the most recent data 

available. The information on current land use in each piece of land is 

noted with a code, these codes where used to select the relevant 

grasslands from the data (codes: 52, 53, 54, 55, 61, 95, 96 and 97). 

 The already existing landscape data was complemented with field 

data on the current management regime and vegetation variables for a 

selection of the localities (Table 1). The management variables were 

estimated for the entire locality while the vegetation variables were 

estimated in 0.5 x 0.5 m squares. Two squares were randomly placed 

along each of five consecutive transects that zigzag across the entire 

locality, resulting in 10 squares per locality. An exception was made for 

very large localities where a significant piece of the locality was used as 
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representative for the whole area.  

   Vegetation height was measured in the centre of each square with 

the drop disc method (Ekstam and Forshed 1996). The method utilizes a 

440g and 400x600 mm disc that is placed on top of the vegetation then 

the distance from the disc to the ground is measured. Tree and bush 

coverage was estimated as the percentage projection of the crown on the 

ground. 

Table 1. Management and vegetation variables surveyed in each locality. 

Management variables Annotation 

Management type Mowing or type of grazing animal in the locality. 

Management intensity Four classes; no management, low intensity management, 

intermediate intensity management, high intensity 

management. Intensity was based on how overgrown 

(vegetation height and amount of bushes) a locality was. 

Estimated for the entire locality. 

Vegetation variables  

Vegetation height (cm) Measured using the drop disc method (Ekstam and Forshed, 

1996) in the centre of each square. 

Plant litter depth (cm) The average plant litter depth from soil surface to the top of 

the litter layer, measured at the four corners in each square 

using the method suggested by Lennartsson (2015). 

Plant indicators Number of nitrogen and management indicators as classified 

by Bertilsson (1997). Counted in each square. 

Tree and bush coverage (%) Three estimations; coverage above 3 m, coverage below 3 m 

and total coverage. All were estimated within a radius of 

two meter around the centre of each square. 

Soil type Three classes; moist, mesic and dry. Estimated by visually 

assessing the relative amount of narrow and broad leaved 

species in each square.  
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3.4 Data analyses 

3.4.1 Local analyses 

The first analysis performed to estimate the overall trend for the field 

gentian population in Östergötland was done using TRIM (TRends and 

Indices for Monitoring data) software (Pannekoek and Van Strien, 2001). 

TRIM uses loglinear, poisson regression to fit data and is especially 

useful in datasets with a lot of missing values, such as the citizen science 

data from Floraväkteriet. In some instances, the number of field gentians 

was not specified but only qualitatively estimated (e.g. “a couple of 

hundred” or “a few”) or it was only noted as found. In those cases the 

count was estimated as precisely as possible (noted as found was set to 1) 

and weighted to have half the significance of the exact counts. The best 

model to estimate the overall population trend was a weighted time 

effects model with serial correlation and over dispersion. This was based 

on the general recommendations and the Wald-test (included in TRIM 

output) which showed that this model better explained the data than the 

linear trend (Pannekoek and van Strien, 2001). 

 However TRIM has its limitations as it is not possible to have 

categorical covariates, so the remaining analyses were done using a GLM 

with poisson distribution and log-link to estimate the population trend for 

each locality. Localities with fewer than 5 observations were removed 

from further analyses (51 localities overall, 14 for the more in depth 

analyses on management). The resulting regression coefficients were 

used to compare to which degree the categorical variables could explain 

the population trend. 

 When the data was prepared for analysis, field variables that had 

been measured in or around each square were summed up as averages for 

each locality, except soil type which was expressed as proportions. The 

plant indicator species were first expressed as two different ratios, one for 

good management and one for bad management (where bad management 

includes both indicators for lack of management and nitrogen). This was 

calculated as;  
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These two ratios where then expressed as an odds ratio; the logarithm of 

bad management ratio divided by good management ratio.  

 The effect of each field variable (with an exception for 

management type and management intensity) on the change in population 

size for each visited locality (N=16) between the years1993-2015 was 

estimated using a linear model. Continuous predictor variables were 

standardized to average 0 and standard deviation 0.5 and the response 

variable, the regression coefficient of change in population trend, was 

weighted by 1/standard error of the estimate. The weighting was done to 

ensure that more reliable estimates would have a larger impact on the 

results than estimates with large standard errors. Management type and 

management intensity was reduced to two new categories due to too few 

observation of each class; management type was categorized as cattle or 

other (other grazer or mowing) and management intensity was 

categorized as low management or high management. The effect of 

management type and intensity were estimated as the average change in 

population size for each category. 

3.4.2 Regional analyses  

The connectivity of a locality to high quality or general agricultural 

grasslands was estimated by summing the surrounding areas weighted by 

the inverse distance. The connectivity was calculated as:  

                
  
     

where d is the distance from a locality to all neighbouring objects and A 

is the size of the neighbouring object. The negative exponential function 

gives higher weights to areas that are close and alpha is a scaling constant 

that decrease the weighting with increasing values. The distance from a 

locality to a grassland-object was calculated using the “generate near 

table” tool in ArcGIS software (ESRI 2011) setting the maximum 

distance to d<6000m. α is the distance weighting constant (similar to 

average dispersal distance; three different alphas where used 500, 1500 

and 3000).  

 Separate GLM were run for each α with population regression 

coefficient as a response weighted with 1/SE and connectivity of as 

explanatory factor. The effect of time on the connectivity in each locality 

(N=79, see 3.4.1) was studied using one GLM for each α. The resulting 
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regression coefficients were then also used to study the effect of change 

in connectivity (1999-2015) on the population trend (1993-2015) for each 

visited locality (N=79) using one GLM for each α, weighted with 1 

divided by the standard error of the estimate.  

4 Results 

The results from the time effects model (recommended model, every year 

is a possible change point) in TRIM showed that the field gentian 

population has large yearly fluctuations (Figure 2). A linear trend model 

shows that the field gentian population has generally decreased between 

the years 1993-2015 (Figure 2). 

Figure 2. Time effects model index, linear trend model index and imputed 
index for field gentian populations (N=130) in Östergötland, Sweden between 
the years 1993-2015. Analyzed using TRIM software (Pannekoek and Van 
Strien, 2001). 

The population trends for each locality show that a majority of the 

populations has decreased while only a few (24 localities) shows an 

increase (Figure 3). 

0 

1 

2 

3 

4 

5 

6 

7 

1
9

9
3

 

1
9

9
4

 

1
9

9
5

 

1
9

9
6

 

1
9

9
7

 

1
9

9
8

 

1
9

9
9

 

2
0

0
0

 

2
0

0
1

 

2
0

0
2

 

2
0

0
3

 

2
0

0
4

 

2
0

0
5

 

2
0

0
6

 

2
0

0
7

 

2
0

0
8

 

2
0

0
9

 

2
0

1
0

 

2
0

1
1

 

2
0

1
2

 

2
0

1
3

 

2
0

1
4

 

2
0

1
5

 

M
o

d
el

 in
d

ex
 

Time effects model index 

Imputed index 

Linear trend model index 



 12 

 

Figure 3. Regression coefficients of the population trend for field gentians in 
Östergötland, Sweden between the years 1993-2015, with standard errors 
(represented by the length of each line) for each locality sorted from the 
lowest estimate to the highest (N=79). 

A possible explanation for the decrease could be decreasing connectivity, 

and by looking at the change in the years 1999, 2008 and 2015 we can 

conclude that there has been a significant decrease in most localities 

(Figure 4). 
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Figure 4. Regression coefficients of the connectivity trend based on data from 
Blockdatabasen in 1999, 2008 and 2015 with standard errors (represented by 
the length of each line) for each locality sorted from the lowest estimate to the 
highest (α = 1500, N=79). 

Further analysis indicated that the population has decreased more in 

localities with a higher connectivity to semi-natural grasslands in 2002-

2004 (Table 2). However, when looking at the change in connectivity to 

agricultural grasslands (1999-2008-2015) the results indicate that the 

population trend increase with increasing connectivity trend, this was 

significant for α = 1500 (Table 2). 

Table 2. Regression coefficients, standard error, P-value and t-value for the 
impact of connectivity and change in connectivity on the population trend of 
field gentians (α=500, 1500, 3000, N=79). Connectivity is based on the TUVA 
database and change in connectivity is based on data from Blockdatabasen in 
1999, 2008 and 2015. 

 Connectivity P-value t-value Change in connectivity P-value t-value 

 
Reg. coef. ± SE   Reg. coef. ± SE   

α = 500 -3.025e-07±2.094e-07 

 

 

0.153 

 

-1.444 

 

 

0.0018±0.0023 

 

 

0.437 

 

0.782 

 α = 1500 -1.301e-07±6.755e-08 

 

0.058 

 

-1.925 

 

0.0031±0.0015 

 

 

0.0423 

 

2.066 

 α = 3000 -5.763e-08±3.177e-08 

 

0.0737 

 

-1.814 

 

0.0019±0.0010 

 

 

0.0564 

 

1.938 
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The field gentian population could also decrease due to local conditions 

such as a change in the management regime. Most of the investigated 

management variables show a small negative effect on the population, 

with an exception for tree and bush coverage under 3 m (Figure 5). 

 

Figure 5. Average and standard deviation for the effect of management 
intensity and management type, standardized regression coefficients and 
standard errors for the effect of local variables on the field gentian population 
(N=20). 

5 Discussion 

The field gentian population in Östergötland show large between-year 

fluctuations but has generally decreased during the last 22 years. The 

population in 2015 seems to be roughly half the size of that in 1993 

(Figure 2). A study by Pettersson (2004) showed similar results for the 

province of Uppland, Sweden, where the field gentian population had 

decreased to half the size between the years 1992-2003. The same pattern 

is evident when studying the population trends in individual localities 

(Figure 3).   
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5.1.1 Connectivity 

There has been a significant decrease in connectivity for almost all field 

gentian localities (Figure 4). Localities with an increasing connectivity 

trend (1999-2008-2015) within the 1500 m scale seem to have a positive 

effect on the population trend for field gentians (Table 2). 

It is however not completely clear how connectivity affects the 

populations as there was a small negative effect of higher connectivity to 

semi-natural grasslands on the field gentian population. This indicates 

that a higher connectivity would decrease the population trend which was 

not as expected. Lindborg and Eriksson (2004) argue that present-day 

connectivity might be misleading due to time lags in plant species 

diversity. Positive effects of landscape connectivity have been found for 

other species such as bumble bees, which are the only known pollinators 

for field gentians (Lennartsson and Oostermeijer 2001, Öckinger and 

Smith 2007). Further research is needed to fully understand how the 

surrounding landscape affects the population trend. Studies on the 

relative importance of local management compared to that of connectivity 

could aid future conservation efforts.  

5.1.2 Management 

Another possible explanation for the decreasing field gentian population 

is that there has been a shift in management. Lennartsson and 

Ooststermeijer (2001) found that the dominating management method 

currently used in Scandinavia led to a much higher extinction probability 

than traditional methods.The results on the effect of current management 

on the population trend were rather inconclusive, partly because of small 

sample size and unbalanced distribution of combinations of factors thus 

making it harder to separate the effects. Another difficulty with the study 

is to correlate long term population trend with management history from 

a single year.  

 Management intensity was summed up with two categories; low 

intensity management and high intensity management, both of which 

seem to be negative for the field gentian population (Fig. 5). This is 

surprising at first, but the dataset shows that most localities had either 

very high or very low management intensity, both of which is expected to 

be negative for the population. Lennartsson (2000) argues that 

management intensity is intermediate in large pastures with a small 

number of animals. In smaller pastures, the intensity is high even with 

fewer animals. This might explain why the management intensity is either 
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very high in localities that were currently managed or very low in 

localities that were not managed during the field period.  

 It is also possible that the point in time which the management 

occurs is of importance. Lennartsson et al. (1997) showed that 

overcompensation was much more common in late flowering populations 

than in early flowering ones. The authors argue that this may be due to 

natural selection, as historically, the early flowering populations would be 

able to bear fruit before management occurred. Thus it is possible that the 

field gentians would lose their evolutionary advantage if there is a shift in 

management with regards to point in time or method. 

 Another variable that also estimates the management intensity is 

vegetation height. Increasing vegetation height was expected to have a 

negative effect on the field gentians (Lennartsson 2015, Pöyry et al. 

2006) but this was not shown in the results (Fig. 5). However, this could 

be explained by the momentary nature of the data; perhaps the vegetation 

height at the moment of data collection was not representative of the 

average vegetation height during the last 22 years. 

  Another variable that is a somewhat more long term indication of 

management intensity is plant litter depth as it takes time to accumulate. 

Plant litter depth seems to have a negative effect on the population as 

expected from other studies (Lennartsson 2015).  

 The indicator species used to calculate the odds ratio also give 

insight into what the management has looked like during a longer time 

period as plant community structure is not expected to shift very quickly 

(Pykälä 2003). Some of the indicator species proposed by Bertilsson 

(1997) are intended to indicate management intensity and others indicate 

nitrogen. The results showed no correlation between the odds ratio and 

the population trend. This was not expected as a higher odds ratio would 

imply a lack of management and/or higher nitrogen availability, both of 

which are assumed to be unfavourable for the field gentians.  

 Probably the most long term indication of management intensity is 

coverage of tree and bushes, as a high grazing pressure would help keep 

the landscape open. The results indicates a decreasing population as the 

total tree and bush coverage increases, as expected, but the opposite 

seems to be true for tree and bush coverage below 3 meters. These results 

differ from those in the study by Pettersson (2004) who found no effect of 

tree and bush coverage, and does not support the theory by Lennartsson 

(2002) that bushes would hinder pollination. The results in this study 

rather suggest that there is a positive effect of increased tree and bush 

coverage below 3 m. Further studies are needed to fully explain these 

results, but it is possible that smaller trees and bushes provide some form 

of refuge from grazing, or perhaps indicates a lower, moderated grazing 

pressure in general. It is also possible that bumble bees are benefitted by 
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tree and bush coverage, at least to a certain extent. This is supported by 

Svensson et al. (2000) who found that bumble bees preferred relatively 

open areas (15-50% forest) to areas that were more open or more 

wooded. 

 Grazing by cattle, which was the most common management type 

in the studied localities (15 out of 16), seemed to have a negative effect 

on the population trend (Figure 5). Pykälä (2003) argue that several rare 

grassland plants might not recover with the current cattle grazing regimes 

after a locality has been abandoned. However it is also likely that this is 

not a cause and effect kind of relationship but rather a result of cattle 

being present in almost all localities. Perhaps the results would look 

different if the sample size allowed to control for other effects. The other 

category included both different types of grazing animals (sheep and 

horses) as well as mowing (both by hand and by machine) but only made 

up 5 out of 16 localities (overlapping with cattle) which makes it quite 

difficult to draw any general conclusions as these methods differ a lot 

from each other. This is also reflected in the results in Figure 5. 

 Lastly the results of the local analyses also show the impact of 

different soil conditions on the population trend. Field gentians generally 

occur in mesic to dry conditions (Lennartsson 2015) and these results 

seem to reflect that. The indication that dry soil would be more positive 

for the population than mesic is likely a reflection of the lack of 

management. As the vegetation height increases, field gentians are 

outcompeted to dryer areas where the growth is slower. The plants are at 

a higher risk on dryer soils however, as both the flowering plant and the 

rosette are sensitive to drought (Lennartsson 2015). Field gentians are 

also more sensitive on dry soils than mesic once grazing is resumed. 

These results therefore indicate that the remaining populations are 

especially sensitive. 

5.2 Conclusion and management implications 

The declining field gentian population can partly be explained by changes 

in the surrounding landscape which has led to decreased connectivity of 

semi-natural grasslands. Therefore the best implications would be to 

focus management plans on a larger scale rather than on individual 

localities. A high connectivity with semi-natural grasslands within 

approximately 1-3 km from field gentian localities seems to be most 

important for the population. Localities that already have or that can 

achieve a high connectivity with semi-natural grasslands should be 

prioritized. It is hard to draw any conclusions about the relative 

importance of connectivity compared to that of management, but the 

results show that importance of connectivity should not be neglected. 
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