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General introduction  
Agricultural practices that had been used during several centuries were dramatically 

changed between the 1950s - 1960s in south-central Norwegian mountain areas 

(Kvamme et al. 1999, Nedkvitne et al. 1955, Olsson et al. 1998). New technologies, 

agricultural policies, and increasing globalised markets caused a restructure of the 

traditional agricultural practices (Green 2005, Statistics Norway 1999, 2006). 

Restructuring happened since the economic feasibility of the old practices decreased.  

 

Studies have shown that transitions among vegetation classes and shifts in the forest line 

have occurred during the last decades in the mountain landscapes (Olsson et al. 1998, 

Olsson et al. 2000, Vandvik and Birks 2004). The vegetation changes observed have 

been linked to the changes in the agricultural practises. This thesis deals with the 

relations between human activity and vegetation changes in cultural landscapes in 

Eastern Jotunheimen, south-central Norway. It deals both with changes in forest line 

and in vegetation types below the forest line. In addition a red listed herb Primula 

scandinavica is studied as an example of how plants may react on the changes.  

 
Mountain cultural landscapes 

In the broadest sense cultural landscape is defined as a land area shaped by human use. 

This definition includes most areas in Norway (Framstad et al. 1998). The World Heritage 

Committee defined cultural landscapes as "the combined work of nature and of man" 

(UNESCO 2005) which narrows the consept to landscapes where some aspects of 

nature still remain. A city might therefore not be a cultural landscape since most 

landscape elements are strictly human made. In comparison, more remote araes will be 

more shaped by natural processes and less by human activities. Pyšek et al. (2002) 

defined a semi-natural cultural landscape as all aspects of a human influenced landscape 

except the areas strictly human made such as arable land, roads and buildings. Here this 

definition is applied and the dynamics studied in the mountain landscapes is restricted 

to the semi-natural cultural landscape. 

 

Mountains have been used by humans since prehistoric times and are, to a great extent, 

cultural landscapes shaped by different farming systems (Jodha 1997, Parish 2002). In 
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Norway the history of land use is 10000 years, from the ice recession after the ice age 

(Norderhaug et al. 1999). During the first thousand years land use include only hunting 

and gathering (the pre-Neolithic phase), and the landscape can be defined as completely 

natural (Krönert et al. 2001). The Neolithic revolution in Norway began in 4000 BC, 

but only at lower altitudes (Myhre 2004). Semi-natural cultural landscapes were as a 

consequence of this formed in these areas. The area of semi-natural cultural landscapes 

expanded as human population increased and farm settlements were established also in 

the inland valleys. But as human population rose, the need for resources increased. Thus, 

more remote and climatically harsher mountain areas had to be used. In south-central 

Norwegian mountain areas transhumance practice evolved. Livestock was brought from 

main farm settlements to additional farm settlements (summer-farms) in regions of 

higher altitude to utilize pasture resources there. This mountain summer farming 

practice has been used more or less continuously since the 14th century (Reinton 1955, 

Fritsvold 1999, Lunden 2004). Summer-farm practices included free-range grazing by 

goats, cattle, and sheep, logging of timber for fuel and construction, and managing of 

land for food and/or fodder production. These systems formed semi-natural landscapes 

consisting of a mosaic of open grasslands, heaths, fens and bogs among forested 

habitats (Kvamme, 1988) – a heterogeneous landscape. Plant species originally 

distributed in low-alpine habitats as well as lower altitudinal regions have established in 

these open habitats. Today they are widely distributed in the mountain cultural 

landscape. 

 

As a response to the industrial revolution in Europe there was a shift in patterns of 

employment also in Norway during the last century. During 1945 – 1950 more people 

became employees in the industrial sector compared to the agricultural sector (Almås 

2002). The policy was that land use had to be modernized and rationalized. Agriculture 

also in the mountain areas were shifting from manually clearing and managing the 

cultural landscape to use of machines and fertilizers. The livestock that included 

different breeds and different species was replaced by livestock including only one 

cattle breed (Norsk Rødt Fe; NRF) that was bred for production of both milk and meat. 

As a consequence of the industrialization processes, free-range grazing of goat and 

cattle in south-central mountains was abandoned and NRF were let to graze in enclosed 
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pastures. In addition increased regulations in accordance with hygiene (HOD 1995) 

have during the 1960s to present, forced many small-scale milk processors to abandon 

their practise. Some land close to the summer-farm settlements was converted to arable 

land allowing livestock to graze there only after harvesting. On the other hand, more 

economic feasible husbandry practices of livestock cooperatives including semi-natural 

reindeer and free-ranging sheep have established and increased during the last decades 

(data provided by Norway statistics and Reindriftsforvaltningen).  

 

Modernization processes in agriculture have been claimed to alter the vegetation mosaic 

pattern of cultural landscapes (Asak 1974, Grenne 1998, Fjellstad and Dramstad 1999, 

Olsson et al. 2000, Hietala-Koivu 2002). These studies have shown that after decreased 

agricultural activities forest will establish in open semi-natural vegetation types both 

above and below the forest line. Semi-natural landscapes are of high historical value as 

they are important aspects of the cultural heritage (UNESCO 2005). The decrease of 

open vegetation types therefore threatens the (agri-) cultural heritage. Further, as a 

consequence of the loss of open habitats, species linked to them have decreased 

(Austrheim et al. 1999, Endels et al. 2002). Some species have even decreased at such 

levels that they have been assessed as threatened. 30% of the flowering species and 

50% of the bird species on the Norwgian Red List 2006 are associated with habitats 

influenced and shaped by traditional human use (Kålås et al. 2006).  

 

The Norwegian agriculture has in general relied on governmental subsidies (Almås et al. 

2004). To compensate for the low subsidies given during the last decades the economy 

of some rural communities has moved from the less economic feasible animal 

husbandry towards the more profitable tourism industry (Solliva et al. 2008). Semi-

natural cultural landscapes have been attractive areas for tourism and recreation 

activities. A recent perspective views farmers as multi-functional. Farmers are not only 

produce agricultural products but also maintain biodiversity and the common cultural 

heritage (Hanrahan and Zinn, 2005). Policy makers have increased their awareness and 

understanding of this multi-functionality of agricultural practices. WTO negotiations 

have indicated that subsidies to agricultural production has to be further decreased 

(WTO 2001, 2004). However, as a response to the WTO negotations and the awareness 
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about other beneficial outcomes but food from the agricultural activities, a way of 

granting has been developed through “green” payments in agri-environmental programs. 

These grants subsidize not only food and agricultural products but maintenance of 

biodiversity, cultural heritage and rural viability. Members of the Norwegian 

government have stated that provisions for maintenance of the openness in the cultural 

landscape (Office of the Prime Minister 2007). Payments are given through measures 

such as SMIL (Forskrift om tilskudd til spesielle miljøtiltak i jordbruket) and RMP 

(Regionale miljøtiltak) to support managements that maintain both biological aspects as 

well as the cultural heritage in a cultural landscape. The aspects associated to a semi-

natural cultural landscape includes the border between the boreal and the alpine zone, 

the vegetation mosaic, and rare species, If, all these aspects are to be maintained, 

however, detailed information about how agricultural practices relate to them have to be 

obtained.  

 

List of papers 

This thesis is based on five papers, which are referred to in the text by their Roman 

numerals. 

 

I) Wehn, S. A map-based method for exploring responses to different levels of 

grazing pressure at the landscape scale. (Submitted) 

 

II) Olsson, E.G.A., Hanssen, S.K., and Wehn, S. Forest line changes after 1960 in 

Norwegian mountains - implications for the future? (Submitted) 

 

III) Wehn, S., Pedersen, B., and Hanssen, S.K. A comparison of influences by cattle, 

goat, sheep and reindeer on vegetation transitions in mountain cultural 

landscapes in Norway. (Manuscript) 

 

IV) Olsson, E.G.A., Rønningen, K., Hanssen, S.K., and Wehn, S. The 

interrelationship of biodiversity and rural viability in mountain environments – 

sustainability assessment of land use scenarios. (Submitted) 
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V) Wehn, S., Olsson, E.G.A., and Söderström, L. Habitat preferences and 

population structure of the endemic herb Primula scandinavica in semi-natural 

landscapes. (Manuscript) 

 

Objectives 

The specific aims of the different papers in this thesis have been to 

1) develop a method to construct indices of potential grazing pressure from domestic 

animals grazing in cultural landscapes (Paper I) . 

2) assess transitions among five vegetation classes (grassland, heath, scrub, and 

pine- and birch forests) and displacement of the altitudinal position of the forest 

line (Paper I, III, IV). 

3) spatially relate vegetation variables to the indices of grazing pressure, and 

thereafter investigate the influence of former and current livestock husbandry on 

spatial distribution of vegetation classes and altitudinal position of forest lines 

(Paper I, III, IV). 

4) use the relations between changed agricultural practices and transitions among 

vegetation classes to construct scenarios of cultural landscapes given different 

agri-environmental policies (Paper V) 

5) use scenarios of socio-economic variables given different agri-environmental 

policies to assess rural viability in south-central mountains in Norway (Paper V) 

6) spatially relate spatial distribution and population structure of Primula 

scandinavica to the indices of present grazing pressure and other human related 

variables such as logging, fertilizing, paths, roadsides, and vegetation classes, and 

thereafter investigate the influence of agriculture and other human disturbance on 

P. scandinavica (Paper II). 

 

Declaration of contributions 

I contributed with ideas, planning of fieldwork, data collection, data analyses, and 

writing parts of II. Olsson contributed with ideas, planning of fieldwork, and leading the 

writing process. Hanssen contributed with ideas, planning of fieldwork, data collection, 

data analyses, and writing.  
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I came up with the idea as well as analyzed the data and wrote III. Pedersen contributed 

with planning and interpretation of the statistical analyzes as well as commenting on the 

paper. Hanssen contributed with data collection and commenting on the paper.  

 

For paper IV I contributed with planning, data collection, data analyzes and writing. 

Olsson contributed with ideas, planning, and leading the writing process. Rønningen  

contributed with ideas, planning, data collection, data analyzes, and writing. Hansen 

contributed with planning, data collection, data analyzes and writing.  

 

I contributed with ideas, planning, data collection, data analyzes, and wrote V. Olsson 

contributed with ideas, planning and commenting. Söderström contributed with ideas, 

planning and commenting.   

 

Study area 
The study area in the Eastern Jotunheimen is of special interest, since it is one of the 

few semi-natural mountain areas in Norway where summer farming still takes place. 

The area has a long history of human activity. After the deglaciation of the Jotunheimen 

mountain area that is estimated to have happened around 9500 yr BP (Barnett et al. 

2001), there was a period without human influence. Archeological investigations in the 

area have, however, have found settlements as early as 4000 and 3000 years ago at 

altitudes of 850 and 1000 m a.s.l. (Asak 1975, Hougen 1944). Semi-nomads that 

followed the migration routes of reindeers are assumed to have used these settlements. 

Mountain farming has been practiced in the area since the 14th century. Decrease in the 

human population due to the Black Death in 1350 caused abandonment of many of the 

mountain farms. A new increase in farming took place in the 17th century, but now only 

as seasonal farms. However, the seasonal farms were used both during summer and 

winter (Asak 1981). Due to long distances from the main farms near the municipality 

centers to the seasonal farms in the mountains, it was more practical to bring the 

animals to the stored fodder at the seasonal farm also during winter, than bring the 

fodder to the main farm. Free-range grazing of goats and cattle has been practiced around 

the summer-farms during summer since the oldest summer-farms were established in 
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1630.  

 

 
Figure 1 

A map of the studied area in the Eastern Jotunheimen (map: S.K. Hanssen). 

 

Seasonal farming declined during the last century. The practice of “mountain winter 

farming” ended during the 1930s (Asak 1981) and after the 1960s abandonment of 

summer-farming activities have escalated (Asak 1975, Grenne 1998). Milk production 
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on the summer-farms came to an end and the earlier free-range grazing of goats and 

cattle were abandoned in most areas. Two joint farms of goat keeping were, however, 

established, in 1965 and the goats at these farms were still allowed to free-range 

grazing. But as the goats have to return to the barns for milking the area grazed is 

limited.  A few cattle herds are still brought to the summer-farms but most of the cattle 

graze only in enclosures. However, semi-domestic reindeer and sheep have generally 

increased in numbers in the mountain area as cooperatives were established in the 

1940s and 1970s respectively.  

 

Today there are 180 summer farms in the eastern part of Jotunheimen registered in the 

local council of Vågå, but only 35 of these produce milk (Karlstad pers com). In the 

local council of Lom 190 summer farms are registered, of which 17 are in use (Dalseng 

pers com).  

 

The climate is continental. Sediment analyses indicate that climatic conditions have 

been varying during the Holocene but that summer temperatures during the last 100 

years have been higher compared with the rest of the period (Nesje et al. 2004). During 

the last 30 years, however, the mean annual temperature was -0,2oC and mean annual 

precipitation 490 mm (data provided by Norwegian Meteorological Institute). The 

bedrock is mostly basic (gabbro, amphibolite, phyllite, and limestone), but gneiss and 

quartzite is also present. Most of the study area were covered with till, mostly as a 

continuous layer (data provided by Norwegian Geological Survey).  

 

Human impact has decreased forest distribution the last 2000 years as it had been 

observed a decline in arboreal pollen and increase in pollen types related to grazing and 

fodder production (Bjune 2005). After the 1960s, however, forest is establishing in the 

open semi-natural vegetation types. However, the cultural landscapes still include 

species rich open, semi-natural habitats (Olsson et al. 2000). Open heathland 

communities are present and dominated by Ericacae species such as Calluna vulgaris 

and Vaccinium species, but with high abundance of grasses, sedges, and herbs. Close to 

summer-farms, mostly in enclosures, semi-natural grasslands are found. Most of these 

are only moderately fertilised and include a high number of grasses, sedges and herb 
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species (Olsson et al. 2004). Willow (Salix sp.), juniper (Juniperus communis), birch, 

and pine are establishing in open habitats below the forest line (Olsson et al. 2000.). The 

forest line (940-1260 m a.s.l) is composed of mountain birch (Betula pubescens ssp. 

tortuosa) and in some parts pine (Pinus sylvestris).  

 
 

Changes in vegetation of the semi-natural cultural landscape 1960s - 

2002 
 

Changes in sub-alpine vegetation  

The semi-natural cultural landscapes have changed in the study area the last 40 years. A 

series of vegetation maps (1960s – 2002) digitized from aerial photos (I, III) shows that 

a considerable part of open vegetation types such as grasslands and even more 

heathlands are transformed to scrub and forest (Figure 2). Also transitions from forest 

and scrubland to open vegetation had occurred (Figure 2). Establishment of forest in 

open habitats have been observed in 

most studies of summer-farm landscapes 

in Norway (Olsson et al. 2000) and is 

considered a threat to biodiversity and 

cultural heritage in the cultural 

landscapes. The transitions from forested 

areas to open vegetation types have, 

however not, been dealt much with when 

discussing cultural landscapes in 

mountains in south central Norway. 

Although they have been considered in 

studies from the northern part of Norway 

(Tømmervik et al. 2004) and the British Islands (Thomson et al. 1995).  

 

The transitions in the study area were significantly related to changes in grazing 

pressure by domestic animals. Heathland and scrubland were the vegetation classes that 

 

 
Figure 2 
Vegetation transitions in the sub-alpine study 
sites in Eastern Jotunheimen. 
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had changed most (Figure 2). They were found in the sub-alpine commons outside the 

enclosed pastures. Here the most frequent change in grazing pressure was a small 

decrease in the amount of fodder eaten per area annually (Figure 3a). Free-range grazing 

by cattle and goats had before the 1960s maintained open semi-natural vegetation in 

summer-farm surroundings. In the 1960s this practice was largely abandoned and partly 

replaced by grazing by sheeps. Sheep is, however, not as effective to suppress forest and 

scrub establishment as cattle and goats (III). Therefore a high percentage of heathland 

was transformed to forest and scrubland (Figure 2; I, III).  

 

-15000 -5000 5000 15000 -50000 50000 150000 250000 3000 -2000 -1000 0 1000 2000 3000  

Grasslands (today mostly enclosed by fences) had also changed, but less so compared 

with the commons outside the fences. Most of the grasslands had during 1960s – 2002 

been influenced by the same grazing pressure as before the 1960s (Figure 3b). Cattle 

were still grazing in some of the grasslands. Where cattle grazing were abandoned sheep 

had replaced them. Some of the enclosed grasslands had experienced an increase of 

grazing pressure which can be attributed to the new breed (NRF) that is larger compared 

with the cattle breeds used earlier in the area. In addition, the cattle were not let out to 

free-range grazing but kept within the smaller enclosures, which contribute to the higher 

grazing pressure. The grazing pressures in the enclosures were high enough to suppress 

most tree establishment although scrub had to some extent established.  

 

a) sub-alpine commons b) sub-alpine grasslands 

Figure 3 
The change in the total grazing pressure indices (kg/km2 per year) from the 1960s – 2002 in a) the sub-
alpine commons, b) the enclosures, and c) the forest line in Eastern Jotunheimen.  

c) forest line 
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Change in grazing pressure (kg/km2 per year) from the 1960s - 2002  
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As studies from heavily grazed areas have shown, the transitions from scrubland and 

forest as well as heathland to more open vegetation observed in this study area can be 

due to high grazing pressures. In this study area these transitions were attributed to the 

very high increase in number of goats in three summer-farm sites (Figure 2; III).  

 

Changes in the altitudinal position of the forest line 

In the study area a shift in altitudinal positions of the forest line was observed, although 

the overall shift was small (+4.3 m altitudinally; Figure 4). There were, however, large 

variations between different areas with a mean change in one area of +17.14 m 

compared with another area with a mean change of -0.15 m (II).  

 

These shifts were significantly related to 

changes in grazing pressure from 

domestic animals (II, III). The study by 

(Hofgaard 1997) also showed that 

domestic animals have a high impact on 

the altitudinal position of forest lines. 

The highest upward displacements from 

1960s to 2002 had occurred where the 

decrease of grazing pressure was large 

(II). In this area cattle and goat had 

lowered the forest line before the 1960s 

(III). When their free-range grazing was abandoned, the pressure on the forest line was 

released. Sheep range-grazing had, however, increased during the period from 1960s to 

2002. Sheep had no effect on neither scrub and forest expansion in the sub-alpine zone, 

nor the altitudinal shifts of the forest line (III). This may be due to a combination of the 

sheep inability to graze larger plant species (Staalenad et al. 1995). Semi-natural 

reindeer, however, were able to maintain the pressure on the forest line after cattle 

grazing had ended (III).  

 

 

 

Figure 4 
The frequency distribution of shift in 
altitudinal positions observed in the study 
area of Eastern Jotunheimen 
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The future of the semi-natural cultural landscapes  
Development of the semi-natural cultural landscapes in the future is dependent upon the 

land-users and their activities. Three scenarios describing possible future land use were 

used in this study. Even if the policy makers define schemes for protection of 

landscapes or threatened species, the protection will only be effective if the land-users 

follow the legislations, regulations and management plans that are decided; the policies 

have to be legitimized (Kull 2002). Local stakeholders were therefore included in a 

sustainability appraisal of future agri-environmental policies (V). In the fist scenario 

(business as usual, BAU) trends of agricultural practices continued. This resulted in 

continued livestock husbandry, but at lower intensities. 

 

In the second scenario (liberalization, LIB) all subsidies stopped. No land-user saw the 

possibility to maintain summer-farming under such conditions. The semi-domestic 

reindeer and sheep cooperatives, however would remain, but with reduced herds.  

 

In the third scenario (managed change for biodiversity, MCB) agri-environmental 

considerations should be taken and green-payments given. The land-users would 

achieve support for livestock husbandry in prioritized areas such as species rich semi-

natural grasslands.  

 

Comparisons of the scenarios can be used as tools to integrate landscape ecology with 

landscape planning (Opdam et al. 2002). There is a close relationship between 

landscape and rural development (V). People using the semi-natural landscapes of 

Eastern Jotunheimen are aware of and will, if economically feasible, manage both the 

cultural heritage and the rare species that are linked to the cultural landscape. The 

different agricultural activities in the three scenarios would result in different levels of 

forest and scrub establishment in the cultural landscape (V) due to different number of 

domestic animals (I, IV). In all scenarios, however, forested areas would increase. 

Under none of the agri-environmental policies defined it was economic feasible to go 

back to the pre-1960 practices of husbandry, so the trend of forest expansion would 

continue. However, if agri-environmental subsidies were given, areas of semi-natural 
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grasslands would increase as a consequence of the demand from the authorities that 

high intensive fodder production had to be abandoned. Arable land would be used as 

pastures to fulfil the environmental objectives of the schemes. 

 

 
Future for rare species in semi-natural cultural habitats 
There are many rare species in the semi-natural cultural landscape and many of them 

are red listed due to the decline in habitats (Kålås et al. 2006). What will happen with 

them in the future? One of the rare 

species in the semi-natural grasslands 

is the endemic Primula scandinavica. 

To be able to evaluate the future 

survival for such a species, one needs 

to know the key requirements. Primula 

scandinavica requires open areas in 

order not to be outcompeted and some 

disturbance to be able to establish (V). 

In the investigated areas, it was most 

frequent in grasslands (both open and 

scrub-dominated) and had the highest 

density in human disturbed habitats 

(V). The existence of those open 

vegetation types are dependent upon 

grazing by domestic animals (III).  

 

Scenario procedures have been used to investigate the impact of changed environment 

on species distribution (Bomhard et al. 2005, Bolliger et al. 2007). Future vegetation 

mosaics in the region has been estimated for three scenarios described above (IV). It is 

therefore possible to estimate the potential distribution of suitable habitats for P. 

scandinavica under each scenario. A classification tree (Figure 5) constructed using 

generalizations of the habitat requirements (V) can be used to indicate the future 

distribution of suitable habitats by defining vegetation using the landscape scenarios 

Figure 5 
A classification tree describing a suitable 
habitat of Primula scandinavica using 
generalizations of the results in V.               
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produced in IV and changing the human disturbance variables defined in V pursuant to 

the policy scenarios. The results following such a procedure indicate that future 

distribution of suitable habitats for P. scandinavica will depend on agri-environmental 

policy makers. If continued trends of agricultural practices continue (BAU), number and 

size of suitable habitat patches decrease compared with present distribution (Table 1). 

More dramatic results will, however, be present if all subsidies are stopped (LIB) and 

lot of suitable habitats will be lost. If agri-environmental considerations are taken 

(MCB), on the other hand, area of suitable habitats will increase.  

 

Populations found in natural habitats were small, but seed-production was not different 

between semi-natural habitats and natural habitats. This result indicates self-supporting 

populations even if grazing by livestock would end. The species survival in such a case 

depends therefore on the ability for small and isolated populations to form viable 

metapopulations. 

 
Table 1 
Suitable patches in 2002 and the three scenarios. 
 

Scenario  Number of suitable 

patches 

Total area of suitable 

patches (hectare) 

Mean area of the 

suitable patches 

(hectare) 

SD of the area of 

the suitable 

patches (hectare) 

2002 415 125.55 0.299 1.333 

BAU 336   87.43 0.256 1.2.58 

LIB 115    9.58 0.077 0.141 

MCB  341 151.53 0.438 1.642 

 

 

Conclusions and future prospects  
The semi-natural cultural landscape has changes considerably in south central 

Norwegian mountain the last 40 years. The earlier open sub-alpine landscape has to a 

large extent become scrubland or even forest. This corresponds to a change in livestock 

husbandry during the same period. Changes in goat and cattle grazing pressure and 

grazing patterns have stopped the earlier suppression of scrubland and forest. Increased 
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semi-domestic reindeer numbers have, above the forest line, partly continued to 

suppress upward expansion of forest.  

 

It is expected that changes will occur also in the future. Agri-environmental policies 

will influence agricultural practice and the semi-natural cultural landscape will be 

formed with respect to the practice used. The changes also have an effect on the 

biodiversity. Rare species such as Primula scandinavica occurring in vegetation types 

that are decreasing will lose suitable habitat patches.  

 

This study leads to some recommendations to further research:  

 

In Paper III it is shown that goat husbandry is the practice that best maintain an “open” 

landscape. More information about the goat’s influence on semi-natural cultural 

landscapes has to be obtained. In depth investigations dealing with the influence of goat 

grazing pressure on plant species composition have been started near one of the joint 

goat husbandry summer-farms. To analyze the changes over time an experiment has 

been started where changes in plant species compositions in an enclosure (no goats 

allowed to graze) is compared with changes in plant species compositions where goats 

are allowed to graze,. Further studies investigating whether goat husbandry is economic 

feasible and could be used as a management measurement should be performed.  

 

Many have claimed sheep to have had large influence on landscape dynamics. This 

study suggests the opposite. Studies should, however, be performed to investigate if 

sheep have an effect and if so at which grazing pressures. It should also be studied if the 

most ecologically beneficial grazing pressures and grazing patterns is economic feasible.  

This study included changes in and below the forest line only. Above the forest line the 

numbers of domestic animals have increased (II, III). Studies investigating the role of 

sheep and semi-domestic reindeer in alpine areas have also high relevance when 

investigating semi-natural cultural landscapes. In the study area it exist a study dealing 

with the influence of sheep and reindeer grazing pressure in alpine areas (Størseth 2002). 

No differences in the influence on plant composition between these two species were 

observed. It would, however, be useful to use the species composition data from this 
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study to investigate whether there have been any changes over time, and further, relate 

this to changes in numbers of domestic animals over time. Climate has changed during 

the last decade in this region (data provided by the Norwegian meteorological institute). 

The combined effects of climate and grazing pressure by domestic animals, or even all 

herbivores in the area should be studied. As natural forest lines define the climatic 

border between the boreal and the alpine zone, the upward shifts of the forest line have 

been attributed to change in climate. This study indicated that the shifts observed in the 

cultural landscape of Eastern Jotunheimen, were highly correlated to changes in grazing 

pressure (II, II).  

 

Primula scandinavica is a species endemic to Norway and Sweden (V). This means that 

Norway have a responsibility for this species survival. This study showed that it is 

common in semi-natural grasslands, but that it is also present and viable in natural 

habitats (V). More investigation on the species metapopulation dynamics have to be 

performed in order to assess how threatened the species is. Scenarios of the distribution 

of suitable habitats for P. scandinavica can be used to gain more knowledge. In this 

synopsis the results from a static scenario modelling procedure are shown. Developing 

this study to also include more dynamic modelling procedures as well as including more 

species would be very useful.  

 

 

Errata list 
In the Synopsis Objectives:  

Paper II = Paper V 

Paper III = Paper II 

Paper IV = Paper III 

Paper V = Paper IV 

 

References  
Almås, R. (Ed.), Gjerdåker, B., Lunden, K., Myhre, B., Øye, I., 2004. Norwegian 

Agricultural History. Tapir Academic Press, Trondheim. 



Synopsis 

 17

Almås, R. 2002. Norges landbrukshistorie IV 1920 – 2000. Det Norske samlaget, Oslo.  

Asak, P.O. 1975. Naturressurforvalting i Øst-Jotunheimen. Master-thesis in Geography, 

University of Oslo, Oslo. 

Asak, P.O. 1981. Seterbruk og ressursbruk i Øst-Jotunheimen. Norwegian Journal of 

Geography 35. 

Austrheim, G., Olsson, E.G.A. 1999. Land-use impact on plant communities in semi-

natural sub-alpine grasslands of Budalen, central Norway. Biological conservation 

87: 369-379. 

Barnett, C., Dumayne-Peaty, L., Matthews, J.A. 2001. Holocene climatic change and 

tree-line response in Leirdalen, central Jotunheimen, south central Norway. 

Rewiew of paleobotany and phylogony 117: 119-137. 

 Bolliger, J., Kienast, F., Soliva, R., Rutherford, G. 2007. Spatial sensitivity of species 

habitat patterns to scenarios of land use change (Switzerland). Landscape ecology 

22: 773-789 

Edels, P., Jacquemyn, H., Brys, R., Hermy, M., De Blust, G. 2002. Temporal changes 

(1986-1999) in populations of primrose (Primula vulgaris Huds.) in an agricultural 

landscape and implications for conservation. Biological conservation 105: 11-25. 

Fjellstad, W.J., Dramstad, E.E. 1999. Patterns of change in two contrasting Norwegian 

agricultural landscapes. Landscape and Urban Planning 45: 177-191. 

Framstad, E. 1998. Jordbrukets kulturlandskap – en utfordring for forskning og 

forvalning. In: Framstad, E., Lid, I.B. (eds). Jordbrukets kulturlandskap. 

Universitetsforlaget, Oslo. 

Fritsvold, R. 1999. Langmorkje Almenning – Glimt fra historien. Langmorkje 

Almenning, Vågå. 

Green, A. 2005. Employment restructuring in rural areas. In: Schmied D. (ed). Winning 

and Losing. The Changing Geography of Europe’s Rural Areas. Aldeshot, 

Ashgate. 

Grenne, S.N. 1998. Landskapsendringer i relasjon til endra arealbruk Sjodalens 

seterlandskap, Oppland, 1964-1994.  Landscape changes in relation to land use 

changes in the Sjodalen mountain summer farming landscape. Master thesis in 

Plant Ecology, Department of Botany. NTNU. Trondheim.  



Synopsis 

 18

Hanrahan, C.E., Zinn, J. 2005. Green payments in U.S. and for European Union 

agricultural policy. CRS report for congress  

Hietala-Koivu, L. 2002. Landscape and modernizing agriculture: a case study of three 

areas in Finland in 1954-1998. Agriculture ecosystem and environment 91: 273-

281. 

HOD (Helse- og omsorgsdepartementet). 1995. FOR 1995-06-30 nr 636: Forskrift om 

produksjon og omsetning mv. av rå melk, varmebehandlet melk og melkebaserte 

produkter. http://www.lovdata.no/cgi-wift/ldles?doc=/sf/sf/sf-19950630-

0636.html 

Hofgaard, A. 1997. Inter-relationships between treeline position, species diversity, land 

use and climate change in the central Scandes Mountains of Norway. Global 

Ecology and Biogeography Letters 6, 419-429. 

Hougen, B. 1944. Seterbruk og oldfunn. Norwegian Journal og Geography 10. 

Jodha, N.S. 1997. Mountain agriculture. In: Messerli, B. and Ives, J.D. (eds). Mountains 

of The World. A Global Priority. The Parthenon Publishing Group, New York. 

Krönert, R., Steinhardt, U., Volk, M. 2001. Landscape Balance and Landscape 

Assessment. Springer, Germany.  

Kull, C.A. 2002. Empowering pyromaniacs in Madagascar: Ideology and Legitimacy in 

community-based natural resource management. Development and change 33: 57-

78. 

Kvamme, M. 1988. Pollen analytical studies of summer-farming in Western Norway. In: 

Birks, H.H. (ed). The Cultural lanscapes: past, present, and future. Cambridge 

University Press, Cambridge. 

Kvamme, M., Austad, I., Hauge, L., Norderhaug, A., Fremstad, E., Moen, A. 1999. 

Kulturmarken i historisk og regionalt perspektiv. In: Norderhaug, A., Austad, I. 

Hauge, L., Kvamme, M. (eds). Skjøtselsboka for kulturlandskap og gamle norske 

kulturmarker. Landbruksforslaget, Fagernes. 

Kålås, J.A., Viken, Å., Bakken, T., (eds). 2006. Norsk rødliste 2006 - 2006 Norwegian 

Red List. Artsdatabanken, Trondheim. 

Lunden, K. 2004. Recession and new expansion 1350 - 1814. In: Almås, R. (ed.) 

Norwegian Agricultural History. Tapir academic press, Trondheim.  



Synopsis 

 19

Myhre, B. 2004. Agriculture, landscape, and society ca. 4000 BC - AD 800. In: Almås, 

R. (ed.) Norwegian Agricultural History. Tapir academic press, Trondheim.  

Nedkvitne, J.J., Garmo, T.H., Staaland, H. 1995. Beitedyr i kulturlanskap. 

Landbruksforlaget, Oslo. 

Nesje, A., Dahl, S.O., Lie, O. 2004. Holocene millennial-scale summer temperature 

variability inferred from sediment parameters in a non-glacial mountain lake: 

Danntjorn, Jotunheimen central southern Norway. Quartenary Science Rewiews 

23: 2183-2205.     

Norderhaug, A., Frøyland, M., Søraas, A., Østbrøt, A. 1999. Gamle kulturmarker – 

viktig utfordring. In: Norderhaug, A., Austad, I. Hauge, L., Kvamme, M. (eds). 

Skjøtselsboka for kulturlandskap og gamle norske kulturmarker. 

Landbruksforslaget, Fagernes. 

Office of the Prime minister. 2007. The Soria Moria 

declarationhttp://www.regjeringen.no/nb/dep/smk/dok/rapporter_planer/Rapporter

/2005/Soria-Moria-erklaringen.html?id=438515  

Olsson E.G.A., Austrheim, G. Bele, B. 1998. Ressursutnytting og økologiske endringer 

i seterlandskapet. In: Framstad, E., Lid, I.B. (eds). Jordbrukets kulturlandskap. 

Universitetsforlaget, Oslo. 

Olsson, E.G.A., Austrheim, G., Grenne, S.N. 2000. Landscape change patterns in 

mountains, land use and environmental diversity, Mid-Norway 1960-1993. 

Landscape Ecology 15, 155-170. 

Olsson, E.G.A., Hanssen, S., Rønningen, K. 2004. Different conservation values of 

biological diversity? A case study from the Jotunheimen mountain range, Norway 

Norwegian J. Geogr.  58, 204-212. 

Opdam, P., Wascher, D. 2004. Climate change meets habitat fragmentation: linking 

landscape and biogeographical scale levels in research and conservation. Biol. 

Conserv. 117, 285-297. 

Parish, R. 2002. Mountain Environments. Pearson Education Ltd, Essex. 

Pyšek, P., Sădlo, J., Mandăk, B. 2002. Catalogue of alien plants of the Czech Republic. 

Preslia, Praha 74: 97 – 186. 

Reinton, L. 1955. Sæterbruket i Noreg. I. Sætertypar og driftsformer. Institutt for 

sammenlignende kulturforskning. H. Aschehoug and co., Oslo.  



Synopsis 

 20

Soliva, R., Rønningen, K. Bella, I., Bezal, P., Flø, B.E., Marty, P., Potter, C. 2008. 

Envisioning upland futures: Stakeholder responses to scenarios for Europe’s 

mountain landscapes. J. Rur. Stud. 24, 56-71.  

Statistics Norway. 2006. Fewer livestock farmers. Livestock husbandry. Preliminary 

figures, as of 1 January 2006.  

Størseth, K. 2002. Beite av tamrein og sau på alpine vegetasjon in Sjodalen, 

Jotunheimen. Master thesis, Department of Botany. NTNU. Trondheim.  

Staaland, H., Garmo, T.H., Hove, K., Pedersen, O. 1995. Feed Selection and 

Radiocesium Intake by Reindeer, Sheep and Goats Grazing Alpine Summer 

Habitats in Southern Norway. Journal of Environmental Radioactivity 29, 39-56. 

Tømmervik, H., Johansen, B., Tombre, I., Thannheiser, D., Hogda, K.A., Gaare, E., 

Wielgolaski, F.E. 2004. Vegetation changes in the Nordic mountain birch forest: 

The influence of grazing and climate change. Arctic Antarctic and Alpine 

Research 36, 323-332.  

Thompson, D.B.A., MacDonald, A.J., Marsden, J.H., Galbraith, C.A. 1995. Upland 

heather moorland in Great-Britain – a rewiev of international importance. 

Vegetation change and some objectives for nature conservation.  Biological 

conservation 71: 163-178. 

UNESCO. (2005) Operational Guidelines for the Implementation of the World Heritage 

Convention. UNESCO World Heritage Centre. Paris. Page 85. 

 



Paper I





 1

A map-based method for exploring responses to different levels of 

grazing pressure at the landscape scale 

 

 

 

Sølvi Wehn 

Department of Biology, Norwegian University of Science and Technology, N-7491 

Trondheim, Norway   

Phone: 00 47 73 55 12 86 

Fax: 00 47 73 59 61 00 

Email: wehn@bio.ntnu.no 

 

 

 

 

 

Abstract 

At the beginning of the last century European cultural landscapes were a mosaic of 

open and forested habitats. During the 20th century however this mosaic were altered. 

Changes in grazing pressure from domestic animals have been suggested as one of the 

drivers of these alterations. This short communication presents a methodology 

developed to calculate an index of potential grazing pressure change at the landscape 

level. Information about location, type and number of grazing animals is used to 

produce detailed Geographical Information System (GIS) maps of potential grazing 

pressure change. Spatial information from these maps can then be geographically 

linked to vegetation maps such that the effect of grazing pressure changes on vegetation 

can be statistically analyzed. The methodology described in this short communication 

might be a useful tool in planning strategies both for conservation efforts and 

sustainable resource use. 

 

Keywords: Grazing pressure; Landscape change; GIS; BioScene 
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Introduction 

A cultural landscape is a land area shaped by human use (Framestad et al. 1998). European 

cultural landscapes have experienced substantial change in recent decades (Fjellstad and 

Dramstad, 1999; Partel et al., 1999; Olsson et al., 2000; Taillefumier and Piegay, 2003; 

Bender et al., 2005a, b; Bjune, 2005). Changes in land use, including abandonment of 

traditional agricultural practices that involve the grazing of domestic animals, has been 

suggested as one of the driving forces behind these alterations. Regeneration of woodland 

in open habitats has been attributed to decreased grazing by livestock (Staaland et al., 1998; 

Carmel and Kadmon, 1999; Partel et al., 1999; Humphrey and Patterson, 2000; Olsson et 

al., 2000; Bender et al., 2005a); however, few studies have tested this claim. Such studies 

require that vegetation changes be spatially linked to changes in grazing pressure, an 

approach that has rarely been undertaken. The aim of this article is to present a rapid and 

practical method for calculating an index of potential grazing pressure from large 

herbivores that can be spatially linked to vegetation changes.  

 

Landscape changes can be assessed by remote sensing methods using aerial photographs 

or satellite images from different times (Staaland et al., 1998; Carmel and Kadmon, 1999; 

Partel et al., 1999; Jensen, 2000; Olsson et al., 2000; Tommervik et al., 2004). The 

photographs and images enable construction of time series of vegetation maps over a 

specified time interval, which then can be compared to obtain information about landscape 

and vegetation changes. If the goal is to link changes in grazing pressure from domestic 

animals to the landscape alterations observed in these maps, grazing pressures need to be 

quantified at the same resolution and scale (both in time and space) as the vegetation maps. 

The grazing pressure is not homogenous in the entire area of a selected landscape (Hunter, 

1962: Sowell et al., 1999), and the composition of the livestock present is often not 

uniform. Historical data about livestock numbers and grazing regimes have to be collected 

and this has been performed in many of the studies referred to above. Nevertheless, the 

heterogeneous nature of grazing pressure has not been adequately addressed and linked to 

the spatial distribution of the vegetation changes. The method presented here, uses spatial 

grids of potential grazing pressure that reflect both spatial and temporal heterogeneity 

based on  available information about grazing animals and grazing regimes. Such grids 
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would provide more detailed information than general descriptions of grazing pressure 

changes.  

 

Geographical locations of each cell in both spatial grids of potential grazing pressure and 

grid-based vegetation maps can be attributed. Vegetation changes can therefore be 

spatially linked to the potential grazing pressure grids. This paper includes an application 

of the method to assessing whether changes in livestock grazing pressure have been a 

driver of vegetation changes observed in a Norwegian mountain landscape. 

 

Method description 

To produce an index of potential grazing pressure change, first information about factors 

that influence grazing pressure must be obtained. These factors vary most often in space, 

and this have to be considered. Thereafter information about these factors must be 

collected from two or more points in time to assess the temporal changes.  

 

Grazing pressure in year y in a site c by species i (gicy) is determined by 1) the size of the 

total area (aicy) grazed by species i in site c in year y, 2) the number of individuals (nicy) of 

species i in site c in year y, 3) the number of days (ticy) species i in site c grazed in year y, 

and 4) the uptake (uicy) of plant biomass species i in site c grazed in year y.  These factors 

vary in a mountain landscape with the different species of grazers, and therefore each 

factor must be evaluated separately for each species, but the potential grazing pressure of 

species i in site c in year y (gicy) (kg km-2 year-1) can be calculated as: 

 

gicy = nicy · ticy · uicy  / aicy     aicy > 0  (1a) 

gicy = 0      aicy = 0  (1b) 

 

for range grazers and domestic animals grazing in enclosures. Dairy animals are 

assumed to graze the most near barns because they return regularly each day for milking. 

The grazing pressure of dairy animals in a site would thus also be affected by 5) the 

distance from the barn used in year y by the dairy animal i grazing in site c (dicy), and 

also 6) the number of daily returns to the barn for species i in site c in year y (bicy). The 

length of the daily walking distances for species i (licy) can be used to define the area 
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that species i can reach in a site c in year y. I have assumed that the area that dairy 

animals of species i in a site c in year y can reach is contained within a circle around the 

barn with a radius (ricy), calculated as ricy = licy / 2 bicy. The total area grazed by dairy 

species i in site c in year y (aicy) will thus be π ricy
 2. Using the above mentioned 

assumptions, the potential grazing pressure of dairy animal i in site c in year y (gicy) can be 

calculated as gradually decreasing with distance from the barn (dicy) where species i is 

milked in year y: 

 

gicy = (nicy ·ticy · uicy /aicy) (1 – dicy/ricy)   dicy < ricy  (2a) 

gicy = 0      dicy > ricy   (2b) 

 

Information on the area, numbers and grazing periods of domestic animals can be 

obtained from local stakeholders such as livestock owners/herders, or can be found in 

written documents such as in local government archives. Uptake of plant biomass is 

assumed to correlate with body size of the animal species. Cordova et al. (1978), 

Allison (1985) and Illius and Gordon (1987) have stated that energy demands of grazers 

are proportional to 0.75 power of the weight (w) in kg of an animal scaled by 60 g per 

day (0.06wkg
0.75). This estimate of an animals’s mean metabolic bodyweight is therefore 

used to calculate fodder uptake for this study and within each species sex and age of the 

animals must be considered.  

 

Geographical Information Systems (GIS) allow information about grazing for each 

animal species to be included in map layers that have spatial attributes. The areas grazed 

by one animal species can be drawn as polygons to illustrate where grazing takes place. 

This polygon layer can then be converted to a grid-based layer and assigned attributes 

for factors that determine grazing pressure, allowing the computation of a layer 

describing an animal’s potential grazing pressure in a specific area at a specific time.  

 

The total potential grazing pressure at year y is then the sum of all the potential grazing 

pressures of all species. By comparing time series of potential grazing pressure maps, 
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changes in grazing pressure can be calculated and used as explanatory variables to 

analyse the effect on vegetation. 

Method application  

A case study from a mountain area in south-central Norway   

This method was applied to an area in eastern Jotunheimen, a mountain region in south-

central Norway, in the time period from 1960s to 2002. Summer farming has taken place 

here since medieval times, where range grazing of sheep, goat, cattle, and semi-domestic 

reindeer has been a major land use. As in other European mountains, summer farm 

practices have changed during the last century with the latest major changes occurring in 

the 1960s (pers com.). Olsson et al. (2000) quantified vegetation changes in this area and 

found that 70% of the heathland vegetation (defined as species-rich vegetation dominated 

by heaths, graminoids, and herbs) in the 1964 had been succeeded by woodland (defined 

as vegetation dominated by shrubs and/or trees) 25 years later. This change was interpreted 

as being related to decreased and/or ceased livestock grazing (Olsson et al. 2000). To test 

the assumption that decreased grazing pressure leads to the establishment of woodland in 

mountain heathlands located below the forest line, 13 circular study plots with a diameter 

of at least 1 km were selected. The location of each plot was selected such that one/several 

summer farm(s) surrounded by mountain pastures was included in the circles. The number 

of grazing livestock in the plots had increased in some plots and decreased in others.  

 

Maps of potential grazing pressure within the plots were produced following the 

procedure described above. Information about grazing pressure factors for sheep, goats, 

cattle, and semi-domestic reindeer were based on interviews of stakeholders (summer-

farm users, members of the semi-domestic reindeer cooperative and the sheep owners’ 

cooperative), along with agricultural plans from the municipalities, the Norwegian 

Mapping Authority and Norwegian Institute of Land Inventory, and published data 

(Selsjord, 1958a, 1958b, 1960, 1964, 1966, Skjenneberg and Slagvold, 1979, Volden 

and Anderssen, 2002, Graffer, 1963; Huston, 1978; Saether et al., 2006). These factors 

were then transferred to the Geographical Information System ArcGIS and its extension 

ArcMap version 9.1 (ESRI) to calculate potential grazing pressure maps for the 1960s 

and 2002 and the mean change of potential grazing pressure (grid resolution: 10 x 10 
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meter) (Figure 1). The mean change in grazing pressure within the 13 plots ranged from -

1530 kg km-2 year-1 to 2020 kg km-2 year-1. 

 

Within each plot vegetation for both the 1960s and 2002 was digitized from aerial photos 

to map where heathland had been succeeded by woodland (1960s-2002) (Figure 1). Logit 

models were fitted by partial canonical correspondence analyses (CCA) (ter Braak and 

Smilauer, 2002) to analyze whether changes in grazing pressure from domestic animals 

had had an effect on the regeneration of woodland in heathlands. Using the procedures 

described in ter Braak and Smilauer (2002, pp: 58-62) the probability that scrub and/or 

trees establishment in open heathland could be calculated from the equation: 

 

p(w) = Nw (Scorew(exp(∑βiXi)/Ntotal(∑Scorea(exp(∑βiXi)),      (3) 

 

where N is number of cells. w is cells were woodland had succeeded heathland and Xi is 

the explanatory variable i. Score and βi is the results of the CCA were the first is the 

canonical score of the vegetation types (species) a and the second the canonical 

coefficient of Xi. 

 

It was assumed that previous grazing pressure did matter and that the grazing behavior of 

the domestic animals could be influenced by slope (Ganskopp et al 2000), grazing 

pressure in the 1960s and slope was thus included as possible covariables in the analyses. 

A map of the slope within the study area was calculated from a digital terrain model using 

ArcMap. Extended spatial autocorrelation was revealed, permutations were therefore 

always among the study plots with no permutation within plots. The Canoco 4,5 

software was used to perform the statistical analyses. 
 

 

The statistical analyses showed that grazing pressure change had a significant effect on the 

probability of change from heathland to woodland from the 1960s to 2002 (p = 0.016, % 

explained variance = 13.9). Where grazing pressure had decreased, there were a high 

probability of woodland establishment in heathlands. The vegetation changes were 

however also significantly influenced by the grazing pressure change’s interactions 
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between both grazing pressure 40 years ago and slope and including these parameters the 

model explained the data better (p = 0.028, % explained variance = 27.6) (Table 1).  

 

Where previous grazing pressure had been high, there was higher probability of woodland 

establishment compared to where previous grazing pressure had been lower, but in plains 

where the grazing pressure had increased the most, the probability of woodland 

establishment was however highest at low previous grazing pressures. A switchover 

between low and high previous grazing pressure seemed to happen were change in grazing 

pressure exceeded 1500 kg/km2 per year (Figure 2). At steeper slopes and where grazing 

pressure had decreased, there was higher probability of woodland establishment compared 

to less steep areas. On the other hand, where grazing pressure had increased the probability 

of woodland establishment was highest in less steep areas (Figure 2).  

 

Discussion 

In vegetation change studies performed at relatively small scales (both in time and area), 

such as experiments on species and species composition dynamics, grazing pressures have 

either been manipulated or clearly defined by observations (Hulme et al., 1999; Humphrey 

and Patterson, 2000, Austrheim et al., 2007). Such methods give exact estimations about 

small-scale dynamics, but some aspects of these experiments are problematic. The 

response of events that influence the vegetation dynamics such as succession in former 

open habitats towards woodland as a response of change in grazing pressure, is time 

delayed. Therefore long time studies do have to be performed to capture the response. 

Experiments with longer time frames have been conducted (Bokdam and Gleichman, 2000; 

Welch and Scott, 2000), but research money today is rarely awarded for such studies, so a 

more common approach is to use a space for time substitution design, in which grazing 

and abandonment are treatments (Peco et al., 2005; Peco et al., 2006). Another problem is 

that the spatial scale of an ecological system is larger than those being studied, which can 

make it problematic to predict the dynamics of the system (Freckleton, 2004). Grazing 

pressure at a landscape scale is difficult to estimate and/or to observe. A method that is 

often used in studies of vegetation changes and livestock grazing over time is to relate 

rough information about domestic animal numbers from the municipal, county or country 

level to vegetation changes (Tommervik et al., 2004), or just to assess whether there has 
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been grazing or not (Pykala, 2004, 2005, ). Including the impact of several animal species 

in these assessments has rarely been attempted. The method described here can facilitate 

an estimation of grazing pressures at the landscape level but at the spatial scale of single 

grid cells and thereby makes possible the spatial linkage of grazing pressure and 

vegetation change.  

 

This method might have shortcomings because it assumes uniform foraging within the 

area aicy assumed to be available for species i at site c in year y. However, as mentioned, 

animals do not graze uniformly; they graze preferentially, and different vegetation types 

have different productivity. Additionally, topographical or other features might act as 

barriers or hindrances which would influence the spatial distribution of grazing pressure. 

These challenges were minimized in the present study by limiting the analysis to one 

vegetation type, by including slope as a covariable, and by excluding areas unaccessible 

due to physical barriers (streams) for the grazing animals.  

 

Another application of this method of constructing maps of potential grazing pressure is 

using it for scenario work. It was recently used to visualize future scenarios of 

landscapes given different agri-environmental policies (Olsson et al., 2008). The results 

from these analyses could further be used as tools in conservation planning along with 

rural development planning.  In planning for sustainable resource use, such as meat 

production from range grazing animals as well as maintaining sustainable populations 

of game animals, this method could also be applied because information on sustainable 

grazing pressures in relation to vegetation dynamics can be assessed. The construction 

of maps on potential grazing pressure, as has been illustrated in the case study presented 

here, allows the visualization of grazing pressure levels at which one vegetation type is 

succeeded by another (Fig. 1).  

 

Acknowledgements 

This study was conducted under the EU 5th framework programme, project BioScene, 

EU Research 5th FRP, contract no. EVK2-CT-2002-00167. GIS-based data and 

information from interviews were also provided by S.K. Hanssen and A. Ekrem. 



Paper I 
Potential grazing pressure 

 

 9

Comments on the manuscript were provided by E.G.A. Olsson, B. Pedersen, L. 

Söderström and N. Bazilchuk.  

 

 

References  

Austrheim, G., Mysterud, A., Hassel, K., Evju, M., Økland, R.H., 2007. Interactions 

between sheep, rodents, graminoids, and bryophytes in an oceanic alpine 

ecosystem of low productivity. Ecoscience 14,178-187. 

Allison, C.D., 1985. Factors Affecting Forage Intake by Range Ruminants - a Review. 

Journal of Range Management 38, 305-311. 

Bender, O., Boehmer, H.J., Jens, D., Schumacher, K.P., 2005a. Analysis of land-use 

change in a sector of Upper Franconia (Bavaria, Germany) since 1850 using 

land register records. Landscape Ecology 20, 149-163. 

Bender, O., Boehmer, H.J., Jens, D., Schumacher, K.P., 2005b. Using GIS to analyse 

long-term cultural landscape change in Southern Germany. Landscape and 

Urban Planning 70, 111-125. 

Bjune, A.E., 2005. Holocene vegetation history and tree-line changes on a north-south 

transect crossing major climate gradients in southern Norway - evidence from 

pollen and plant macrofossils in lake sediments. Review of Palaeobotany and 

Palynology 133, 249-275. 

Bokdam, J., Gleichman, J.M., 2000. Effects of grazing by free-ranging cattle on 

vegetation dynamics in a continental north-west European heathland. Journal of 

Applied Ecology 37, 415-431. 

Carmel, Y., Kadmon, R., 1999. Effects of grazing and topography on long-term 

vegetation changes in a Mediterranean ecosystem in Israel. Plant Ecology 145, 

243-254. 

Cordova, F.J., Wallace, J.D., Pieper, R.D., 1978. Forage Intake by Grazing Livestock - 

Review. Journal of Range Management 31, 430-438. 

Fjellstad, W.J., Dramstad, W.E., 1999. Patterns of change in two contrasting Norwegian 

agricultural landscapes. Landscape and Urban Planning 45, 177-191. 

Framstad, E., Lid, I.B., Moen, A., Ims, R.A., Jones, M., 1998. Jordbrukets 

kulturlandskap. Forvalting av miljøverdier. Universitetsforlaget, Oslo. 



Paper I 
Potential grazing pressure 

 

 10

Freckleton, R.P., 2004. The problems of prediction and scale in applied ecology: the 

example of fire as a management tool. Journal of Applied Ecology 41, 599-603. 

Ganskopp, D., Cruz, R., Johnson, D.E., 2000. Least-effort pathways?: a GIS analysis of 

livestock trails in rugged terrain. Applied Animal Behaviour Science 68, 179-

190. 

Graffer, H., 1963. Herbage production and animal yield. Research in Norwegian 

Agriculture, 149-210. 

Hulme, P.D., Pakeman, R.J., Torvell, L., Fisher, J.M., Gordon, I.J., 1999. The effects of 

controlled sheep grazing on the dynamics of upland Agrostis-Festuca grassland. 

Journal of Applied Ecology 36, 886-900. 

Humphrey, J.W., Patterson, G.S., 2000. Effects of late summer cattle grazing on the 

diversity of riparian pasture vegetation in an upland conifer forest. Journal of 

Applied Ecology 37, 986-996. 

Hunter R.F., 1962. Hill sheep and their pasture: A study of sheep-grazing in South-East 

Scotland. The Journal of Ecology 50, 651-680. 

Huston, J.E., 1978. Forage Utilization and Nutrient Requirements of the Goat. Journal 

of Dairy Science 61, 988-993. 

Illius, A.W., Gordon, I.J., 1987. The Allometry of Food Intake in Grazing Ruminants. 

Journal of Animal Ecology 56, 989-999. 

Jensen, J.R., 2000. Remote sensing of the environment - an earth resource perspective. 

Prentice Hall, Upper Saddle River, New Jersey. 

Olsson, E.G.A., Austrheim, G., Grenne, S.N., 2000. Landscape change patterns in 

mountains, land use and environmental diversity, Mid-Norway 1960-1993. 

Landscape Ecology 15, 155-170. 

Olsson, E.G.A., Rønningen, K., Hanssen, S.K., Wehn S., in press. The interrelationship 

of biodiversity and rural viability in mountain environments – a sustainability 

assessment of land use scenarios. Landscape and Urban Planning. 

Partel, M., Kalamees, R., Zobel, M., Rosen, E., 1999. Alvar grasslands in Estonia: 

variation in species composition and community structure. Journal of Vegetation 

Science 10, 561-570. 



Paper I 
Potential grazing pressure 

 

 11

Peco, B., de Pablos, I., Traba, J., Levassor, C., 2005. The effect of grazing abandonment 

on species composition and functional traits: the case of dehesa grasslands. 

Basic and Applied Ecology 6, 175-183. 

Peco, B., Sanchez, A.M., Azcarate, F.M., 2006. Abandonment in grazing systems: 

Consequences for vegetation and soil. Agriculture Ecosystems & Environment 

113, 284-294. 

Pykala, J., 2004. Cattle grazing increases plant species richness of most species trait 

groups in mesic semi-natural grasslands. Plant Ecology 175, 217-226. 

Pykala, J., 2005. Plant species responses to cattle grazing in mesic semi-natural 

grassland. Agriculture Ecosystems & Environment 108, 109-117. 

Saether, N.H., Sickel, H., Norderhaug, A., Sickel, M., Vangen, O., 2006. Plant and 

vegetation preferences for a high and a moderate yielding Norwegian dairy 

cattle breed grazing semi-natural mountain pastures. Animal Research 55, 367-

387. 

Selsjord, I., 1958a. Cultivation of pasture at Einarset, Gol. Research in Norwegian 

Agriculture 9, 85-102. 

Selsjord, I., 1958b. Vektkontroll med sau på fjellbeite. Tidsskrift for det norske 

landbruket 65, 23-34. 

Selsjord, I., 1960. Kviger på fjellbeite. Tidsskrift for det norske landbruket 67, 376-384. 

Selsjord, I., 1964. Weight records of sheep on highland pasture in South Norway. 

Research in Norwegian Agriculture 15, 371-400. 

Selsjord, I., 1966. Young cattle on mountain pasture. Research in Norwegian 

Agriculture 17, 117-122. 

Skjenneberg, S., Slagvold, L., 1979. Reindeer husbandry and its ecological principles. 

U.S. Department of the Interior, Bureau of Indian Affairs, Juneau, Alaska. 

Sowell, B.F., Mosley, J.C., Bowman, J.G.P., 1999. Social behavior of beef cattle: 

Implication for management. Proceedings of the American Society of Animal 

Science, 1-6. 

Staaland, H., Holand, O., Nellemann, C., Smith, M., 1998. Time scale for forest 

regrowth: Abandoned grazing and agricultural areas in southern Norway. Ambio 

27, 456-460. 



Paper I 
Potential grazing pressure 

 

 12

Taillefumier, F., Piegay, H., 2003. Contemporary land use changes in prealpine 

Mediterranean mountains: a multivariate GIS-based approach applied to two 

municipalities in the Southern French Prealps. Catena 51, 267-296. 

terBraak, C.J.F., Smilauer, P., 2002. CANOCO reference manual and CanoDraw for 

Windows users's guide: Software for canonical Community Ordination (version 

4.5). Microcomputer Power, Ithaca, NY, USA. 

Tommervik, H., Johansen, B., Tombre, I., Thannheiser, D., Hogda, K.A., Gaare, E., 

Wielgolaski, F.E., 2004. Vegetation changes in the Nordic mountain birch forest: 

The influence of grazing and climate change. Arctic Antarctic and Alpine 

Research 36, 323-332.  

Volden, H., Anderssen, Å.F., 2002. Kan vi forutsi foropptaket? Buskap 8, 

http://www.buskap.no/buskapsok.asp. 

Welch, D., Scott, D., 2000. Seasonal and spatial patterns in sheep grazing on a high-

level plateau in the Grampian mountains, Scotland. Scottish Geographical 

Journal 116, 299-314. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Paper I 
Potential grazing pressure 

 

 13

Table 1 

The explanatory variables that best explained the dynamics in heathland vegetation in 

South-eastern Jotunheimen. The results are based upon canonical correspondence 

analyses (CCA). 

 Axis 1 Axis 2 

Eigenvalue 0.2757 0.7243 

Score woodland (N = 1495) -0.5305 -1.3934 

Score heathland (N = 1105) 0.7177 1.8851 

β grazing pressure change 3.65e-4 0 

β grazing pressure change : slope  3.66e-5 0 

β grazing pressure change : previous grazing pressure  2.73e-7 0 
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Figure 1 

Maps of vegetation in the 1960s and 2002 and grazing pressure changes from 1960s to 

2002 in three of the 13 study plots.  
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Figure 2 

The probability (p) of woodland establishment in former heathlands as a function of 

changes in grazing pressure by domestic animals from the 1960s to 2002 for three different 

grazing pressures 40 years ago in three different slopes. The values selected for grazing 

pressure and slope were: 1) mean of the variables – SD of the variables, 2) mean of the 

variables, and 3) mean of the variables + SD of the variables. 





Paper II
is not included
due to copyright 





Paper III 
is not included 
due to copyright 





Paper IV
is not included
due to copyright 





Paper V
is not included 
due to copyright 







 

Doctoral theses in Biology 

Norwegian University of Science and Technology 

Department of Biology 
 
 Year Name Degree Title 

 1974 Tor-Henning Iversen Dr. philos 
Botany 

The roles of statholiths, auxin transport, and auxin 
metabolism in root gravitropism 

 1978 Tore Slagsvold Dr. philos. 
Zoology 

Breeding events of birds in relation to spring temperature 
and environmental phenology. 

 1978 Egil Sakshaug Dr.philos 
Botany 

"The influence of environmental factors on the chemical 
composition of cultivated and natural populations of 
marine phytoplankton" 

 1980 Arnfinn Langeland Dr. philos. 
Zoology 

Interaction between fish and zooplankton populations 
and their effects on the material utilization in a 
freshwater lake. 

 1980 Helge Reinertsen Dr. philos 
Botany 

The effect of lake fertilization on the dynamics and 
stability of a limnetic ecosystem with special reference to 
the phytoplankton 

 1982 Gunn Mari Olsen Dr. scient 
Botany 

Gravitropism in roots of Pisum sativum and Arabidopsis 
thaliana 

 1982 Dag Dolmen Dr. philos. 
Zoology 

Life aspects of two sympartic species of newts (Triturus, 
Amphibia) in Norway, with special emphasis on their 
ecological niche segregation. 

 1984 Eivin Røskaft Dr. philos. 
Zoology 

Sociobiological studies of the rook Corvus frugilegus. 

 1984 Anne Margrethe 
Cameron 

Dr. scient 
Botany 

Effects of alcohol inhalation on levels of circulating 
testosterone, follicle stimulating hormone and luteinzing 
hormone in male mature rats 

 1984 Asbjørn Magne Nilsen Dr. scient 
Botany 

Alveolar macrophages from expectorates – Biological 
monitoring of workers exosed to occupational air 
pollution. An evaluation of the AM-test 

 1985 Jarle Mork Dr. philos. 
Zoology 

Biochemical genetic studies in fish. 

 1985 John Solem Dr. philos. 
Zoology 

Taxonomy, distribution and ecology of caddisflies 
(Trichoptera) in the Dovrefjell mountains. 

 1985 Randi E. Reinertsen Dr. philos. 
Zoology 

Energy strategies in the cold: Metabolic and 
thermoregulatory adaptations in small northern birds. 

 1986 Bernt-Erik Sæther Dr. philos. 
Zoology 

Ecological and evolutionary basis for variation in 
reproductive traits of some vertebrates: A comparative 
approach. 

 1986 Torleif Holthe Dr. philos. 
Zoology 

Evolution, systematics, nomenclature, and zoogeography 
in the polychaete orders Oweniimorpha and 
Terebellomorpha, with special reference to the Arctic 
and Scandinavian fauna. 

 1987 Helene Lampe Dr. scient. 
Zoology 

The function of bird song in mate attraction and 
territorial defence, and the importance of song 
repertoires. 



 1987 Olav Hogstad Dr. philos. 
Zoology 

Winter survival strategies of the Willow tit Parus 
montanus. 

 1987 Jarle Inge Holten Dr. philos 
Botany 

Autecological investigations along a coust-inland 
transect at Nord-Møre, Central Norway 

 1987 Rita Kumar Dr. scient 
Botany 

Somaclonal variation in plants regenerated from cell 
cultures of Nicotiana sanderae and Chrysanthemum 
morifolium 

 1987 Bjørn Åge Tømmerås Dr. scient. 
Zoology 

Olfaction in bark beetle communities: Interspecific 
interactions in regulation of colonization density, 
predator - prey relationship and host attraction. 

 1988 Hans Christian 
Pedersen 

Dr. philos. 
Zoology 

Reproductive behaviour in willow ptarmigan with 
special emphasis on territoriality and parental care. 

 1988 Tor G. Heggberget Dr. philos. 
Zoology 

Reproduction in Atlantic Salmon (Salmo salar): Aspects 
of spawning, incubation, early life history and population 
structure. 

 1988 Marianne V. Nielsen Dr. scient. 
Zoology 

The effects of selected environmental factors on carbon 
allocation/growth of larval and juvenile mussels (Mytilus 
edulis). 

 1988 Ole Kristian Berg Dr. scient. 
Zoology 

The formation of landlocked Atlantic salmon (Salmo 
salar L.). 

 1989 John W. Jensen Dr. philos. 
Zoology 

Crustacean plankton and fish during the first decade of 
the manmade Nesjø reservoir, with special emphasis on 
the effects of gill nets and salmonid growth. 

 1989 Helga J. Vivås Dr. scient. 
Zoology 

Theoretical models of activity pattern and optimal 
foraging: Predictions for the Moose Alces alces. 

 1989 Reidar Andersen Dr. scient. 
Zoology 

Interactions between a generalist herbivore, the moose 
Alces alces, and its winter food resources: a study of 
behavioural variation. 

 1989 Kurt Ingar Draget Dr. scient 
Botany 

Alginate gel media for plant tissue culture, 
 

 1990 Bengt Finstad Dr. scient. 
Zoology 

Osmotic and ionic regulation in Atlantic salmon, 
rainbow trout and Arctic charr: Effect of temperature, 
salinity and season. 

 1990 Hege Johannesen Dr. scient. 
Zoology 

Respiration and temperature regulation in birds with 
special emphasis on the oxygen extraction by the lung. 

 1990 Åse Krøkje Dr. scient 
Botany 

The mutagenic load from air pollution at two work-
places with PAH-exposure measured with Ames 
Salmonella/microsome test 

 1990 Arne Johan Jensen Dr. philos. 
Zoology 

Effects of water temperature on early life history, 
juvenile growth and prespawning migrations of Atlantic 
salmion (Salmo salar) and brown trout (Salmo trutta): A 
summary of studies in Norwegian streams. 

 1990 Tor Jørgen Almaas Dr. scient. 
Zoology 

Pheromone reception in moths: Response characteristics 
of olfactory receptor neurons to intra- and interspecific 
chemical cues. 

 1990 Magne Husby Dr. scient. 
Zoology 

Breeding strategies in birds: Experiments with the 
Magpie Pica pica. 

 1991 Tor Kvam Dr. scient. 
Zoology 

Population biology of the European lynx (Lynx lynx) in 
Norway. 



 1991 Jan Henning L'Abêe 
Lund 

Dr. philos. 
Zoology 

Reproductive biology in freshwater fish, brown trout 
Salmo trutta and roach Rutilus rutilus in particular. 

 1991 Asbjørn Moen Dr. philos 
Botany 

The plant cover of the boreal uplands of Central Norway. 
I. Vegetation ecology of Sølendet nature reserve; 
haymaking fens and birch woodlands 

 1991  Else Marie Løbersli Dr. scient 
Botany 

Soil acidification and metal uptake in plants 

 1991 Trond Nordtug Dr. scient. 
Zoology 

Reflctometric studies of photomechanical adaptation in 
superposition eyes of arthropods. 

 1991 Thyra Solem Dr. scient 
Botany 

Age, origin and development of blanket mires in Central 
Norway 

 1991 Odd Terje Sandlund Dr. philos. 
Zoology 

The dynamics of habitat use in the salmonid genera 
Coregonus and Salvelinus: Ontogenic niche shifts and 
polymorphism. 

 1991 Nina Jonsson Dr. philos. Aspects of migration and spawning in salmonids. 
 1991 Atle Bones Dr. scient 

Botany 
Compartmentation and molecular properties of 
thioglucoside glucohydrolase (myrosinase) 

 1992 Torgrim Breiehagen Dr. scient. 
Zoology 

Mating behaviour and evolutionary aspects of the 
breeding system of two bird species: the Temminck's 
stint and the Pied flycatcher. 

 1992 Anne Kjersti Bakken Dr. scient 
Botany 

The influence of photoperiod on nitrate assimilation and 
nitrogen status in timothy (Phleum pratense L.) 

 1992 
 

Tycho Anker-Nilssen Dr. scient. 
Zoology 

Food supply as a determinant of reproduction and 
population development in Norwegian Puffins 
Fratercula arctica 

 1992 Bjørn Munro Jenssen Dr. philos. 
Zoology 

Thermoregulation in aquatic birds in air and water: With 
special emphasis on the effects of crude oil, chemically 
treated oil and cleaning on the thermal balance of ducks. 

 1992 Arne Vollan Aarset Dr. philos. 
Zoology 

The ecophysiology of under-ice fauna: Osmotic 
regulation, low temperature tolerance and metabolism in 
polar crustaceans. 

 1993 Geir Slupphaug Dr. scient 
Botany 

Regulation and expression of uracil-DNA glycosylase 
and O6-methylguanine-DNA methyltransferase in 
mammalian cells 

 1993 Tor Fredrik Næsje Dr. scient. 
Zoology 

Habitat shifts in coregonids. 

 1993 Yngvar Asbjørn Olsen Dr. scient. 
Zoology 

Cortisol dynamics in Atlantic salmon, Salmo salar L.: 
Basal and stressor-induced variations in plasma levels 
ans some secondary effects. 

 1993 Bård Pedersen Dr. scient 
Botany 

Theoretical studies of life history evolution in modular 
and clonal organisms 

 1993 Ole Petter Thangstad Dr. scient 
Botany 

Molecular studies of myrosinase in Brassicaceae 

 1993 Thrine L. M. 
Heggberget 

Dr. scient. 
Zoology 

Reproductive strategy and feeding ecology of the 
Eurasian otter Lutra lutra. 

 1993 Kjetil Bevanger Dr. scient. 
Zoology 

Avian interactions with utility structures, a biological 
approach. 

 1993 Kåre Haugan Dr. scient 
Bothany 

Mutations in the replication control gene trfA of the 
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Microbial ecology of early stages of cultivated marine 
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 1996 Ingibjørg Einarsdottir Dr. scient. 
Zoology 

Production of Atlantic salmon (Salmo salar) and Arctic 
charr (Salvelinus alpinus): A study of some 
physiological and immunological responses to rearing 
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Zoology 

Status of Grey seal Halichoerus grypus and Harbour seal 
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Studies of lichens in spurce forest of Central Norway. 
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Zoology 
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aquaculture. 
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Temporal and spatial trends of pollutants in birds in 
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Impacts of long-range transported air pollution on birds 
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fishes. 
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