Pattern and process in Norwegian upland grasslands:
an integrated ecological approach
Vigdis Vandvik

Thesis submitted in partial fulfilment of the requirements
for the degree of Doctor scientarium
Department of Botany
University of Bergen
2002

Acknowledgements
This project was initiated in 1996, when I received a grant from the Norwegian Research Councel to
work on the effects of land-use change at summer farms. All this would never have happened if my
supervisor, John Birks, had not suggested that I should start working on these characteristic
landscapes. As he said; “it must be possible to use them for something interesting”. I want to thank
him for that suggestion, and also for the interest he has shown in my work in the years to follow. His
broad overview over ecology and methodology and his scientist-to-the-fingertips attitude has been a
great inspiration. My external supervisor, Reidar Elven, has, whenever I could get hold of him, shared
his immense knowledge of Norwegian plants, and also his very strong – and always correct – opinions
on what lines of enquiry will work and what won’t.
Fieldwork was carried out in Røldal and Dalsbygda during the summers of 1992 and 1997 2000. I want to thank all my field assistants, Erlend Vandvik, Tordis Vandvik, Heidi Solstad, KjellTore Hansen, and Ann-Kristin Østgård, for their constructive suggestions, hard work, good spirits, and
company. I also thank Eli Fremstad, Kristina Bjureke, and Klaus Høiland for collecting seeds. This
work would not have been possible without the cooperation of the landowners, who permitted me to
take samples and set up experiments on their properties. I thank them all, especially Solveig and the
late Arne Nygård, Rut and Nils Østgård, Oddveig and Inge Eggen, and Gunnlaug and Olav Berge.
Thanks also to Beate H. Ingvartsen, Anne Birgit R. Hage, Kari Eeg, and Eva Krzywinski for
help with illustrations, with keeping track of my formal status and sometimes unclear financial
transactions, and with keeping my computer cooperative. The laboratory work was carried out at the
Centre for Research in Controlled Climate at Ås, and I thank the staff there for all assistance.
Discussions and cooperation with other researchers and students have been an important
source of inspiration and knowledge during these years. Among many others, I would like to thank
Hege Hjortdal, Birgitte Jonsgaard, Ole Reidar Vetaas, John-Arvid Grytnes, Heidi Solstad, Ørjan
Totland, and Per Arild Aarrestad for good times and lively discussions. During the last year, Vibekke
Vange in Tromsø has shared my interest in the ecology and biology of seeds, as well as the worries
and frustrations of a ‘nearly there’ doctoral student. Einar Heegaard, my office roommate during the
last year, has provided good company and enthusiastic responses to any ecological question
imaginable. I want to thank Ivar Heuch and Petr Šmilauer for statisitcal advice, and Hilary Birks,
Sylvia Peglar, and all the others who have read, commented, given advice, or in other ways
contributed to the different papers and the thesis. I thank the members of the Quantitative Ecological
and Palaeoecologcical Research Group, as well as the staff and students at the Department of Botany
in Bergen and the Botanical Museum in Oslo for a good working atmosphere. A special thank to
everybody who has helped during the last hectic weeks.
While there has been a lot of regeneration and change going on in my perennial grasslands
these years, the very same themes have also penetrated the rest of my life. Our oldest son Amund was
born just a few days before I received the NFR grant that started all this. I want to thank him, and his
little brother Olav, for being such great boys – and for making it so hard to stay on working during
afternoons and weekends. But most of all thanks to Baard, who has shared all my working victories
and defeats, who has been my favourite (and also my cheapest) field assistant, who has discussed the
history and philosophy of ecology with me, and who has always done his share – and often mine as
well – to make sure that everybody in our little family is clean, warm, well-fed, and happy.
Thanks are also due to our friends and families for all the patience, help, and encouragement
during these years, and for reminding me of what really matters in life. I especially want to thank the
IJOOJFK – and apologise for not showing up for our weekend together this year. My parents, Tordis
and Einar Vandvik, and my in-laws, Sissel and Sverre Skogrand, have helped enormously by looking
after the boys during my many field trips.
While doing this work I have received financial support from the Norwegian Research Council
(Grant no. 73758/410), Olaf Grolle Olsens Legat, A. Heiberg and H. B. Fasmers Fond, and Bergen
Myrdyrkningsfond.

Abstract
Vandvik, V. (2002) Pattern and process in Norwegian upland grasslands: an
integrated ecological approach. Dr. Scient. Thesis, Faculty of Science, University of
Bergen, Bergen.
In this thesis I examine community patterns and the
effects of disturbances on these patterns within
successional subalpine grasslands at summer farms
in Norway. On a broad scale, I investigate how
environment, land-use history, and spatial
variability affect vegetation patterns within and
between farms. On a fine scale, I investigate the
effect of the creation and revegetation of bareground gaps along a secondary successional
sequence. Finally, I investigate seed germination
responses in subalpine grassland plants, and relate
these to the potential for establishment in seminatural grasslands during succession.
The study is based on field data and seed
collections from 19 summer farms in two valleys in
western and eastern Norway. The data originate
from observational field studies via field
experiments to phytotron germination trials, and the
biological responses monitored range from floristic
composition via field recruitment to the timing of
germination in individual seeds. The temporal
scales and resolutions range from snapshot studies
via day-to-day monitoring of germination and fouryear field experiments to 40-year chronosequences.
The data are analysed using different univariate and
multivariate statistical procedures.
Three major findings emerge from the
study. (1) Disturbance, at scales ranging from the
disturbance regimes of entire summer farms via
gradients in disturbance intensity within landscapes
to fine-scale gaps in a closed vegetation sward,

exert considerable influence on the composition and
functional traits of species at these various scales.
Rare species increased in relative abundance in
gaps. (2) The dynamics within fine-scale
disturbances, and the responses of individual
species to disturbance, change along a secondary
successional sequence. This indicates that the
processes operating at broad and fine spatial and
temporal scales are not independent. (3) The
secondary successions, gap revegetation, and
regeneration from sown seeds in the field, were
slow relative to seminatural vegetation elsewhere.
(4) The seeds from subalpine populations of 11
species had consistently high temperature
thresholds for germination relative to species from
lowland grasslands in Norway and elsewhere.
Together, these findings suggest that
summer farm grasslands share some common
characteristics with semi-natural vegetation
elsewhere, but that they also have their own
particularities. These may be related to climatic
constraints. This study contributes to the knowledge
of these systems by demonstrating that land-use
changes have had, and will continue to have,
dramatic effects on the vegetation and flora of
subalpine semi-natural landscapes. The slow
secondary successional rates in the mountains may
explain why upland semi-natural vegetation is
regarded as less immediately threatened than its
lowland counterparts.

Keywords: Chronosequence, cultural landscape, disturbance, field experiments, functional types, gap
revegetation, germination cueing, land-use change, ordination, Monte Carlo permutation tests, phytotron
experiments, Principal Response Curves, recruitment, regeneration niche, (repeated measures)(split-plot)
ANOVA, seasonal timing, secondary succession, seed size variance partitioning.
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