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It is commonly agreed that landscape history is important for species distributions 
today. Here, we studied present-day regional population distribution and performance 
of four grassland species, the perennials Ranunculus bulbosus and Succisa praten-
sis, and the monocarpic “biennials” Carlina vulgaris and Tragopogon pratensis, in 
a Swedish rural landscape. We analysed the management history of their population 
patches, using vegetation maps from 1945 and 2001. Distributions of Succisa pratensis 
reflected the grassland occurrences in 1945 and Tragopogon pratensis was associated 
with the road network 60 years ago. Performance in different habitats also suggested 
an impact of land use on species distributions. For Ranunculus bulbosus and Carlina 
vulgaris the impact of landscape history was less obvious. Our results indicate that 
present-day distributions of some grassland species partly may be a legacy of previous 
semi-natural grassland patterns in rural Sweden, an insight that has valuable implica-
tions for assessments of long-term vulnerability of grassland species.
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Introduction

In Sweden, as in many other parts of Europe, tra-
ditional management such as mowing and graz-
ing on unfertilized and unploughed grasslands 
(semi-natural grasslands) has declined rapidly 
over the last century (Eriksson et al. 2002). For 
example, the area covered by semi-natural grass-
lands in Sweden has decreased by about 90% 
over the last 80 years (Bernes 1994). Remain-
ing, still managed, semi-natural grasslands, often 
occur as more or less isolated remnants in a land-
scape dominated by arable fields, forests, roads, 
urban or built up areas. Since changes in land use 

and management are among the most important 
drivers behind the present and expected future 
global decline in biodiversity (e.g. Sala et al. 
2000), understanding the effects of such drastic 
landscape changes on populations of plants and 
animals has become a key issue for conserva-
tion biology and landscape oriented ecology in 
general (Hansson 1992, Hanski 1999, Harrison 
& Bruna 1999, Eriksson & Ehrlén 2001, Turner 
et al. 2001).

Traditionally managed semi-natural grass-
lands contain an exceptionally high density of 
plant species, occasionally up to 40–60 species 
per m2 (Kull & Zobel 1991, Eriksson & Eriksson 
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1997). Besides the high plant species richness, 
these habitats host many threatened and declin-
ing fungi, insects and birds (Vessby et al. 2002). 
Thus, the remaining fragments of semi-natural 
grasslands attract a considerable conservation 
interest, and there is a Swedish national goal to 
maintain all present semi-natural grasslands.

An important, but often neglected, aspect of 
fragmentation is that many organisms, plants 
in particular, respond very slowly to environ-
mental change, developing so-called remnant 
populations (Eriksson 1996). Such remnant pop-
ulations may, due to their long life spans and 
limited requirements for space, persist in sub-
optimal habitat for time spans in the magnitude 
of 50–100 years (Eriksson & Ehrlén 2001). This 
phenomenon leaves an historical imprint in the 
present-day vegetation and regional distributions 
of many species, which are thus legacies of 
past management and landscape structure (e.g. 
Koerner et al. 1997, Cousins & Eriksson 2001, 
2002, Bellemare et al. 2002, Dupoeuy et al. 
2002, Foster 2002, Lindborg & Eriksson 2004, 
Helm et al. 2006). This slow response implies 
that the present-day diversity is in a non-equi-
librium state with the present landscape habitat 
configuration (Herben et al. 2006). Declining 
plant species thereby contribute to an extinction 
debt (Tilman et al. 1994, Hanski & Ovaskai-
nen 2002), i.e. populations may be developing 
towards regional extinction even if the present 
management is maintained. On the other hand, 
existing remnant populations are potentially 
important in restoration programmes, since habi-
tat fragmentation is expected to cause severe dis-
persal limitation of many species (e.g. Turnbull 
et al. 2000), implying that spontaneous recoloni-
zation of restored sites may take a very long time 
(Eriksson & Ehrlén 2001).

Although a general recognition of time lags 
in the response of plant populations to landscape 
changes may be considered well known, there 
are still difficulties in assessing historical effects 
on present-day diversity. In most cases we lack 
time-series of population development, and old 
vegetation surveys (which can be repeated) are 
scarce. In practice, indirect methods have to 
be used to detect historical effects in the veg-
etation. In this study, we have analyzed the 
regional distributions of four grassland species, 

as they appear in the present-day landscape, 
and compared the distributions with vegetation 
maps depicting the landscape in 1945 and 2001. 
We have also compared the performance of the 
present-day populations, occupying sites which 
are continuously managed, abandoned or re-cre-
ated, respectively. The four species represent 
perennials (Succisa pratensis and Ranunculus 
bulbosus) and short-lived monocarpic perennials 
(“biennials”) (Carlina vulgaris and Tragopogon 
pratensis).

The main objective with this study was to 
assess whether the present distribution of the 
four species still preserves a relationship to semi-
natural grassland configuration in the 1940s, 
although many of these grasslands no longer 
exist. For one of the species (Tragopogon praten-
sis), which is often found along road verges, we 
examined the present-day distribution in relation 
to historical, no longer existing roads. To exam-
ine whether land-use change affects populations 
negatively, we compared population size and 
flowering in grazed and ungrazed habitats in the 
present landscape. Furthermore, perennial plants 
have, on average, a life span that is more than 
six times longer than monocarpic (semelparous) 
plants (Ehrlén & Lehtilä 2002). Thus, although 
using only four target species makes it difficult 
to draw conclusions on the relationship between 
life span and response to landscape change, we 
expected that the two perennial species should 
have a slower response than the two monocarpic 
species, due to differences in life span (Eriksson 
1996).

Material and methods

Study area

The study was performed between 2000 and 
2003 in the northern part (3.1 ¥ 2.3 km) of the 
Nynäs nature reserve, situated ca. 100 km south 
of Stockholm, Sweden (58°50´N, 17°24´E). The 
area is a part of the hemiboreal Swedish rural 
landscape close to the Baltic coast, with bedrock 
consisting mainly of Precambrian gneiss. Soil 
layers in the area are mostly clay sediments 
in the cultivated valleys, and till is situated 
on slopes with bare bedrock exposed on the 
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tops (Cousins 2001). Mean temperature ranges 
between –3 °C in February and 16 °C in July, 
and annual mean precipitation is 550 mm (Alex-
andersson et al. 1991). The study area has under-
gone important changes in management during 
the 20th century, something that is clearly shown 
in the vegetation changes of the landscape (Fig. 
1). Many former fields are now grazed, whereas 
semi-natural grasslands are turning into forest, 
due to abandonment.

Study species

We chose four grassland species that are char-
acteristic of Swedish grasslands in the hemibo-
real zone and southwards. Ranunculus bulbosus 
(Ranunculaceae) is a perennial found mainly 
in dry grasslands. It has a swollen stem base, 
probably as an adaptation to drought. Flowering 
occurs, from several stems with a height of up 
to about 20 cm, in early summer after which the 
leaves wilt. The seeds (achenes) weigh ca. 3.1 
mg and have no apparent adaptation for animal 
or wind dispersal (Grime et al. 1988). Suc-
cisa pratensis (Dipsacaceae) is a perennial plant, 
mostly found in mesic or moist grasslands. In 
late summer it develops one to six flower heads 
on each of up to three stems of about 60–70 cm 
in height. The fruit is a hairy capsule that pro-
motes adhesive seed dispersal with animals such 
as cattle. The seeds weigh ca. 0.9 mg (M. Mildén 
unpubl. data). Carlina vulgaris (Asteraceae) is a 
prickly, monocarpic short-lived perennial, which 
usually persists as a rosette during several years 
before it flowers and thereafter dies. It is mostly 
found in grazed dry grasslands, often on calcare-
ous soils. The achenes weigh ca. 1.5 mg and 
have a small pappus enabling wind dispersal and 
they often remain in the fruiting heads until late 

autumn or winter (Löfgren et al. 2000, Jakobs-
son & Eriksson 2003). Tragopogon pratensis 
(Asteraceae) is a biennial or monocarpic peren-
nial plant most commonly found in road verges 
and grasslands. During its first year, it has an 
upright rosette of long, grasslike leaves that 
in the second year produces one, commonly 
branched, stem up to one meter in height (M. 
Mildén unpubl. data). In road verges, it often has 
up to ten flower heads, while in grazed grass-
lands individuals are smaller with just a few 
flower heads. The achenes weigh ca. 11.2 mg 
and have a large pappus suitable for wind disper-
sal (Jakobsson & Eriksson 2003).

The species are henceforth referred to by 
their generic names only.

Inventory

The study area was carefully inventoried at the 
time of flowering of the four target species. 
Delimiting the patches was made at a fine scale, 
so that occupied patches of suitable habitat at least 
10 m apart were counted as separate. The position 
of the patches was recorded with Global Position-
ing System (GPS). The number of flowering and 
vegetative individuals was counted at all patches, 
except for Tragopogon where we counted only 
flowering individuals. The reason was time-limi-
tation in the field. A very large effort is needed to 
avoid overlooking small vegetative Tragopogon, 
due to their grasslike appearance.

Vegetation classification and maps

Aerial photographs were used to analyse the past 
and present land cover and to make vegetation 
maps. Black and white photographs from the 

Fig. 1. Distribution of the 
major vegetation and 
management types in the 
Nynäs area in 1945 and 
2001. Numbers indicate 
proportions (%) of the total 
study area. More detailed 
information is found in 
Cousins (2001).
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1940s (scale 1:20 000) and modern colour infra–
red (CIR) photographs (scale 1:30 000) were 
interpreted using a zoom-lens stereoscope. The 
vegetation was initially classified into 14 classes 
(for details see Cousins & Eriksson 2002) and 
the modern interpretation was verified by field 
checks. The interpretations were digitised and 
rectified to orthogonal projection and imported 
to a Geographical Information System, GIS 
(ArcView 3.2), resulting in two vegetation maps. 
The vegetation maps cover approximately an 
area of 7 km2 (3.1 ¥ 2.3 km) and has a resolution 
of five metres. The vegetation classes were then 
generalised into four classes; forest, cultivated 
grassland, semi-natural grassland, and other (Fig. 
1). “Cultivated grasslands” are former arable 
fields that are now grazed (Cousins & Eriksson 
2002). Information from older maps was used 
to identify cultivated grasslands 1945 (Cousins 
2001). The aerial photographs from 1945 were 
also used to delineate roads and farm tracks.

Performance

The performance of populations in different hab-
itat types was analysed by comparing the popu-
lation size and flowering frequency between 
grazed semi-natural grassland, abandoned grass-
land and grazed cultivated grassland. We classi-
fied the patches containing populations according 
to the vegetation map from 2001. As semi-natu-
ral grassland patches, we only included presently 
grazed semi-natural grasslands. As abandoned 
patches we considered all semi-natural and for-
merly cultivated grasslands that are presently 
not grazed, as well as ungrazed forest patches 
that were classified as semi-natural grassland in 
1945. The cultivated grassland class consisted of 
all presently grazed former fields and cultivated 
grasslands. For Tragopogon, we added one class 
consisting of road verges.

For the statistical analyses of population per-
formance we used the free statistics software R, 
version 1.9.0 for GNU/Linux (R Development 
Core Team, www.r-project.org). For testing the 
differences between grassland types, we used the 
Kruskal-Wallis rank sum test. Post hoc testing 
was made with the Wilcoxon rank sum test with 
Bonferroni correction of p values.

Analysis of species distributions

We mapped the positions of the present popu-
lations of the four species onto the vegetation 
maps from 1945 and 2001. For Tragopogon we 
also mapped the present species distribution in 
relation to road verges from 1945 and 2001. 
The analysis of historical distribution assumes 
that we infer a process extending over the last 
60 years from a pattern that we see today. It is 
unrealistic to assume strictly that all present-day 
patches of the study species had the same loca-
tions in 1945; that would imply no dynamics at 
all during the 60-year period. However, spatially 
explicit simulation models of the regional popu-
lation of Succisa in the study area (Herben et al. 
2006, Mildén et al. 2006) suggest that the turno-
ver is indeed slow, and that this species is not 
capable of tracking changes in landscape habitat 
configuration occurring over a time span in the 
magnitude of one century. Thus, we compared 
the difference in distribution of the populations 
among the vegetation types 1945 and 2001, 
assuming that a large fraction of the populations 
were present at the same sites, unless the sites 
were used as arable fields during the period from 
1945–2001. In the former fields, colonisations 
have most likely occurred after transformation 
from fields to pastures.

We did not subject the differences in distribu-
tions between 1945 and 2001 to statistical tests. 
Instead, we decided to only describe the distribu-
tions of populations mapped on 1945 and 2001 
landscapes. We summarized the changes in land 
cover, due to changing land use, in a transition 
matrix based on Cousins (2001), and compared 
these changes with the land-cover transitions for 
the patches of the four species. Since there were 
few patches of Carlina, and since the examined 
historical legacy for Tragopogon mostly con-
cerned road verges, we only present the matrices 
for Ranunculus and Succisa. The conclusions 
we draw should be regarded as tentative, and, as 
historical studies in general, more open to alter-
native interpretations than usual in experimental 
ecology. A statistical analysis would necessitate 
a range of assumptions of population extinction, 
dispersal and colonisation, and that was beyond 
the scope of this study. For Succisa, modelling 
studies were performed, analysing how this spe-
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cies may respond to a range of different land-
scape scenarios, using different levels of popula-
tion turnover and dispersal (Herben et al. 2006, 
Mildén et al. 2006).

Results

The landscape habitat structure changed mark-
edly between 1945 and 2001 (Fig. 1 and Table 
1). Forest cover increased from 47% to 63% 
of the total area, while semi-natural grasslands 
decreased from 19% to 6%. Generally, these 
changes were due to abandonment of grazing in 

semi-natural grasslands. These grasslands devel-
oped into forest. Another important change was 
the decreased cover of arable fields (changing 
from 26% to 19%) and a corresponding increase 
in cultivated grassland (changing from 2% to 
5%).

We found 173 patches of Ranunculus, 108 
patches of Succisa, 31 patches of Carlina and 
408 patches of Tragopogon distributed in the 
landscape (Figs. 2–5). The Ranunculus patches 
in 1945 were mostly associated with semi-natural 
grassland (54%) and cultivated grassland (40%) 
(Fig. 2). In 2001, 31% of the patches were in 
semi-natural grassland, while 51% were located 

Table 1. Transition matrix for general land-cover change in the study area. The figures in the matrix show the pro-
portion (%) of each 1945 land-cover type that had become transformed to new 2001 land-cover types. “Grassland” 
denotes semi-natural grassland.

 Grassland Arable field Water Forest Cultivated No management
     grassland

Grassland 40.8 16.1 0 26.9 11.1 5.1
Arable field 5.3 84.1 0 1.6 8.1 0.8
Water 8.2 0 88.3 1.2 0 2.2
Forest 30.9 6.9 0 62.1 0 0
Cultivated grassland 22.5 46.1 0 0 0 31.4
No management 0 0 0 0 0 0

Fig. 2. The spatial distribu-
tion of patches of Ranun-
culus bulbosus in 1945 
and 2001. Pie charts show 
the distribution of patches 
associated with vegeta-
tion management types in 
1945 and 2001.
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at sites classified as cultivated grassland. A small 
fraction (8%) was located in forest. For Suc-
cisa, 36% of the patches in 2001 were located in 
semi-natural grassland (Fig. 3). Of these patches, 
77% were classified as semi-natural grassland in 

1945. Proportions of patches classified as forest 
were 6% and 41% in in 1945 and 2001, respec-
tively. The proportion of patches located in cul-
tivated grassland increased slightly from 17% in 
1945 to 20% in 2001.

Fig. 3. The spatial distri-
bution of patches of Suc-
cisa pratensis in 1945 and 
2001. Pie charts show 
the distribution of patches 
associated with vegeta-
tion management types in 
1945 and 2001.

Fig. 4. The spatial distri-
bution of patches of Car-
lina vulgaris in 1945 and 
2001. Pie charts show 
the distribution of patches 
associated with vegeta-
tion management types in 
1945 and 2001.
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A comparison between the transitions for 
Ranunculus and Succisa patches (Table 2) with 
the overall land-cover change (Table 1) revealed 
a few notable differences between these species. 
For Ranunculus, a large fraction of the semi-
natural grassland patches 1945 was transformed 
to cultivated grassland 2001 (40%; Table 2A) 
whereas a small fraction (12%, Table 2A) was 
transformed to forest. For Succisa, a compara-
bly smaller fraction of the semi-natural grass-

land patches 1945 was transformed to cultivated 
grassland (14%; Table 2B) but the fraction trans-
formed to forest was higher (45%; table 2B). 
The overall land-cover change indicated that the 
transitions from semi-natural grassland to forest 
(26.9%; Table 1) was intermediate between the 
changes experienced by the Ranunculus and Suc-
cisa patches, respectively, whereas the transitions 
to cultivated grasslands (11.1%; Table 1) was 
much lower than for the Ranunculus patches.

Table 2. (A) Transition matrix showing land-cover changes from 1945 to 2001 for the patches of Ranunculus bul-
bosus. (B) Transition matrix showing land-cover changes from 1945 to 2001 for patches of Succisa pratensis. The 
figures in the matrix show the proportion (%) of each 1945 land-cover type that had become transformed to new 
2001 land-cover types. The number of present-day populations occurring in each 1945 land-cover type is shown in 
parentheses.

 Forest  Semi-natural grassland Cultivated grassland Arable field/other

A
Forest (2) 50 50
Semi-natural grassland (94) 12 41 40 6
Cultivated grassland (70) 1 20 77 1
Arable field/other (7) 0 0 71 29
B
Forest (6) 67 33 0 0
Semi-natural grassland (83) 45 37 14 4
Cultivated grassland (18) 17 28 56 0
Arable field/other (1) 0 100 0 0

Fig. 5. The spatial dis-
tribution of patches of 
Tragopogon pratensis in 
2001 in relation to present-
day road verges and road 
verges, which existed in 
1945. Pie charts show 
the distribution of patches 
associated with vegeta-
tion management types in 
1945 and 2001.
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For Carlina, the distribution of vegetation 
classes (Fig. 4) for the patches in 1945 very 
much resembled that of Succisa (Fig. 3). Most 
patches (71%) were at that time situated in semi-
natural grassland, while 10% and 19% were situ-
ated in forest and abandoned fields, respectively. 
In 2001, the fraction of Carlina patches in forest 
(13%) had not increased notably, but 38% of the 
patches were located in cultivated grassland. 
From 1945 to 2001, the fraction of patches in 
semi-natural grassland decreased to 45%.

For Tragopogon, 60% of the patches were 
situated directly along road verges and 74% in 
close connection to roads (Fig. 5). Of the 64 
patches that were not found close to roads in 
2001, 27 (42%) were positioned in close connec-
tion to roads existing in 1945.

We found significant differences in popula-
tion performance between habitat types (Table 
3). Both Ranunculus and Succisa had different 
population sizes in semi-natural, abandoned and 
cultivated grasslands. Ranunculus populations 
were significantly smaller in abandoned grass-
land than in cultivated grasslands, but semi-natu-
ral grassland patches, despite the high median 
population size, did not have a significantly 

larger median population sizes. For Succisa, 
semi-natural grassland patches supported popu-
lations that were approximately tenfold in size 
as compared with those in abandoned and cul-
tivated grasslands. There was no difference in 
population size of Carlina among habitat types. 
In Tragopogon, plant stands in road verges were 
significantly smaller than those in semi-natural 
and abandoned grasslands.

Flowering frequency (Table 3) varied signifi-
cantly between habitat types in Ranunculus and 
Succisa, where abandoned grasslands had twice 
as high frequency as semi-natural and cultivated 
grasslands. There was no difference in flowering 
frequency between habitat types in Carlina.

Discussion

For three of four investigated species: Ranuncu-
lus, Succisa and Carlina, the patches presently 
occupied were to a higher extent classified as 
semi-natural grassland in 1945 than in 2001. In 
2001, the fraction of patches of these species 
in semi-natural grassland is generally halved in 
comparison with that in 1945. The pattern for 

Table 3. Population size and flowering frequency of the four study species in managed semi-natural grasslands, 
abandoned grasslands, and cultivated grasslands (former arable fields). P values (Kruskal-Wallis rank sum test) 
indicated significant differences among all grassland types. Different letters indicate significant (p < 0.05, Wilcoxon 
rank sum test with Bonferroni correction) differences between grassland types. Flowering frequencies for Tragopo-
gon were not presented, since the inventory only recorded flowering individuals.

 Grassland type Median population size Flowering frequency
  (range)

Ranunculus bulbosus (n = 149) semi-natural 075ab (10–5000) 0.30b

 abandoned 030a (10–1000) 0.63a

 cultivated 100b (6–4000) 0.36b

  0p = 0.025 p < 0.001
Succisa pratensis (n = 94) semi-natural 400a (2–20000) 0.26b

 abandoned 030b (1–3000) 0.49a

 cultivated 040b (1–6000) 0.22b

  0p < 0.001 p < 0.001
Carlina vulgaris (n = 27) semi-natural 031 (3–180) 0.29
 abandoned 010 (5–76) 0.28
 cultivated 031 (20–176) 0.27
  0ns ns
Tragopogon pratensis (n = 244) semi-natural 025a (3–50) –
 abandoned 010a (1–200) –
 cultivated 005ab (1–40) –
 road verge 003b (1–150) –
  0p < 0.001
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Succisa, where 45% of the patches that in 1945 
were semi-natural grassland, in 2001 are situated 
in vegetation classified as forest, suggests that 
present forest populations are remnants from 
previous grassland populations. The patterns for 
Ranunculus and Carlina are not as easy to inter-
pret. A large fraction of the Ranunculus patches 
occurred in cultivated grasslands, which indi-
cates that Ranunculus is able to colonize areas 
that have periodically been used as crop fields. 
For Carlina we found only 31 small patches, 
both in semi-natural and cultivated grasslands, 
generally in edge zones and on bare soil.

There was a difference in the land-cover 
transitions from 1945 to 2001 between patches 
of Ranunculus and Succisa. The transformation 
of the semi-natural grasslands where Ranunculus 
patches occurred 1945 was more directed to cul-
tivated grassland, and less to forest, as compared 
with the semi-natural grasslands where Succisa 
occurred 1945. These differences in transitions 
for patches of Ranunculus and Succisa indicate 
that the sites occupied by these two species in 
1945, differed so that the Ranunculus patches 
occurred at what is likely to be more productive 
sites (that are most likely to have been culti-
vated) whereas Succisa patches occurred at what 
is likely to be less productive sites (that are most 
likely to simply have been abandoned). Apart 
from indicating a difference in habitat prefer-
ences for these species, the difference also sug-
gest that Succisa will be more prone to occur 
in remnant populations in forests that are pre-
viously abandoned grasslands, simply because 
Succisa was present at such sites that developed 
into forests.

Tragopogon differs from the other semi-natu-
ral grassland plants since a large fraction of the 
Tragopogon patches are situated in close proxim-
ity to roads. It is, though, particularly noteworthy 
that almost half of the populations not located 
along roads in 2001 were located at sites associ-
ated with roads and farm tracts present in 1945. 
This association with historical roads occurs 
despite the fact that Tragopogon is a short-lived 
species, and therefore has the potential of a high 
population turnover.

The analyses of population performance gen-
erally confirm that semi-natural grasslands are 
the core habitats for at least two of the species. 

Both Succisa and Ranunculus perform better 
in patches with continuity of grazing manage-
ment, although Ranunculus also shows good 
performance in cultivated grassland. Population 
size of both Succisa and Ranunculus is reduced 
after abandonment. This reduction is not likely 
to reflect differences in the size of habitat areas, 
since even in semi-natural grasslands the patches 
make up only a small fraction of the habitat 
area. For example, the average patch size of 
Succisa in semi-natural grasslands (the largest 
patches among the study species) was ca. 0.05 
ha, whereas the semi-natural grasslands they 
inhabit were on average 2.9 ha (S. A. O. Cous-
ins unpubl. data). Thus, the changing manage-
ment regime is the most plausible cause for the 
reduced population size. Flowering, in contrast, 
increased after abandonment, most likely as a 
result of a decreased fraction of recruiting indi-
viduals. Some earlier studies of abandonment 
showed decreasing populations of Succisa (Reg-
néll 1980, Schrautzer & Jensen 1998), while 
others did not find any decrease in population 
size (Billeter et al. 2003). However, the latter 
study was performed in low-productive high-
land fens, whereas our study, as well as Regnéll 
(1980) and Schrautzer and Jensen (1998), was 
performed in more productive areas, something 
that may influence the effects of abandonment 
and speed of succession.

In contrast to Succisa and Ranunculus, 
Carlina does not exhibit a strong association 
with management as judged by the population 
performance. We suspect that Carlina mainly 
occured in refuges in the study landscape and 
thus was strongly affected by abandonment of 
semi-natural grasslands in the past. This inter-
pretation is supported by a study by Klinkhamer 
et al. (1996), who found that Carlina in produc-
tive sites in the Netherlands have a shorter life 
span and produce fewer seedlings, something 
that speed up turnover of populations and lower 
recruitment. Löfgren et al. (2000) further pointed 
out that Carlina populations in central Sweden 
need high disturbance to be able to maintain 
positive growth rates.

The species that showed the clearest relation-
ship to the historical landscape is Succisa. This is 
probably due to the fact that Succisa populations 
do not go extinct very fast, despite their marked 
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response to abandonment of grazing. In grazed 
semi-natural grasslands, it had a tenfold larger 
size of its populations as compared with that at 
abandoned sites. Presently, Succisa has a large 
fraction of its populations in forest, a habitat that 
it probably cannot colonize and where popula-
tions are unlikely to be persistent. The present 
distribution pattern thus indicates a time lag of 
about 50 years in response to landscape change. 
This result is in agreement with the findings 
of model simulations of the regional Succisa 
population (Herben et al. 2006). The models 
even suggest that current distribution partly 
reflects the distribution in the early 19th century, 
more than 150 years ago. This slow response 
is a possible mechanism behind an extinction 
debt (Tilman et al. 1994, Hanski & Ovaskainen 
2002), i.e. species that still occur in a landscape 
although slowly moving towards regional extinc-
tion. These findings for Succisa have implica-
tions for conservation biology. In order to assess 
the conservation status of a species it may not be 
sufficient to study present distributions, without 
accounting for possible relationships to histori-
cal landscapes. On the other hand, the relatively 
large populations of Succisa in colonized patches 
of cultivated grassland suggest possibilities for 
restorations. Since a large part of the semi-natu-
ral grassland pastures have been abandoned and 
grazing cattle moved to former crop fields, this 
may be an important habitat type for the future 
regional population of Succisa. Earlier studies 
indicated that Succisa perform worse in nutrient-
rich grasslands (Vergeer et al. 2003) and recently 
restored grasslands (Pywell et al. 2003). In con-
trast, our results indicate that Succisa is able to 
colonize patches located on such grasslands. The 
regional population will be dependent on both 
the decay rate of abandoned semi-natural grass-
lands and the rate with which grazed cultivated 
grasslands turn inhabitable for the species. It is 
thus not clear whether the observed historical 
legacy in the distribution of Succisa is sufficient 
for concluding that an extinction debt exists.

Colonization and extinction rates are likely to 
be low in many vascular plants. Moreover, there 
are few old inventories or time series of data 
that provide links between long-term population 
dynamics and landscape history. Here, we have 
examined effects of landscape history using data 

that are often available, i.e. vegetation maps or 
aerial photographs from the study period, and a 
recent survey of the target species. Even though 
not a perfect substitute for more detailed data, 
this approach gives a possibility to recapture the 
development of the species in the landscape. We 
believe that we were able to give a fairly good 
description of the last 50 years of dynamics of 
Succisa, Ranunculus, Tragopogon and Carlina 
with this indirect method. The results of this 
study illustrate the need for considerations of 
landscape history as well as the properties and 
behaviour of target species in order to make reli-
able predictions for conservation status of many 
species.
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