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Introduction

Landscape change is more than ever a char-
acteristic feature going on across the world 
(Heatherington, C. et al. 2017; Belén, M. 
et al. 2018). Changes in settlement patterns, 
land-use and climate change are well known 
reasons for changes in vegetation and bio-
diversity (Deák, B. et al. 2016, 2018; Kizos, 
T. et al. 2018; Török, P. et al. 2018). Loss of 
biodiversity has become a major concern 
all over the world and criteria to evaluate  
biodiversity loss developed by the Interna-
tional Union for the Conservation of Nature 
(IUCN) have been adopted by numerous 
countries. In Norway, 4,438 species are red-
listed according to the recent up-date of 2015 
(Henriksen, S. and Hilmo, O. 2015). Habitats 
and ecosystems also undergo change, and se-
veral nature types have become threatened. 
At present, 75 nature types are considered 

threatened in Norway, and 39 nature types 
are considered near threatened (Lindgaard, 
A. and Henriksen, S. 2018). In total, nature 
is under press, both species and ecosystems, 
even in a country like Norway, often valued 
for it’s beautiful natural landscapes. The aim 
of the study is to elaborate how temporal 
landscape change can be studied at different 
scales: at landscape, population and species 
levels, emphasizing the temporal dimension.

Approaches to the study of landscape 
transformation through time

Changing landscapes is one major character-
istic of recent environmental change across 
Europe. Urban sprawl is a dominant process, 
as well as changes in the settlement patterns 
due to urbanisation (Couch, C. et al. 2007). Ag-
riculture is changing from small-scale to large-
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scale, from diversity of crops and livestock to 
specialisation and production with lots of in-
put of external resources. Natural landscapes 
are transformed to recreational landscapes, 
some with new and modern technical instal-
lations, such as cable cars to mountain tops. 
Seascapes are also changing from natural 
fiords and coasts to fish farming production 
systems. To study these and similar questions 
belong to the core of academic geography, and 
such studies have links to both physical and 
human geography (Jones, M. 1988; Lundberg, 
A. 2005a, b; Skjeggedal, T. 2005). 

Methods used to study landscape change 
include aerial photo interpretation, remote 
sensing, GIS, vegetation mapping and others. 
Comparison of aerial images of different age 
has proved highly useful to detect temporal 
changes in land-use, settlement patterns, roads 
and other types of infrastructure, forest increa-
se/decrease, development of river meandering 
etc. (Plieninger, T. 2006; Hill, J. et al. 2008; 
Frondoni, R. et al. 2011; Novák, T.J. et al. 2014; 
Szabó, S. et al. 2015). Another supplementary 
source that can be used to analyse temporal 
landscape change is the use of historical sour-
ces, such as cadastral maps, historical land taxa-
tion papers, population and agricultural cen-
suses. These historical sources are well known 
among historians but less so among geograp-
hers and ecologists. Some ecologists implement 
historical data in their studies of habitats and 
species diversity though (Helm, A. et al. 2006; 
Pitkänen, P.T. et al. 2016). They include infor-
mation about land-use at certain times, extent 
of forests, meadows, pastures, cultivated fields, 
livestock and other types of spatial data that 
can be transformed and used in the analysis of 
changes in landscape (Török, P. et al. 2010). In 
other words, these historical data can be used in 
the reconstruction of past landscapes (Yang, Y. 
et al. 2017). Historical data can be used to study 
when physical landscape attributes appeared, 
how they developed, changed and disappea-
red and sometimes also reappeared. The static 
map can then be transformed to a complex and 
ever-changing mosaic of spatial phenomena 
that rise, meet, connect, separate and disappear 
(Hägerstrand, T. 1995; Lundberg, A. 2008). 

Lundberg, A. (2005b) used historical sour-
ces to study forest development in Western 
Norway during the last 400 years. Forests in-
vaded Western Norway in the late Holocene 
period (c. 12,000 B. P.) and different trees su-
cceeded as climate became milder after the 
last Ice Age. The first tree to colonise Northern 
Europe after the last Ice Age was the birch, and 
thermophilous decedious trees were late inva-
ders, such as elm, oak, lyme, and ash. The cul-
tivation of land started in the Younger Stone 
Age period and production of cereals became 
common in the Bronze Age. In Medieval times 
the settlement pattern was consolidated but 
forests were still extensive and covered most 
parts of the land below the alpine tree limit. 
Forests were harvested and timber was used 
for building houses, boats and a number of 
things but open land was mostly minor pat-
ches in a dominant matrix of forest. 

This situation changed rapidly due to the 
introduction of water-driven saws in the 14th 
century. Previously, the axe was the domi-
nant tool in forestry but this was time-con-
suming. Water-driven saws were more effi-
cient and effectively split logs into building 
planks. During the 14th and 15th century 
forestry became a major industry in Western 
Norway and timber and planks were even 
exported to Holland and Scotland. This trade 
is called the Scot forest trade. 

At the same time cities developed along 
the coast, such as Bergen and Stavanger. 
Most houses were built of timber, a resource 
available in regional forests. However, so-
metimes Bergen and other cities were hit by 
devastative fires and major parts of the cities 
burnt and had to be rebuilt. Timber was still 
available regionally but Bergen and other ci-
ties burnt again and again (Bækken, I. et al. 
2002). As a result of Bergen fires and the Scot 
forest trade Western Norway was deforested 
during the 15th century. Population increase 
and extensive livestock grazing along the co-
ast, in fiord valleys and mountain pastures 
prevented the reestablisment of forest. 

Land-use was intensified to a maximum 
and this lasted until the end of the 17th century 
when the emigration to America had it´s peak. 



311Lundberg, A. Hungarian Geographical Bulletin 67 (2018) (4) 309–318.

Only then forests started to re-develop, and this 
is why many forests in Western Norway can be 
dated back to the 1880s or so. Forests older than 
this can be found but they are scattered. 

Lundberg, A. (2005a) used historical sour-
ces found in statal archives to reconstruct 
forest development in a part of Western 
Norway. Sources used were land taxation 
papers from 1665, 1723, 1867 and 1890, ca-
dastral maps from 1825 and 1881, as well as 
areal photos (from 1956 and later), intervi-
ews and finally field registrations. The result 
is presented in Figure 1. 

The result varies quite a bit from the general 
conclusions drawn by botanists prior to this 
research. Due to the luxourious vegetation the 
forest was interpreted as a primeval forest but 
thanks to the analysis of historical sources it 
turned out that the forest was a young, first gen-
eration forest (Lundberg, A. 2005a,b, 2010) . As 
can be imagined, this will very much impact the 
management of such a forest. This is because an 
old primeval forest would be in a mature state 
of development, while in a young, first genera-
tion forest more dynamics would be expected. 

Core concepts in academic geography is 
the combination of time and space/place 
(Holt-Jensen, A. 2018). Historical geogra-
phy has very much been involved in the 
study of landscape change and how differ-
ent landscape attributes arise and develop. 
Any landscape is many-facetted and always 
include human and natural phenomena and 
combinations of those. Specialisation with 
focus on certain phenomena has been a de-

veloping trend in recent landscape research. 
An attemt to reach beyond specialisation and 
achieve a wide scope on landscape and land-
scape change is presented in Figure 2. 

Data supporting Figure 2 has been collected 
using population and agricultural censuses, in-
terviews of local informants, and aerial photo 
interpretation. A number of factors, activities 
and land-use that have influenced the land-
scape is presented along the x-axis, such as per-
manent settlement, cattle keeping, burning of 
heathlands, peat cutting, expansion of forests 
etc. The year different facors were initiated, 
continued and eventually came to an end is 
shown along the y-axis. This way of illustrating 
landscape development adopts a wide scope 
dealing with major elements that characterise 
a landscape during a given period of time.

Methods to monitor biodiversity dynamics

Criteria used in many national red-lists inclu-
de population reduction, geographical range, 
small population and continuing decline in 
population, and very small or geographical-
ly very restricted population (Henriksen, S. 
and Hilmo, O. 2015).

Fig. 1. Forested areas in percent of land area in a part of 
Western Norway during 1665 to present. Source: Based 

on Lundberg, A. (2005a), but revised and updated.

Fig. 2. Time-scale illustrating major factors, activities 
and land-use that characterised a landscape during 
certain periods of time. The approach is diverse more 
than limited (revised from Lundberg, A. 2002). – PS = 
permanent settlement; Cot = cottagers; FP = farm pro-
duction; CP = cereal production; FC = fields cultivated 
with spades; Tu = tust; Th = threshing; HP = horse and 
plough; C = cattle; S = sheep; BoH = burning of heath-
lands; PC = peat cutting; M = mowing; DF = deciduous 
forest; E = electricity; Pl = plantations; R = recreation
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One essential criteria for evaluation of the 
red-list categories is the trend during the last 
ten years. For many species we have informa-
tion about distributions but one challenge is 
lack of data on temporal change in numbers 
and density. Consequently, red-listing has 
to be based on best knowledge and judge-
ments, more than systematic empirical data 
on temporal population trends. Some taxo-
nomic groups are known to have extensive 
changes in abundance from year to year, e.g. 
orchids. This might also be true for other 
taxonomic groups but empirical evidence on 
this is limited. This is a major challenge for 
red-listing of species. If information is based 
on the situation in an unfavourable year, a 
species might be given status as threatened; 
if information is based on the situation in a 
good year, the status might be considered 
near threatened. The actual status for that 
species may not have changed, but the evalu-
ation of the situation might be very different 
depending on the situation in one or a few 
incidental year(s). 

An example is the status given to the or-
chid Coeloglossum viride ssp. islandica in the 
Norwegian red-list of 2006. It was conclud-
ed that the taxon most likely was extinct in 
Norway. As demonstrated by the long-term 
study by Lundberg, A. (2015) this was luck-
ily not the case. This was not because seeds 
had been dormant for a period. It was sim-
ply because the taxon was less known among 
botanists and also because the awerness of 
that subspecies among botanists was low.

All nature conservation areas have some 
purpose and they are often explicitly men-
tioned in management plans of protected 
areas, such as nature reserves, landscape 
protection areas and national parks. In mod-
ern nature conservation, the formulation of 
population measures for taxonomic groups 
present in the protected area has also become 
usual. This has been done for bird species 
and other groups but again one challenge is 
that lack of data on changes in the temporal 
abundance of the relevant groups.

The distinction between extinction and 
dormancy

To investigate the range of annual variations 
among orchid populations a study of Dacty-
lorhiza purpurella was started in Norway in 
2012 (Lundberg, A. and Frøland, T. 2016). 
All known Norwegian populations were vi-
sited and a monitoring program was started. 
In total, 48 populations are known and 30 of 
these are intact, 15 have been lost and three 
populations have unknown status. The spe-
cies is considered to be critically threatened 
(CR) in Norway. Some of the populations 
are small and some are numerous with se-
veral hundreds to a few thousand plants in 
a year. In Norway, D. purpurella is found in 
sand dune meadows and dune slacks, in salt 
marshes, wetlands and other wet or moist 
habitats close to the sea. A few populations 
are also found in abandonded industrial si-
tes, probably due to the open site with mine-
ralic, calcareous soils. D. purpurella is a North 
Sea species known from the UK, Denmark, 
Norway and the Faroe Islands (Figure 3). The 
Norwegian distribution is on the western co-
ast, in the south-west and the north-west part 
of Western Norway. Soils are often calcareo-
us and the sites are usually rich in species. 

During the monitoring period 2012 till 
present all populations showed considera-
ble variation in numbers from year to year. 
Huge annual variations in abundance is the 
normal pattern, stability in the number of 
plants in any population has never been fo-
und (Lundberg, A. and Frøland, T. 2018). 
The distinct variation can not be explained 
by technical encroachments, because no phy-
sical change to the soil or habitat has been 
found. There is no one-way trend in decrease 
or increase so the fluctuations can not be due 
to climate change. The explanation we found 
is that lots of precipitation during late autum 
and the first part of spring is favorable for 
germination, particularily because the plants 
heavily depend on mycorrhiza infection in 
this part of the year. Intact leaves not dama-
ged by drought the season before might also 
be necessary for production and storage of 



313Lundberg, A. Hungarian Geographical Bulletin 67 (2018) (4) 309–318.

photosyntetic products to allow supply of 
nutrients in the following spring. If this is 
not the case, plants may enter hibernation. 
As other orchids, D. purpurella is a perennial 
species, and hibernation is not to be confused 
with decline or extinction (Photo 1).

An example of the huge range in annual 
fluctuations in one D. purpurella population 
is shown in Figure 4. Plants in this population 
grows in dune meadows and dune slacks. 
All plants were counted in six years, at the 
same time of the year each time. During the 
first four years number of plants varied from 
88, 104, 63, and 98. In 2017 the number was 
2,846. If red-list status had been given in 

Fig. 3. The known distribution of Dactylorhiza purpurella (Hultén, E. and Fries, M. 1986).

Photo 1. Dactylorhiza purpurella (Photo by Lundberg, A.)
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2014, the judgement would have been heav-
ily impacted by the low number of plants 
(63). The high number of plants registered 
in 2017 should not be considered as an in-
crease but rather a peak within the natural 
fluctuation of that population.

Another example of the fluctuations in the 
number of D. purpurella plants that can be 
found in one population over time is from the 
site Kalveneset in Western Norway. This pop-
ulation has been monitored during four years, 
and the number of plants in those years were 
546, 178, 1,274, and 682 (Figure 5). The site is 
untouched by technical influence and the vari-
ation from year to year has to be considered 
as natural fluctuation. The lesson learnt is that 
a time-series including several years is neces-
sary to be able to identify the size of a popula-

tion. The same will apply for measurements 
of the total number of national populations.

The challenge of huge variations among 
annual plants

As mentioned, it has been known that the 
population of orchids may vary a lot from 
year to year, as also demonstrated in the ex-
amples given here. However, is this a phe-
nomenon first and foremost characteristic 
of orchids or will this also be the case for 
other plant groups? The long-term study of 
Aphanes australis in Norway can shed light on 
this question. The study was initiated in 2009 
as part of a monitoring program for several 
red-listed species in Norway (Lundberg, A. 
2016). Aphanes australis is a small annual plant 
found on thin soil in open meadows. It is es-
sential a European species. Its main distribu-
tion is found in continental Europe with the 
northernmost distribution in the Shetland Is-
lands and in southwestern Norway (Figure 6). 

All known Norwegian populations have 
been monitored since 2009. As mentioned, 
Norwegian populations of Aphanes australis 
are found on shallow ground, often on the 
fringe of pastures (Photo 2). Pastures are often 
heavily manured and this is a threat to A. 
australis. Several populations have become 
extinct because of this. On the other hand, 
some of the populations are not at all ma-
nured or just manured in limited quantities. 
Shallow soils are exposed to drought and this 
might be a problem for many other plant spe-
cies. This is why A. australis can be found as 
a dominant species in appropriate environ-
ments. Populations might have a range of ½ 
x ½ to 1 x 10 m. In a good year the site may 
be close to totally covered by A. australis. 
However, in other years the species might 
not be present with adult plants at all. 

This might easily be confused with extinc-
tion but long-term monitoring proved that 
a population may enter dormancy in cer-
tain years. In Norway, the species behaves 
as a summer annual plant but in certain 
years it may also behave as a winter annual. 

Fig. 4. Fluctuations in the number of plants of D. pur-
purella at Ognasanden, southwestern Norway. The first 
four years represent a normal situation, 2017 was a 
particularly favourable year for that species at that site.

Fig. 5. Fluctuations in the number of plants of D. pur-
purella at Kalveneset, a population with no technical 

encroachments
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Temperature is the major factor having an im-
pact on germination, but also darkness, light 
and water. The rate of germination at different 
temperatures, humidities and light conditions 
proved to be governed by a continuum be-
tween dormancy and germination (Baskin, 
C.C. and Baskin, J.M. 2014; Lundberg, A. 
2016). The total number of plants in Norway 
varies between <250 in a bad year and <20,000 
in favourable years (Lundberg, A. 2016; Figure 
7). It is easy to imagine that this can make a 
huge difference for the judgement of red-list 
status for such a species. The size of a popula-
tion and the total number of populations in a 
country in one year cannot be used to decide 
red-list status. Long-term monitoring is essen-
tial to be able to identify the normal and natural 
fluctuation interval of a species. The problem 

is that such time-series are hard to find for 
most vascular plants and also other taxonomic 
groups. To obtain long-term time-series for 
most species is beyond any possibility but to 
develop some time-series of this kind should 
be a major target for governmental environ-
mental bodies in all countries.

The recent Norwegian red-list for species 
takes into account precise terms and defini-
tions as suggested by the IUCN, but when 
they are operationalised they cannot be sup-
ported by precise data, simply because such 
data hardly exist. Terms applied are “continu-
ing decline in the extent of occurrence”, “con-
tinuing decline in habitat quality”, “continu-
ing decline in the number of localities or sub-
populations”, “continuing decline in the num-
ber of mature individuals”, and “continuing 

Fig. 6. The known distribution of Aphanes australis, primarily a European species (Hultén, E. and Fries, M. 
1986). Norwegian populations were not known in 1986 and are not included in the map.
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Norwegian species. The knowledge gained 
from the limited number of national monitor-
ing programs for a few species has developed 
some vital information but more work has to 
be done before the criteria for national red-
listing set by the government can be met.

Conclusions

The article discusses methods and approach-
es to study landscape change at different 
scales. Historical sources found in state ar-
chives were used to analyse the extent of de-
forestation and later reforestation through 
secondary succession. Quantitative measures 
found in the archives were used to identify 
the part of the land covered by forest through 
the last 400 years. Landscapes include a num-
ber of different types of phenomena, not just 
forests, and a way to illustrate major land-

Fig. 7. Variations in spring temperature and soil 
moisture from year to year causes major changes in 
total national population size of Aphanes australis in 
Norway. The huge range between unfavourable and 
favourable years is a reflection of the natural variation 

interval of the total population size of that species.

Photo 2. Aphanes australis is an annual plant, in Norway usually behaving as a summer annual. Seeds often 
enter dormancy if spring temperatures and soil humidity are too low. This has a huge effect on the germina-
tion of seeds and is part of a normal cycle between dormancy and germination. The huge variation in adult 
plants present each year would have a major impact on the evaluation of red-list status but temporal data on 

the abundance and frequency of this and most other species hardly exist. (Photo by Lundberg, A.) 

decline in population”. The time period to be 
considered is the last ten years. Empirical evi-
dence based on annual data developed dur-
ing the last ten years does not exist for most 
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scape attributes present in different periods 
of time is suggested.

At the biodiversity level, much attention 
is currently paid to red-listed species. Exact 
and precise concepts to help identify red-list 
status for species have been developed by na-
tional nature conservation bodies. Population 
trends of threatened species during a ten-year 
period should be applied when red-list sta-
tus is identified. Although the concepts that 
should be at play in this evaluation are pre-
cise and clear, data to be used in the evalu-
ation process hardly exist for most species. 

This study suggests how this paradox could 
be dealt with and solved. Instead of a static 
model of population size based on information 
from one or a few years an alternative dynam-
ic model is suggested. A temporal approach 
can avoid misinterpretations about species’ ex-
tinction and can instead reveal periods of dor-
mancy among populations. As an alternative 
to a static perspective on population size the 
identification of the natural variation interval 
of a species should be addressed. A temporal 
approach is vital in such an assessment.
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