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Changes in land use and landscape dynamics in mountains of northern Europe: challenges

for science, management and conservation

People have influenced mountain landscapes in northern
Europe for several thousand years. Land use has pro-
duced habitats and biodiversity as well as cultural heritage
and our sense of place and identity. Changes in land use
now place us at a critical point in determining future
management strategies.

This brief statement formed the basis for an interna-
tional conference under the heading of People and nature
in mountains: changing land use and landscape dynam-
ics held in Trondheim, Norway, on 21-23 September
2011. The conference marked the end of a 3-year-long
research project revolving around the inherent and fun-
damental dynamic character of landscapes (project title:
How to manage DYnamic LANdscapes; DYLAN became
the project acronym). DYLAN was designed to produce
knowledge for evidence-based management and conserva-
tion of natural and cultural heritage in upland Landscape
Conservation Areas (IUCN category V; protected areas)
in Norway.! The empirical basis for DYLAN has mainly
been limited to Norway, with the exception of a compara-
tive study of protected areas in Great Britain and Norway.
The research carried out through DYLAN does, how-
ever, reflect larger trends, issues and challenges concerning
management and conservation of mountain landscapes,
very much set within the Western world more generally.
Two interlinked challenges in particular are of concern in
this editorial, as well as the articles contained within this
special issue; first, the need for integrated knowledge about
these landscapes and, second, the need for a long-term
perspective on the dynamic character of these landscapes.

Folded into the project, and consequently the introduc-
tory statement above, was a concern for how archaeology,
cultural history and long-term and contemporary ecology
can cross-fertilise each other in order to better under-
stand landscape dynamics in mountain environments.> The
purpose of the conference was consequently to present a
broad set of knowledge about these environments in order
to enable a critical discussion of the need for integrated
knowledge which must underpin sustainable management
and conservation across the cultural and natural heritage
and biodiversity spectrum.

A crucial premise for DYLAN as a whole, as well as
the conference, was an acknowledgement of the key role
of humans for mountain landscape dynamics, both short
term and long term; it is a fact that ‘The changing nature of
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mountains is the product of historical interactions between
environmental and human-related factors’ (Thompson,
Nagy, et al. 2005, p. 43). Different farming systems, a key
form of land use, have to a great extent shaped mountain
environments and understanding and analysing the role and
complexities of changing land uses related to agriculture
have guided the project in fundamental ways. A main ambi-
tion has been to study such complexities from a variety
of disciplinary and methodological perspectives. Running
through these different perspectives has been a concern
for a long-term land use narrative and its importance for
guiding future use, management and conservation efforts.
Additionally, understanding long-term changes force us to
acknowledge that at present, the changes appear to be more
rapid than ever before. In fact, land use is often at present
considered to be the main driver of changes in moun-
tain ecosystems (e.g. Korner and Osawa 2005; Thompson,
Price, et al. 2005), although climate changes are beginning
to make themselves increasingly felt, especially in arctic
and alpine ecosystems (e.g. Schroter et al. 2005; Kausrud
et al. 2008; Post et al. 2009).

With reference to the articles published in this special
issue, we will shortly discuss in more detail why inte-
grated knowledge and a long-term perspective is necessary
in order to inform a better understanding of mountain
landscape dynamics. First, we want on a more general
level to briefly outline some key characteristics of moun-
tain landscapes, particularly in the Scandinavian part of
northern Europe, and related current scientific and polit-
ical challenges we are faced with due to great shifts in
land use.

Mountain land use and landscape dynamics: a brief
outline of long-term use

Although mountain landscapes are harsh and often
envisaged as remote wilderness, human use of natural
resources has strong traditions in these landscapes (e.g.
Birks et al. 1988; MacDonald et al. 2000; Thompson,
Price, et al. 2005; Moen 2006; Dodgshon and Olsson
2007; Emanuelsson 2009). Reindeer hunting has prob-
ably affected upland ecosystems since the beginning of
the Holocene. Grazing indicating plants in pollen dia-
grams, bones and archaeological findings suggest grazing
in upland areas as early as the Late Neolithic, but data on
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the densities and regional distribution of prehistoric live-
stock farming are insufficient, and the relative importance
of hunting versus farming was likely to be relative to the
environment in question (e.g. Hjelle et al. 2006). Early
upland livestock farming is believed to be connected to
a nomadic system (mountain transhumance), and, in the
Norwegian case, seasonal farms (e.g. mountain summer
farms) are so far only dated back to the early Roman
Iron Age or the Bronze Age in a few cases (Kvamme
1988). Pollen diagrams demonstrate that livestock farm-
ing strongly increased through the Roman and Migration
periods (Hjelle et al. 2006). Iron-making, which depended
on vast amounts of fuel wood, was also important in sev-
eral upland landscapes in the same period, and most likely
increased the area of open grasslands while forest and fuel-
wood resources may have been in short supply. Land use
history (type and intensity) of upland landscapes further
varied due to both cultural and natural factors such as
climate, diseases and social organisation of communities
(Welinder et al. 1998; Almas 2004), and from pollen anal-
ysis we find depressions due to major catastrophes (e.g. the
Black Death) as well as gradual increase in land use inten-
sity from the seventeenth century onwards (Hjelle et al.
2000).

In Norway, the intensity in upland land use probably
peaked in the mid-nineteenth century. This is indicated
by the high number of mountain summer farms (Reinton
1955). Lack of fuel wood limited the processing of dairy
products in some areas. However, the effects of summer
farming on landscape structure likely varied among regions
and over time due to changes in land use type and intensity,
especially over the last 150 years or so. In addition, summer
farms were mainly found in southern Norway. Livestock
farming had limited importance in most inland areas in the
north (at least until the eighteenth century) where reindeer
was the main large herbivore. Domestication of reindeer
has prehistoric roots, especially in the northern part of
Scandinavia and developed in the sixteenth and seven-
teenth centuries as Saami reindeer nomadism (Dahle et al.
1998; Moen 20006).

Today’s Scandinavian subalpine landscape is in a pro-
cess of forest succession (Emanuelsson 1987; Hofgaard
1997; Linkowski and Lennartsson 2005), but tree density
and treeline expansion are very much dependent on the
grazing regime (Hofgaard 1997; Speed et al. 2010). With
the exception of free ranging sheep, wild browsers/grazers
like reindeer and to some extent moose and red deer
are the dominating herbivores (Austrheim et al. 2011).
The few summer farms only use fodder and fuel wood
to a limited extent. However, semi-domestic reindeer still
have a strong impact on upland ecosystems in northern
Scandinavia (Moen 2006; Bréthen et al. 2007; Ravolainen
et al. 2010).

Importantly, new land uses often occur as direct results
of the dynamism described. Today, tourism and nature pro-
tection stand out as two very important uses, both marking
a public interest and responsibility for these environments.

Long-term challenges for science, planning and
management

This briefly outlined ‘state of affairs’ is consequently a
result of intimately related social-ecological factors and
must be seen in relation to wider processes of restruc-
turing and decline in small and medium-scale agricul-
ture, so characteristic of the upland farming sector across
Europe today (e.g. Olsson et al. 2011). The social and
economic conditions for upholding traditional land uses
have, crudely put, become unfavourable; hence, large parts
of the rural populations experience increasing marginali-
sation driven by a global and liberalist market economy.
At the same time, ‘mountain areas are particularly valu-
able areas for biodiversity conservation’ (MacDonald et al.
2000, p. 48) much due to these different long-term, low-
intensity land uses. The fact that mountain landscapes are
characterised by a particular vulnerability due to physi-
cal marginality and remoteness and the abandonment of
small and extensive farming systems (MacDonald et al.
2000, p. 48) leaves us with this now well-known dilemma
that much of the natural (biodiversity) and cultural heritage
inherent in these landscapes are depending on land use, e.g.
summer farming or transhumance, in order to be sustained.
For example, in Norway the majority of red-listed alpine
vascular plants are evaluated as threatened due to changes
in land use and are associated with semi-natural habitats
(Austrheim et al. 2010). Similarly, agriculture is repeatedly
stressed as important for upholding cultural heritage values
(Daugstad et al. 2006). However, land use is also a complex
driver of landscape dynamics, and changes in land uses (or
disturbance regimes sensu Hobbs and Huenneke 1992) are
also threats to sustainable management.

The current situation relating to mountain landscapes
is not only a concern for the management and conserva-
tion sectors. Because land use is a complex driver, land
use is often difficult to measure or quantify and draw upon
more experimentally oriented studies. Such studies are
the more highly ranked studies in the scientific literature.
At the same time, landscapes, because of their complex-
ity, make experimental studies less applicable. In summary,
this leaves us with uncertainties as to how land use actu-
ally affects these landscapes and the management strategies
necessary for a sustainable development of these mountain
areas.

The articles

The articles published in this special issue on Changes in
land use and landscape dynamics in mountains of northern
Europe offer different insights into the above outlined com-
plex questions and challenges. All articles are the result of
the Trondheim meeting, yet emanating not only from the
DYLAN project as such. We wanted this special issue to
reflect also wider debates relevant for land use and land-
scape dynamics. We thus take off from the basic question
of temporality, represented by the notion of ‘long term’, set
within the context of ecology and conservation biology.
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Cultural landscapes are inherently layered, yet it can
be argued that management tends to have a stronger
focus on the more recent cultural practices which are
part of our (generations) own life histories. However,
landscapes/ecosystems as we perceive them today are the
result of age-old uses, as outlined above. Thus, understand-
ing the long-term perspective is also a basis for sustainable
management of dynamic landscapes and ecosystems with
an often shifting impact on different natural and cultural
processes driving these changes. In the first article of this
issue, Ecological palaeoecology and conservation biology:
controversies, challenges, and compromises, John Birks
argues that in order to understand long-term dynamics as
a tool for both predicting and managing biodiversity there
is a need for a stronger integration between palacoecol-
ogy and conservation biology. As a means to facilitate this
interaction, he presents nine questions of critical impor-
tance to conservation biology that could be answered by
palaeoecology. Many of these questions are later touched
upon by case studies in this issue.

In the second article, Ecosystem services and land-
scape management: three challenges and one plea, Setten,
Stenseke and Moen critically discuss the nature of
landscapes and landscape dynamics within an ecosystem
services framework. The ecosystem services framework
has been designed to raise awareness of services pro-
vided by ecosystems to humans, also in mountain environ-
ments. Inherent in the framework is an argument that such
service-providing ecosystems must be protected. This arti-
cle reflects the fact that mountains, as only one example of
environments representing important natural and cultural
resources, are caught up in a rather recent type of land
use, namely that of management, protection and conser-
vation. In this conceptual article, the authors argue that the
widespread rise of the ecosystem services framework does
not guarantee sustainable management, let alone sound use
and protection of resources. Taking landscape dynamism
and management as points of departure, it is argued that the
ecosystem services framework is neither readily applicable
in framing nor analysing landscape management.

The four articles which now follow are direct results
of the DYLAN project. Hence, we now move explicitly
into the practical world of integrated knowledge and a
long-term perspective.

Landscape conservation, at least in a Norwegian
perspective, has mainly focused on natural heritage;
biodiversity at different scales from populations to
ecosystems, and from a nature conservation point of view
land use activities and their marks in landscapes could
be perceived as ecological factors shaping semi-natural
habitats. Cultural heritage is often an important part of
the conservation objectives independent of their functional
importance for natural heritage or biodiversity. Objects
pre-dating 1537 and Saami objects older than 100 years are
automatically protected by law in Norway, while younger
objects or wider landscapes are all left for endless disputes
relating to conservation values where age appears to be the
only guideline. Furthermore, land use practices could also

be perceived as cultural heritage, which opens up questions
relating to whether we also need conservation of specific
land use techniques? If yes, how can that be achieved?

In an international perspective, the Norwegian concern
for encroachment and the subsequent reduction of open
semi-natural upland habitats is contrasted with the view of
maintaining and restoring natural habitats which have been
tree felled, burned and heavily grazed. This is the case for
many conservation areas in the United Kingdom, where
strong grazing pressure by sheep and deer, burning and
anthropogenic nutrient deposition have been identified as
key drivers of habitat degradation (Thompson, Nagy, et al.
2005). Woodland encroachment is thus not an issue in the
United Kingdom, where land use factors still favour the
suppression of woodland regeneration and even of dwarf
shrub vegetation in some areas. In their article, Natural
and cultural heritage in mountain landscapes: towards
and integrated valuation, Speed et al. present findings
from a comparative study of four Norwegian and three
British upland sites (the Lake District, the Cairngorms and
Snowdonia). The research team have examined cultural
and natural heritage areas and objects in relation to land
use history and conservation philosophy and suggested
a model for integrated valuation of natural and cultural
heritage along a gradient of land use intensity.

As stated by Speed et al., the upland landscape defined
as a more large-scale areal unit, including both natural
and cultural objects, differs both between countries like the
United Kingdom and Norway, as well as to a large extent
within countries. An important aim for the DYLAN project
has been to examine these differences in land use and land-
scape dynamics more in detail within Norway. Four upland
study sites were selected in different regions and a coarse
chronology of the upland landscape in the Holocene (c.
10,000 BP up to present) was presented based on palacoe-
cological, archaeological, historical and ecological data in
protected areas representing different natural and cultural
environments. In their study, Hjelle et al. have integrated
studies in ecology, palacoecology and archaeology in the
valley Erdalen in western Norway, where agricultural land
use was dated back to the Bronze Age. They examine
how more or less continuous land use processes have
impacted this valley situated in an inner fjord to under-
pin knowledge-based management and conservation of this
ancient cultural landscape. In their article, Ecology and
long-term land use, palaeoecology and archaeology - the
usefulness of interdisciplinary studies for knowledge based
conservation and management of cultural landscapes, they
argue for continued land use to maintain semi-natural
habitats and for the visibility of archaeological sites.

In the article, Historical legacy of the old-growth
pine forest in Dividalen, northern Scandes, Sjogren and
Kirchhefer tell a very different story. In Dividalen, northern
Norway, Saami reindeer pastoralism has affected the land-
scape before agriculture and forestry entered the valley in
the mid-nineteenth century. Trees represent important her-
itage at this site, both in cultural terms as they are modified
by humans and in natural terms as the pine trees together
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with dead wood are also important for a high number of
red-listed fungi, lichens and invertebrates. Maintenance of
old pine trees is thus central for both natural and cultural
heritage conservation in Dividalen.

In the third case study from the DYLAN project,
Solem et al. examined the effect of long-term land use
on landscape dynamics in the upland landscape con-
servation area of Budalen, central Norway. In Budalen
mountains, summer farming has been the main land use
during the latest century, and the vegetation today is dom-
inated by open birch forest with grasslands and patches
of mire. Archaeological and historical investigations com-
bined with palaeoecological and ecological studies are
presented in the article Long term land use and landscape
dynamics in Budalen, central Norway. The findings show
that the opening of the forest corresponded with iron pro-
duction at lower altitudes as early as BC 180—AD 25, while
haymaking and livestock grazing mainly started to affect
the birch meadow forest in fifteenth to sixteenth centuries.
Thus, today’s wooded birch meadows probably dominated
the valley also before humans used the land.

Land use processes are undoubtedly also important
drivers for vegetation changes in Norway. In the final arti-
cle, Impacts of land use on the vegetation in three rural
landscapes of Norway, Bryn and Hemsing present findings
from a study where they have compared actual and his-
torical vegetation maps with potential natural vegetation
models to quantify the present land area with a vege-
tation type that differs from the estimated natural state.
They conclude that 56-66% of the total area in three
rural Norwegian municipalities (with a large proportion of
upland areas) appears to have been modified by land use.
Moreover, land use changes during the latest 35-40 years
have caused a turnover in vegetation types by 25%. Forest
succession in former open semi-natural habitats accounts
for a large proportion of this change.

Concluding remarks

The divide between science and management is generally
described as increasing. This is worrying for an evidence-
based management regime that aims at employing an
adaptive procedure; a continuous process improvement to
the management (Holling 1978). The DYLAN project was
based on management challenges identified by the Office
of the Auditor General of Norway (2006), highlighting that
changes in land use and landscape dynamics were threaten-
ing natural (biodiversity) and cultural heritage in protected
areas in Norway, of which many could be found in the
mountains. We hope that this special issue not only pro-
vides knowledge useful for understanding the dynamics
of these cultural landscapes, but also more directly chal-
lenge stakeholders as well as policymakers, planners and
managers working in mountain landscapes to provide con-
crete answers to the question: Which are the main natural
and cultural heritages representing different land use and
landscape states in the past that we would like to maintain
in the future?

Acknowledgements

We are grateful to John H.J. Birks, Alison Hester, John Atle Kalas
and Des B.A. Thompson for providing valuable comments for
planning this special issue and to all the reviewers who con-
tributed to increase the quality of the articles. We are also grateful
to the managing editor Alexander van Oudenhoven for keeping us
on our toes during the publishing process.

Notes

1. DYLAN was financed by the Research Council of Norway’s
programme on Norwegian environmental research towards
2015 (MILJ@2015), project number 190044/S30, https://
www.vm.ntnu.no/dylan/.

2. Also related fields such as human geography and environ-
mental history were represented in the project.

Gunhild Setten

Department of Geography, Norwegian University of
Science and Technology, NO-7491 Trondheim, Norway
Email: gunhild.setten@svt.ntnu.no

Gunnar Austrheim

Museum of Natural History and Archaeology,
Norwegian University of Science and Technology,
NO-7491 Trondheim, Norway

Email: gunnar.austrheim@yvm.ntnu.no

References

Almas R. 2004. Norwegian agricultural history. Trondheim
(Norway): Tapir Academic Press.

Austrheim G, Brathen KA, Ims RA, Mysterud A, @Odegard F
2010. Alpine environments. In: Kalas JA, Henriksen S,
Skjelseth S, Viken A, editors. Environmental conditions
and impacts for Red List species. Trondheim (Norway):
Norwegian Biodiversity Information Centre. p. 107-117.

Austrheim G, Solberg E, Mysterud A. 2011. Spatio-temporal dis-
tribution of large herbivores in Norway from 1949-1999:
have decreased grazing by domestic herbivores been coun-
tered by increased cervid populations? Wildlife Biol.
17(3):286-298.

Birks HH, Birks HJB, Kaland PE, Moe D, editors. 1988. The cul-
tural landscape: past, present and future. Cambridge (UK):
Cambridge University Press.

Brathen KA, Ims RA, Yoccoz NG, Fauchald P, Tveraa T,
Hausner VH. 2007. Density-dependent productivity regimes
among reindeer herds: a case for induced shift in ecosystem
productivity? Ecosystems. 10(5):773-789.

Dahle HK, Danell @, Gaare E, Nieminen M. 1998. Reindrift i
Nordvest-Europa i 1998 — biologiske muligheter og begren-
sninger. Kebenhavn (Denmark): Nordisk Ministerrad, Tema
Nord. p. 1-115.

Daugstad K, Renningen K, Skar B. 2006. Agriculture as an
upholder of cultural heritage? Conceptualizations and value
judgments — a Norwegian perspective in international con-
text. J Rural Stud. 22(1):67-81.

Dodgshon R, Olsson EGA. 2007. Seasonality in European moun-
tain areas: a study in human ecology. In: Palang H, Soovili H,
Printsman A, editors. Seasonal landscapes. Dordrecht (The
Netherlands): Springer Publishing. p. 85-101.

Emanuelsson U. 1987. Human influence on vegetation in the
Tornetrdsk area during the last three centuries. Ecol Bull.
38(1):95-111.


mailto:gunhild.setten@svt.ntnu.no
mailto:gunnar.austrheim@vm.ntnu.no
https://www.vm.ntnu.no/dylan/
https://www.vm.ntnu.no/dylan/

Downloaded by [Universitethiblioteket | Trondheim NTNU] at 03:47 30 November 2012

International Journal of Biodiversity Science, Ecosystem Services & Management 291

Emanuelsson U. 2009. The rural landscapes of Europe: how man
has shaped European nature. Stockholm (Sweden): Swedish
Research Council Formas.

Hjelle KL, Hufthammer AK, Bergsvik KA. 2006. Hesitant
hunters: a review of the introduction of agriculture in western
Norway. Environ Archaeol. 11(2):147-170.

Hobbs RJ, Huenneke LF. 1992. Disturbance, diversity and
invasion: implications for conservation. Conserv Biol.
6(3):324-337.

Hofgaard A. 1997. Inter-relationships between treeline posi-
tion, species diversity, land use and climate in the central
Scandes Mountains of Norway. Global Ecol Biogeogr Lett.
6(6):419-429.

Holling CS. 1978. Adaptive environmental assessment and man-
agement. Chichester (UK): Wiley.

Kausrud KL, Mysterud A, Steen H, Vik JO, Ostbye E,
Cazelles B, Framstad E, Eikeset AM, Mysterud I, Solhey
T, et al. 2008. Linking climate change to lemming cycles.
Nature. 456(7218):93-98.

Koérner C, Ohsawa M. 2005. Mountain systems. In: Millennium
Ecosystem Assessment. 2005. Ecosystems and human
well-being: synthesis. Washington (DC): World Resources
Institute. p. 681-716.

Kvamme M. 1988. Pollen analytical studies of mountain sum-
mer farming in Western Norway. In: Birks HH, Birks HIB,
Kaland PE, Moe D, editors. The cultural landscape, past,
present and future. Cambridge (UK): Cambridge University
Press. p. 349-367.

Linkowski W, Lennartsson T. 2005. Biologisk mangfald i
fjellbjerkeskog — en kunnskapssammanstellning. Uppsala
(Sweden): Centrum for biologisk méangfald.

MacDonald D, Crabtree JR, Wiesinger G, Dax T, Stamou N,
Fleury P, Gutierrez Lazpita J, Gibon A. 2000. Agricultural
abandonment in mountains areas of Europe: environmen-
tal consequences and policy response. J Environ Manage.
59(1):47-69.

Moen J. 2006. Land use in the Swedish mountain region:
trends and conflicting goals. Int J Biodivers Sci Manage.
2(4):305-314.

Office of the Auditor General, Norway. 2006. The authorities’
efforts to survey and monitor biological diversity and to

manage protected areas. Oslo (Norway): Office of the Auditor
General. Document No. 3:12 (2005-2006).

Olsson EGA, Renningen K, Hanssen S, Wehn G. 2011. The inter-
relationship of biodiversity and rural viability: sustainability
assessment, land use scenarios and Norwegian mountains
in a European context. J Environ Assess. Policy Manage.
13(2):251-284.

Post E, Forchhammer MC, Bret-Harte MS, Callaghan TV,
Christensen TR, Elberling B, FoxA D, Gilg O, Hik DS,
Hoye T, et al. 2009. Ecological dynamics across the
arctic associated with recent climate change. Science.
325(5946):1355-1358.

Ravolainen VT, Yoccoz NG, Brathen KA, Ims RA, Iversen M,
Gonzales VT. 2010. Additive partitioning of diversity
reveals no scale-dependent impacts of large ungulates on
the structure of tundra plant communities. Ecosystems.
13(1):157-170.

Reinton L. 1955. Seterbruket i Noreg I, setertypar og drifts-
former. Institutt for sammenlignende kulturforskning. Oslo
(Norway): H. Aschehoug & Co.

Schroter D, Cramer W, Leemans R, Prentice IC, Araujo MB,
Arnell NW, Bondeau A, Bugmann H, Carter TR,
Gracia CA, et al. 2005. Ecosystem service supply
and vulnerability to global change in Europe. Science.
310(5752):1333-1337.

Speed JDM, Austrtheim G, Hester AJ, Mysterud A. 2010.
Experimental evidence for herbivore limitation of the tree-
line. Ecology. 91(11):3414-3420.

Thompson DBA, Nagy L, Johnson SM, Robertson P. 2005.
The nature of mountains: an introduction. In: Thompson
DBA, Price MF, Galbraith CA, editors. Mountains of north-
ern Europe. Conservation, management, people and nature.
Edinburgh (Scotland): TSO Scotland. p. 43-55.

Thompson DBA, Price MF, Galbraith CA, editors. 2005.
Mountains of northern Europe. Conservation, manage-
ment, people and nature. Edinburgh (Scotland): TSO
Scotland.

Welinder S, Pedersen EA, Widgren M. 1998. Jordbrukets forsta
femtusen ar: 4000 f. Kr. — 1000 e. Kr. Det svenska jordbrukets
historia. Stockholm (Sweden): Natur och kultur/LT’s
forlag.





