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Abstract 

During the past century there have been vast changes in land use, which have led to 

succession processes in outlying lands. As a consequence, species-rich semi-natural 

grasslands are disappearing and many of their associated species have become threatened 

with extinction. For targeted and successful conservation of these species, it is important to 

identify the ecological factors determining their distribution and abundance. The aim of this 

study was to reveal effects of different management types on the distribution and 

abundance of rare low-herb species, while controlling for vegetation type, moisture and pH. 

A case study was performed at Brekken, an upland outlying landscape in Norway. Seven 

study species were chosen; three Botrychium species (B. lunaria, B. boreale, B. lanceolatum), 

three gentian species (Gentiana nivalis, Gentianella campestris, Gentianella amarella) and 

one orchid (Nigritella nigra). Species observations were obtained by distance transect 

sampling. Within transects, present vegetation was recorded as intervals of distinct types, 

and moisture and pH was measured and used in characterization of vegetation types. Using 

generalized linear models and generalized linear mixed models, density and probability of 

occurrence was modeled in response to management (mowing, grazing and abandonment) 

and vegetation types. For all species in total, both the density and the probability of 

occurrence is higher in grazed areas than in mown and abandoned areas, and their habitat 

ranges are wider in the grazed area. From models fit per species, the gentian species show 

higher density or probability of occurrence in mown areas. Most of the studied species were 

shown to be at highest density and/or have highest probability of occurrence in low-grown 

grassland vegetation. Such grasslands are products of land use, and therefore management 

effects are in some species analyses assumed to be masked within significant effects of 

vegetation types. In restoration and conservation, type of management should be 

determined specifically for each site, based on local land use history and the overall 

conservation aim. 
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Sammendrag 

Mange tidligere slåtteenger og beiteenger i utmarka har i løpet av det siste århundret 

forsvunnet som følge av store endringer i landbruket og påfølgende gjengroing. Flere låge 

urter som er avhengige av slike habitat har blitt sjeldne eller truet av utdøing. For å bevare 

disse artene vil det være viktig å identifisere de økologiske faktorene som har størst 

innvirkning på deres forekomst og fordeling. Målet med dette studiet var å bidra med 

kunnskap om noen låge urters respons på ulike skjøtselsregimer, og samtidig kontrollere for 

effekter av vegetasjonstype samt fuktnivå og pH. En feltstudie ble gjennomført ved Brekken i 

Røros, i et artsrikt utmarksområde med arealer som skjøttes ulikt. Sju arter ble valgt; tre 

marinøkkelarter (Botrychium lunaria, B. boreale, B. lanceolatum), tre søtearter (Gentiana 

nivalis, Gentianella campestris, Gentianella amarella) og en orkidé (Nigritella nigra). 

Artsobservasjoner ble gjort i linjetransekt. I transektene ble vegetasjonen registrert som 

intervaller av ulike typer, og fuktnivå og pH ble målt og brukt i karakteristikk av vegetasjons-

typene. Ved bruk av generaliserte lineære modeller og generaliserte lineære miksede 

modeller ble tetthet og sannsynlighet for forekomst analysert i respons av skjøtsel (slått, 

beite og gjengroing) og vegetasjonstyper. For alle artene totalt er både tetthet og 

sannsynlighet for forekomst høyest i beiteområdene, og spekteret av vegetasjonstyper hvor 

de har høy sannsynlighet for å forekomme er bredere i beiteområdene. Fra modeller for 

hver enkelt art er det tydelig at søteartene har høyest tetthet eller sannsynlighet for å finnes 

i slåtteområdene. De fleste av alle de studerte artene viser tydelig høyest tetthet og/eller 

sannsynlighet for forekomst i de lågvokste engtypene. Slike enger i utmarka er produkt av 

skjøtsel, og derfor antas effekter av skjøtsel på flere av artene å være skjult i vegetasjons-

variabelen, som oftere har signifikant effekt på tetthet og sannsynlighet for forekomst. Ved 

restaurering og bevaring av lågurtenger i utmarka bør passende skjøtselsregimer vurderes 

lokalt, i forhold til tidligere driftsformer og gjeldende bevaringsmål. 
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Introduction 

The abandonment or altered use of upland outlying lands during the past 50-100 years has 

led previously prevalent semi-natural grasslands to disappear in such areas (e.g Dullinger et 

al. 2003, Walker et al. 2004). In the traditional land use, infields close to the farms in the 

lowlands were fertilized and cultivated, whereas outlying lands in the uplands were used for 

summer farming, haymaking and grazing (Austrheim et al. 1999). The outlying lands were 

thus characterized by patches of semi-natural habitats, partly formed and sustained by the 

moderate human influence (Diacon-Bolli et al. 2012). These semi-natural grasslands were 

inhabited by a variety of naturally occurring plant species. Changes in outlying ecosystems 

appear to happen at an ever more rapid speed as the traditional land use becomes more 

distant in time (Setten and Austrheim 2012). Many species are restricted to, or have semi-

natural grasslands as their main habitat, and are dependent on the traditional disturbance 

regimes (Gustavsson et al. 2007, Römermann et al. 2009). As these habitats have become 

rare, associated species may be prone to extinction unless restoration and management 

actions are taken, or the species are able to survive in secondary habitat types (Gärdenfors 

2010, Kålås et al. 2010). There is often restricted knowledge on landscape complexity, 

ecological conditions and species niches associated with these grasslands. This may be a 

challenge for proper implementation of site-specific management preserving their full 

integrity (Barbaro et al. 2004). 

 

Determinant factors to plant distribution 

For semi-natural grasslands, land use and management are obvious disturbance factors 

governing the structure and species composition of their vegetation, and the distribution 

and abundance of their plant species (Bakker 1989). However, there may be a number of 

other factors interacting in determining this, on various temporal and spatial scales. These 

may be abiotic factors like moisture, solar radiation, soil pH, mineral and nutrient 

availability, snow cover, temperature and topography (e.g. Moser et al. 2005, Bennie et al. 

2006, Cooper et al. 2011, Ceulemans et al. 2013). Biotic factors are important, such as intra- 

and interspecific competition levels, facilitation, mutualism and parasitism levels, and life 

history, fertility and dispersal ability (e.g. Gurevitch et al. 2006, Dullinger et al. 2011). 

Biogeography is essential, through historic, current and potential geographic ranges (Lenoir 

et al. 2010). Processes of population genetics and dynamics interplay through for example 

density effects, metapopulation and source-sink dynamics, effects of demographic and 

environmental stochasticity, inbreeding, outbreeding and hybridization, and extinction 

vortices (Tanaka 2000, Munzbergova 2006, Sletvold et al. 2012). The intensity, character and 

range of the already touched upon disturbance are also important, e.g. traditional land use, 

herbivory, trampling, fire or extreme weather (Fuhlendorf and Engle 2004, Schlyter et al. 

2006). Anthropogenous factors like global climate change, overexploitation, pollution, 

species introductions and habitat alteration, destruction and fragmentation have been 
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increasingly important during the human population growth, and will surely continue to be 

so (Eriksson et al. 2002, Carroll et al. 2003). Management of certain species may affect e.g. 

trophic interactions and ecosystem functioning (Ripple and Beschta 2003). The relative 

importance of all these factors to distribution and abundance of plants is species and site 

specific, and often also varies among seasons and years. Gradients of some of these factors, 

especially the abiotic ones, often correlate with altitudinal, latitudinal and longitudinal 

gradients (Moen 1999). Determinant factors are often mutually related, showing joint 

effects on plant diversity (Lorenzo et al. 2006). 

Plant species tend to occur where individuals can disperse to, germinate, grow and 

reproduce successfully, given their inherent traits and life history strategies (Gurevitch et al. 

2006). Their population dynamics, distribution and abundance thus depend on their 

demands or tolerance levels to the above mentioned factors. Two important theories on this 

are “Raunkiaers Life Forms” on the position of meristems or regenerative parts of perennial 

plants (Raunkjær 1934) and Grimes C-S-R model on main selective pressures posed to plant 

populations (Grime 2001).  

 

Land use history and current threat status 

Land use forms including grazing of domesticated or semi-domesticated animals have been 

dated back to the Bronze Age in Scandinavia, and increased through the Roman and 

Migration periods (Hjelle et al. 2006). Further use of the uplands in this region varied slightly 

between areas in form and intensity due to both natural and cultural factors (Almås et al. 

2004). At least from the 1600s onwards, land use was intensified, and summer farming in the 

upland outlyings was by then an important part of land use in many areas (Olsson et al. 

2000). The uplands were used for grazing, harvesting of grasses and herbs, foliage and 

lichens for winter fodder, and for fuel-wood cutting. The outlying lands were thus invaluable 

as they were limiting for the size of the livestock a farm could hold throughout the year, and 

further, the area of arable land which could be fertilized with manure (Moen 1990). In this 

region, the intensity of traditional land use and exploitation of outlying lands peaked in 1850 

(Reinton 1955), after which it declined, especially in the first half of the 1900’s.  

By 1950, economic and social conditions for traditional land use practices had become 

unfavorable (Setten and Austrheim 2012). The concurrent land use change involved 

intensified use of the most productive and accessible lands, which in mountainous regions 

most often were the lower-lying lands close to the farms (Prévosto et al. 2011). 

Intensification involved mechanization and use of commercial seeds, artificial fertilizers, 

herbicides and pesticides (Eriksson et al. 2002). This resulted in homogenization of the 

vegetation in formerly traditionally mown lowland fields (Ross et al. 2012). Outlying uplands 

were mostly abandoned or used for other purposes. Abandonment and associated loss of 

disturbance effects was the onset of vast changes in the vegetation of the uplands, through 

encroachment of tall grasses and herbs, shrubs and trees (Dullinger et al. 2003). Some areas 
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have been continued to be used for grazing, however in formerly mown fields this has 

altered ecological conditions and species composition, as grazing and mowing have different 

effects (Maurer et al. 2006). In addition, such pastures have often been fertilized to increase 

“grazable” biomass in a restricted area, further disrupting former conditions (Schellberg et 

al. 1999). Finally, sale or government claim has also altered the character and biological 

communities of outlyings, e.g. through development of hydroelectric power reservoirs or 

spruce forest plantations (Lindgaard and Henriksen 2011).  

Current threat factors to semi-natural grasslands thus include loss, degradation and 

fragmentation of area through succession or altered use. Even management is sometimes a 

threat, as timing or methods of actions may be wrongly applied to certain sites. In the 

remaining semi-natural grasslands, there are negative trends in their integrity. Threat factors 

are given in the first Norwegian Red List for Nature Types (Lindgaard and Henriksen 2011), in 

which semi-natural grasslands are categorized as vulnerable (VU), and the subtype 

traditionally mown grasslands is categorized as endangered (EN). The latter receives atten-

tion and effort through a national level Plan of Action for conservation and management 

(Norderhaug and Svalheim 2009). Loss of this habitat type has adverse implications for 

associated plant species. Populations become smaller, fewer and more fragmented (Eriksson 

et al. 2002). Lower genetic variability is probable to pose populations to more inbreeding, 

genetic drift and serious effects of environmental and demographic stochasticity. All these 

negative impacts may lead populations into extinction vortices – “evil circles” of such effects 

driving populations and species towards extinction. In Norway, there are at least 300 species 

of vascular plants associated with semi-natural grasslands, and in total 741 threatened 

species having these as their main habitat (Norderhaug et al. 1999, Kålås et al. 2010). This 

underlines the species richness and conservation value of such habitats.  

 

Effects from land use on vegetation 

Throughout the hundreds of years of traditional land use, the landscape and vegetation of 

the uplands was influenced by human and livestock activities (Almås et al. 2004). Fens, 

heathlands, grasslands and floors of thinned woodlands were kept open and low-grown. 

Aboveground biomass was regularly removed, which prevented accumulation of litter, and 

created spatial gaps in the plant community. Thus light availability in the field layer was 

maintained. Competition level was reduced, providing conditions also for less competitive 

plant species (Øien and Moen 2006). Where there was grazing, trampling and fertilization 

would affect the nutrient availability and soil conditions. The hay was dried on the ground, 

or in hay stacks and hay barns. The timing and methods of the haymaking was beneficial for 

many species’ dispersal. The farmers knew at what intensities the grazing and mowing 

provided long-term optimal yield at different sites (Moen and Øien 2012). Overexploitation 

would reduce the productivity of the area and harvest output in the following years.  
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This low to moderate level of land use disturbance set the scene for the co-existence of 

many species, and the semi-natural grasslands of the outlying lands were amongst the most 

species rich plant community types of Northern Europe (Kull and Zobel 1991). This conforms 

the intermediate disturbance hypothesis, which predicts highest species richness at 

intermediate disturbance levels in a given area (Speed et al. 2012). The patchiness of land 

use regimes created a scattered distribution of different habitat types and communities 

throughout the landscape. Thus there was high diversity at several scales. The current 

situation for most previous semi-natural grasslands is either minimal disturbance or high 

disturbance, both resulting in homogenization of vegetation and decreased species richness 

in the outlying lands. 

Succession processes may commence immediately after a grassland area has been 

abandoned, the rate dependent on the productivity and the length of the growing season in 

the area, and the surrounding vegetation (Öckinger et al. 2006). The resulting increase in 

shrub and tree cover is recognized as one of the main threats to semi-natural grasslands and 

associated species (Pykälä et al. 2005). The decrease in species richness in such grasslands is 

also due to an increase in nitrophilous tall herbs and grasses, which out-compete low-grown 

species as nutrient availability increases after cessation of traditional land use practices 

(Krahulec et al. 2001). The succession processes may be reversible if restoration and 

management actions are taken before propagule banks or potential source populations are 

lost and (Öckinger et al. 2006, Cousins and Aggemyr 2007). There is an urgent need to 

determine the underlying factors that control plant species richness and composition in 

managed grasslands (Klimek et al. 2006). 

 

Conservation, management and research 

Some would still argue that conservation of a partly human-created nature type by 

maintaining its vegetation at a specific successional state is wrong or pointless (personal 

discussion experience). However, there is increasing recognition of the current disappear-

ance and threat status of semi-natural grasslands, and increasing acknowledgement of their 

conservation value (Austrheim et al. 1999, Blackstock et al. 1999). In addition to being 

reservoirs for biodiversity, semi-natural grasslands provide several ecosystem services, have 

important educational and recreational value and represent a large part of European natural 

and cultural heritage (Speed et al. 2012). Norwegian governments have assigned semi-

natural grasslands high management priority as a “selected habitat type” for the Nature 

Diversity Act (Lovdata 2009, Norderhaug and Svalheim 2009). Proper management of 

protected areas, vulnerable species and nature types is dependent on basic knowledge of 

the environmental conditions under which they are found in their characteristic condition.  

One way to study the integrity (or lack of integrity) of semi-natural grasslands is to evaluate 

the status of their characteristic species, especially the least common ones. The more 

species surveyed, the better the knowledge foundation for evaluation (Randin et al. 2006). 
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Targeting conservation priorities to areas of particularly high species richness is important, 

as this often will preserve both regionally rare species and all species found in the less 

species rich areas (Myklestad and Sætersdal 2003). Choice of species for a specific site 

should be based on knowledge on historic distribution ranges.  

Investigation of occurrences in the field by crawling through an entire area is rarely desirable 

or effective, and for large scale distribution analyses there is often need for estimation and 

prediction. Research on rare species and plant communities have in the past few decades 

included methods like transect sampling. Line transect sampling is a survey method that 

permits adjustments for differences in detectibility among sites (Thomas et al. 2010). This is 

an important quality, as there may be several factors affecting the probability to detect 

species individuals, like surrounding vegetation, plant traits etc. Transect sampling can at the 

same time be used to survey changes in vegetation through environmental gradients 

(Sutherland 2006). Correlative studies on species occurrences and environmental factors are 

essential for prediction (Suding et al. 2008). Species distribution models are useful for 

predicting future scenarios of effects on habitats and species of land use change and climate 

change. If used cautiously, these are potentially important tools for conservation and 

management of biodiversity (Keith et al. 2008). 

 

Study objectives and hypotheses 

The main intention of this study was to contribute knowledge on the effects of management 

and the lack of it on distribution and abundance of rare low-herb species associated with 

semi-natural grasslands. Answers were sought through a case study in mown, grazed and 

abandoned sites in the vicinity of Brekken, Røros. This is an upland area of high species 

richness, and it represents a diversity of habitat patches, communities, species and current 

and historic management regimes. As management is unlikely to be the sole determining 

factor for species occurrences, another important aim was to control for confounding effects 

of the two main ecological gradients in the study area; moisture and pH (Moen 1990), and 

vegetation type, reflecting species composition and light availability. Within the relatively 

small though diverse landscape at Brekken lies a unique opportunity to investigate effects of 

ecological factors on populations of rare plant species, as large-scale factors like climate and 

weather can be assumed equal throughout the area. 

Two main hypotheses were outlined; (1) Rare low-herb species show higher abundance in 

managed areas than in unmanaged areas, and there is variation in management type 

preference among species. (2) Rare low-herb species show preferences in moisture and pH 

levels expressed through variation in distribution and densities between vegetation types. 
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Methods 

 

Study area 

The following description follows Moen (1990), Øien and Moen (2006) and Moen and Øien 

(2012), in which more detailed descriptions can be found. The study area is located in the 

vicinity of Brekken in Røros municipality, Norway (Fig. 1). Sølendet nature reserve is part of 

the study area, along with areas a few hundred meters south of the reserve. Study sites lie in 

the altitudinal range of 700-770 m.a.sl., and the base rocks mainly consist of grey-green 

phyllite. The area lies in a transition between the middle boreal and north boreal vegetation 

zones, and the climate is weakly oceanic to intermediate between oceanic and continental. 

The growing season is short, lasting approximately from late May to late September. There 

are several native herbivores using the areas, e.g. ungulates, hare, rodents, birds and insects, 

and seasonally migrating semi-domestic reindeer pass through every year.  

There is a geologic transition within the study area at about 706 m.a.s.l. At altitudes above 

this level, soils are affected by basic moraine sediment, whereas at lower altitudes the 

sediments are mostly fine-grained, poorer sand. Most of the nature reserve is on the base 

rich moraine soil, whereas the lowest part of it and areas between the reserve and lake 

Aursunden are on the sandy soil. However, the total study area is a “hydrological unit”, as it 

is affected by calcareous ground water (pH>7) emerging from springs in the upper and 

middle parts of the reserve. In the lower parts of the reserve and the areas to the south, this 

water is aggregated in small brooks and valleys. Some of the valleys are wet during the 

whole growing season, while others are quite dry except during spring flood and wet 

periods. The lowest part of these valleys mostly drop only a few decimeters to a few meters 

below the surrounding grounds in altitude. The upper parts of Sølendet nature reserve are 

characterized by large areas of rich fens, wooded grasslands and wooded heathlands. In the 

lower part of the reserve and the areas between the reserve and Aursunden, there is a 

general vegetation pattern of rich grassland vegetation in the valleys, separated by poorer 

heath, scrub and birch woodland.  

Mown areas are found at Sølendet, while abandoned and grazed areas are found in the 

areas to the south of the reserve. The grazed area is delineated by a fence. The furthest 

distance between study sites within the total area is 2.4 km. At least from the 1600’s 

onwards, Sølendet was an important haymaking area. Amazingly, 100 tons of hay was 

probably the average annual harvest here. About 30 persons would stay at Sølendet 

throughout the summer, conducting a total of approximately 1000 working days per year. 

After a gradual decrease in intensity through the first half of the 1900’s, traditional 

haymaking at Sølendet ceased around 1950. The currently abandoned and grazed areas 

were formerly grazed mostly by goats. At least since the early 1980’s, grazing has been by 
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cattle in the grazing area, and land use has been ceased in the abandoned area (Per 

Langøien, personal info). 

Sølendet has long been known as of high botanic value, especially due to the high diversity 

and abundance of orchid species. When the nature reserve was established in 1974, this 

area had been abandoned for a relatively short period compared to other sites. Also, 

succession runs slow at these altitudes, due to the short growing season. Therefore it 

seemed possible to restore Sølendet to a somewhat authentic state. Several formerly mown 

sites at Sølendet and formerly grazed sites in surrounding areas were by the 1970’s 

colonized by various tall herb, shrub and tree species. This process was particularly rapid in 

fen margins and former low-herb grasslands. After the protection of Sølendet, immense 

efforts were made in the clearing of trees and shrubs and mowing in large areas. By the end 

of 1986 the restoration clearance was largely completed, and from then on, regular mowing 

and clearing of windfall has kept the reclaimed areas open. Grazed grassland areas south of 

the reserve were cleared of encroaching shrubs from 2005 to 2008.  

Long-term studies in the area commenced in 1974 and have been continuous until present. 

Monitoring through years pre and post restoration and management has provided a good 

understanding of changes in vegetation and many species’ populations following 

management and the lack of it. Management plans have been developed for Sølendet, and 

research is continuously increasing the knowledge basis for adjustments. Scientists, 

managers, authorities, landowners, local people and tourists are now cooperative and active 

users of the study area in research, conservation, education and recreation.  

 

 

 

 

Figure 1: a) Location of the study area (map: Dag-
Inge Øien) and b) aerial photo of the study area 
with management areas and transects shown. The 
blue dots indicate ground water springs, blue lines 
show brooks and gray lines are altitudinal curves. 
The uppermost parts of the reserve are at 800 
m.a.sl., and lake Aursunden, partly seen to the 
bottom left, is found at 690 m.a.s.l. 

 

a) b) 
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Study species 

The criteria for choice of study species were that they should (1) show habitat preference to 

semi-natural grasslands, and (2) have been observed within the study area. Seven species 

were chosen altogether, from three plant families. Red list status for the study species are 

given in Table 1 (see Kålås et al. 2010 for cirteria).  

Table 1: Status for the study species on recent Norwegian Red Lists for Species (Kålås et al. 2006, Kålås et al. 2010). 

Red List B. lunaria B. boreale B. lanceolatum G. nivalis G. amarella G. campestris N. nigra 

2010 - - NT - - NT EN 

2006 NT NT EN - NT NT EN 

The following description largely follows Berg et al. (1990), Lid and Lid (2005) and Elven et al. 

(2013). Habitat preferences of the chosen species are mainly traditionally mown or grazed 

grasslands and summer farm grounds. They are also to be found in unmanaged alpine 

grasslands and hillsides, which often have similar properties to the lower-lying semi-natural 

grasslands. As semi-natural grasslands have become rare in recent decades, the study 

species have disappeared from many such sites. They are now often only to be found in 

alpine habitats and secondary site types, such as road and path verges, or otherwise slightly 

disturbed, basic soils. Viability and size of propagule banks in the soil is important to the 

distribution and abundance of these species, and to successful restoration of their 

populations. Seeds or spores of all study species are fortunately very small, and assumingly 

not preferred food to granivores (Gurevitch et al. 2006).  

Botrychium lunaria is, as the two following Botrychium species, a perennial herb reproducing 

by spores. Plants of the three included species are all pale to medium green or yellow-green, 

relatively small and inconspicuous. The plants grow throughout the summer, and by late 

summer the spores have matured and sporangium walls become orange or brown in color. 

B. lunaria is usually 3-15 cm in height, but can grow to at least 21 cm at Brekken, Røros. The 

aboveground part consists of a single stalk which is divided into a spore-bearing segment 

and a vegetative portion at about half the plant height. The vegetative portion is deeply 

dissected and has pairs of kidney-shaped, undivided leaflets along the main nerve. It is 

distributed through nemoral to mid-alpine vegetation zones in cirkumboreal and bipolar 

regions. In Norway, this species is generally the least rare of the Botrychium species, and is 

found in most parts of the country. 

Botrychium boreale is usually 3-17 cm in height. Plants appear a bit more compact than B. 

lunaria, in the sense that the division into vegetative and spore-bearing segments takes 

place further up on the stalk, and both segments are subdivided. Both the whole vegetative 

portion and the single leaflets appear triangular in shape, and the latter often overlap. B. 

boreale is slightly more alpine than B. lunaria. It has an amphi-Atlantic distribution through 

low-alpine to northern boreal zones. In the southern part of Norway it is only found in 

mountainous areas, but from central Norway northwards it goes down to the shore line. 
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Botrychium lanceolatum is most often 3-12 cm in height. The segment division is high up on 

the stalk. Compared to B. boreale, the triangular shape of the vegetative portion is more 

equilateral. The colour is slightly more yellow and the leaflets do not necessarily overlap. The 

leaflets for both the vegetative and spore-bearing segments are longer, narrower, and 

dissected more deeply. The stalk is often red to brown furthest down and at one side. B. 

lanceolatum does not require as base rich soils as the two previously mentioned Botrychium 

species, and can be found in coastal sand dunes. Nevertheless it is one of the first species to 

disappear when grazing or mowing ceases in its habitat. Globally it has a scattered 

distribution through middle boreal to low alpine zones of the cirkumboreal regions. In 

Norway this is the most rare of the three mentioned Botrychium species, categorized as near 

threatened on the red list. 

Gentiana nivalis is an annual herb dispersing by seeds. As a consequence, also holding for 

the two following gentians, distribution and abundance may vary greatly among years. G. 

nivalis is at Sølendet found to reappear after 20-30 years of yearly mowing of tall-herb 

grassland generated by succession. G. nivalis grows to 3-24 cm, depending on the altitude 

and conditions in the habitat. The stalk may be branched or not, the leaves are small and 

elliptic, and the calyx has dark edges. Flowering is in mid to late summer. The five-petaled 

flowers are small and bright blue, or more rarely white, and open only in sunlight. This 

species is one of the more alpine of the study species, and thus is not yet especially rare 

though it is losing semi-natural grasslands as habitat. G. nivalis is an amphi-Atlantic, arctic 

species, found through the middle or northern boreal to middle or high alpine zones. In 

southern Norway it is found mostly in upland and alpine areas, though in northern parts it 

also grows in the lowlands.  

Gentianella amarella ssp.amarella is a monocarpic biennial herb species, of which plants 

form only a rosette the first summer and then flower, set seeds and die the second summer 

(Huhta et al. 2003). Plants usually grow 5-25 cm tall, however at Brekken, Røros individuals 

have been measured to 34 cm. Stalks may be branched or not, and the leaves are quite 

narrow and lanceolate. Flowering is in mid to late summer. The corolla is usually five-

petaled, 14-18 mm long and colored violet to white. In addition to the main habitat, it is also 

found on scree slopes and ledges of south facing cliffs, and in sand dunes and coastal grassy 

heaths. G. amarella probably has two subspecies and several seasonal races. Subspecies 

amarella is found through boreonemoral to low alpine zones in Europe and West Siberia. 

The Norwegian distribution is strange, not resembling any other species’. In the southern 

part it is found on the eastern side of the central mountains. In the midst part it is found 

from the coast to the eastern border, and further north it is most often found as coastal.  

Gentianella campestris ssp. campestris has similar life history to G. amarella (Lennartsson 

and Oostermeijer 2001). It also resembles G. amarella in growth form, appearance, size and 

habitat. Its leaves are a bit wider and slightly more egg-shaped. For G. amarella the four 

aggregated leaves at the flower base are about equal in length, whereas the corresponding 



12 
 

leaves for G. campestris are two very small which are merely hidden by two larger. The 

flowers are a bit larger, often in a slightly paler lilac color, or more rarely white. Flowering is 

in mid to late summer. It is otherwise found in nemoral to low alpine zones in Europe. In 

Norway this species used to be found quite frequently throughout the country, but it has 

become a rare sight in the lowlands of the southern part. 

Nigritella nigra spp. nigra is a perennial orchid species. Each year individuals renew their 

above-ground plant parts from root tubers. Flowering individuals appear in mid-summer. 

They most often grow 15-20 cm tall, though at Brekken, Røros, heights between 7 and 27 cm 

have been recorded. The flowers are small, dark red and numerously aggregated in heads 

which scent of vanilla. Reproduction is apomictic, and each flowering individual produces 

about 4000 small seeds. In a given growing season, considerable proportions of populations 

live in a non-flowering vegetative state. It may take many years for individuals to emerge 

from the ground, and further to reach the flowering state. Post flowering, individuals may 

stay “sterile” for some years before they flower again, if they flower again. Flowering and 

grazing by rodents are the main causes of plant death in this species. Its dispersal ability is 

probably low, as mowing and clearing of shrubs alone does not seem to increase population 

sizes (Moen and Øien 2002). Population processes are thus complex, tedious and sensitive, 

and require long-term monitoring. N. nigra is found in a variety of habitats, and natural 

development and ecological requirements are not fully disentagled. However the largest 

populations are found within low-grown grasslands in upland and low-alpine areas. There is 

a close relationship between Nigritella and Gymnadenia, and some authors include N. nigra 

in the latter genus. N. nigra ssp. nigra is a Scandinavian taxon, found in boreal-alpine zones 

of Sweden and Norway. In Scandinavia it has an interesting bicentric distribution, as it is 

found mainly at the eastern side of the central mountain region in southern Norway, and in 

a few localities in Troms. One of the largest populations in Norway is found within the study 

area at Brekken, and is estimated to consist of about 3000 individuals (Moen and Øien 

2012). It is proposed as prioritized species under the Nature Diversity Act, and an action plan 

has been drawn up (Moen and Øien 2009). 

 

Study design 

For site selection within the study area it was important to include as much low-grown 

grassland vegetation as possible, but also to include large areas of other vegetation types. 

The vegetation type in a particular site often reflects the present ecological conditions, e.g. 

soil moisture and pH and light availability at ground level, and vice versa (Klimek et al. 2006) 

Therefore, investigation of many vegetation types would be needed for a study of 

relationships between ecological gradients and species responses. Selection of sites was 

based on vegetation maps and knowledge about the present and historical land use 

practices and management. The grassland vegetation was the basis for selection, and other 

vegetation types were included as being “edge” vegetation of these. The chosen grassland 
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sites have until the end of the previous growing season (2011) experienced at least three 

decades of either regular mowing, regular grazing by cattle or abandonment. Mowing and 

grazing was in the summer of 2012 postponed about 2-3 weeks from normal timing, to make 

the field work for this study possible.  

Distance line-transect sampling was considered the most suitable and efficient method, as it 

allows for quite productive sampling when time is limited (Sutherland 2006). There was only 

one observer, therefore no among-observer variation. This method provides unbiased plant 

species density estimates for surveyed sites if these key assumptions are met: transect 

placement has an element of randomization, distance from transect line to individual is 

accurately measured, and all individuals on the transect line are detected (Thomas et al. 

2010).  

Transect lines with endpoint coordinates were determined prior to the field survey. 

Grassland sites were limited, and as large parts of them as possible were needed for the 

study. However it was crucial to prevent overlapping transects and observations. Distance 

between transect lines was therefore set to 25 m for gentians and Botrychium species and 

50 m for N. nigra. In ArcGIS 10.1 (ESRI 2011), an aerial photo of the study area was overlaid 

with a map of the grassland vegetation and a 25 by 25 m UTM coordinate grid. As the valleys 

in the grazed and mown areas run more or less north-south, transects were determined to 

run east-west across the valleys. This was done to get several transects within in each valley 

and be able to detect possible within-valley (among transect) differences, and to include 

several vegetation types within each transect. However, the valley in the lower part of the 

nature reserve runs east-west, and for the same reasons, transects here were determined to 

run north-south. Grasslands which did not have this characteristic valley shape (upper and 

mid parts of the mown areas), were assigned east-west-running transects. Transects were 

lined in parallels by every 25 m, drawn beyond the edges of grassland vegetation to the 

nearest rounded 50 m of the grid or to natural endpoints when running into a road, pond or 

fence. Thus the valley transects included dry vegetation types at the edges, grassland 

vegetation in the slopes of the valleys, and more or less damp vegetation in the lowest lying 

parts of the valleys. Edge vegetation of the grasslands in the upper and mid parts of the 

nature reserve often included dry scrub- or woodland or fen margins. All grassland 

vegetation within the transects in the nature reserve is regularly mown. Codependent 

transects (i.e. those within the same valley or site) within each management type were 

grouped into blocks. The distribution of transect meters, transects and blocks on 

management types are shown in Table 2. 

Table 2: Total transect length, number of transects and number of blocks measured in the field, distributed 
on, and across, the management type areas. 

 Mown Grazed Abandoned Total 

Total transect length 2705 5190 3906 11801 

Number of transects 30 67 51 148 

Number of blocks 5 8 7 20 
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Field survey and preliminary analyses 

Species observations 

The predetermined transect endpoints were located in the field using a handheld GPS device 

(Garmin 2010). At the starting point of any transect and regularly while walking, a compass 

was used to find and correct the direction of the transect. A few pilot transects proved this 

to be more accurate than using GPS at the small scale of the present study. Each transect 

was walked from one end to the other while looking for individuals of the study species. The 

speed of walk was from the pilot studies determined to about 1 m/min. Observation was 

carried out only while standing up straight, looking in all directions. Individuals which were 

spotted during other activities than such observation from the transect line (e.g. 

measurements of individuals at ground level), were not included. Limitation of observer 

trampling effects was always strived for. 

For each individual, the coordinates for the perpendicular point along the transect line was 

recorded. As was the distance from this point to the individual. Measured plant traits were 

specific to each of the three plant families, as they differ in importance for detection 

probability. Plant height and area of vegetative portion (“leaf” length x width /2) was 

recorded for the Botrychium species. For the gentians, plant height, number of flowers, 

number of open purple flowers and number of branches emerging at ground level was 

measured. Plant height was the only measure for N. nigra. Only fertile individuals were 

recorded for the study species, as detection of individuals in sterile, vegetative stages is 

quite difficult. Date, time and weather was noted for all observations. 

Normally, individuals were recorded during walking of the transects. However at some sites 

there were relatively high densities of individuals, requiring application of a slightly modified 

observation method. Here, all individuals seen from the transect line were first marked with 

a stick, and then revisited for measurements. This was done to prevent duplicate records of 

individuals, confusion on which individuals were actually detected from upright position at 

the transect line, and to hold weather conditions as constant as possible for each transect.  

As N. nigra is the earliest growing and flowering of the study species, the first round of 

transect walks was done looking for this species. The Botrychium species were objects for 

the second round, and the late-flowering gentians the third round. This separation of species 

groups was necessary to be able to observe for the species at their specific growth and/or 

flowering peaks, and to see them at similar stages in all management types and transects. 

Trampling from the first and second round may have had impact on detection in the second 

and third round, especially at the transect line. However effects were considered negligible, 

and therefore not measured. 
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Vegetation 

Vegetation types within transects were recorded in the beginning of August. This was done 

after the survey on study species, to minimize trampling effects on those observations. 

Within each transect, intervals of distinct vegetation were noted using the GPS. Dominant 

species and other typical species were identified. Species richness, soil moisture and 

approximate height and cover of field and shrub layer was estimated by sight. Present 

vegetation was divided into 12 different types largely following the divisions and 

descriptions used in the vegetation map of Sølendet nature reserve (Moen 1990), in which 

moisture and richness (reflecting pH) are applied as gradients in type classification. For a few 

vegetation types, field notes (observer perceptions) were the only clue for their placement 

amongst the other types. Vegetation types are described and defined (see Table 3). 

Observations within vegetation type 12 were excluded from further analyses, due to 

absence of study species and lack of moisture and pH measurements within these areas, and 

also its unnatural state due to nutrient influx from modern agriculture. This vegetation type 

was only found in the abandoned area, thus the number of transect meters in this manage-

ment type and the total area was reduced by 211 m. There was a skew in number of transect 

meters surveyed per vegetation type and management type, and not all vegetation types 

occurred in all management types (Fig. 2). 

 

Figure 2: Number of transect meters surveyed per vegetation type and management type. Vegetation type 
10 and 11 were often found on the two edges of transects, partly explaining the skew. 

 

Moisture and pH 

Measurements of soil moisture and pH were done in mid August, during the two last days of 

a four-day period of dry weather. The dry conditions were needed to capture as wide a 

range of soil moisture values as possible. Due to the limited time span of dry, assumingly 

constant weather, not all transects could be sampled. One transect was randomly selected 
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from 16 of the 20 blocks. In one additional block, the valley at Sølendet, two transects were 

randomly selected for measurements because of the large block size. Pairs of moisture and 

pH measurements were sampled along the lines of each of the selected transects. 

Except in the valley block at Sølendet, moisture and pH measurements in the mown areas 

were done at the transect endpoints and every 25 m in between. In the mentioned valley 

and elsewhere in the study area, the slight U-shape in topography and the variability of the 

length of vegetation zones called for site-specific determination of distances between 

measurement points. One measurement point was placed at what was perceived to be the 

lowest, and thus wettest, point. In both directions from this, the distance from the lowest 

point to the woodland/scrubland edge was divided into two equally long lines, and 

measurements were done at the middle of these. In addition, one measurement point was 

put out beyond the grassland edge, in the woodland or scrubland. Thus for each of the valley 

transects there were 7 measurement points for pH and moisture. In total, 119 measurement 

points were sampled for both moisture and pH, distributed on the management types as 

follows: mown (36), grazed (41) and abandoned (42). 

Soil moisture was recorded in the field using SM150 Soil Moisture Sensor. This equipment is 

very sensitive to moisture, as moisture levels above 85%vol are displayed as “too wet”. 

Measurement accuracy is reduced at levels higher than 70%vol. This was one of the reasons 

for measuring under dry conditions. Soil pH was measured from soil samples cut ca. 5 cm 

downwards through the soil profile at the same spot as moisture measurement took place. 

This was done using a thin metal tube of ca. 1.5 cm in diameter, which was cleansed with 

deionized water between cuts. Soil samples were separated and stored in small plastic cups. 

In the evenings, collected samples were dissolved in 30 ml deionized water and measured 

with the pH meter HANNA HI 991301. Between each measurement the sensor was cleansed 

with deionized water. The pH meter was calibrated using pH 7.01 and pH 4.01 buffers in the 

mornings of measurement days.  

The pH and moisture measurements show gradients with vegetation type order (Figure 3 a, 

b). From the 119 measurement points, both moisture and pH show strongly significant 

decrease with increasing number for vegetation type. A linear model on exponential pH as 

response variable and vegetation type as numeric explanatory variable was chosen for pH (p 

< 0.05). For moisture a binomial-family generalized linear model on moisture proportions as 

response variable and vegetation as numeric explanatory variable was fit (p < 0.05). Models 

were made in R 3.0 (R Core 2013). For some of the further analyses, these relationships with 

vegetation type are therefore used to explain moisture and pH. There are quite few pH and 

moisture measurement points on the wet end of the gradient. This skew is due to the fact 

that fewer meters of the wetter vegetation types than the drier ones were included in 

transects. Also, the sampling procedure in the valley transects produced half as many 

samples from the wettest point as from any of the vegetation types on the slopes and edges.   
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Figure  3: Plots showing relationships of a) vegetation type and moisture and b) vegetation type and pH. Moisture and pH were for analyses incorporated in the vegetation variable. 

 

Table 3: Vegetation type characteristics. For moisture and pH, “NA” means that measurements were not taken. * Moisture measurements above 70%vol are uncertain. 

Type Vegetation 
Sølendet 
veg. map 

Description Dominant species  Other typical species 
Mean 

moisture 
%vol 

Mean 
pH 

1 
Rich fen 
brook  

Typical for the lowest lying parts of the valleys, where 
standing/running water is found during longer periods of 

the growing season. 
Site specific 

Salix spp., tussocks of Carex spp.,  
Caltha palustris, Alchemilla spp. 

89.3* 6.3 

2 
Rich fen  

lawn 
2c - 2j 

Different types. Most types characterized by high 
moisture level, litter/peat accumulation, predominant 
bottom and field layers. Graminoids dominate. Field 

layer usually <50 cm. 

Depending on fen 
community (not 

elaborated in this study) 

Depending on fen community. Types which fell 
into transects were amongst others inhabited by  

Carex spp., Eriophorum spp.,  
Pedicularis oederi, Filipendula ulmaria and  

Dactylorhiza incarnata ssp. cruenta. 

NA NA 

3 
Damp 

Alchemilla-
grassland 

3k, 4k 
Dominated by Alchemilla sp., leaves shading out many 

smaller herbs. Height of field layer about 30-60 cm. 
Alchemilla spp. 

Geranium sylvaticum, Listera ovata,  
Polygonatum verticillatum, Angelica sylvestris 

91.3* 6.3 

b) a) 
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4 
Rich fen 
margin 

2k, 3k 
Intermediate or transition zone between fens 
and grasslands. Vegetation <50 cm in height. 

No clear dominance of 
some few species;  

a fair mix 

Succisa pratensis, Carex atrofusca,  
Parnassia palustris, Bartsia alpina,  

Pedicularis oederi, Bistorta vivipara,  
Molinia caerulea 

73.0* 6.0 

5 
Damp 

tallherb 
grassland 

3m 

Typical vegetation of the transition zones between the 
wettest and the drier grassland vegetation of the valleys. 

Also in moist, shaded areas beneath forest canopies 
and/or on north-facing slopes. Salix shrubs occur. 

Different species composition from type 6.  
Height of field layer usually 0,4-1,5 m. 

Filipendula ulmaria,  
Geum rivale,  

Deschampsia cespitosa 

Filipendula ulmaria, Geum rivale,  
Deschampsia cespitosa, Alchemilla spp., 

Calamagrostis spp., Crepis paludosa,  
Angelica archangelica, Petasites frigidus 

79.2* 6.2 

6 
Tallherb 

grassland 
4m 

Tall grasses and broadleaved herbs, often in dense 
stands. Shading out or limiting lower growing species. 

Typical of base rich floors of loose deciduous forest and 
grasslands undergoing succession. Height of field layer 

often 1 - 1,5 m. Shrubs occur, incl. Salix sp.  

Aconitum septentrionale, 
Cicerbita alpina, 

Deschampsia cespitosa 

Salix spp., Paris quadrifolia, 
 Ranunculus platanifolius, Milium effusum 

21.4 5.9 

7 
Dry 

Geranium-
grassland 

4f-4k 

Typical semi-natural grasslands. If trees and shrubs are 
present they are scattered. Species rich field layer  

with several different grasses and low-herbs. 
 Field layer about 20-50 cm in height. 

Geranium sylvaticum, 
Trollius europaeus, 
Ranunculus acris, 
 Galium boreale 

 Alchemilla spp., Saussurea alpina,  
Rhinanthus minor, Agrostis capillaris,  

Achillea millefolium, Omalotheca norvegica, 
Solidago virgaurea, Poa spp.,  

Coeloglossum viride, Nigritella nigra 

45.2 5.8 

8 
Open low-

herb 
grassland 

4g 

Somewhat drier, and lower and less densely vegetated 
than the "dry Geranium-grassland". These two types 
hold many of the same species, though in differing 

abundance. This type has less of the medium-tall herbs 
and more of the smaller ones. 

Agrostis capillaris, 
 Poa spp., 

 Achillea millefolium, 
Euphrasia wettsteinii 

Thalictrum alpinum, Campanula rotundifolia, 
Leontodon autumnalis, Bistorta vivipara,  

Erigeron acer, Botrychium spp., Gentiana nivalis, 
Gentianella spp., Nigritella nigra 

44.2 5.8 

9 
Open, dry 
and poor  

heath 

Very dry 
4a-4b 

Open area with sandy and dry soils. If trees or shrubs are 
present they are scattered. The field layer is very sparse, 

scattered and low-grown. The bottom layer is also 
scattered, but covers a bit more than the field layer. 

Lichens 

A few drought tolerant bryophytes,  
Vaccinium spp., Empetrum nigrum, 
 Nardus stricta, Avenella flexuosa,  

Calluna vulgaris, Solidago virgaurea,  
Botrychium spp. 

28.5 5.0 

10 
Poor juniper 

heath 
4au 

Characterized by a dense shrub layer, 0,5-1,5 m in 
height. The field layer is sparse or absent.  

Bottom layer is often pronounced. 

Juniperus communis,  
Salix spp.,  

Betula pubescens 
Betula nana 26.4 5.0 

11 
Betula 

woodland  

Dense deciduous forest. Trees are most often taller than 
5 m, and the canopy is closed. Shrubs and saplings are 
often present and numerous. Field and bottom layer is 

dominated by shade tolerant species. 

Solidago virgaurea, 
Trientalis europaea, 

Vaccinium spp.,  
Avenella flexuosa 

Viola spp., Melampyrum spp., Oxalis acetosella 27.6 5.1 

12 

Anthropo-
genous 
tallherb 

grassland 
 

Field layer often 1 m or taller, dominated by species that 
compete well and grow fast on nutrient rich soils. At 

some sites, single species may form dense stands. 

Site specific, as single 
species may form dense 
and homogenous stands. 

Urtica dioica, Chamerion angustifolium,  
Anthriscus sylvestris, Silene dioica,  

Deschampsia cespitosa 
NA NA 
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Main data analyses 

Detection probability 

Distance sampling is a widely used method for producing abundance and density estimates 

of biological populations. Distance 6.0 (Thomas et al. 2010) was used to model detection 

functions for the different species and for the species within the different management 

types, based on the perpendicular distance measurements for species observations. 

Corrected Akaike Information Criterion (AICc) was used for selection of detection functions. 

From the chosen functions, effective strip half-width estimates were attained. These were 

doubled to effective strip widths (ESW), because observations were made on both sides of 

the transect line. ESW is calculated as the width in meters where the number of individuals 

observed outside exactly equals the number of individuals missed within. In effect this gives 

the transect width at which individuals were detected. ESW estimates are in the present 

study used 1) for calculation of estimated transect area, which is used in illustrations on 

density and as offset in statistical models at transect level and 2) as estimated transect 

meter area, which is used as offset in models at transect meter level. An offset is a 

component of the predictor (here: density or occurrence probability) that is known in 

advance and therefore does not need a parameter to be estimated from the data (Crawley 

2007). This is held constant while other explanatory variables (here: management and 

vegetation) are evaluated, and “saves” degrees of freedom. 

Detection functions fit by the Distance software provided reliable estimates for transect 

widths (ESW). Detection functions on distances for species across management types 

generally fit well. For species within management types most functions fit well (see Table 5 

for ESW estimates and Appendix 1 for a detection function example). There were a few 

exceptions due to low numbers of observations (G. amarella in the abandoned area) or 

scattered distribution of distance values (N. nigra in all management types). ESWs on the 

species across management types were in these cases used in further analyses. 

Table 5: Number of observations (n) and estimated effective strip widths (in meters) stratified for species 
within management types (ESW sp/man).  *ESW for species across management types used. 

Species 

Abandoned Mown Grazed 

n ESWsp / man n ESWsp / man n ESWsp / man 

Nigritella nigra 24     18.94 * 18     18.94 * 110     18.94 * 

Gentianella campestris 29 6.48 13 3.52 153 7.54 

Gentianella amarella 5     3.92 * 228 3.62 235 5.14 

Gentiana nivalis 0 - 84 2.68 16 3.44 

Botrychium boreale 41 3.66 20 2.46 132 4.34 

Botrychium lunaria 93 3.92 69 2.78 126 4.2 

Botrychium lanceolatum 20 3.72 0 - 7 6.5 
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Effects of management and vegetation 

Two types of models on two different scales were used to investigate the distribution and 

abundance of species as effects of management and vegetation. Data was recorded per 

single transect meter, thus analyses on this small scale is possible. However at this scale, the 

count data has too high a fraction of zero values to be handled by models using Poisson error 

distribution. Therefore, analyses on count data and estimations of density are scaled to the 

transect level (counts per species per vegetation type within each transect). Analyses at the 

transect meter level are performed on data where counts per meter are transformed to 

presence (1) or absence (0) per meter. This allows for use of binomial error structure in 

models and estimations of probability of occurrence for the species. Binomial distribution 

handles the zero inflation tendency better than Poisson distribution. All statistical models 

were run in R 3.0. Significance level was set to 5% in all analyses.  

 

Density 

Analyses on density within management types and vegetation types are performed at the 

transect level, approached by making models and plots for each species. In R, generalized 

linear models (glm) were fit to test whether management type or vegetation type had 

statistically significant effects on species densities. Models for each species were fit using 

count as response variable and management type and vegetation type as explanatory factor 

variables. The moisture and pH gradients shown for vegetation types (Fig. 3) would indicate 

fit of vegetation type as a continuous variable. This was attempted, though as individuals of 

the species most often were found in relatively few combinations of management type and 

vegetation type, models on density could not be fit by R when using vegetation type as 

continuous. Five candidate models with different combinations of explanatory factor 

variables were fit per species; intercept only, management type only, vegetation type only, 

management and vegetation as additive effects, and finally management and vegetation 

with interaction. Estimated transect area was used as offset in all of the models. The data 

was assumed Poisson-distributed, and Poisson-family log link models were fit. These were 

checked for overdispersion, and all candidate models for a species were re-fit as negative 

binomial if overdispersion was detected in the Poisson-family models. Model selection was 

done by using Akaike Information Criterion (AIC). 

In Excel, the density per vegetation type per transect was calculated by dividing the count 

per vegetation type by the estimated area of vegetation type (number of meters of 

vegetation type * ESWsp/man). Thus these density estimates do, as the glm models, account 

for differences in the distribution of transect meters between vegetation types and for 

differences among species and management types in detection probability. Average 

estimated density per meter with standard errors was further calculated per management 

type and vegetation type. Another analysis was done for all species in total, of density within 

management types only (across vegetation types). Detection probability was accounted for 
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in this analysis, though the distribution of vegetation types on transects was not. Student t-

tests were fit to check whether there were significant differences in density of study species 

among management types. Plots were made per species on their estimated density within 

vegetation types and management types, and one plot was made for the analysis on density 

within management types, across species and vegetation types. For convenience, the density 

estimates per meter are scaled up to per dekar (one dekar equals 1000 m2) in the plots. The 

plots illustrate the level on which density was tested in models, and the models are testing 

the significance of what is illustrated in the plots. In the models though, the data was assum-

ed Poisson-distributed, and model results may therefore deviate from the plot illustrations.  

 

Probability of occurrence 

Analyses on occurrence within management types and vegetation types were performed on 

presence/absence (1/0) data at the transect meter level. Binomial-family logit link general-

ized linear mixed models (glmm) were fit to this level. Management and vegetation were fit 

as fixed factors, while transect and block were fit as random factors in all models. This was 

done because management and vegetation are those factors of which the effects on the 

mean probability of occurrence were interesting to estimate. The random factors were fit 

because it was important to account for the possible variance due to effects of transects or 

the non-independence of transects within blocks. Vegetation type was treated as continu-

ous, as vegetation type reflects a continuous process from wet to dry (Fig. 3). With 0,1 data 

and binomial family this did not cause the modeling issues met in the glms. Thereby it was 

also possible to test for the expected peak in occurrence probability in intermediate vegeta-

tion types (low-grown grasslands), by applying vegetation type as a quadratic term, veg2. 

Mixed models account for the hierarchical design in this study, and for the fact that the 

number of surveyed transect meters differed between management and vegetation types. 

Six candidate models with different combinations of fixed effects were fit per species; 

intercept only, management type only, continuous vegetation type only, veg2, management 

and vegetation as additive effects, and finally management and vegetation with interaction. 

If interaction between management and quadratic vegetation type would appear significant, 

this would indicate that the particular species occur at different habitat ranges among the 

differently managed areas. Model selection was done by using AIC.  

Selected mixed models are illustrated in two ways. Firstly, plots on probability of occurrence 

per management type and vegetation type were made in R from back-transformed 

coefficients. Secondly, maps on predicted distribution within the study area were made in 

ArcGIS, by creating raster formats of the management and vegetation variables, on which 

back-transformed coefficients were extrapolated using the “Raster calculator”. Different 

types of illustrations can be made for different purposes. In this case, plots are made 

because they show clearly the results of complicated models, and are quite easily 

interpreted. Maps are made as a way of showing how results can be useful as applied for e.g. 

management purposes and reserve design. Map making first required digitalization of the 
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vegetation map for Sølendet in ArcGIS. Further, this needed to be combined with the 

vegetation map for the grazed and abandoned areas, and the vegetation types used for the 

present study. This was a challenge, due to the generality of the vegetation map for the 

grazed and abandoned areas, which had fewer and wider vegetation types. Because of this, 

vegetation types from the Sølendet map and the field survey were grouped to fit the most 

general map, which involved loss of considerable amounts of information. Presented maps 

represent a methodological example and potential occurrence predictions. 

 

Results 

1423 observations were recorded altogether on study species. Per species, a total of 152 

individuals were observed of N. nigra, 468 of G. amarella, 195 of G. campestris, 100 of G. 

nivalis, 193 of B. boreale, 288 of B. lunaria and 27 of B. lanceolatum. Number of observations 

per species and management type is found in Table 5 in the methods. About 2 % of the 

individuals observed are known to have been assigned the wrong vegetation type, due to 

reduced GPS accuracy when recording the location of individuals or borders between 

vegetation type intervals. Distance from the transect line to observed individual was always 

shorter than half the distance between transect lines, thus transects never overlapped.  

 

Density 

When looking at effects of management type across 

species, transects and vegetation types, the total 

density of all study species seems higher in both 

grazed and mown areas than in abandoned areas 

(Fig. 4). Two-way t-tests show that the density is 

significantly higher in grazed areas than in abandoned 

(p < 0.05). No significant differences were found 

between abandoned and mown areas or between 

grazed and mown areas (both p > 0.05).  

Model results on density indicate effects of 

vegetation type and management type for some 

species, though not for all. Candidate and chosen 

generalized linear models are shown in Table 6, and details on selected models are found in 

Appendix 2. Effects of mowing and grazing are in the analyses compared to those of 

abandonment, except for G. nivalis, which was not found in the abandoned area. Effects of 

vegetation types are compared to those of the wettest type in which individuals were 

observed for each species, referred to as intercept/reference. Models give density estimates 

as the mean number of individuals per transect meter within management types and 

0 

10 

20 

30 

40 

50 

60 

Abandoned Grazed Mown 

D
en

si
ty

   
(#

 in
d

 p
r 

d
ek

ar
) 

Management  type 

All study species  
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vegetation types. Figure 5 shows density estimates for selected species, distributed between 

the categories of management and vegetation. 

G. nivalis was the only species for which the selected model has interaction effects of 

vegetation and management on density (Fig. 5a). This species was found in mown and 

grazed areas and in vegetation types 7 and 8. Effects from the two management types and 

the two vegetation types were not significantly different (both p > 0.05). However there is a 

significant interaction effect of mowing and vegetation type 8 (p < 0.05), and density is 

estimated to be 9.7 in vegetation type 8 in mown areas. 

In chosen models for N. nigra, G. amarella, B. lunaria and B. lanceolatum both vegetation 

type and management type were included as additive effects on density. For N. nigra, effects 

of grazing and mowing are not found significantly different from abandonment (p > 0.05), 

although densities in general are estimated to be lower in abandoned areas, intermediate in 

mown areas and higher in grazed areas. Effects of vegetation types are compared to type 4, 

in which density is estimated to 0.01 in abandoned areas, 0.61 in mown and 1.15 in grazed 

areas. Effects on density were significantly different from type 4 for types 8, 10 and 11 (all p 

< 0.05). Within all management types, density estimates are highest in vegetation type 8 

(abandoned: 6.13, mown: 6.73, grazed: 7.26). In types 10 and 11, density is estimated to 

lower than 0.2 in abandoned areas, lower than 0.8 in mown and lower than 1.3 in grazed 

ones. Fig. 5b illustrates the significantly higher density in vegetation type 8, however the 

apparently high density in vegetation type 7 is not found significantly higher than in type 4 in 

the model (p > 0.05). For G. amarella and B. lunaria, models fit with Poisson-family show 

overdispersion and are re-fit as negative binomial models. For G. amarella the density is 

found to be significantly higher in mown areas than in abandoned areas (p < 0.05). Its 

density is estimated to be lowest in abandoned areas, intermediate in grazed and highest in 

mown areas. No significant effects are found for any of the vegetation types (p > 0.05), 

though density is estimated highest in type 8 and 7 in all management types. For G. amarella 

the significantly higher density in mown areas is illustrated in Fig. 5c. In the chosen model for 

B. lunaria, no management types are found significantly different form abandonment, and 

no vegetation types are found significantly different from type 3 (p > 0.05), which is the 

reference factor level for the vegetation types. B. lanceolatum was observed only in grazed 

and abandoned areas and in vegetation types 7, 8 and 11. Grazing and abandonment do not 

seem to differ in effects on density, and vegetation types 8 and 11 do not have significantly 

different effects from type 7 (p > 0.05). 

Vegetation type is the only variable included to explain variation in density for G. campestris 

and B. boreale. In the chosen model for G. campestris the density in type 7 is significantly 

higher than in type 4 (p < 0.05), estimated to 0.46 and 0.08 respectively. Estimated densities 

are also found significantly higher in vegetation types 9, 10 and 11 (all p < 0.05), in which the 

estimated densities range between 0.11 and 0.18. The density peak in vegetation type 7 is 

shown in Fig. 5d. The density was however by the model estimated highest in type 8, as is 

also conspicuously indicated in the figure. This was not found significant in the model (p > 
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0.05), possibly because the density was not higher in type 8 than in type 4 in all management 

types. For B. boreale, only type 11 is found to have significantly higher density than type 5 (p 

< 0.05), which is the intercept type for B. boreale. Estimated densities within these 

vegetation types are 0.31 and 0.03, respectively. The estimated density from the model was 

highest in type 8, though this was not significant in the model (p > 0.05), which possibly has a 

similar reason to that suggested for G. campestris. 
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Figure 5, a-d: Estimated density per species within management types (as bars of different colors) and 
vegetation types, for species of which management or vegetation had significant effect. Standard error bars 
show among-transect variation. Density estimates per meter are scaled up to per dekar (1000 m

2
). Note that 

scale limits of the y axes are different, adapted to best depict densities for each species. Also recall that 
vegetation type 12 is excluded from statistical models, though included here to show that species are absent 
in this type. 

 

 

Probability of occurrence 

Transect meter level analyses on presence-absence indicate that management type and 

vegetation type differ in importance also to where species occur. Candidate and chosen 

generalized mixed models are shown in Table 7, and details on selected models are found in 

Appendix 3. Also here, mowing and grazing effects were, except for G. nivalis, compared to 

abandonment effects in analyses of management. Models give probability of occurrence 

between 0 and 1 per meter of vegetation types within management types. Estimates from 
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the total model for all species are given as % occurrence probability per meter. Because the 

estimates per species often are very low numbers, they are presented as scaled up to % 

probability of finding an individual per km2 for N. nigra, and to % probability per dekar for all 

other species.  

For all study species in total, both management type and vegetation type with interaction 

effects were included in the chosen model. There are significant effects of quadratic 

vegetation type and interaction between quadratic vegetation type and grazing (both p < 

0.05). The probability of occurrence is significantly higher in the grazed areas than in the 

mown and abandoned in all vegetation types from 6 to 11 (Fig. 6a). In all management types, 

the probability peaks in vegetation type 7, estimated to 15.7 % in grazed areas, 10.5 % in 

mown and 10.1 % in abandoned. The probability of finding any of the species is higher than 5 

% in vegetation types 6-9 in the grazed areas and in vegetation types 6-8 in the mown and 

abandoned areas.  

Also for G. campestris and B. lanceolatum, both management type and vegetation type with 

interaction effects were included in chosen models. For G. campestris there was significant 

effect only of quadratic vegetation type (p < 0.05). The probability of occurrence peaks in 

type 5 in mown areas, type 7 in grazed areas and in type 6 in abandoned areas. In types 5 

and 6, the probability of occurrence is significantly higher in the mown areas than in both the 

grazed and abandoned areas (Fig. 6b), though overall effects of management were not found 

of significantly different in the model (p > 0.05). In type 5 and 6 the probability of occurrence 

is estimated to respectively 3.9 % and 3.2 % in mown and 0.1 % and 0.2 % in both grazed and 

abandoned areas. This indicates that G. campestris occurs more frequently in mown areas, 

at least in damp grassland types, whereas in mown and abandoned areas it occurs less 

frequently, and in drier grassland types. For B. lanceolatum no effects of either management 

or vegetation turned out significantly different (p > 0.05).  

Management type and quadratic vegetation type were both included as additive effects in 

the selected model for G. amarella, though effects of mowing and grazing were not 

significantly different from the effect of abandonment in this model. Quadratic vegetation 

type had strongly significant effect on probability of occurrence for this species (p < 0.05), 

indicating that its occurrence frequency peaks in low-grown grassland vegetation. In all 

management types, the probability per dekar peaks in vegetation type 7, closely followed by 

type 8, estimated to respectively 11.9 % and 10.8 % in mown areas, 3.6 % and 3.3 % in 

grazed and 0.9 % and 0.8 % in abandoned areas. G. amarella seems to occur in similar 

habitat range in all management types (Fig. 6c). 

For N. nigra, B. boreale and B. lunaria, the quadratic vegetation type variable shows strongly 

significant effect on the probability of occurrence (p < 0.05), indicating peaking probability of 

occurrence in vegetation types 7 followed by 8 (low-grown grasslands). Management is not 

included in their chosen models. The estimated probability of occurrence for N. nigra peaks 

at 0.000017 % per km2 in vegetation type 7. Estimated probability of finding an individual of 
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this species is higher than 0.000005 % per km2 for vegetation types 5 to 9. The probability of 

finding an individual of B. boreale is estimated to 40.6 % per dekar in vegetation type 7, 

closely followed by 37.5 % per dekar in type 8. For B. lunaria the occurrence probability is 

estimated to 53.9 % per dekar in vegetation type 7 and 44.3 % per dekar in type 8. For both 

these two species, the estimated chance of finding an individual is higher than 15 % per 

dekar for all vegetation types from 6 to 9. N. nigra, B. boreale and B. lunaria are thus all 

predicted to occur most frequently in vegetation type 7.  

Also for G. nivalis, quadratic vegetation type was the explanatory variable in the chosen 

model, though its effect was not significant (p > 0.05).  

 

 

 

 

a) 
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Figure 6: Plots on probability of occurrence within management types and vegetation types for models on 
presence/absence of a) all study species in total, b) G. campestris and c) G. amarella. Recall that vegetation 
type 1 is the wettest, and type 11 the driest. The low-grown grasslands are types 7 and 8. Estimated 
occurrence probability per meter is for convenience scaled up to per dekar. Solid lines represent estimated 
mean occurrence probabilities, while dashed lines show 95% confidence intervals. Note the slightly different 
scale limits of the y-axes for the three different plots, adapted to best depict the curves. 

c) 

b) 
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The vegetation grouping used in the model extrapolation onto maps is shown in Table 4, and 

a map of the grouped vegetation types within the management type areas is shown in Fig. 

7a. Maps on predicted distribution are shown in Fig. 7b for all study species in total (percent 

probability of occurrence per meter) and in Fig. 7c for G. amarella (scaled up to percent 

probability of occurrence per dekar). The maps show the estimated probability of occurrence 

in the vegetation types which were applied to the maps, for each of the management type 

areas. The predicted occurrence probabilities are generally shown to be higher in managed 

areas and in the low-grown grassland vegetation (type 8) followed by heathlands (type 9). 

There are some implications of the maps, which are further treated in the discussion. The 

maps illustrate the potential occurrence probabilities if the conditions assumed in the map 

making were the prevailing conditions. 

 
 

Table 4: The grouping of vegetation types, further used in map making. Vegetation types which were present 
within the study area but did not occur in transects or models (NA) are assigned type 0 in the map making. 

Recorded types NA 1 , 2 3 , 4 , 5 6 7 , 8 9 , 10 11 
Types applied to maps 0 1 4 6 8 9 11 

Short description of  
types applied to maps 

No 
predicted 

distribution 

Wet 
types 

Damp 
grassland 

 Dry 
tallherb 

grassland 

Dry low-
grown 

grassland 

Heath and 
scrubland 

Deciduous 
woodland 
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a) 
b) 
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Figure 7: a) Map of the vegetation types, or the raster, onto which models for probability of occurrence were 
extrapolated. Note that the abundance of vegetation type 11 (woodland) in Sølendet nature reserve 
(“Mown”) is severely underestimated. Maps of predicted, potential distribution within the study area are 
shown in b) for all species (% probability of occurrence pr meter) and in c) for G. amarella (scaled up to % 
probability of occurrence pr dekar). Darker colour indicates higher occurrence probability.

c) 
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Table 6: Candidate generalized linear models (glm) for transect level analyses on density. Chosen models are shown in bold. The response variable was count for per 
species models, and presence/absence (1/0) for the all species model. Transect area (ESW*transect length) was used as offset in all models. 

Explanatory 
variables 

N. nigra G. amarella G. campestris G. nivalis B. boreale B. lunaria B. lanceolatum 

AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  

~ 1 398.85 284.27 225.83 5.58 397.70 167.61 245.31 177.49 370.46 50.58 333.94 7.90 66.34 17.95 

~ man 378.51 263.93 225.99 5.74 397.28 167.19 178.67 110.85 373.71 53.83 335.38 9.34 56.01 7.62 

~ veg 116.01 1.43 222.65 2.40 230.09 0 220.44 152.62 319.88 0 327.43 1.39 48.74 0.35 

~ man + veg 114.58 0 220.25 0 231.71 1.62 68.44 0.62 319.94 0.06 326.04 0 48.39 0 

~ man * veg 116.38 1.80 224.22 3.97 232.35 2.26 67.82 0 322.17 2.29 328.62 2.58 48.39 0 

 
 

Table 7: Candidate mixed effects models (glmm) for transect meter level analyses on occurrence probability. Chosen models are shown in bold. For all models the 
response variable was presence/absence (1/0), random effects were transect and block, and transect meter area (ESW) was used as offset.  

Fixed effects 
N. nigra G. amarella G. campestris G. nivalis B. boreale B. lunaria B. lanceolatum ALL SPECIES 

AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  AIC  ΔAIC  

~ 1 567.68 87.11 1009.82 137.34 918.64 169.98 336.68 103.45 1143.45 192.53 1495.84 264.64 194.74 23.33 3575.86 767.62 

~ man 571.56 90.99 1010.08 137.60 919.10 170.44 339.62 106.39 1145.70 194.78 1499.52 268.32 197.44 26.03 3577.48 769.24 

~ veg 505.39 24.82 983.59 111.11 831.21 82.55 333.49 100.26 1070.05 119.13 1406.10 174.90 181.51 10.10 3280.57 472.33 

~ veg2 + veg 480.57 0 872.70 0.22 750.33 1.67 233.23 0 950.92 0 1231.20 0 174.29 2.88 2809.61 1.37 

~ man + veg2 + veg 484.46 3.89 872.48 0 750.00 1.34 236.63 3.40 953.02 2.10 1234.96 3.76 176.81 5.40 2810.03 1.79 

~ man * veg2 + veg 480.61 0.04 872.63 0.15 748.66 0 240.63 7.40 955.03 4.11 1231.77 0.57 171.41 0 2808.24 0 
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Discussion 

Main results 

The main intention of this study was to identify effects of management on the distribution 

and abundance of rare low-herb species, while controlling for important ecological factors. 

This study shows that both the density of, and the probability of finding, individuals of any of 

the studied species is higher in grazed areas than in abandoned areas. However the 

responses to management are in this study shown to differ among species, as especially the 

gentians seem to show preferences to mown areas. Moisture and pH levels were correlated 

with vegetation types, and the low-grown grassland types (type 7 and 8) experienced 

intermediate moisture levels and relatively high pH. For three of the seven studied species, 

density was shown to be positively related to such grassland vegetation, and for five of the 

species, the probability of their occurrence was shown to be highest in these vegetation 

types. The hypotheses outlined in advance are supported, as some preferences were found 

for most species regarding management type or vegetation type (including moisture and 

pH). All species except B. lanceolatum show either higher density or higher probability of 

occurrence (or both) as response to active management or the presence of low-grown 

grasslands (or both). The results from the analyses of density and probability of occurrence 

are not really comparable. This is due to the many differences between the statistical 

approaches used, which are elaborated in the methods. Therefore, such comparisons are not 

attempted.  

 

Management and vegetation 

Vegetation type, notably the presence of low-grown grasslands (type 7 and 8), was more 

often a determinant of the distribution and density of the study species than management 

regime. This is likely to be explained by the fact that these habitats in upland areas such as 

Brekken were created by the traditional land use practices, and the remaining are sustained 

by management (Eriksson et al. 2002, Moen and Øien 2012). Thus the preferred vegetation 

types for the low-herb species are products of active management, and the effects of 

mowing and grazing are very likely to be masked within the clearer effects of vegetation. As 

management is an important driver of shifts between vegetation types, it may be difficult to 

segregate effects of management from effects of the properties of vegetation types in 

comparative studies like this one. Joint effects of management and environmental variables 

have been found in previous studies on semi-natural grasslands (Barbaro et al. 2004, Klimek 

et al. 2006). However, long-term studies at Sølendet have shown how abandonment leads to 

a shift towards tall-herb grasslands, scrubland and woodland, and how this process can be 

reversed back towards low-herb grasslands through active management (Moen and Øien 

2012). 
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Effects of management on the environment and vegetation 

Managed grasslands have many similar characteristics, as they are open and inhabited by 

low-grown grasses and herbs. The impacts of mowing and grazing provide favorable 

ecological conditions for taxa which have certain traits and life histories. These need to be 

adapted to mowing or grazing in one or more of these three ways: surviving and 

regenerating from plant part loss, having sufficient production of new individuals or being 

inedible. In Grimes’ C-S-R-model, this is transferrable to short-lived and rapidly reproducing 

plants such as the ruderals, and stress-tolerant ruderals of more long-lived species (Grime 

2001). Basal position of meristems and buds or belowground position of perennating organs, 

found in Raunkiaers hemicryptophytes and cryptophytes, is advantageous in these habitats 

(Gurevitch et al. 2006). So is basal position of leaves, forming rosettes or hemi-rosettes 

(Prévosto et al. 2011). Vegetative reproduction through rhizomes or stolons is another way 

of omitting the disturbances posed to the field layer (Øien and Moen 2006).  

Though there are some general trends in grasslands, mowing and grazing have different 

effects on plants and the environment, which in turn may affect the distribution and 

abundance of species or species groups differently (Norderhaug et al. 1999). In a mowing 

field, disturbance is evenly distributed; all plants are cut at the same level, and similar 

amounts of nutrients (aboveground plant parts) are removed across the site. Trampling 

effects come mainly from humans and modern mowing equipment, which has less impact on 

soil conditions than the heavier grazing animals. This may make it easier for trampling 

sensitive species to live in mown sites than in grazed ones (Lennartsson and Oostermeijer 

2001). Mowing may promote low-herb species which are especially palatable to grazers 

(Ekstam and Forshed 1997), or species which grow and flower either before or after mowing 

incidents, or can live with some apical damage (Huhta et al. 2003). The effects of mowing 

depend on the frequency and timing of execution. 

Grazed areas are posed to more scattered distributions of disturbances (Norderhaug et al. 

1999). Both nutrient removal (aboveground plant parts) and input (manure) is patchy. Some 

grazer species show food plant preferences and aversions, which may alter abundance and 

competitive relationships among species. Grazing pastures may therefore become 

dominated by grazing tolerant taxa. Trampling effects are also patchily distributed. 

Trampling from cattle often has large effects through soil compaction and displacement, and 

creation of spots of bare soil. This may promote species which depend on such spots for 

germination, while reducing trampling-sensitive taxa. Effects depend on grazing animal 

species and density, and timing, duration and frequency of grazing, and the resulting animal-

plant and plant-plant interactions (Medina-Roldan et al. 2012). Thus, effects and conditions 

are often more complicated in grazed areas than in mown areas.  

The methods used in current management practices deviate somewhat from the traditional 

land use practices, which may also have impact on species distribution. In the traditional 
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land use, mowing was performed with a scythe, whereas nowadays managers most often 

use motorized mowing equipment. Goats and lighter cattle types were formerly more 

common livestock in grazing pastures. Grazing is currently mostly applied with sheep and 

heavier cattle types, often at much higher densities than in the former land use, which 

increases trampling, grazing pressure and nutrient input in sites. Generally in the traditional 

land use, mowing with subsequent grazing by animals at low density was a common 

approach, which posed the vegetation and environment to combined effects of mowing and 

grazing. This was probably not the case in the study area (landowners personally informed). 

Where this was common though, it has in practice been abandoned for several decades, and 

is not very likely to reappear as a management strategy. This approach may have supported 

a great variety of low-herb species, as mid-summer mowing would keep the vegetation low-

grown and suppress the competition level, whereas a low grazing pressure in the autumn 

could provide spatial gaps for species which require that for seed germination (Barbaro et al. 

2004). 

In the study area, mowing is performed in fens and grasslands with a two-wheeled tractor, 

and the hay is gathered and mostly burned. Grazing is by the most common cattle type, 

Norwegian Red, at quite low density. About 20 animals spend the summer within the total 

grazing area, which is about 0.7 km2 in size. At low densities like this, grazers are shown to 

prefer the most productive habitats for foraging (Mobæk et al. 2009). Thereby indicated, the 

fens and grasslands are those vegetation types which can be considered managed within the 

study area. In this study, it might therefore be dubious to differentiate species responses in 

management types for heathlands, scrubland and woodland. 

The abandoned area used for this study has still got low-grown grassland vegetation present 

within it (Fig. 2), in which individuals of the study species were found. Shrubs have started 

colonizing theses grasslands, although their cover was not measured. The most probable 

reasons why this area has not totally grown back are the short growing season and the soil 

conditions and overall vegetation of the area. As can be seen from figure 2, there is a higher 

proportion of heathland and scrubland in the abandoned area than in the grazed and mown 

ones. With these vegetation types surrounding the grassland valleys, it is likely that the 

colonization process of the grasslands has been slowed down. Species turnover is suggested 

to be lower in heathlands than in grasslands (Chytry et al. 2009). The dry and relatively stable 

heathlands may therefore have served as a buffer zone at the edges of grasslands, and 

slowed down colonization by tall herbs, shrubs and trees, as source populations of such 

species have been kept more distant in space. However the abandoned area has surely to a 

great extent been encroached by shrubs and trees the past decades, as is obvious when new 

and old aerial photos are compared. It is likely that the abandoned grasslands are going to be 

overgrown in the course of the next few decades.  
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Species responses 

Totaled 

The total density of all studied species is significantly higher in grazed areas than in 

abandoned areas (Fig. 4). It also appears higher in mown areas than in the abandoned, 

though this was not found to be significant. This is probably due to the high standard error of 

species counts especially in the mown areas, which is believed to originate from the species 

being rare, and that individuals of some species were found to be locally clustered in 

distribution. If clustering is part of the source of the particularly large standard errors in the 

mown area, and if clustering had been accounted for, one might have found significantly 

higher density and revealed larger population sizes in mown areas.  

The probability of finding any of the studied species is highest in low-grown grassland 

vegetation types, especially where there is an interaction effect of these and grazing. The 

occurrence probability peaks in low-grown grasslands in all management types, and further 

the habitat range is expanded at the drier and poorer part of the vegetation gradient in 

grazed areas compared to mown and abandoned areas (Fig. 6a). Thus the study species in 

total are predicted to occur in a wider range of habitats in the grazed areas compared to the 

mown and abandoned ones, especially in the drier types, as the difference is significant for 

more vegetation types at the drier side of the peak. Because the total model used for this 

analysis assumes that all the summarized species are a uniform group, its results are less 

precise than the ones from the per species models. Results may well have turned out 

different if data on other species than the chosen ones were lying at base. This is also the 

case with the above described total density analysis. For the chosen species though, 

conservation of as many of them as possible, in as broad a habitat range as possible, seems 

best obtained by low-intensity grazing. Studies have pointed to the effects grazing have on 

plant diversity by creating environmental heterogeneity, particularly at the soil gap scale 

(Adler et al. 2001). This may promote species diversity through enhancing seed 

establishment for species in which this is a critical phase. 

However, models for each species revealed positive effects of mowing on several species. 

Therefore both grazing and mowing are important management strategies in conservation of 

rare low-herb species. There are several studies on the effects and the conservation 

potential of grazing and mowing. For instance, Hansson and Fogelfors (2000) found that both 

grazing and mowing were appropriate tools for maintaining a low-grown community 

structure, but mowing was to prefer if the aim was preservation of high species richness. 

Fischer and Wipf (2002) and Maurer et al. (2006) found that mown grasslands had higher 

species diversity than grazed ones, when both were unfertilized. Moreover, continuity of 

whatever management approach has been shown to be of overriding importance to species 

diversity (Aavik et al. 2009). Therefore, local land use history is essential for successful 

management design. 
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Gentians 

Results from the species models indicate that gentians thrive best in mown areas. G. nivalis 

is at highest density in low-grown grasslands in mown areas, G. amarella is at highest 

densities in mown areas, and G. campestris is found at highest density in the low-grown 

grassland vegetation. The probability of finding G. amarella is highest in low-grown 

grasslands. For G. campestris this probability is highest in mown areas, significantly so in 

damp grasslands. This mowing management preference is for G. campestris confirmed in a 

study by Lennartsson and Oostermeijer (2001). In this study it was shown that individuals 

grew larger and produced more seeds in mown sites than in grazed ones, and also that the 

timing of mowing is important, as adult growth in the summer was impaired by tall 

surrounding vegetation when mowing was done in the autumn. Late mowing was 

nevertheless more beneficial than grazing. Thus G. campestris seems to prefer mid-summer 

mowing as management type. However generalizations regarding management type and 

timing should be treated with care in site specific management, as responses following a 

particular form of disturbance may vary notably between populations, between years, and 

relative to the timing of clipping in relation to flowering phenology (Lennartsson et al. 1998). 

Kelly (1989) showed that a low turf height was positively correlated with survival and 

fecundity of G. amarella. Huhta et al. (2003) found that this species tolerates a low level of 

apical damage by compensatory or over-compensatory growth. G. nivalis has previously 

been shown to increase following both restorative mowing (Moen and Øien 2012) and 

grazing (Geddes and Miller 2010). G. nivalis is a relatively small species, and therefore may 

have quite high requirements for light availability at the ground level to germinate and grow 

(Miller et al. 1999). There were some modeling problems for this species in the analysis of 

occurrence probability. This may have been a consequence of G. nivalis having a narrow 

ecological niche, which is supported by that records of it were made in few vegetation types 

and management types. The few habitat combinations for the statistical program to analyze 

might have caused difficulties in finding differences. No studies were found on whether G. 

amarella and G. nivalis prefer one of mowing or grazing over the other. However the results 

of this study and that of Lennartsson and Oostermeijer (2001), along with the similarity 

between G. campestris, G. amarella and G. nivalis in life history and growth form, suggest 

that targeted conservation toward gentians seems best fulfilled trough mowing of semi-

natural grasslands. Hardly any individuals of the gentian species were found in the 

abandoned area. These small-sized and short-lived (annual or biennial) species may be 

responding more rapidly to abandonment than the long-lived ones (Pykälä et al. 2005). If 

dispersal into habitat is limiting for the distribution of low-herb species, then they are likely 

to disappear if encroaching tall species act as dispersal barriers. Seed colonizers are shown 

to be more likely to become locally extinct through a successional sequence (Vandvik 2004). 

This could be the case for the gentians, along with the fact that they have quite short-lived 

seed banks (Lennartsson and Oostermeijer 2001).  



38 
 

Nigritella nigra 

N. nigra is found at highest density in the low-grown grassland vegetation (types 7 and 8, see 

fig. 5b), and the probability of finding individuals of this species is also found to peak in these 

types. Due to this habitat preference, and because N. nigra ssp. nigra is endemic to, and 

endangered within Norway and Sweden (Gärdenfors 2010, Kålås et al. 2010), it is important 

to prevent its habitat and populations from disappearing. Quite a few individuals of N. nigra 

were found in the remaining grasslands in the abandoned area. This was not a big surprise, 

as this area is believed to include some of its primary localities in the Brekken region (Moen 

and Øien 2002), and is not yet totally overgrown. Alive individuals of long-lived species such 

as this one may have established decades ago, prior to, or in the starting phase of, 

successional processes in their surrounding environment. These individuals may persist for 

quite some time, even if their habitat becomes suboptimal (Lindborg and Eriksson 2004). 

This may explain the lack of apparent management effects on the distribution and 

abundance of N. nigra. In previous studies from Norway and Sweden, positive effects of both 

grazing and mowing have been indicated for N. nigra, while the number of flowering 

individuals have been shown to decline sharply in time series for overgrowing habitats 

(Björkback and Lundqvist 1997, Moen and Øien 2002). If grazing is applied as management 

strategy in conservation of rare orchid species such as N. nigra, the timing of grazing and 

choice of grazing animal species may be important, as some species graze heavily upon 

orchids (Barbaro et al. 2004). 

 

Botrychium 

The densities of the studied Botrychium species were largely not found significantly affected 

by management or vegetation. The probabilities of finding individuals of B. boreale and B. 

lunaria are across management types found to be highest in intermediate vegetation types, 

peaking in the low-grown grassland types. Considerable parts of the detected individuals of 

Botrychium species were found within the heathlands of the abandoned area. This confirms 

that these have slightly lower demands to base content and moisture compared to the other 

study species (Norderhaug 1988, Elven et al. 2013). Along with the points that there is still 

some grassland and heathland vegetation in the abandoned area and that Botrychium 

species are relatively long-lived and persistent, this may explain the lack of apparent 

management effects. However, the finding that B. boreale and B. lunaria are most likely to 

occur within semi-natural grasslands is supported in several publications (Nordhagen 1943, 

Moen 1990, Ekstam and Forshed 1997, Norderhaug et al. 1999). Otherwise there is little 

scientific research available on the ecology of these two Botrychium species. It would be very 

interesting to see more studies relating their ecological requirements to historic and current 

distribution patterns as well as former land use and current management. The lack of 

significant effects from management or vegetation on the distribution and abundance of B. 

lanceolatum may be due to the relatively low sample size both across, and distributed on, 
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management types and vegetation types. Several individuals were observed outside 

transects in the mown areas, but none were recorded within transects. This indicates that 

transect placement may have had considerable impact on the sampling for this rare species. 

 

Qualities and drawbacks of the methods used 

There could be other possibly important factors to the distribution and abundance of low-

herb species in the study area, which were not measured. For instance, species may not fill 

their ecological niche within the area, due to dispersal limitation, the critical establishment 

phase or chance events (Vandvik 2004). The fact that the studied species are rare may have 

led them into situations related to rarity, like e.g. reduced populations from environmental 

or demographic stochasticity (Munzbergova 2006) or reduced fitness from inbreeding 

(Sletvold et al. 2012). Local or microclimatological conditions like topography, orientation, 

snow cover and solar radiation (e.g.Bennie et al. 2006), and the nitrogen and phosphorous 

contents in the soil (Lorenzo et al. 2006) have also been shown to impact plant growth and 

diversity. Environmental factors are often correlated, and the challenge is to identify the 

most important ones. Based on previous studies, moisture and pH were chosen for this 

study, as they are pointed to as the most important factors to local distribution patterns in 

the study area. 

Equipment error may have led to inaccurate records of geographic position and 

measurements of pH and moisture. The minimum error of the GPS unit used is 4 m, which is 

relatively wide for a study on such a small spatial scale. Factors like weather, satellite 

positions, calibration, waiting time for the GPS to follow field worker movements, and 

surrounding environment (canopy etc.) may additionally have influenced the accuracy. Use 

of the GPS was though the best available method for recording position. As only about 2 % of 

the observed individuals are identified as misplaced into vegetation types, this low error is 

assumed not to influence the accuracy of the results to considerable extent. Correction of 

positions post field survey would have been biased and was therefore avoided. Generally, 

the equipment used is very up to date, and is assumed to have provided reliable results 

within the accuracy ranges given by the producers. 

The approaches for the data analyses in this study may have influenced the accuracy of the 

results. Detection probability for a first, is most likely dependent on the vegetation types 

where observations are made. There were however too few observations per species within 

the different vegetation types and management types to make detection functions and 

extract ESW estimates at his stratification level. Secondly, in the density analyses, transects 

are assumed to be independent. This is unlikely to be the case, as some of them are close 

and appear similar in vegetation pattern, or are affected e.g. by the same base rich water 

brook. Therefore, the results from the analyses on probability of occurrence are likely to be 

more reliable, as effects of transects and transect groups (blocks) here were accounted for. 

Generalized linear mixed models are also the best tool for analyzing non-normal data that 
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involve random effects (Bolker et al. 2009), such as that of this study. Thirdly, in model 

selection, there were several models for which ΔAIC from the chosen model was lower than 

2, meaning that they were close to the chosen model in goodness of fit. Model selection 

could have been done in several other ways, e.g. by weighting AIC or performing likelihood 

ratio test. However these different approaches often end up with similar outcomes. AIC is a 

practical and widely used method (Crawley 2007), and was therefore chosen and used 

consistently in this study. 

There was limited time and suitable area for this study, and further studies would be 

interesting to elucidate among-year and among-region variation in species densities and 

occurrence related to management and ecological conditions. The abundance of (at least 

emerged) individuals varies among years for all of the study species, especially the annual or 

biennial gentians (Miller et al. 1999, Moen and Øien 2012). It would also be interesting to 

see the outcome of such a study where vegetative, non-flowering stages of N. nigra, G. 

amarella and G. campestris were included. If all plant life stages were included, the sample 

size would be larger and it might have been possible to see more significant effects of 

management and vegetation on these rare species. 

Prediction maps 

The prediction maps in Fig. 7 illustrate 

how model results can become useful 

to practical conservation purposes. The 

assumed distribution of vegetation 

types and management regimes in the 

map making differ from the prevailing 

on the following points: 1) The grouping 

of the recorded vegetation types found 

in Table 4 led to some loss of 

information on the distribution of 

occurrence probability for species, and 

the maps therefore do not reflect the 

full range of estimated probabilities 

found for each vegetation type in 

models. The vegetation types were 

grouped together with neighboring 

types in the moisture and pH gradients, and the probability of occurrence did for most 

species show a unimodal peak in intermediate vegetation types. Therefore, if the base 

vegetation map was more detailed in the sense that vegetation types had similar 

subdivisions to the recorded types, the resulting maps would be expected to show more 

transition zones of occurrence probability between the presented high- and low-probability 

types. These grouping effects are assumed minimal for the predictions in the abandoned and 

Figure 8: Not all sites within Sølendet nature reserve 
are mown. Sites which are regularly mown are shown 
in light green. 
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grazed areas, as there were fewer recorded vegetation types in the area south of the 

reserve, and the ones missed in the grouping were found in narrow belts. For the nature 

reserve, there are differences between the assumed and prevailing conditions on two more 

points. 2) Not all sites within Sølendet nature reserve are mown, as can be seen in Fig. 8. 

Thus the treatment of the nature reserve as uniform in terms of management is not correct 

if the aim is to depict occurrence probability under the current management regime. 3) The 

current cover of Betula woodland (vegetation type 11) at Sølendet is underestimated (Fig. 

7a). In the vegetation map for the nature reserve, such woodland is sketched in as a tree 

layer which is not combined with codes and borders of field and shrub layer patches. 

Thereby, the abundance of especially heathlands and grasslands is also over-estimated for 

Sølendet in the vegetation raster used as basis for the prediction maps. Where type 11 is 

recorded at Sølendet, there is present tree cover of other species than B. pubescens.  

The vegetation map for Sølendet was made in 1977 and updated with areas which were 

added to the reserve in 1990 (Bretten et al. 1977). The vegetation map covering the grazed 

and abandoned areas was made in 1972 (Prestvik 1973). There may have been some 

changes in vegetation since the years of mapping, however they are assumed to be minor 

(Moen and Øien 2012), not considerably affecting the accuracy of the prediction maps.  

The presented maps show the potential occurrence probabilities if the grouped vegetation 

types were the ones occurring in the area, and if all sites within the nature reserve were 

cleared of woodland and mown. These maps could be updated to predict occurrence 

probabilities under the current vegetation distribution and management regimes if ways 

were found to apply the full range of recorded vegetation types (and model parameters) to 

the maps, and if the woodlands and unmanaged areas of the nature reserve are included. 

Models could then be refit, and the resulting map could be used in conservation and 

management of the study area. It would also be interesting to compare the map of potential 

occurrence probability to this, as an indication of what could happen to the distribution and 

abundance of the study species if more sites within the nature reserve were cleared and 

mown. 

If prediction maps are to be used in conservation and management, one must be aware of 

potential error sources. Generally, accuracy of model predictions for a specific site should be 

tested in the field (Randin et al. 2006). 
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Conclusions; conservation and management 

The long-term persistence of many plant species will depend on their ability to survive within 

landscapes managed by humans (Cousins and Aggemyr 2007). This study supports that this is 

the case for species which are closely associated with semi-natural grasslands. For targeted 

and successful conservation and management of such habitats, it will be important to 

identify candidate areas, involve stakeholders in evaluation and decision processes and apply 

appropriate management measures (Young et al. 2005). Due to the described ranges of 

management type effects and species responses, there could be need for application of a 

range of different management strategies in the restoration and preservation of plant 

species diversity across upland landscapes. Applying grazing as management tool in formerly 

mown sites is by some considered an economically feasible conservation approach (Maurer 

et al. 2006). Others claim that this represents a serious conservation problem, as grazing may 

eliminate rare low-herbs which show low grazing tolerance and are dependent on mowing 

(Lennartsson and Oostermeijer 2001, Fischer and Wipf 2002). The latter are supported by 

the present study, in which especially gentians are found to prefer mowing. The integrity of 

semi-natural grasslands decrease with time since traditional land use (Bekker et al. 1997), 

the most characteristic species are likely to be the first to disappear (Lindborg and Eriksson 

2004), and effects of climate change are expected to enhance successional processes (Speed 

et al. 2010). It is therefore time to speed up conservation efforts for more sites. Knowledge 

on historic land use, and ecological requirements and previous and current geographic 

ranges of low-herb species will be crucial for our capability to conserve and restore their 

habitats and populations (Klimek et al. 2006).  
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Appendix 
 

 

1)  One example of a detection function generated in Distance 6.0.  

 

 

Figure 9: Detection function for G. campestris in grazed areas. In this case, half-width is estimated to be 3.77 
meters. Doubling gives an effective strip width (ESW) of 7.54 meters for G. campestris in management type 
grazing. 

 

 
 
 
Table 8: Estimates for the chosen detection function 

Chosen model:   Half-normal key, k(y)  =  Exp (-y**2/(2*A(3)**2)) 

Parameter Estimates St. error 95% Confidence Interval 

A (3) 3.007 0.180  

f(0) 0.265 0.016 0.236 – 0.299 

P 0.188 0.011 0.167 – 0.212 

ESW 3.768 0.226 3.348 – 4.241 

AICc:   560.98           ΔAICc:  311.16 
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2) Estimates for selected generalized linear models  
 Estimated values and standard errors are given in the log link form.  
 
 

a)   Nigritella nigra 

Variables Estimate St. error Z P 
Intercept -4.379 0.784 -5.588 ≈ 0 

Grazing 0.125 0.311 0.401 0.688 

Mowing -0.508 0.338 -1.502 0.133 

Vegetation type 7 -0.189 0.754 -0.251 0.802 

Vegetation type 8 1.811 0.767 2.360 0.018 

Vegetation type 10 -2.199 1.056 -2.084 0.037 

Vegetation type 11 -2.429 0.887 -2.737 0.006 

 

b)   Gentianella amarella 

Variables Estimate St. error Z P 
Intercept -4.125 1.081 -3.815 ≈ 0 

Grazing 1.047 0.792 1.322 0.186 

Mowing 1.838 0.831 2.213 0.027 

Vegetation type 6 -1.420 1.250 -1.136 0.256 

Vegetation type 7 0.268 0.785 0.342 0.732 

Vegetation type 8 1.129 0.799 1.414 0.157 

Vegetation type 11 -1.891 1.155 -1.638 0.101 

 

c)   Gentianella campestris 

Variables Estimate St. error Z P 
Intercept -2.503 0.316 -7.915 ≈ 0 

Vegetation type 7 -0.976 0.346 -2.818 0.005 

Vegetation type 8 -0.174 0.328 -0.529 0.597 

Vegetation type 9 -2.362 1.049 -2.252 0.024 

Vegetation type 10 -2.695 0.775 -3.480 0.001 

Vegetation type 11 -3.524 0.548 -6.435 ≈ 0 

 

d)   Gentiana nivalis 

Variables Estimate St. error Z P 
Intercept -3.720 1.000 -3.720 ≈ 0 

Mowing 0.666 1.041 0.639 0.523 

Vegetation type 8 0.389 1.033 0.377 0.706 

Mowing*Vegetation type 8 2.268 1.079 2.102 0.036 

 

e)   Botrychium boreale 

Variables Estimate St. error Z P 
Intercept -3.470 0.447 -7.758 ≈ 0 

Vegetation type 6 -0.763 1.095 -0.696 0.486 

Vegetation type 7 -0.005 0.484 -0.011 0.991 

Vegetation type 8 0.531 0.456 1.164 0.244 

Vegetation type 9 0.233 0.500 0.467 0.641 

Vegetation type 10 -0.313 0.837 -0.374 0.709 

Vegetation type 11 -1.268 0.526 -2.410 0.016 
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f)   Botrychium lunaria 

Variables Estimate St. error Z P 
Intercept -3.198 1.307 -2.446 0.014 

Grazing -0.558 0.300 -1.862 0.063 

Mowing 0.230 0.376 0.611 0.541 

Vegetation type 5 -0.539 1.528 -0.353 0.724 

Vegetation type 6 -0.731 1.434 -0.509 0.611 

Vegetation type 7 0.215 1.290 0.167 0.868 

Vegetation type 8 0.982 1.304 0.754 0.451 

Vegetation type 9 -0.609 1.419 -0.429 0.668 

Vegetation type 10 -0.649 1.435 -0.452 0.651 

Vegetation type 11 -1.614 1.470 -1.097 0.273 

 

g)   Botrychium lanceolatum 

Variables Estimate St. error Z P 
Intercept -3.641 0.500 -7.282 ≈ 0 

Grazing -0.702 0.479 -1.467 0.143 

Vegetation type 8 0.895 0.559 1.601 0.109 

Vegetation type 11 -1.637 1.216 -1.346 0.178 

 

 

 

3) Estimates for selected generalized linear mixed models 
 Estimated values and standard errors are given in the logit link form. 

 

 

a)   Nigritella nigra 

Fixed effects Estimate St. error Z P 
Intercept - 42.219 5.089 - 8.297 ≈ 0 

Vegetation type
2
 - 0.258 0.071 - 3.640 ≈ 0 

Vegetation type 3.638 1.177 - 3.091 0.002 

 

b)   Gentianella amarella 

Fixed effects Estimate St. error Z P 
Intercept - 28.738 3.908 - 7.353 ≈ 0 

Grazing 1.437 1.467 0.980 0.327 

Mowing 2.632 1.638 1.606 0.108 

Vegetation type
2
 - 0.317 0.055 - 5.795 ≈ 0 

Vegetation type 4.657 0.899 5.179 ≈ 0 

 

c)   Gentianella campestris 

Fixed effects Estimate St. error Z P 
Intercept - 23.935 4.025 - 5.947 ≈ 0 

Grazing - 0.660 1.669 - 0.395 0.693 

Mowing 4.947 2.646 1.870 0.062 

Vegetation type
2
 - 0.263 0.057 - 4.581 ≈ 0 

Vegetation type 3.399 0.910 3.737 ≈ 0 

Grazing*Vegetation type
2
 0.015 0.021 0.709 0.479 

Mowing*Vegetation type
2
 - 0.063 0.047 - 1.356 0.175 
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d) Gentiana nivalis 

Fixed effects Estimate St. error Z P 
Intercept - 508.607 123539.344 - 0.004 0.997 

Vegetation type
2
 - 8.369 2206.060 - 0.004 0.997 

Vegetation type 128.958 33090.896 0.004 0.997 

 

e)   Botrychium boreale 

Fixed effects Estimate St. error Z P 
Intercept - 24.926 3.982 - 6.259 ≈ 0 

Vegetation type
2
 - 0.316 0.054 - 5.825 ≈ 0 

Vegetation type 4.655 0.937 4.966 ≈ 0 

 

f)   Botrychium lunaria 

Fixed effects Estimate St. error Z P 
Intercept - 26.544 3.762 - 7.056 ≈ 0 

Vegetation type
2
 - 0.364 0.056 - 6.470 ≈ 0 

Vegetation type 5.265 0.924 5.699 ≈ 0 

 

g)   Botrychium lanceolatum 

Fixed effects Estimate St. error Z P 
Intercept - 86.630 69.18 - 1.252 0.211 

Grazing - 21.350 11.24 - 1.900 0.058 

Mowing - 30.190 263800 0.000 0.999 

Vegetation type
2
 - 1.409 1.042 - 1.352 0.176 

Vegetation type 20.510 17.03 1.204 0.228 

Grazing*Vegetation type
2
 0.276 0.161 1.717 0.086 

Mowing*Vegetation type
2
 0.190 4224 0.000 1.000 

 

h)   All species 

Fixed effects Estimate St. error Z P 
Intercept - 17.235 1.814 - 9.501 ≈ 0 

Grazing - 0.429 0.626 - 0.685 0.494 

Mowing - 0.402 0.743 - 0.541 0.589 

Vegetation type
2
 - 0.317 0.027 - 11.882 ≈ 0 

Vegetation type 4.356 0.431 10.117 ≈ 0 

Grazing*Vegetation type
2
 0.018 0.008 2.264 0.024 

Mowing*Vegetation type
2
 0.009 0.011 0.863 0.388 
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